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Disaster risk data and its terminological difficulties
— A statistical review

A katasztrofakockazat-adat és terminologiai problémai
— Egy statisztikai vizsgalat
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Abstract

In international disaster science, disaster data is an indispensable source for conducting research related to life and
economic loss. Economic and demographic impacts can be investigated with disaster data, inter alia, destruction
and cost of the events. Nevertheless, there is no standardization in disaster measuring, and no unified methodology
is accepted in the disaster science. While introducing to existing literature on topic, this research attempts to define
the most frequently presented concepts of disaster risk data, namely ‘death’, ‘affected’, and ‘economic loss’.
Furthermore, the most important statistical issue, the determination of ‘disaster’ is investigated. This paper
categorizes previous definitions into three main groups: intersubjective, (semi) objective, and numerical approach.
After the theoretical framework, the most frequently cited disaster databases’ (EM-DAT, NatCat, Sigma) data
collection methodology is compared. Finally, this paper presents the main statistical problems related to disaster
risk data, underlying the fact that objectivity cannot be determined in the disaster statistics. Hopefully with its
terminological clarification, this paper will contribute to the conceptualization and operationalization in disaster
science.

Keywords: disaster, measuring, statistics, disaster data

1 Introduction

Disaster science is a relatively new academic
field, hence it does not have a unified and
widely accepted methodology. However in
order to develop policies, empirical studies, and
to test its preconceptions, data and statistical
analysis are needed. Without these,
understanding disaster costs and impacts is not
possible. Disaster analysis is wused for
examining emergency events, also, its results
make recommendations for political decision-
making as well as for practical level of disaster
management. Data collection helps to identify
regional and global disaster risk, besides it helps
to develop short-term and long-term goals of
coping with emergencies.

Due to climate change, ordinary natural
environment is constantly changing [1] [2],
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1 Bevezetés

A katasztrofatudomany egy Uj
tudomanyteriilet, igy nincs egységes, széles
korben elfogadott modszertana. Mindazonaltal
a politikai dontéshozatal fejlesztése, az
empirikus kutatdsok ¢és az elofeltevések
tesztelése végett sziikséges mind az adatgyiijtés
és a stasztikiai elemzés. Ezek nélkiill a
katasztrofak koltségeit és hatasait nem lehet
megérteni.  Katasztrofaelemzés hasznalatos
veszélyhelyzetek  vizsgalatara, ¢és annak
eredményei alapjan ajanlasok tehetok a politikai
dontéshozatal és a  katasztrofavédelem
gyakorlati szintje szamara is. Az adatgylijtés
segit azonositani a regionalis és globalis
katasztrofaveszélyt, emelett segit fejleszteni a
veszélyhelyzetekkel valdo megkozdés rovid- €s
hosszu tava céljait.
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along which disaster management has more and
newer challenges [3] [4]. These challenges can
be answered through focusing on prevention
[5], international collaboration [6] [7] as well as
by improving proper data collection and
analysis of disaster events. This paper is a
research note which attempts to address the
complex task of disaster risk management data
collection, emphasizing its difficulties and
possible standardization forms.

2 Material and Methods

Firstly, this paper provides a short
theoretical framework for defining basic terms
related to the conducted research. These
necessary concepts are: ‘death’, ‘affected’, and
‘economic loss’. This section is based on
relevant international literature review.

Secondly, the most important term ‘disaster’
tries to be determined. Besides its theoretical
aspects, particular statistical problems emerge.
As several works were published attempting to
define the word ‘disaster’ [8] [9], a unified
determination might be created. Moreover,
according to the most important statistical
databases [10]-[12], some objective criteria can
be drown as well.

The third section is the core point of this
research note. Here, the main problems in
disaster measuring are concluded, which cover
the comparing and collating difficulties in
disaster attributes as life and economic losses
based on information extracted from the above
mentioned databases [10]-[12]. The further
measuring problems are presented and
confirmed by tables with statistical data
extracted from EM-DAT [12].

3 Results and Discussion

3.1 Theoretical framework

In these section, the main concepts related to
disaster measuring is defined based on previous
theoretical principles. When the question is
asked: “how big/desperate/fatal was this/that
disaster event?”, simple answer cannot be
given. Disasters cannot be ranked according to
objective criteria, only the most important index
may be mentioned: total deaths, deaths per
million of population, total affected people,
affected people per region, total cost, cost as a
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A klimavaltozas miatt a természeti kornyezet
folyamatosan valtozik [1] [2], ezzel egyiitt a
katasztrofavédelemnek is wjabb kihivasokkal
kell megkiizdenie [3] [4]. Ezek a kihivasok
megvalaszolhatok, ha tobbek kozott a
katasztrofaadatokal — kapcsolatos  megfeleld
adatgytijtésre koncentralunk. Jelen tanulmany
egy olyan kutatasi feljegyzés, amely a
katasztrofavédelmi célii adatgyljtés Osszetett
feladatat  taglalja, hangstlyozva  annak
nehézségeit és lehetséges sztenderizalasat.

2 Adatgyiijtés és modszertan

A tanulmany el0szor egy rovid elméleti
keretet vazol fel, amelyben definidlja a
kutatassal kapcsolatos alapvetd fogalmakat.
Ezek a sziikséges terminusok a kovetkezok:
’halaleset’, ’érintett’ és ’gazdasagi veszteség’.
Ez az alfejezet relevans nemzetkozi
szakirodalomelemzésen alapul.

A masodik alfejezetben a legfontosabb
kifejezés, a "katasztrofa’ keriil meghatarozasra.
Emellett az elméleti aspektus mellett konkrét
statisztikai problémak is felmeriilnek. Mivel
szamos ml  megprobalta  definidlni a
’katasztrofa’  szot [8] [9], elviekben egy
egységesitett meghatarozas is megvaldsulhat.
Sét, a  legmeghatarozobb statisztikai
adatbazisok szerint [10]-[12] néhany tovabbi
objektiv kritérium is megfogalmazhato.

A harmadik szakasz a tanulmany
fokuszpontja. Itt néhany nagyobb
katasztréfamérési probléma van részletezve,
amelyek lefedik az olyan valtozdkkal
kapcsolatos  0sszehasonlitasi  nehézségeket,
mint az emberi és gazdasagi veszteségek,
mindezt a fent emlitett adatbazisokra alapozva
[10]-[12]. A tovabbi mérési problémakat a
Nemzetkozi  Katasztrofaadatbazisbol  (EM-
DAT) [12] kinyert adatokkal szemléltetjiik.

3 Eredmények és Ertekezés

3.1 Elméleti keret

Ebben az alfejezetben a katasztréfavédelmi
kockazatelemzéssel kapcsolatos fébb
fogalmakat hatarozzuk meg korabbi elméleti
munkak alapjan. Amikor a kovetkezd kérdés
meriil fel: ,,mekkora/mennyire halalos volt
ez/az a katasztroéfaesemény?”, egyszer(i valasz
nem adhatd. A katasztrofak nem rangsorolhatok



FIRE PROTECTION & SAFETY Scientific Journal
A@eém 13(1): 5-21,2019

DOI: 10.17423/delta.2019.13.1.54

percentage of total GDP, etc. As it can be seen,
disasters might be measured by many indicators
[14] [15]. In the followings, the most important
attributes will be clarified. As all of them are
considered differently by the international
databases, this paper argues that standard
classification cannot be drawn.

The first definable term is ‘death’ which is
maybe the most frequently used concept in
disaster measuring. Dead people due to direct
disaster impact — in other words: killed — are
clearly in category ‘death’ of the event. EM-
DAT [16] determines ‘killed’ as “persons
confirmed as dead and persons missing and
presumed dead”. This statement is not clear,
furthermore, loss due to indirect impact (e. g.
death in hospital three weeks after the event,
one year after the event, etc.) is not mentioned.
Category ‘death’ might be extended with this
indirect human loss. If the term ‘death’ is
mentioned, another ethical question arises: are
all life equal in disaster loss? As old, ill or
disabled persons are more hugely affected than
young and healthy people. According to Etkin
and McGregor [17], a new concept, the ‘loss of
life expectancy’ could be introduced counted
with potential life span. The author of this paper
accepts this concepts, however, as other disaster
statistical problems are more important, the
method of using disaster data ought to be
improved rather than introducing a new
concept.

The second most important term under
human loss is people ‘affected’ in disasters.
Mostly, injured and evacuated persons are
counted in this category. However, over these
attributes, other factors can be indexed [18]. A
patient, whose operation is delayed due to an
electrical blackout caused by extreme wheatear,
may be addressed as an affected person? Or
someone, whose relative passed away during
the event? How can we determine the borders of
‘affected’ population? These questions are
really difficult to answer. Moreover, each
database differs whether under ‘affected’, they
include dead population or not. The term
‘affected’ is the most questionable category of
each database [19].

Economic loss is obviously more difficult to
determine. The simplest way for counting
economic damage after a disaster event,
government spending ought to be taken into
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objektiv kritérium alapjan, ebben az esetben
csak a nagyobb valtozok emlithetok meg:
0sszes halaleset, halaleset millio fére szamolva,
Osszes ¢érintett személy, érintett személyek
régiora szamolva, Osszes koltség, koltség a
GDP aranyaban, stb. Belathato, a katasztrofak
sokféle indikator alapjan mérheték [14] [15], a
kovetkezOkben a legfontosabb attribitumokat
tisztazzuk. Ahogy a fogalmak meghatarozasat a
kiilonb6z6  adatbazisok  eltér6  moddon
magyarazzak, jelen tanulmany amellett érvel,
hogy egységes osztalyozas nem kivitelezhetd.

Az esl6 definidland6 terminus a ’halaleset’,
amely a legszélesebb korben hasznalt fogalom
a  katasztrofamérésben. A katasztrofak
kozvetlen halottjai egyértelmiien ebbe a
kategoriaba tartoznak, 6ket az EM-DAT [16] a
kovetkezOkben hatdrozza meg: ,azok a
személyek, akikr6él megerdsitették a haldleset
tényét, illetve akiket eltlinésiik utan halottnak
nyilvéanitottak”. Ez a meghatarozas viszont nem
vilagos, tovabba a kozvetett hatds miatt
bekovetkezd halaleset (pl.: korhazban harom
héttel vagy akar egy évvel az esemény utan)
kell egésziteni kozvetett emberi veszteséggel.
Ha mar megemlitjiilk a ’halaleset’ fogalmat,
még egy etikai probléma is felmeriil: minden
halaleset statisztikai értelemben egyformanak
szamit? Az id6sebb, beteg vagy hatranyos
helyzetti személyek sokkal inkabb
veszélyeztettek, mint a fiatal vagy egészséges
személyek. Etkin és McGregor szerint [17] egy
uj fogalmat, a ’varhato élettartambeli
veszteség’-et is be kellene vezetni, amely a
potencialis  élettartamot  szamolja.  Jelen
tanulmany elfogadja ezt a koncepciot, azonban
mivel mas katasztrofastatisztikai problémak
sokkal fontosabbak, a jelenleg hasznalatos
katasztrofaadatgytijtést és —értékelést kellene
fejleszteni, inkdabb mint egy ujabb fogalmat
bevezetni.

A masodik legfontosabb emberi
veszteséggel kapcsolatos szé az érintett’.
Leginkabb a sériilt és evakualt személyeket
szamoljak ebbe a kategdriaba. Viszont ezeken a
tulajdonsagokon tul mas tényezdket is ide
szamithatunk [18]. Egy paciens ide szdmitana,
akinek az operacioja késik egy extrém iddjaras
miatt bekoOvetkezé éaramsziinet miatt? Vagy
valaki, akinek a hozzatartozoja hinyt el az
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account which cover inter alia reconstruction,
restoration work, aid for the affected population
[20]. Further problem is caused by the economic
effects of humanitarian aid received from
international community, as those may not be
measured properly. Impacts might be divided
into direct and indirect losses, although, indirect
losses require a complex, long-term study,
therefore its analysis is an almost impossible
task. These measured losses might be the base
for further planning and resilience-analysis, so
their importance is apparently high [21] [22].
Moreover, according to Clay and Benson [23],
besides their harm, disasters have also long-
term positive economic affects which are not
included in databases.

3.2 Defining the undefinable: what is a
disaster?

For measuring emergencies and for building
a disaster database, the most important criterion
has to be drawn: what do we mean by a disaster?
What events might be included in our study and
what might be excluded? These questions need
to be clarified before starting building statistics,
or even before starting analyzing any statistical
data. This section describes three different
disaster-concept: intersubjective,
(semi)objective and numerical determination.
This paper argues that every definitions in the
literature falls into one of the above categories.

This paper cannot undertake to investigate
disaster as a scientific phenomenon due to its
length, however firstly we have to start with the
science-related intersubjective category. This
expression ought to imply that depending on the
framework used in disaster science, different
disaster concept may be used. These might stay
far from each other, although they are referring
to the same phenomenon. There are several
theoretical school with different disaster
concepts, obviously all of them are relevant for
the used methods, and therefore their
approaches also vary. A few works negotiated
these intersubjective disaster concepts [8] [9]
[24], and as their approaches were applied for
qualitative analysis, may not be used for disaster
statistics. The objective or semiobjective
category of disaster is used in official
documents, political and legal conventions,
agreements, as well as in the communication of
different organizations and associations
specialized on disaster management.

Delta 2019, 13(1): 5-21

esemény alatt? Hogy hatarozhatjuk meg az
¢érintett népesség hatarait? Ezeket a kérdéseket
nagyon nehéz megvalaszolni. Ezen feliil
minden adatbazis kiilonbozik az ’érintett’
meghatarozasa miatt: mar eleve a halalesetek
“érintett’-ként  vald  elfogadasdban  sincs
egyetértés. Az ’érintett” kategéria minden
adatbazis legmegkérddjelezhetdbb kategoriaja
[19].

A gazdasagi veszteséget nyilvanvaloan még
nehezebb meghatarzozni. A legegyszeriibb
modd, ha a katasztrofaesemény utan Osszesitjiik
a kormany ezzel kapcsolatos kiadasait, tobbek
kozott az  Gjjaépitésre, a helyreallitasra,
valamint a segélyezéstre folyodsitott 6sszegeket
[20].

Tovabbi problémat jelent a nemzetkozi
kozosség altal felajanlott humanitarius segély,
mivel ezek mérése majdhognyem lehetetlen. A
hatasok elkiilonithetok kozvetlen és kozvetett
veszteségekre — habar a kdzvetett veszteségek
vizsgalata egy nagyon hosszl folyamat —, ezek
Osszesitése egy lehetetlen vallalkozas. A mért
veszteségek tovabbi tervezes és
rezilienciamérés alapjat jelenthetik, igy a mérés
fontossaga megkérddjelezhetetlen [21] [22].
Tovabba Clay ¢s Benson szerint [23] a
katasztrofak az okozott kar mellett hosszutavi
pozitiv gazdasagi hatassal birnak, amelyek az
adatbazisokba nem keriilnek be.

3.2 Definialni
a katasztrofa?

a definialhatatlant:  mi

A vészhelyzetek  méréséhez és  egy
katasztroéfaadatbazis kialakitasahoz a
legfontosabb  kritériumot  kell  elOszor
megfogalmazni: mit értliink ’katasztrofa® alatt?
Milyen eseményeket vehetiink figyelembe
kutatasunkban és melyeket kell kizarnunk?
Ezeket a kérdéseket tisztazni kell az adatbazis
épitése elott, sot a felhasznalonak is, mieldtt a
statisztikai adatok elemzését megkezdi. Ez az
alfejezet harom kiilonb6z6
katasztrofakoncepciot vazol fel:
interszubjektiv, (fél)objektiv ¢és numerikus
meghatarozas. Ugy véljiik, a szakirodalomban
fellelheté definiciok mind beleesnek az egyik
kategoiaba a harombol, igy ez a csoportositas
kizarélagosnak mondhat6. Jelen tanulmany
terjedelmi korlatok miatt nem vallalkozhat arra,
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Blanchard’s glossary [25] collects disaster
definitions from numerous reference work for
approximately ten pages. In summary, these
definitions differs, but all of them are based on
at least two of the following criteria: (1) rapid,
sudden event, with (2) great economic and/or
human loss, and (3) exceeds the community’s
ability in coping with it. So, this group of terms
can be understood as the most broadly used
official definition of the disaster concept, as it
can be agreed on, referred to, as well as
explained easily. However, these three pillars
imply also some difficulties: if all the three
pillars are included (as at most cases), the
concept of ‘disaster’ is clear. On the other hand,
if only two of the pillars can be found, the
determination is not easy at all. As some
examples, the following events might be
mentioned (with the existing pillars in
brackets): a huge bus accident with human loss,
which does not exceed the community’s ability
(1; 2), the emerging water level in Bangladesh
due to global warming (2; 3), a hurricane in
Pacific Ocean which is a potential danger but
does not cause great loss (1; 3). These events
exist in the “grey zone” of the semiobjective
disaster determination, therefore its definition is
not applicable at all cases. The ‘semi’—prefix in
‘semiobjective’ is justifiable, as these concepts
might not be determined easily, and they cannot
be used for objective statistical analysis.

The numerical determination of disasters is
used only in statistical context, and it varies by
database. Each approach takes a few indicators,
mostly related to human and economic loss. But
as the methodology for measuring fatality
differs, the databases also show huge
differences. According to Etkin and McGregor
[17], the following ways might be taken into
account:

e Deaths per million people in a political
or geographical boundary

e Total number of deaths per event

e Average number of deaths per decade

e Total number of years of life expectancy
lost

e Deaths per million people within an
affected area

e Total number of deaths within an
affected area

e Deaths per facility
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hogy akatasztrofdkat mint tudomanyos
jelenséget vizsgalja, mindazonaltal el6szor
atudomany 4ltal hasznalt interszubjektiv
kategoriaval kell kezdeniink a révid bemutatast.
Ez akifejezés arra hivatott utalni, hogy
a kiilonbozo katasztrofaelméleti iskolak eltérd
katasztrofakoncepciot —alkalmaznak kutatés
kozben. Ezek fogalmilag tavol eshetnek
egymastdl, habar mind ugyanarra a jelenségre
utal. Létezik néhany ilyen elméleti iskola sajat
katasztrofafogalmakkal, ezek mindegyike
nyilvanvaléan  a hasznalt  modszertanhoz
illeszkedik, és igy megkdzelitésiik is nagyban
eltérhet. Csupan néhany mi probalta meg
Osszefoglalni  ezeket az  interszubjektiv
katasztrofafogalmakat [8] [9] [24]. Mivel ezek
a megkozelitések kvalitativ elemzésre
alkalmasak csak, acimben is emlitett
statisztikai elemzésre nem hasznalhatok, ezért
nem taglaljuk ket tovabb.

Az objektiv vagy félobjektiv kategoria az,
amely hivatalos dokumentumokban, politikai és
jogi egyezményekben, kiilonb6z6
katasztrofavédelmi szervezetek
kommunikacidjaban fordul elé leginkabb.
Blanchard szogyljteménye [25] megkdzelitoleg
tiz oldalon keresztiil sorolja fel az elérhetd
katasztrofameghatarozasokat. Osszességében
ezen definiciok mindegyike, bar kiilonbozik
egymastol,  tartalmaz  legalabb  kett6t
a kovetkezo kritériumokbol: (1) gyors lefolyasu
esemény, amely (2) nagy gazdasdgi vagy
emberi veszteséggel jar ¢s (3) meghaladja
a k6zosség képességét, hogy megkiizdjon vele.
Szdval ezen harom kritérium gy értendd, mint
a katasztrofa fogalmanak legszélesebb korben
hasznalatos, hivatalos definicioja. Tartalmaban
a definiciok nagy része egyezik, a tudomanynak
lehet ra hivatkozni, illetve egyszerlien el lehet
magyarazni laikusoknak is. Mindazonaltal ez
aharom pillér is maga utan von néhany
problémat: amennyiben mindharom elemet
tartalmazza a definici6 (ahogy a legtobb
esetben), a meghatarozas egyértelm.
Masrészrél, ha csak két pillért tartalmaz,
a meghatarozas egyaltalan nem  konnyd.
Néhany  példan  keresztil ~ bemutatjuk
a pilléreken keresztiili meghatarozast
(zarojelben talalhatd a pillér sorszama): egy
nagy buszbaleset emberi veszteséggel, amely
nem haladja meg ako6z0sség megkiizdési
képességét (1; 2), aglobalis felmelegedés
kovetkeztében lassan emelkedd — vizszint
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e Deaths per unit of concentration of a
toxin

e Deaths per ton of toxin released

e Deaths per ton of toxin absorbed by
people
Deaths per ton of chemical produced

e Deaths per million dollars of product
produced.

Based on this, different disaster concepts
may be drown up due to the varience of
measuring methods, nevertheless, each
determination is created on losses or on the
affected state’s reactions. For example, the
CRED database specifies the following criteria
for disaster events:

e Ten (10) or more people reported killed,

e Hundred (100) or more people reported
affected,

e Declaration of a state of emergency,

e (Call for international assistance [12].

This is a methodology used by International
Disaster Database, as well as a few other
international organization such as UN agencies.
Nevertheless, other databases’ approaches are
totally different, they take different criteria
which might cause huge differences in disaster
statistics [18]. Thus the question arises: how
should we define disasters? Is there any possible
standardized concept? To this question, the
answer is a clear ‘no’, namely, disaster can be
an intersubjective, a semi-objective, and a
numerical phenomenon depending on the
context. However, a further problem appears:
how can we measure disaster data, if even
‘disaster’ may not be determined obviously?
The following section reflects to this problem.

3.3 Measuring the unmeasurable: disaster risk
statistics

Measuring disasters is essential for the three
main pillars of disaster management: political
decision-making, practioners as well as disaster
science. However, analyzing statistical ought to
be a really careful process, as disaster data
means a significant support for management.
When discussing disaster fatalities, threat, and
risk, the previously outlined theoretical
concepts might be used: ‘disaster (occurence)’,
‘death’, ‘affected population’ and ‘total
economic loss’.
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Bangladesben (2; 3), egy hurrikan a Csendes-
6ceanon, amely potencialis veszélt hordoz
magaban, viszont nem jar veszteséggel (1; 3).
Ezek az események a félobjektiv
katasztrofameghatarozas ,,sziirke zoénajaban‘
vannak, igy nem alkalmazhatok az 0Osszes
esetben. A ,fél“-elotag azért indokolt, mert
meghatarozasuk nem konnyli, és nem
alkalmazhatok objektiv statisztikai elemzéhez.

A numerikus katasztrofameghatarozas csak
statisztikai ~ kontextusban  hasznalhato, a
tartalma adatbazisonként eltér. Mindegyik
megkdzelités tobb mutatot hasznal,
tobbségében az emberi vagy gazdasagi
veszteséggel  kapcsolatosan.  Bar  mivel
a veszteség mérésének modszertana eltér, az
egyes adatbazisok is nagy eltéréseket mutatnak.
Etkin és McGregor szerint [17] a kdvetkezd
mutatok jOhetnek szamitasba
adatbazisépitésnél:

o Halaleset milli6 fore egy bizonyos

politikai vagy foldrajzi hataron beliil

Osszes haléleset eseményenként

Atlagos halaleset egy évtizedre

Teljes varhato élettartambeli veszteség

Erintett teriileten beliili halaleset millio

fore

Erintett teriileten beliili 6sszes halaleset

Halaleset 1étesitményenként

o Halalesetek egy méreg koncentracios
egységére vonatkoztatva

e Halaleset a kiszabadulo méreg tonnajara
vonatkoztatva

o Alakossag altal belélegzett/benyelt
méreg tonndjara vonatkoztatva

o Halaleset az el6allitott vegyi anyagok
tonnajanként

e Halaleset az eldallitott termék értékének
millié dollarara vonatkoztatva.

Ezek alapjan kiilonb6z6
katasztrofafogalmak hatarozhatok meg a mérési
modszerek eltérésének fényében, mindazonaltal
minden meghatarozas valtozik az érintett allam
reakciojanak figgvényében. Példaul a CRED
adatbazisa katasztrofaesemények
meghatarozasahoz a kovetkezo kritériumokat
allapitja meg:

e Tiz (10) vagy tobb halaleset,
e Szaz (100) vagy tobb érintett,
e Veszélyhelyzet kihirdetése,
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First of all, the following table is intented to
present some differences between the biggest
international disaster databases: EM-DAT,
NatCat, and Sigma databases.
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o Nemzetkdzi segitségkérés [12].

Ezt a modszertant alkalmazza a Nemzetkozi
Katasztrofaadatbazis (EM-DAT), ahogyan
néhany mas nemzetkozi szervezet is, mint pl.
a legtobb ENSZ szervezet. Mindazonaltal mas
adatbazisok megkozelitése teljesen kiilonbozik
ettél, mas kritériumokat allapitanak meg, ami
hatalmas eltéréseket okozhat az adatbazisok
tartalmaban [18]. Ezért felmeriilhet a kdvetkezd
kérdés: hogy definialjuk a katasztroéfat? Van
lehetdség barmilyen sztenderd meghatarozasra?
Erre a kérdésre valasz egy egyértelmii ,,nem*,
mivel katasztrofa fogalmat meghatarozhatjuk
interszubjektiv, félobjektiv és numerikus alapon
is kontextustol fliggéen. Viszont ezzel egy
kovetkez6 probléma is felmeriil: hogy
mérhetiink katasztrofakockazati adatot,
haannak alapszavat, a , katasztrofat sem tudjuk
definialni? A kovetkezé alfejezet erre keresi
a valaszt.

3.3 Mérni a mérhetetlent: katasztrofakockazati
Sstatisztika

A katasztrofamérés  a katasztrofavédelem
mindharom 6 pillérének elengedhetetlen
eszkoze: a politikai dontéshozatalnak,
a gyakorlati szintnek és
a katasztrofatudomanynak is. Viszont
a statisztikai elemzés egy nagyon Ovatos
folyamat kellene, hogy legyen, mert az ilyen
adatelemzés  jelentdés  tamogatast jelent
a katasztréfavédelemnek. Amikor
katasztrofakarrol, veszélyrdl vagy kockazatrol
van szO0, akorabban felvazolt elméleti
fogalmakat alkalmazzuk:
,katasztrofa(el6fordulas)‘, ,halaleset‘, ,érintett
lakossag®, ,0sszes gazdasagi veszteség®.

Mindenekel6tt  a kdvetkezé (1.) tablazat
bemutat néhany kiilonbséget a legnagyobb
katasztrofavédelmi adatbazisok, az EM-DAT,
a NatCat és a Sigma kozott.
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Table 1: Summary table of EM-DAT, NatCat and Sigma databases. Source: [19]
1. tablazat: Az EM-DAT, NatCat és Sigma adatbazisok dsszefoglalo tablazata. Forras:

[19]

Variable / Valtozo

EM-DAT

(CRED)

NatCat

(Munich Re)

Sigma

(Swiss Re)

Period covered /
Lefedett idoszak

1900 — present / 1900 —
jelenleg

79 — present / 79 —
jelenleg

1970 — present / 1970 —
jelenleg

Number of entries /
Tételek szama

12,000

(700 new entries/year) /
(700 1 tétel évente)

15,000+

(approx. 700 new
entries/year)
/megkdzelitdleg 700 1j
tétel évente)

7,000

(300 entries/year) / (300
tétel évente)

Type / Tipus

Natural (including
epidemics) and man-
made disasters + conflicts
/ Természeti (beleértve a

Natural disasters
(excluding drought and
man made, i.e. technical
disasters) / Természeti

Natural and man-made
disasters (excluding
drought) / Természeti és
civilizacios katasztrofak

jarvanyokat is) és katasztro6fak (aszaly és (aszaly kivételével)
civilizacios katasztrofak civilizacios kivételével)
+ konfliktusok

Criterion / Kritérium 10 or > deaths and/or 100 | Entry if > 20 deaths and/or
or > affected and/or
Declaration of a state of - any property damage, > 50 injured and/or

emergency/call for
international assistance /
10 vagy >halaleset
és/vagy 100 vagy >
érintett és/vagy
veszélyhelyzet
kinyilvanitasa/nemzetkozi
segitségkérés

any person sincerely
affected (injured, dead)

Before 1980, only major
event /

Uj tétel, ha:

- barmilyen tulajdon
karosult, barmilyen
személy érintett (sériilt
vagy halott)

1980 eldtt cask a
nagyobb események

> 2000 homeless and/or
insured losses

>14 million US$
(Marine), >28 million
USS (Aviation), >35
million US$ (all other
losses) and/or total
losses in excess of 70
million US$ /

> 20 halaleset és/vagy
> 50 sériilt és/vagy

> 2000 hajléktalanna valt
és/vagy sebesiilt

>14 millio US$
(haditengerészeti
veszteség), >28 millid
USS$ (1égi veszteség),
>35 millié US$ (minden
mas veszteség) és/vagy
Osszes koltség
meghaladja a 70 millio
USS$-t
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Methodology /
Modszertan

Country
Orszagonkénti tétel

entry /

Country and event entry,
all disasters geocoded
for GIS evaluation /
Orszagonkénti és
esemény szerinti tétel,
minden katasztrofa
geokodolva GIS
értékelés végett

Event
szerinti

entry Esemény

Sources / Forrasok

UN agencies, US
Government Agencies,
official governmental
sources, IFRC, research
centres, Lloyd’s,
Reinsurance sources,
press, private / ENSZ
igynokségek, USA
kormanyzati
iigynokségek, hivatalos
kormanyzati forrasok,
Nemzetkodzi Voroskereszt
és Vorosfélhold
Szervezetek,
kutatokozpontok, Lloyd’s
Reinsurance forrasai,
sajto

Insurance related media
and publications, online
databases and
information systems
from news agencies,
governmental and
nongovernmental
organisations
(REUTERS, IFRC,
OCHA, USGS etc.),
media reports, world
wide network of
scientific and insurance
contacts, technical
literature, Munich Re
clients and branch
offices / Biztositasokkal
kapcsolatos media €s
publikacid, online
adatbazisok és
informéacios rendszerek
sajtotigynokségektol,
kormanyzati és
nemkormanyzati
szervezetektol (Reuters,
Voroskereszt, OCHA,
USGS, stb.),
médiajelentések,
széleskorii tudomanyos
és biztositasi
kapcsolatok, miiszaki
szakirodalom, Munich
Re partnerek, fiokirodak

Daily newspapers,
Lloyd’s list, Primary
insurance and
reinsurance periodicals,
internal reports, online
databases / Napi sajto,
Lloyd’s lista, els6dleges
biztositasi folyoiratok,
bels6 jelentések, online
adatbazisok

Priority source /
Elsédleges forrasok

Priority given to the UN
agencies / Prioritas az
ENSZ iigynokségeknek

Priority given to Lloyd’s
list, Reuters, Reports
from clients and branch
offices, Insurance press
Prioritas a Lloyd’s
listanak, Reutersnek,
partnerek jelentéseinek,
fiokirodaknak és
biztositai sajtonak

Not specified / Nem
meghatarozott

Access / Elérhetéség

Public / Nyilvanos

Not public / Nem

nyilvanos

Not public / Nem

nyilvanos
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Users/public Research centres, Munich Re Underwriter, | Database not public.
governmental institutions, | clients, governments, Annual sigma
UN agencies, media, NGO’s, scientific bodies, | catastrophe publication
private, humanitarian Universities, media etc. / | available to whoever is
agencies / Munich Re involved in natural
Kutatokdzpontok, részvényesek, partnerek, | hazards issues, insurance
kormanyzati kormanyok, NGO-k, companies, brokers,
intézmények, ENSZ tudomanyos tertiiletek, global companies, banks,
iigyndkségek, media, egyetemek, media, stb. media, scientific
magan szektor, institutions / Adatbazis
humanitarius nem nyilvanos. Eves
ligyndkségek sigma katasztrofakrol
készitett publikaciok
elérhetok barkinek, aki
részt vesz természeti
katasztrofakkal
kapcsolatos tigyekben,
biztositotarsasagok,
brokerek, globalis
vallalatok, bankok,
media, tudomanyos
intézmények
Web address/Weboldal | www.cred.be www.munichre.com WWW.SWissre.com

Based on Table 1, the lack of standardization

can be
significantly  different

stated. The three databases use

methodology and

sources, thus the output of our research may

vary depending on the applied database. This
chaotical situation effects disaster statistics as
well: proof, clear and evident conclusion must
not be drown based on statistics. Only some
tendencies might be stated, keeping in mind that
the received information highly depends on the
source applied during research.

Furthermore, there is a questionable data
called disaster occurrence which is represented
by Figure 1:
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Az 1. tablazat
a sztenderizaltsag
adatbazis teljesen
forrasokat

alapjan
teljes

hasznal,

megallapithato
hianya. A harom
mas modszertant ¢és

ezaltal a hasznalt

adatbazistol fiiggéen a folytatott kutatds is
teljesen eltérd eredményt hozhat. Ez a katotikus
helyzet hatassal van a katasztrofastatisztikara
is: bizonyitott, vilagos és evidens konkluzid
nem fogalmazhatd meg. Csak néhany tendencia
allapithatd meg, észben tartva a tényt, hogy
a kapott informacioa nagyban fiigg a kutatashoz
felhasznalt forrastol.

Tovabba van egy megkérddjelezhetd
valtozo, a katasztrofael6fordulas, amelyet az 1.
abra mutat be részletesebben:
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Disasters reported between 1900 and 2018
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Figure 1: Reported natural and technological disasters. Edited by the author based on [12].

1. abra: Jelentett természeti és tecnologiai katasztrofak. Szerkesztette a szerd [12] alapjan.

As it might be observed, disaster occurrence
is always counted as an entry in disaster
database. Which means that the 2011 Tohoku
carthquake and a car accident with 10 deaths
both are counted as one disaster event, however
their size, loss, significance are far not equal. A
further major problem may be noticed: disaster
as a phenomenon is depending on several
factors: demography, population dense,
geographical  environment, infrastructure,
emergency management system and operation,
etc. Otherwise, disaster is not at all only a
natural or technological phenomenon: disaster
becomes disaster due to these certain factors.
This complex problem holds another question:
what can be stated on disaster occurrence? What
tendencies can be drown? This paper argues that
almost no consequence can be drown based on
disaster frequencies: only the needed disaster
management operation may be found. Any
other observation must be handled with caution
and with critical attitude.
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Megfigyelhez6, hogy a katasztrofacléfordulas
jelenti az adatbazisok egyik legalapvetobb
tételét. Ez maga utan vonja azt a tényt, hogy
a 2011-es Tohoku foldrengés és egy autobaleset
tiz halottal is ugyanigy egy
katasztrofaeseményként szamoland6, habar
azok mérete, az okozott veszteség és
jelent6ségiik messze nem egyenld. Egy
kovetkez6  probléma is  megfigyelhezo:
a katasztrofa mint jelenség szamos egyéb
tényez6tdl fiigg: demografia, népsiriiség,
foldrajzi kornyezet, infrastruktura,
veszélyhelyzet-kezelési rendszer és miikodés,
stb. Maskiilonben a katasztréfa nem egy
egyediili természeti vagy technoldgiai jelenség,
hanem pont a fenit tényezOk altal valik
katasztrofava. Ez a komplex rendszer még egy
kérdést felvet: milyen kovetkeztetést vonhatunk
le ezek utan? Jelen tanulmany amellett érvel,
hogy majdhogynem nem vonhato le semmilyen
kovetkeztetés katasztrofagyakorisagra
alapozva: csupan a megtett katasztrofavédelmi
miiveletek szdma allapithato meg. Minden mas
megfigyelést  Ovatossaggal és  kritikus
hozzaallassal kell kezelni.
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Number of people reported killed
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Figure 2: Number of people reported killed between 1900 and 2017.
on [12].
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Edited by the authour based

2. abra: Jelentett halalesetek szama 1900 és 2017 kozott. Szerkesztette a szerzo [12] alapjan.

On Figure 2, some interesting things might be
marked. There are several years which have
significantly huge value (e. g. 1909; 1920;
1932; etc.), while a general decrease may be
observed. According to Etkin and McGregor
[17], this is due to the improvement of warning
system and better health care. However, this
paper argues that this improvement was not
developed at the same rate, moreover, the
previously mentioned data collection is not
worldwidely standardized even nowadays. The
salient elements are caused by some
catastrophic events in developed countries,
where data collection could be done properly.
This kind of events happened previously and
later as well, although, countries without proper
warning system, health care, and prevention
system are not able to practice appropriate data
collection either. So, the described decreasing
tendency is due to the improvement of warning
and disaster prevention system, health care only
in countries with efficient emergency and
disaster management where data collection may
be operated.
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A 2. abran néhany érdekes adat figyelhet6 meg.
Néhany év jelentésen magas értékkel bir (pl.

1909, 1920, 1932, stb.), mikdzben
megfigyelhetd egy altalanosan csokkend
tendencia. Etkin és McGregor szerint [17] ez
ariasztasi  és  figyelmeztetési  rendszer

fejlédésének, illetve ajobb egészségiigynek
koszonhet6. Ennek ellenére jelen tanulmany
szerint ez afejlodés nem egyezik meg
a statisztikai adatok valtozasanak aranyaval,
sOt, a korabban emlitett adatgyljtés sem volt
eléggé fejlett atorténelem soran. A kiugrd
értékek oka inkabb a nagyobb
katasztrofaeseményekre vezethetd vissza olyan
orszagokban, ahol mar abban az id6ében tobbeé-
kevésbé megfeleld adatgylijtést végeztek. Ilyen
események bekovetkeztek mar korabban is,
viszont a megfeleld tajékoztatassal,
egészségliggyel és megelozéssel nem
rendelkezé orszagok manapsag sem képesek
megfeleld adatgyiijtésre. Igy a leirt csokkend
tendencia inkabb annak tudhato be, hogy a
megfeleld adatgyiijtést végzo allamokban javult
a tajékoztatas, az egészségiigy, és a megeldzési
rendszer.
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Total affected population
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Figure 3: Total affected population between 1900 and 2017. Edited by the author based on [12].

3. abra. Az Osszes érintett lakossag 1900 és 2017 kozott. Szerkesztette a szerzo [12] lapajan.

Figure 3 shows people affected by disasters,
where the trends imply some conclusion unlike
our possible expectations. Namely, the term
’affected’ in disaster statistics was not used
before the 80’s, and it became a common,
worldwide used term only in the 2000’s.
Furthermore, as previously mentioned, it is not
standarized even nowadays. That is to say that
based on these statistics, the only possible
identifiable tendency could be the events during
the saliently high values (e. g. year 1987; 1998;
2002, 2015 etc.) which probably happened in
large or highly populated area. Other trends
should be considered with caution.
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A 3. dbra mutatja a katasztrofak altal érintett
lakossagot, ahol az adatok az elvarasainkkal
ellentétes tendenciakra utalhatnak. Tudniillik,
az ’érintett’ kategoria a 80-as évek eldtt nem
volt hasznalatos a Kkatasztrofastatisztikakban,
altalanosan hasznalt kifejezéssé csak a 2000-es
években valt. Tovabba, ahogyan korabban
emlitettiik, még manapsag sem sztenderizalt a
tartalma. ezaltal elmondhato, hogy statisztikara
alapozva csak az mondhat6 el, hogy a
kimagaslo értékek (pl. 1987, 1998, 2002, 2015)
magas népsiiriségii teriileten torténtek. Mas
kovetkeztetéseket csak ovatossaggal vonhatunk
le.
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Figure 4: Total damage in 1000 USS$ between 1900 and 2017. Edited by the author based on [12].
4. 4bra: Osszes kar 1000 dollarban 1900 és 2017 kozott. Szerkesztette a szerz6 [12] alapjan.

On Figure 1, 2, and 3, the problems
regarding to human loss were outlined, on the
other hand, Figure 4 presents economic loss.
This graph is even more diversed than the
previous ones, as even after the 90’s, really low
and high values may be observed. This means
that the peak points can be analyzed as single
events, however, global tendencies may not be
drown. One more remark ought to be added:
comparison between human and economic loss
is not possible. On the one hand, disaster ethics
states that firstly the vulnerable population
needs to be saved. On the other hand, economic
damage is much more measurable, while some
industrial and economic interests suggest that at
little human loss, protection of economic values
must be kept in mind [26] [27]. Due to ethical
principle of human life being more valuable, in
practice, these ethical problems cannot be
solved [28]. That is to say that due to situation,
comparing events with different human and
economic loss leads to false and truthless
results. This kind of statistical outcome might
not provide basis for political decision-making,
neither for practical disaster management.

Besides, one more significant problem might
be mentioned: data collection after disaster
events is a new phenomenon, also it is not a
common practice all over the world. On the
above figures, it can be seen that previously,
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Az 1., 2. és 3. abran az emberi
veszteségekkel — kapcsolatos — problémakat
abrazoltuk, ezzel szemben a4. abran

a gazdasagi veszteség lathato. A grafikon még
a korabbiaknal is valtozatosabb, mivel a 90-es
évektdl kezdve rendkiviil alacsony és rendkiviil
magas értekek is megfigyelhetok. Ez azt jelenti,
hogy acstcspontok egyéni értékekként
magaban  értelmezhetdk, viszont globalis
kontextusban  nem  vizsgalhatok.  Egy
megjegyzés is sziikséges: emberi €s gazdasagi
veszteségeket nem lehet Osszehasonlitani.
Egyfeldl a katasztrofaetika szerint elsddlegesen
a veszélyeztetett lakossagot kell kimenteni.
Masfel6l viszont a gazdasagi veszteségeket
konnyebb mérni, és bizonyos ipari vagy
gazdasagi érdekek kevés emberi veszteség
mellett a gazdasdgi javak védelmét preferalja
[26] [27]. Az emberi élet értékességének etikai
alapelve miatt a gyakorlatban ezek az etikai
dilemmakon nem lehet feliilkerekedni [28].
Ezért elmondhat6, hogy ebben a helyzetben két
eseményt Osszehasonlitani kiilonb6z6 emberi
vagy gazdasagi veszteséggel hamis és valotlan
eredményekhez vezet. Ez a fajta statisztikai

eredmény nem lehet alapja  politikai
dontéshozatalnak, sem a gyakorlati
katasztrofavédelemnek.

Emellett még egy jelent6s problémat meg
kell emliteni: a katasztrofaesemények utani
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less occurence, deaths, and affected persons
were reported. Also, data collection is put into
effect by totally different organization in
Southeast Asia as e. g. in Western Europe [29]
[30]. It implies that comparing different areas or
different geographical regions can cause huge
differences in disaster reports.

4 Conclusions

Disaster statistics have several problems,
mostly due to data collection and
methodological issues. There is no standardized
measuring method for disaster events. The term
disaster itself does not have a unified definition.
This means that different organizations, which
collect disaster data, have significantly different
consideration of catastrophic events all over the
world. That makes disaster research excessively
difficult.

Additionally, the concepts of ‘death’,
‘affected’, and ‘economic loss’ are not clear
either. Thus, the complexity of disaster
measuring cannot support disaster management,
properly, neither the political, nor the practional
level. This research note argues that due to these
problems and the lack of worldwide
standardization of data interpretation, disaster
statistics need to be considered with caution, as
well as to be used only for presenting some
minor tendencies and trends.
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amellett érvel, hogy emiatt a problémak miatt és
az adatértelmezés globalis sztenderdjének
hidnydban a katasztrofavédelmi statisztikat
mindig 6vatossaggal kell kezelni, ra alapozva
csupan né¢hany alapvetd tendencia allapithato
meg.

[1] Teknds L. Exploring The Possibilities Of Citizen Preparation For Extreme Weather Events—An
International Outlook. Hadmérnok 2019; 13:241-60.

[2] KutiR, Nagy A. Weather Extremities, Challenges and Risks in Hungary. Academic and Applied
Research In Military and Public Management Science 2015; 14:299-306.

[3] Dobor J, Kuk E, Korodi G, Kocsis Z. Industrial Safety Analysis of Accidents Involving
Ammonia, with Special Regard to Cold-Storage Facilities II. Academic and Applied Research in
Military and Public Management Science 2016; 15:37-49.

[4] Endrédi I, Teknés L. New possibilities of emergency communication and information in the
protection phase of disaster management. Academic and Applied Research In Military and Public

Management Science 2014; 13:235-49.

Delta 2019, 13(1): 5-21



[5] Ambrusz J. The System of Disaster Preparedness in Hungary. In: SENSES-OZYURT S, Klein
S, Nemeskéri Z, editors. Educating for Democratic Governance and Global Citizenship. San Diego:
World Council for Curriculum and Instruction; 2016. page 231-5.

[6] Teknos L. The Psychological Effects of Extreme Weather Conditions — The Importance of Crisis
Intervention in Disaster Management. In: NISPAcee, editor. Government vs. Governance in Central
and Eastern Europe: From Pre-Weberianism to Neo-Weberianism? Presented Papers from the 22nd
NISPAcee Annual Conference. Pozsony: NISPAcee; 2014. page 1-8.

[7] Pleban JK, Endrddi I. Cross-Border Voluntary Network for Disaster Prevention (Hungary-
Slovakia). International Journal of Engineering Research and Applications 2018; 8:1-11.

[8] Perry RW, Quarantelli EL, editors. What is a disaster? new answers to old questions.
Philadelphia, Pa.: Xlibris; 2005.

[9] Etkin D. Disaster theory: an interdisciplinary approach to concepts and causes. Amsterdam ;
Boston: Butterworth-Heinemann; 2016.

[10] Munich Re Institute. NatCat [Internet]. Available from: https://natcatservice.munichre.com/
[11] Swiss Re Intitute. Sigma [Internet]. Available from: http://institute.swissre.com/

[12] Guha-Sapir D, Below R, Hoyois P. EM-DAT: The CRED/OFDA International Disaster
Database [Internet]. Available from: http://www.emdat.be/

[13] Quarantelli EL. Statistical and conceptual problems in the study of disasters. Disaster Prevention
and Management: An International Journal 2001; 10:325-38.

[14] Katai-Urban L, Erces G, Sibalin I, Vass G. Risk assessment in the field of disaster management
in Hungary. In: Branko S, editor. 13. Mehynapoano CasetoBame Pusuk W be3beanocHn
Nmxemepunr 360pauk PagoBa. Novi Sad, Serbia: Visoka Technicka Skola (VTS); 2018. page 340—
5.

[15] Rabby MF, Haque DME, Selim M. Flood Inundated Agricultural Damage and Loss Assessment
Using Earth Observation Technique. International Journal of Excellence Innovation and
Development 2018; 1:60-9.

[16] Centre for Research on the Epidemiology of Disasters. Expert Consultation on Collection and
Validation of Economic Data related to Disasters — Agenda [Internet]. Available from:
https://www.emdat.be/sites/default/files/Report_list of participants agenda.pdf

[17] Etkin D, McGregor S. Disaster Data: A Global View of Economic and Life Loss. In: Etkin D,
editor. Disaster Theory. Oxford: Elsevier; 2016. page 23-52.

[18] Tschoegl L, Below R, Guha-Sapir D. An Analytical Review of Selected Data Sets on Natural
Disasters and Impacts [Internet]. 2006; Available from:
https://www.emdat.be/sites/default/files/TschoeglDataSetsReview.pdf

[19] Guha-Sapir D, Below R. The Quality and Accuracy Of Disaster Data - A Comparative Analyses
of Three Global Data Sets [Internet]. Available from:
http://www.cred.be/sites/default/files/Quality accuracy disaster data.pdf

[20] Cohen C, Werker E. The Political Economy of “Natural” Disasters [Internet]. 2008; Available
from: https://www.hbs.edu/faculty/Publication%20Files/08-040.pdf

[21] Rose A. Defining and measuring economic resilience from a societal, environmental and
security perspective. New York, NY: Springer Berlin Heidelberg; 2016.

[22] Pleban JK, Endrédi I. The role of a disaster prevention policy plan in the improvement of the
civil protection structures’ work. In: Konferencia Szervezobizottsaga, editor. 11th International
Conference on “Environmental Legislation, Safety Engineering and Disaster Management”
Elsedima: Building Disaster Resilience in a Changing Word (Book of abstracts). Kolozsvar: Babes-
Bolyai University, Faculty of Environmental Science and Engineering; 2016. page 65.

20
Delta 2019, 13(1): 5-21



[23] Clay E, Benson C. Aftershocks: Natural Sisaster Risk and Economic Development Policy
[Internet]. 2015; Available from: https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-
opinion-files/2596.pdf

[24] Hajdu C, Kuti R. Designing Complex Technical Rescues with a Proprietary Application
(Computer Program). Academic and Applied Research In Military and Public Management Science
2018; 17:45-52.

[25] Blanchard BW. Guide to Emergency Management and Related Terms, Definitions, Concepts,
Acronyms, Organizations, Programs, Guidance, Executive Orders & Legislation [Internet]. 2007,
Available from: https://training.fema.gov/hiedu/docs/terms and definitions/terms and definitions.pdf

[26] Kathleen Geale S. The ethics of disaster management. Disaster Prevention and Management:
An International Journal 2012; 21:445-62.

[27] Pantya P, Majlingova A, Galla S, Zachar M, Buzalka J. Evaluation of Dynamic Modelling
Applications to Support the Disaster Risk Management at Local Level. Bolyai Szemle 2015; 3:70—
80.

[28] Restas A, Pantya P, Horvath L. Disaster management from the viewpoint of fire protection in
Hungary: From the effectiveness of fire prevention to the safety of firefighters: Complexity of the
firefighters’ work in crisis situations. Advances In Environmental Sciences: International Journal of
The Bioflux Society 2015; 7:272—6.

[29] Klemensits P. Geopolitical Consequences of the 21st Century New Maritime Silk Road for the
Southeast Asian Countries. Contemporary Chinese Political Economy and Strategic Relations 2018;
4:107-38.

[30] Klemensits P. Economic Development or Environmental Protection? The Dilemmas of the
Developing Countries through the Case of the Philippines. European Journal of Sustainable
Development 2019; 8:281-9.

21
Delta 2019, 13(1): 5-21



FIRE PROTECTION & SAFETY Scientific Journal
A@eém 13(1): 22-31, 2019

DOI: 10.17423/delta.2019.13.1.55

Extinguishing characteristics of water suspensions with
carbon nanostructures at extinguishing liquid hydrocarbons
fires (oil and gas industry)

Orverymanue XapaKTepUCTUKU CYCIIEH3UIN BOJBI C
YIJIEPOAHBIMU HAHOCTPYKTYPAMM NP MOKAPOTYLIEHUH
JKUJKHMX YIJIeBOA0PoaoB (HedrerasoBasi oTpaciib)

Dmitry Toropov !, Alexey Ivanov 2, Farid Dali 3, Andrey Perlin ", Andrey Lebedev 3,
Grigory Shidlovsky ©

! Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; dmitrytoropov2012@yandex.ru

2 PhD, Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; spark002@mail.ru
3 PhD, Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; dalee@igps.ru
4 Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; perlin@igps.ru
3 PhD, Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; lebedev@igps.ru
6 PhD, Saint-Petersburg University of the State Fire Service of EMERCOM of Russia; shidlovsky.g@igps.ru

* Corresponding author: perlin.85@mail.ru

Original scientific paper

Received: May 30, 2019, Accepted: June 17, 2019; Published: July 31, 2019

Abstract

The process of fire extinguishing of liquid hydrocarbons by water suspensions with multiwall carbon nanotubes
and astralene is investigated. It is shown that dispersion of carbon nanostructures in water intensifies heat
exchange in liquids that gives to faster warming up them up to the boiling temperature in the conditions of
thermal influence of a flame. During the experiment it is revealed that extinguishment time of liquid
hydrocarbons by nanosuspensions is on average 3.5-5.0 times less than extinguishment time of liquid by sprayed
water. Existence of carbon nanostructures in water established by the method of atomic and power
microscopy.The specific discharge of fire extinguishing agent at suppression of the standardized fire source class
"B" is defined. The conclusion is drawn that increase of fire extinguishing efficiency is reached due to high
thermal resistance of carbon nanostructures.

Keywords: extinguishing agent; multiwall carbon nanotubes; astralene; superficial tension; vaporization;
extinguishment time; specific discharge.

1 Introduction 1 BBenenue

When extinguishing fires of liquid [Ipy  TylmEeHUH  MOXKAPOB  KMUAKHX
hydrocarbons with atomized water, splashing YIIEBOIOPOIOB pacIbLIeHHO BOJOH
and convective entrainment of water droplets MPOUCXOANT Pa30PBI3TUBAHNE, KOHBEKTUBHBIH
occurs and its penetration into a subsurface yHOC Kallellb BOJbI, U €€ NPOHUKHOBEHHE B
layer. of the bprnmg liquid happfzns.. L_OW TTOATIOBEPXHOCTHBIN CJION TOPSIIICH KUIKOCTH.
efficiency of using water as fire extinguishing Huskas 5(QeKTHBHOCT IIPUMEHEHHS BOJIbI
agent is associated with the insufficient heat B KAaueCTBE OTHETYLIANIETO COCTAaBa CBA3aHA
removal in a burning zone [1]. C HEIOCTAaTOYHBIM TEIUIOOTBOAOM B 30HE
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Wetting agents and additives increase the
intensity of heat removal; create a scum on the
surface of the burning oil product.

Carbon nanotubes increase thermal
conductivity and change the rheological
properties of liquids at low concentrations
(0.01 ... 1.00 %) [2]. The purpose of research
was to determine the fire extinguishing
characteristics of water suspensions with
carbon nanostructures when extinguishing of a
flammable liquid.

2 Material and Methods

Purified multiwall carbon nanotubes
(MWCNT) and astralenes in distilled water
(DW) were used as the object of research (fig.
1).

MWCNT obtained by catalytic pyrolysis
[3]. Parameters of nanoparticles: d = 25...180
nanometer, 1 = 1...3 microns. MWCNT
purified from the synthesis-by-products
according to the method described in [4].
MWCNT was placed in concentrated nitric
acid (HNO3) 65 % (1 g MWCNT to 50 ml
HNO3) and 35 % sulfuric acid (H,S0,). After
boiling, the oxidized MWCNT was filtered and
washed with distilled water until the pH of
filtrate become neutral, and dried at 70-80 °C.

Astralenes are obtained by the method of
evaporation of graphite anodes in an electric
arc discharge [5]. They represent a structure of
curved graphite layers with a diameter of 10 ...
150 nm, a distance between graphene layers of
0.336 nm, an average pore size of 20 ... 60 nm.
Astralenes are characterized by high thermal
stability and, in powder form, are large
agglomerates with a size of about 0.5 ... 3
microns [6]. The preparation of suspensions
was carried out by dispersing carbon
nanostructures with a volume concentration of
0.05-1.60% by volume. in DW when exposed
of source of ultrasonic source (power 1.2 kW,
frequency 50-60 Hz, processing time 30 min).
DW suspensions with a low concentration of
MWCNT (¢ = 0.01 vol.%) were used as a
testing specimen. The following methods used
in the work: atomic force microscopy (AFM)
[7]; measurements of the surface tension
coefficient by the method of drops detachment
[8]; studies of the heating rate of suspensions
up to boiling point [9]; measurements of the
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ropenus [1].

CmauuBatenmd #W J00aBKH YBEIHMYHUBAIOT

WHTEHCUBHOCTb TETUI00TBO/IA, CO3JTAfOT
TUICHKY Ha MOBEPXHOCTH TOPSIILETO
HerenmpomykTa.

YriuepoaHple  HAHOTPYOKH  TIOBBIMIAIOT
TEIUTONPOBOIHOCTh u U3MEHSIFOT

pEOJIOTUYECKUE CBOWCTBA KUJKOCTEW MpuU
Manbix kouneHtparusax (0,01...1,00 06. %)

[2].

Ienbro uccienoBanus ObLIO OINpelesIeHUE
OTHETYIIAIMX  XapaKTEpUCTHK  CYyCHEH3UH
BOJBI C YIIEPOAHBIMH HAHOCTPYKTYpPaMH MpU
TYLUIEHUU IUIAMEHHU JIETKOBOCILIAMEHSIOIeHCs
AKHUJIKOCTH.

2 MartepunaJjbl M1 MeTOAbI

OyKIMOHAIM3UPOBAHHBIE  MHOI'OCJIOWHbBIE
yraepoguele  HaHOTPYOkm (MWCNT) n
acTpaJieHbl B TUCTHIUIHpoBaHHOU Bome (DW)
WCTIONB30BAINCh B KadecTBE  OObBEKTa
uccienosanus (puc. 1).

MWCNT MIOJIy4YEHBI METOA0M
Katasatrdeckoro mmpoymsa [3]. ITlapamerpsr
Hanoyactuir: d = 25...180 um, 1 = 1...3 MKM.
MWCNT otunimany oT HOOOYHBIX MPOAYKTOB
CHHTE3a 110 METOJWKE, OIHMCAHHOW B [4].
MWCNT mnomemnaiii B KOHIICHTPHPOBAHHYIO
azotHyto kucioty (HNO3) 65 % (1 r MWCNT
Ha 50 mn HNO3) u 35 % cepHOIl KHCIOTHI
(H,S0,). Oxuciieaasle  MWCNT  mocie
KHIISTYEHYS] OT(WIBTPOBBIBAIA U TPOMBIBAIH
JUCTUILTAPOBAHHOW BOJOM OO0 HEUTpasbHOTO

pH o¢wibTpaTa, ® BBICYIIMBaJIH  MPH
temneparype 70-80 °C.

AcTtpaneHst MOy YCHBI METOI0M
WCTIApEHHS rpaUTOBBIX aHOJIOB B
AIEKTPOTYTOBOM paspsine [5]. OHu
NPEACTaBISIIOT  CTPYKTYPY M3  HM30THYTBIX

rpaduToBBIX crnoes, auamerpoMm 10...150 HM,
paccTosiHueM Mexay ciosimu rpadena 0,336
HM, cpenHudi pasmep mnop 20...60 HM.
AcTpaneHsl  XapakTepU3yIOTCS  BBICOKOM
TEePMHUYECKOU YCTOWYUBOCTHIO u B
MOPOIIKOOOpa3HOM  BHIE  IPEICTaBISIOT
co0OH  KpymHBIE arjioMepaTrbl  pa3MepoM
nopsiaka 0,5...3 mxm [6].

IToaroroBky CYCIICH3UH TPOBOJAWIIN
nyTéM JIUCTICPTUPOBAHUS  yTIIEPOJIHBIX
HaHOCTPYKTYp C OOBEMHOW KOHIICHTpAIHCH
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specific heat of evaporation of suspensions
[10]; measurements of time of extinguishing
standardized fire source class "B", described in

[11].
3 Experimental part

Researching of nanostructures in
suspension by atomic force microscopy. On
the AFM scan of the solid residue, MWCNT
represents structures with a diameter of ~ 110
nm and a length of 1-3 microns (Fig. 2a). In
the study of the topology of the solid residue of
Astralens, cluster of particles 200-300 nm in
diameter are observed (Fig. 2, b).

Measurement of surface tension of
suspensions. The experimental results showed
(Fig. 3) that the surface tension of the
suspension DW + MWCNT increases linearly
with increasing MWCNT concentration from
0.4 and at a concentration ¢ = 1.6 vol. %
reaches 30%. For the DW + Astralens
suspension, a logarithmic nature of the change
of function observed. At the initial stage, a
rapid growth of the surface tension coefficient
occurs at concentrations of Astralens ¢ = (0.05
... 0.5) vol. % relative to the suspension DW +
MWCNT, but with a further increase of
concentration reaches 25% in comparison with
the testing specimen. Earlier, in [12], it was
noted that the surface tension of nanofluids
based on water increases with increasing
concentration of carbon nanostructures.

Study of thermophysical properties of
suspensions.  During the study of
thermophysical properties revealed (Fig. 4),
that with an increase of concentration of
MWCNT up to 1.0 vol. % there is an
insignificant increase of specific heat of
evaporation of the suspension DW + MWCNT
by 10-15%, but at the same time, the rate of
heating up to the boiling point increases
linearly up to 50 %. Increase of the specific
heat of evaporation of the suspension DW +
Astralens with increasing concentration of
Astralens up to 0.5 vol. % reaches 20% in
comparison with the testing specimen, but with
a further increase of concentration it decreases
sharply by 30-40%.

At the same time, the kinetics of heating up
to the boiling point increases over the entire
observed concentration range and reaches 50-
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0,05-1,60 % o06. B DW mnpum BO3melcTBHH
HWCTOYHMKA YIbTpa3Byka (MomHOCTs 1,2 kBT,
gactroTta 50-60 ', Bpems oO6paboTku 30 MuH).
Cycnemsun DW ¢ wmaioit  koHIEHTpanue i
MWCNT (¢ = 0,01 vol. %) mpumensuin B
KadyecTBe KOHTPOJIHLHOTO 00pa3iia.

B paborte mpumeHsIIMCH METOABI: aTOMHO-
CHJIOBOM MHUKPOCKOTTHH (ACM) [7];
n3MepeHust K03 UIHEeHTa TOBEPXHOCTHOTO
HaTsDKEHUS METOJOM OTphIBa Karmenb [8];
WCCIIEIOBAHNS CKOPOCTH HarpeBa CyCIIEH3WU
70 TeMIeparypel KumneHus [9]; uzMepeHus
yAeIbHON TEIUIOTHI napooOpa3oBaHus
cycrier3uii [10]; n3mMepeHnss BpEeMEHUTYIIICHUS
MOJIETIFHBIX OYaroB Toxapa Kiacca «By,
M3JI0’)KEHHOM B padote [11].

3 DKcIepuMeHTAJBHAN YaCTh

HccneqoBanne HAHOCTPYKTYP B
CyClleH3MH  MeTOI0OM  aTOMHO-CHJIOBOM
mukpockonuu. Ha ACM-ckane TBepaoro
ocratka MWOCNT mnpencraBiasiior  coOoi
MPOTSKEHHBIE CTPYKTYphl AuamerpoM ~110
oM, mmHOH 1-3 MxM (puc. 2,a). B xome
WICCIIEIOBAHNS TOIOJOTHU TBEPAOTO OCTaTKa
Astr  HaONIOmAlOTCA ~ CKOIUJICHHS  YaCTHII
muamerpom 200-300 uMm (puc. 2,0).

I/I3Mepelme MOBEPXHOCTHOT'0 HATHKCHHUS

cycmensmii.  Pe3ynbraTel  3KCIIEpUMEHTOB
nokazanu (puc. 3), UYTO TIOBEPXHOCTHOE
HaTSDKECHUE CyCIECH3UU DW+MWCNT
JIMHENHO pacret npu YBEJIUYCHUH
koHueHtpammn MWCNT ¢ 04 wu 1npu

koHeHTpamuu ¢ = 1,6 vol. % mocturaer 30
%. Jnsa cycnensum DW-+Astr HabGnromaercs

Jorapu(@MHUYECKUN  XapakTep  U3MCHCHUS
¢byaknun. Ha HagaasHOW cTamuyd MPOUCXOIUT
pe3KuMi TEMIT poct koadduIreHTa
MOBEPXHOCTHOTO HATSDKCHUS npu

koHneHTparuax Astr ¢ = (0,05...0,5) vol. %
oTHOcuTenbHO cycrner3suu DW+MWCNT, Ho
Npy JaJbHEHIIeM YBeTUUYEeHHH KOHIICHTPALH
nocturaer 25 % B cpaBHEHUU C KOHTPOJIBHBIM
obpasiom.

Panee B [12] OTMEUCHO, 9TO
MMOBEPXHOCTHOE HATSHKCHHE HAHOXKHIIKOCTEH
Ha OCHOBE BOJIbI BO3PACTAaCT MPH YBEIUUCHUH
KOHIICHTPAIWH YTIIEPOJHBIX HAHOCTPYKTYP.

HccnenoBanne TEIIO(QU3NICCKUX
CBOMCTB cycneH3uil. B xome wuccrmegoBanus
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70% at an Astralens concentration of 1.0 vol.
%. Thus, an increase of the specific heat of
evaporation is caused by an increase of the
surface  tension  coefficient of  water
suspensions with carbon nanostructures [13].

Measurement of time of extinguishing
standardized fire source class "B".
Evaluation of the fire-extinguishing capability
of suspensions during the liquidation of the
combustion of a flammable liquid was carried
out on a laboratory facility described in [11].
The preburn time of a flammable liquid was at
least 60 s. The fire extinguishing of the
standardized fire source (diameter of the tray is
450 mm, the combustible mixture — motor
gasoline with an octane rating of 95 and water
in a ratio of 7: 3) was carried out with a
sprayed jet of suspension with a droplet
diameter of 100-300 um and pressure of 1.0-
1.5 MPa. Extinguishment time was recorded at
the time of complete elimination of
combustion. For each type of extinguishing
agent, 5 tests were conducted, the data were
averaged.

During the study of fire extinguishing
characteristics revealed (Fig. 5), with
increasing concentration of MWCNT up to 1.0
vol. % in suspension DW + MWCNT was
observed reduction of the extinguishment time
by 70% compared with the testing specimen.
The extinguishment time of the suspension
DW + Astralens at concentrations up to 0.5
vol. % decreased to 80-90%. An increase of
extinguishment time at concentrations ¢>0.5
(for DW + Astralens) and ¢>1.0 (for DW +
MWCNT) is associated with intense
aggregation of nanostructures [3] and leads to
a decrease of the fire-extinguishing efficiency
of suspensions.

During extinguishing with suspensions of
water with carbon nanostructures, more
intensive evaporation is observed in the
combustion zone as compared with the testing
specimen.

4 Results and Discussion

The mechanism of fire extinguishing of
liquid hydrocarbons by spraying suspensions
of water with a CNS is based on lowering the
temperature in the combustion zone to the
extinction temperature, at which a sufficient
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TeIIO(U3UIECKUX CBOHCTB BBISABICHO (pHc.4),
9TO MpH  yBEIIMYCHWH KOHIICHTPAIUU
MWCNT nmo 1,0 00. % HaOmopaercs
HE3HAYUTEITHbHOS  YBEIUYCHUE  YACIHLHOM
TETUIOTHI napooOpa3oBaHus CyCIIEH3UU
DW+MWCNT Ha 10-15 %, HO 0IHOBpEMEHHO
C TeM, CKOpPOCTh HarpeBa J0 TEMIepPaTyphl
KUIICHUS  JIMHEWHO  Bo3pactaeT g0 50
%.YBenniueHue YAEIbHON TETUIOThI
napooOpa3oBanusi cycrneHsun DW+Astr mpu
yBenmmueHnn KoHreHTpamuu Astr 1o 0,5 00. %
nocturaetr 20 % B cpaBHEHUH C KOHTPOJIBHBIM
o0pas3IoM, HO TpU JabHEHIIEM YBEIUYCHUU
KOHIICHTpAIMK — pe3ko cHmxkaetrcs Ha 30-40
%. Ilpm o>TOoM KHMHETHMKa HarpeBa Jo
TEMIIEPATyphl KHUIICHUS BO3PAacTaeT BO BCEM
HaO0JIF0JTACMOM HMHTEpBaJic KOHIICHTpAIUKA H
nocturaer 50-70 % mnpu KoHHEeHTpammu Astr

1,0 06. %. Takum oOpa3om, yBeIUYCHHE
YACITBHOU TETUIOTHI rnapooOpa3oBaHus,
BBI3BaHO YBEIIMYCHUEM koa(durmeHTa

MOBEPXHOCTHOTO HATSKECHUSI CYCIICH3UH BOJIBI
C YIJIepOAHBIMA HAaHOCTPYKTypamu [13].

H3mepenne BpeMeHH TyIIeHUsI
MO/IeJILHOIO ouara mnoxkapa kJjacca «B».
Orenka OTHETYIIaIei CITOCOOHOCTH
CyCIIeH3WH  TpU  JIMKBUJALUU  TOPCHUS
JIETKOBOCIUTAMEHSIOIeHCS KUAKOCTH
MPOBOAMIACH Ha JIADOPATOPHOHM yCTaHOBKe,
omucanHoii B [11]. Bpems cBoOogHOTO
TOPEHHUSI JICTKOBOCIUTAMEHSIIOIIEHCS YKUIKOCTH
coccraBisuio He wMeHee 60 c. Tymernne
MOJIETPHOTO  odYara  Tmoxapa  (auametp
npotuBHs 450 MM, roprodas cMech — OCH3HMH
ABTOMOOWIIBHBIA C OKTaHOBBIM HYHCIOM 95 u
BoJa B mpomopiuud  7:3) MIPOBOAMIOCH
PaCHBUICHHOU CTpyel CYCIICH3UU C TUaMETPOM
kanens 100-300 mxm u npaBiaenwem 1,0-1,5
MIla. Bpems tymeHus QUKCHPOBAIOCH B
MOMCHT TIOJHOW JMKBHAAIMH TopeHus. [lis
KOKIOIO0 BUAA OTHETYIIANIErO BEUIECTBA
NPOBOIMWIOCH MO 5 HCIHBITAHWM, [1aHHbIE
YCPETHSIIH.

B Xxome wccnenoBaHMs —OTHETYMIAIIAX
XapaKTEepPUCTUK BBIABICHO (pHc. 5), 49TO C
poctom koHneHTpamd MWCNT go 1,0 06. %
B cycnem3sun DW+MWCNT nabnromanock
COKpalleHue BpeMeHH TymeHus Ha 70 % B
CpaBHEHHH C KOHTPOJBHBIM 00pa3ioM. Bpems
TymieHuss  cycneHsued  DW+Astr  mpu
koHeHTpausax 1o 0,5 00. % cokpaTtuiaock 10
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amount of hydrocarbon vapors, necessary for
further combustion, do not evolve.

A significant factor in changing the
properties of nanostructures are giant
resonances of electromagnetic fields on the

surface of nanoparticles [14], which
determines a significant change in the
properties of nanomaterials with a low

concentration of CNS due to van der Waals
interactions [15]. The mechanism of heat
transfer in suspensions with a CNS is based on
the effect of Brownian motion of carbon
nanoparticles and the formation of a highly
heat-conducting liquid layer at the phase
interface “liquid - solid particle”. The boiling
process of nanosuspensions depends on the
properties of the base fluid, the type and
concentration of nanoparticles contained in it,
which largely determines the nature of heat
and mass transfer with phase transformations,
the heat transfer process on the surface of
evaporating droplets, and the nature of boiling
(film or bubble) in the liquid volume [16]. The
phenomenon of evaporation depends on the
forces of surface tension in a liquid in the
process of breaking the connection between
adjacent molecules of the liquid and the
movement of molecules into the gaseous
medium [12]. It can be concluded that water-
based suspensions with CNS are fire
extinguishing agents with a predominantly
cooling and diluting effect.

When droplets of suspensions get into the
combustion area, intense heating to the boiling
point occurs, with followed evaporation and
cooling of the combustion zone.

With a sufficient amount of water vapor in
the combustion zone, flame extinction is
observed. Therewith an increase of the specific
heat of vaporization leads to an increase of the
amount of selected thermal energy from the
combustion zone.

Increase Astralens concentration to 0.5
about. % and MWCNT to 1.0 vol. % in
suspensions significantly increases the fire
extinguishing efficiency of extinguishing
agent. A further increase of the concentration
of nanoparticles leads to the aggregation of
CNS, which reduces the values of the effective
thermal conductivity of suspensions and the
specific heat of vaporization.

80-90 %. YBennueHrne BpeMEHHU TYIICHUS TpU
KoHIeHTparsax ¢>0,5 (ms DW+Astr) u
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¢©>1,0 (mr DW+ MWCNT) cBszaHo c
WHTEHCHUBHOH arperamuei HaHOCTPYKTyp [3] u

MPUBOAUT K  CHHJKCHHIO  OTHETYIIAIIeH
3¢ (HEeKTUBHOCTH CYCIIEH3UH.

OTMeueHO,  4YTO  yICHAbHBIH  Pacxoj
OTHETYIIANIEr0 BEIIeCTBA MNPH  TYINICHUH

noxkapa cycnensueit DW+ MWCNT cuusuncs
B 3,5 paza, a ms cycnensun DW+ Astr B 4,5-5
pas.

HpI/I TYHICHUU CYCHCH3USAMU BOJAbI C

YIJIEPOAHBIMHU HAHOCTPYKTypaMu
HaOIroaeTCs Ooiee WHTEHCHBHOE
napooOpa3oBaHue B 30HE TOPEHHSA IO

CPaBHEHUIO C KOHTPOJIBHBIM 00pa3IioM.
4 Pesyabratsl 1 O0Cy:KI1eHUs

MexaHu3M TYLIEHUS TOXKApPOB KUAKUX
YIJIEBOJOPOAOB PACTBUIICHHBIMU CYCIIEH3USIMU
Bogel ¢ YHC ocHOBaH Ha CHW)KEHHMH
TeMIIepaTyphl B 30HE TOpEHUS Io
TeMIIepaTypbl MOTYXaHWsA, TpPU KOTOPOH HE

MIPOUCKOUT BBIJICTICHUS JIOCTATOYHOTO
KOJIMYEeCTBa napos YTIIEBOIOPOJIOB,
HEOOXOTUMBIX JUTS JAJTEHEHTIIETO
MPOJIOJDKEHUS TOPEHUS. 3HAYMMBIM (PaKTOPOM
B HM3MCHCHMHM  CBOWCTB  HAHOCTPYKTYp
SIBIISTFOTCS TUTaHTCKUE PE30HAHCHI
AJICKTPOMArHUTHEIX TIOJICH Ha TOBEPXHOCTH
HaHOYACTHII [14], 9TO ompenenseT
3HAYHUTENLHOE U3MECHEHUE CBOWCTB

HaHOMATEepHaJIOB C MAJOW KOHIEHTpaLUeH
YHC 3a cyeT BaH-/I€P-BaaJIbCOBBIX
B3auMoJIecTBuUM [15].

MexaHU3M MepeHoca Teria B CYCIIeH3UsX ¢
YHC ocHOBaH Ha BIHMSHUH OpOYHOBCKOTO
IOBIOKCHHS ~ YIJIEPOMHBIX  HAHOYACTHUI] |
o0pa3oBaHHA BBICOKOTETIOIPOBOIHOTO
XKHUIKOTO CIIoA Ha TpaHule paszfgena a3
OKUJIKOCTh — TBepaas dacTumay. llpomecc
KUIIEHUS] HAHOCYCIIEH3UM 3aBUCUT OT CBOWCTB
0a30BOM JKUAKOCTH, BHJAa U KOHIICHTPAIUU
coJep)Kaluxcs B HEHl HAHOYACTHI, 4YTO BO
MHOTOM oTpesiessieT Xapakrtep
TEIIOMaccoIEpeHoca c (ha3oBbIMH
MPEBpaLICHUsMH, TPOLECC TeIIo0Taaul Ha
MMOBEPXHOCTH  UCHAPSIONIMXCS  Kaleib, W
xapaktep  KumeHus  (TUIGHOYHOE  WIIH
ITy3bIPHKOBOE) B 00bEME KUIAKOCTH [16].
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Fig. 1 Suspension with carbon nanostructures / CycrnieH3usl ¢ yriepoIHbIMU HAHOCTPYKTYpaMH
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Fig 2. AFM-scans of agglomerations of carbon nanostructures during dispersion in the DW:
a— DW+MWCNT; b - DW+Astr

SlBnennre mapooOpa3oBaHMs 3aBUCHT OT CHII
MMOBEPXHOCTHOTO HATSHKCHUS B JKUIKOCTU B
mpolecce paspbiBa CBSI3U MEXKIYy COCEIHUMH
MOJICKYJIaMU JKUJIKOCTH W  IepeMeIleHHs
MOJICKYJI B ra30ByI0 cpeny [12].

MoskHO cienaTh BBIBO, YTO CYCIICH3UM Ha
OCHOBE BOJIBI c YHC SIBJISIIOTCS
OTHETYIIAIUMH BEIIECTBAMU
MPEUMYIIIECTBEHHO OXJIaXK TAFOIIETO u
pasbagisirorero aeiicteus. [Ipu nonaganuu B
00acTh TOpeHUs Kareiab CyCIeH3UH
MPOUCXOANT HMHTCHCUBHBIA  pa3orpeB  J0
TEMIIEPATyphl KUIIEHUS, C TOCICAYIOIUM
WCTIAPESHUEM U OXJIKICHUEM 30HbI TOPCHUSI.
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IIpu mocTaTouHOM KOJNHMYECTBE IApOB BOBI B
30H€ TOpeHHs HaOIojaeTcs IOTyXaHUe
m1aMeHu. [Ipu 3ToM pocT 3HaYeHHH yAeIbHON
TEILIOTHI napooOpa3oBaHUs BJIEYET
yBEJIUYEHHE KOJIMYeCcTBa 0TOOpaHHOU
TEIUIOBOM SHEPIUHU U3 30HBI TOPEHHUS.

VYBenundyenue koHnentpamun Astr go 0,5 06.
% u MWCNT no 1,0 06. % B cycneH3usx

CYIIECTBEHHO  TOBBINIACT  OTHETYIIAIIYIO
3¢ (HEeKTUBHOCTH OTB. HanbHeiimee
YBENMYCHHE  KOHIICHTPAlMH  HAHOYACTHII

npuBouT k arperanuu YHC, uTo ymeHbIIaer
3HaueHus] S(Q(PEKTUBHON TETIONPOBOTHOCTH
CyCHeH3ul u yAEJIbHON TETIOTHI
napooOpa3oBaHMUs.

b)
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Fig 3. Surface tension suspensions
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Fig 4. Thermophysical properties of suspensions
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Fig. 5. Extinguishing characteristics suspensions

5 Conclusion

The dependence of the specific consumption
and time of extinguishing of burning liquid
hydrocarbons on the concentration of CNS
(MWCNT, astralenes) is obtained. The results
indicate that suspensions are effective
extinguishing agents for extinguishing burning
liquid hydrocarbons at relatively low
concentrations of carbon nanostructures.
Dispersing of CNS intensifies heat transfer in
the sprayed drops of extinguishing agent,
which leads to their more rapid heating under
conditions of heat exposure against the fire.
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5 BuiBoabI

[Toyuena 3aBUCUMOCTB YAEIBHOIO pacxoja U
BPEMEHHM TYIICHHUS TUIAMEHH TOPSIIUX KUAIKUX
YTIIEBOIOPOAOB OT KoHmeHTparuun YHC
(MWCNT, acTpaJeHbl). Pesynbrate
CBUJETEIBCTBYIOT, YTO CYCIIEH3UH SBIAIOTCS
3¢ ()EeKTUBHBIMM OTHETYIIAIIMMU BELICCTBAMH
TSt TYLICHUS TOPSILIIX JKUJIKHIX
YIIIEBOJOPOAOB TPH OTHOCHUTEIBHO MaIOi
KOHIEHTPAIMH  YTJIEPOIHBIX HAHOCTPYKTYD.
Hucneprupopanne YHC wuHTeHCHpHIEIpYET
TerooOMeH B pacnbuieHHBIX Kamsix OTB,
4TO BeJeT K OoJiee OBICTPOMY MX Pa3orpeBy B
YCIIOBUSIX TEMJIOBOIO BO3JCHCTBUS IUIAMEHHU.
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Abstract

The extent of the fire hazard area from open fire areas in the perimeter of structures significantly limits the use
of space close to the structure, affects the location of buildings, escape routes, construction economy, structure’s
use and many other contexts. This generally applies to both new buildings and renovations. The article describes
the search for points of fire hazard area boundary more efficiently and for finding a suitable approximation to the
critical node with critical intensity at the boundary of the fire hazard area uses advanced mathematical methods
and the application of numerical iterative methods for the exact definition of the fire hazard area from the open
fire areas. Subsequently, the data were used to create a software tool for the accurate determination of fire hazard
areas. Aside from speed and reduction in fire hazard area visible at first glance compared to simplified solution, a
giant benefit is also the economic potential in the areas of radiant component impact on persons within escape
routes, radiant component impact on flammable materials and structures, EW/EI glass structure plans,
determination of mutual building distance, overlap of fire hazard areas on other property or in mutually influencing
fire sections.

Keywords: Fire hazard area, radiation, numerical iteration method, Lambert law

1 Introduction 1 Uvod

The calculation of clearance distances and Vypocet odstupovych vzdalenosti
the definition of the fire hazard area is one of a vymezeni pozarn¢ nebezpecného prostoru je
the key tasks of fire prevention with jeden zkli¢ovych ukoli pozarni prevence
consideration towards the completion of s ohledem na splnéni pozadavkll na zajiSténi
requirements for ensuring the fire safety of pozarni bezpecnosti staveb. Jde zejména o tyto
buildings. It concerns these areas in particular: oblasti:
- the impact of radiant component on persons - dopad salavé slozky na osoby napf. na

for example within escape routes, unikovych cestach,

- mutual clearance distances between buildings, - vzajemné odstupy staveb,

Delta 2019, 13(1): 32-45 32
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building placement,

- the impact of radiant component on
flammable materials and structures,

- mutual influence of fire sections,

- proposal of glass structures (cheaper type
EW instead of EI),

- the overlap of fire hazard space.

To define the fire hazard area from the open
fire areas we use the radiant component as a
basis. This component can transfer fire over
fairly large distances and threaten for example
neighbouring structures, fire sections, escaping
persons, animals, etc. The clearance distance
from the open fire area is determined using
traditional procedure based on the construction
system fire risk and the percentage of open fire
areas. Subsequentially, the fire hazard area with
a potential risk of fire transfer, is defined. If we
pass over this practical, simplifying point of
view and if we are to prevent fire transfer and
the ignition of flammable materials, it is
necessary for the intensity of the radiant
component to be lower than the critical intensity
value. The methodology of defining clearance
distances was seen as key already in former
Czechoslovakia and was incorporated into
norms in the 1970s. Those norms derived
knowledge especially from experimental
researches abroad. Between years 1976 and
1979 an extensive experimental program
aiming to refine the basis for the creation of
clearance distance norms also took place at the
Research Institute of Structural Engineering in
Prague [9]. During these years 45 fire tests in
total were realized, 29 of which were aimed at
detailed monitoring of the intensity of radiant
components from open fire areas [9]. The tests
simulated a fully developed fire and records of
these tests, as well as numeric simulations,
provided valuable knowledge and information.
Materials gained by this program were
additionally evaluated for several years starting
in 1980, and furthermore the methodology for
the determination of fire intensity within a
burning area, which influences the definition of
clearance distances through the radiant
component, was refined. Experiments of this
magnitude are even today valuable source of
information and the basis for the ever more
refined defining of fire hazard area using
computer technology. Determination of the
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umisténi staveb,

- dopad salavé slozky na hotlavé materialy a
konstrukce,

- vzajemné ovliviiovani pozarnich tsekd,

- navrh prosklenych konstrukci (levnéjsi typ

EW misto EI),

- pfesah pozarné nebezpecného prostoru.

Pro vymezeni pozamé¢ nebezpecného
prostoru od pozarné¢ otevienych ploch
vychazime ze salavé slozky, ktera dokaze
prenést pozar na pomémné velké vzdalenosti a
ohrozit tak napf. sousedni objekty, pozarni
useky, unikajici osoby, zvitata apod. Tradi¢nim
postupem se zjisti odstupova vzdalenost od
pozamé oteviené plochy a to na zaklad¢
pozarniho rizika, konstrukéniho systému a
procenta pozarné otevienych ploch. Nasledné
se vymezi pozarné nebezpeCny prostor ve
kterém je potencidlni riziko pieneseni pozaru.
Pokud pomineme tento prakticky,
zjednodusujici pohled a pokud mame zabranit
preneseni pozaru a zabranit vzniceni hotflavych
materialtl, je nutné, aby intenzita salavé slozky
byla niz§i nez hodnota kritické intenzity. Jiz
vbyvalém Ceskoslovensku byla metodika
urCovani odstupovych vzdalenosti vnimana
jako klicova a =zallenéna do normativi
v 70.letech  20.stoleti. Tehdej$i normativy
Cerpaly poznatky zejména ze zahrani¢nich
experimentalnich vyzkumt. Mezi lety 1976-
1979 se i ve Vyzkumném tUstavu pozemnich
staveb v Praze realizoval rozsahly
experimentalni program s cilem zpfesnéni
podkladti pro tvorbu normativii odstupovych
vzdalenosti [9]. V prubéhu téchto letech bylo
uskutecnéno celkem 45 pozéarnich zkousek
znichz 29 bylo zaméfeno na podrobné
sledovani a monitoring intenzity salavé slozky
od pozarné¢ otevienych ploch [9]. Zkousky
simulovaly plné rozvinuty pozar a zaznam
ztéchto zkouSek anumerické simulace
poskytly cenné poznatky a informace. Podklady
ziskané z tohto programu byly jesté¢ od roku
1980 a v prub&éhu nékolika nasledujicich let
vyhodnocovany a dale probihalo zptesnovani
metodiky pro urceni intenzity pozéru v hoficim
prostoru, ktery ma vliv na stanoveni
odstupovych  vzdalenosti  prostfednictvim
salavé slozky. Experimenty tohoto rozsahu
jsou i dnes cennym zdrojem informaci a
podkladem pro zptesiiujici vymezeni pozarné



13(1): 3245, 2019

ADeta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 17.423/delta.2019.13.1.57

border of the fire hazard area was with regard
to simplicity of the practical use simplified to a
formation marked by a parallel with the open
fire area within the established clearance
distance, on the sides marked by cylindrical
areas with deflection of 20° - see Fig.1.

The norms allowed a more detailed
determination of the fire hazard area, however
with the knowledge that this solution is
complicated and very time consuming.

PUDORYS

=
nrerRER) M

nebezpecného prostoru s vyuzitim vypocetni
techniky.  Vymezeni  hranice  poZarné
nebezpeéného prostoru bylo s ohledem na
jednoduchost praktického pouZiti zjednoduseno
na Utvar ohrani¢eny rovnob&zkou s pozarné
otevienou plochou ve stanovené odstupové
vzdalenosti, po stranach ohraniceny valcovymi
plochami s odklonem 20° - viz. Obr.1.

Podrobnéjsi vymezeni hranice pozarné
nebezpecného prostoru normativy pfipoustély,
ovSem s tim, Ze jde o fesSeni slozité a Casove
velmi narocné.

FPOZARME OTEVREMA| -

| PLOCHA

EXTERIER

| VZDALENDST 1"

| opstusova |

POZARNE NEBEZFECNY PROSTCOR

Fig. 1 Simplified determination of the fire hazard area from the open fire area.

Obr. 1 Zjednodusené vymezeni pozarné nebezpecného prostoru od pozarné oteviené plochy.

2 Material and Methods

Stefan — Boltzmann law defines radiation
intensity as directly proportional to absolute
temperature of a body, hence we can express
intensity of a radiant component from a burning
object as:

I=¢.0.T*

where:
¢...body emissivity (-),
o...Stefan-Boltzmann constant
5,67.10°% (W.m2.K*),
T...absolute body temperature,
re.. T'=T,+273 (K),
T,..temperature within a burning area (°C).

During a fire, temperature 7}, in a burning area
changes as time progresses, usually in the range
from approx. 20°C to approx. 1200°C
depending on the fire risk, which we
normatively express with computing fire load py
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2 Material a metody

Stefan — Boltzmanniv zakon definuje
intenzitu salani pfimo umérmou absolutni
teploté télesa, pak miZeme intenzitu salavé
slozky z hoticiho objektu vyjadtit jako:

(KW.m?) (1)

kde:
&...emisivita télesa (-),
o...Stefan-Boltzmannova konstanta
5,67.10°% (W.m2K™*),
T...absolutni teplota t¢lesa,
tj. T= T, + 273 (K),
T,..teplota v hoticim prostoru (°C).

Teplota pfi pozaru v hoficim prostoru T, se
méni v pribéhu cCasu, zpravidla od cca 20°C
do cca 1200°C a to v zavislosti na
pozarnim riziku, které normové vyjadiujeme
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[kg.m] or with equivalent fire duration period
7. [min.].

We can find out the temperature within space
and time ¢ by performing a detailed gas analysis,
using a parametric solution of with the help of
simpler nominal scenarios. To establish 7, we
use normative fire scenario — mnominal
temperature curve ISO 834:

vypoltovym pozarnim zatizenim p, [kg.m?]
nebo ekvivalentni dobou trvani poZaru z. [min.].

Teplotu v prostoru a ¢ase r muZzeme ziskat
podrobnou analyzou plynd, parametrickym
feSenim nebo pomoci  jednodusSich
nominalnich scénait. Pro stanoveni T,
pouzijeme normovy pozarni scénaf — nominalni
teplotni kiivku ISO 834:

Tn =20 + 345.10g,0(8t + 1)  (°C) )

To establish critical radiation intensity, i.e.
the value of radiant component /p landing on
flammable material, a sample of wood, a
common building material, was chosen as a
representative. Threshold value /o for wood is
expressed by value 18,5 kW.m™ [9]. The value
of critical radiation intensity [, differs
depending on the desired computation. The
value is different for example when computing
radiant component towards escaping persons,
stored materials, etc., where the Ip value is
lower. After that we search for the distance
where the radiation intensity / falls to the value
of critical radiation intensity /lo. Most
engineering tasks rest in the solution to so called
surface radiator. It represents open fire areas
(common filler material such as a window or
door). Radiation intensity by itself is then
dependent on the shape and mutual positioning
of the radiator and the irradiated place. This
state is illustrated in Fig.2.

Pro stanoveni kritické intensity salani, tj.
hodnoty salavé slozky /o dopadajici na hotlavy
material byl jako reprezentant stanoven vzorek
dfeva, tedy Casty materidl staveb. Mezni
hodnota /o pro dievo je vyjadiena hodnotou 18,5
kW.m? [9]. Hodnota kritické intenzity salani /o
se 1isi podle pozadovaného vypoctu. Hodnota
je odlisna napt. pii vypoctech salavé slozky viuci
unikajicim osobam, skladovanému materialu
apod., kdy je hodnota Iy nizsi.Nasledn¢ hledame
vzdalenost pii které poklesne intenzita salani /
na hodnotu kritické intensity salani /,. VétSina
inzenyrskych uloh spocivda v feSeni tzv.
plosného =zafiCe. Ten predstavuje pozarné
otevienou plochu (bézna vypli jako je okno ¢i
dvefe). Samotna intenzita salani je nasledné
zavisla na tvaru a vzajemné orientaci zafie a
ozatovaného mista. Tento stav znazoriuje
Obr. 2.

Fig. 2 Spatial dependence of the radiator and irradiated point in 3D.

Obr. 2 Prostorova zavislost zafice a ozareného bodu ve 3D.

Delta 2019, 13(1): 3245
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1/
b X
% V, 8
ds K
b P(x.y.2)
P (xy.z) 5
X
(a) (b)

Fig. 3 The relationship between the radiator and irradiated point: (a) Computational model;
(b) Spatial model
Obr. 3 Vztah mezi zaficem a ozafovanym bodem: (a) Vypoctovy model; (b) Prostorovy model

Radiant component intensity is expressed as Intenzita salavé slozky je vyjadiena jako
radiant power per spatial angle unit and thus we zativy vykon na jednotku prostorového uhlu a
can write: proto miiZeme psat:

___4dq
IO - €c0s0.dA,.dN2 (3)

Then we express radiation power and Silu a intenzitu zafeni pak vyjadiime

intensity with following equation: vztahem:
E  &o0T*
1 0 — ; - T (4)

Now we are searching coordinates of a point Nyni hleddme soufadnice bodu, leziciho na
lying on a curve which defines the border of fire kiivce definujici hranici pozarné nebezpecného
hazard area at known threshold critical value /o prostoru pii znamé mezni hodnot¢ kritické /o —
— see Fig.3. Radiant component intensity viz. Obr.3. Intenzita salavé slozky okolo
around the open fire area in arbitrary point P — pozarné oteviené plochy v libovolném bode P -
Fig.3(a) is expressed in accordance with Obr. 3(a) se vyjadfi podle Lambertova zakona
Lambert law as: jako:

__ r Ip.cos®
I(nyiZ) - fs r2ds (5)
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In the following need of a definition of
irradiated point P we use as a basis variables
x,y,z in equation (5), which describe the position
of irradiated point P and xI, yl define the
position of element dS. Thus we must find a
surface € where the following applies:

[(xy,2) = Ir, provsechny(xy,z) €12

i.e.. /in (x,y,z) for coordinates (x,y,z) € 2, where
Ir is the desired radiant component intensity
threshold value see Fig.3. Equation (5) can be
rewritten into the following form:

Hu) =0

where u = (x,),z) and

Hw =1, — [

For the determination of a specific point of
searched specific intensity we use numerical
iteration methods. Iteration methods [1], [2], [3]
are used for a broad range of computations of
non-linear systems. They are usually used for
equations of the following form:

Hu) =0 H:

The principle of iteration method is very
simple: to calculate part of a number of
solutions close to one solution, then to choose a
different solution from this set and to repeat the
whole process. In case this new step covers new
part of possible solutions, the calculation moves
forward. Therefore, the following questions
form the basis:

- how to calculate possible solutions close to
point ui: (F (ui) = 0),

- how to select a new point,

- how to avoid calculating the same part.
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Pii nasledné potiebé definice ozaifeného
bodu P vyjdeme z proménnych x,y,z ve vztahu
(5), které nam popisuji umisténi ozaieného
bodu P a xI, yl definuji pozici prvku dS.
Musime proto najit takovy povrch Q, kde plati:

(6)

tj. I v (x,,z) pro soufadnice (x,y,z) € Q, kde Ir
je pozadovana hrani¢ni hodnota intenzity salavé
slozky viz. Obr. 3. Rovnice (5) muize byt
prepsana do tohoto tvaru:

0

kdeu=(x,z) a

Ipg.cos@

ds (8)

Pro nalezeni konkrétniho bodu o hledané
urcité intenzit€¢ vyuzijeme numerické iteracni
metody. Iteraéni metody [1], [2], [3] se
pouzivaji pro Sirokou skalu  vypocta
nelinearnich soustav. VéEtSinou se pouzivaji pro
rovnice tohoto tvaru:

R - R €))

Princip  iteratni metody je  velmi
jednoduchy: vypocitat ¢ast z mnozstvi feSeni
blizkych jednomu feseni, poté vybrat jiné feSeni
z tohoto souboru a cely proces opakovat. Pokud
tento novy krok pokryje novou ¢ast moznych
feSeni, vypocet postupuje kupiedu. Takze
zékladem jsou otazky:

- jak vypocitat mozna feSeni blizko bodu
ui: (F (ui) = 0),

- jak vybrat novy bod,

- jak se vyhnout poc¢itani té samé ¢asti.
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There are many approaches towards
reaching the final, desired solution. Various
methods of numerical iteration thus also differ
depending on these approaches.When using
pseudo arc-length iteration method we can view
equations (9) as equations describing the curve
precisely defined by an implicit value.

Let’s assume that we have a point uy e R""/,
therefore H (ug) = 0

Projection H represents curve c(s). We will
attempt to find point sequence u; u> ...u,
approaching this curve so that || H(ui) || < ¢ for
sufficiently small ¢. Let’s further assume, that
we have a tangent vector t; = ¢ (H'(u;)). Curve
c(s) is defined here according to Cauchy in the
following form:

U= t(H'(ul))
v(0) =uo

This task can be solved using predictor-
corrector method. We will select indicator of the
type Euler in the following form:

Ui = u; + ht;

Corrector is of Newton type with the first initial
approximate estimation:

k+1 _ ~
Y = Uit

Because matrix H‘ is not usually a square
matrix, it is not possible to use Newton method
in its standard form:

Fl+1 — gk _ (F'(Uk))_l F(U®)

We need to add an additional equation:
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Je mnoho piistupti jak ke konecnému,
hledanému feSeni dospét. Rizné metody
numerické iterace se pak podle téchto pristupti i
odlisuji. Pii vyuziti pseudo arc-length iteracni
metody muzeme rovnice (9) chapat jako
rovnice popisujici kiivku presné urcenou
implicitni hodnotou.

Piedpokladejme, Ze mame bod uy € R""/, takze
H (ug) =0

Zobrazeni H predstavuje kiivku c(s). Zkusime
najit posloupnost bodil u;, u ...u;, ptiblizujicich
se této kiivce tak, ze || H(ui) || < ¢ pro
dostateéné¢ malé ¢. Dale piedpokladejme, ze
mame te¢ny vektor ¢, = ¢ (H'(u;)). Kiivka c(s) je
zde definovana podle Cauchyho ve tvaru:

(10)
1
Tato uloha se mize fesit s pouZzitim predictor-

corrector metody. Indikator vybereme typu
Euler ve tvaru:

(12)
Korektor je Newtonova typu s prvnim
pocate¢nim ptibliznym odhadem:

(13)

Protoze matice H‘ obvykle neni Ctvercova
matice, neni mozné pouzit Newtonovu metodu
ve standardnim tvaru:

(14)

Pottebujeme piidat dodatecnou rovnici:
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g(w) =0 (15)
In case of pseudo arc-length iteration the V pfipadé¢ pseudo arc-length iterace je
condition is defined as: podminka definovana jako:
gw) = (u-U°%¢) (16)
This condition expresses the fact that we are Tato podminka vyjadiuje skutenost, Ze
finding a new point in a hyperplane nalézame novy bod v nadroviné kolmé k
perpendicular to a tangent vector. Now we can te¢nému vektoru. Nyni jiz mlizeme napsat:
already write:
F(Ux)(U**t —uk) = —F(U¥) (17)
where : kde :
H(U) )
F(U) = 1
( ) ((U.—Uo,ti) ( 8)
and a
, H'(U)
Fan=(";") (19)
l
After designation § = (u — U°, t;), we receive a Po oznateni & ={(u—U%¢t;) obdrzime
set of equations n+1 for n+1 unknown variables soustavu rovnic n + 1 pro n + 1 neznamych ve
in the following form: tvaru:
4 k , k
(H w )) P (H w )) (20)
t! 0
After resolving this equation set for 0 we Po vyfeSeni tohoto souboru rovnic pro o
receive the next point as: dostavame dalsi bod jako:
Uktl =gk + 6§ (21)
Furthermore, we establish new tangent vector Dale ur¢ime novy te¢ny vektor t;,q.
t;+1. This vector must be perpendicular to Tento vektor musi byt kolmy k fadam matic
matrix series H'(u;41) and must keep their H'(u;41) a musi zachovavat smér. Toto
direction. This eventually leads to following nasledn¢ vede k souboru rovnic:
equation set:
H(Ui41)\ - 0
(") e == (%) (22)
i
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The last step is bringing the new tangent
vector into normal:

liv1 =

Pseudo arc-length method principle and one
step is illustrated in Fig.4:

y [m]

tit1

[£i44]

Poslednim krokem je uvedeni do normalu
novy te¢ny vektor:

tiv (23)

Princip metody Pseudo arc-length a jeden krok
zobrazuje Obr. 4:

NOVY TANGENT VEKTOR

\\\ NEWTONOVA METODA
__——=" KROK

\H
PREDIKTOR KROK

TANGENT VEKTOR

X [m]

Fig. 4 Pseudo Arc-length method — principle
Obr. 4 Pseudo Arc-lentgth metoda - princip

3 Results and Discussion

The Radiation theory is elaborated in
scientific publications, for example [6], [7], [8].
Publication [8] in particular and publication [7]
partially also served as a basis for Ing. Vladimir
Reichl, DrSc, when he elaborated his doctoral
thesis and fire safety norms in a part concerning
clearance  distances. These  scientific
publications from abroad also served as a basis
for domestic publications  “Preventing
damages” No. 11, 12, 13 by Ing. Vladimir
Reichl, DrSc, which are also dedicated to the
radiant component and defining of fire hazard
area, for example in No. 12, pgs. 47 — 67.
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3 Vysledky a diskuse

Teorie salani je zpracovand ve védeckych
publikacich napt. [6], [7], [8]. Zejména pak
publikace [8] a Castecné [7] slouzila také jako
podklad Ing.Vladimiru Reichlovi, DrSc., pii
zpracovani jeho doktorské prace a normativi
pozarni bezpeCnosti v Casti veénujici se
odstupovym vzdalenostem. Z téchto védeckych
zahrani¢nich publikaci rovnéz vychazely
domaci publikace Ing. Vladimira Reichla,
DrSc. Zabranujeme $kodam ¢. 11, 12, 13, kde je
vénovan prostor salavé sloZzce a vymezeni
pozarné nebezpecného prostoru, napi. v ¢. 12,
str. 47-67.
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The basis of these publications is the Stefan

— Boltzmann law (1) and Lambert — Kosin law,
where:

Zakladem téchto publikaci je Stefan-
Boltzmanniv zakon (1) a Lambert-Kosintv
zakon, kde:

dly, = dS .cos a;.cos ay .c.0.0* (24)

Fig. 5 The relationship between the radiator and the irradiated point in 2D
Obr. 5 Vztah zarice a ozareného bodu 2D

and furthermore, also for surface S (with

constant angle, because of neglectability of

changes) in point 4 the following relation
applies:

anasledné i pro plochu S (s konstantnim uthlem,
pro zanedbatelnost zmén) v bodé 4 " plati:

Iy = Ifds cosa, .dp (25)

Because radiation intensity between the radiator
and the receiver (points A and A’) is dependent
on the shape of the object and relative distance,
so called position factor @ is introduced and the
following relation applies:

(a)

Protoze intenzita salani mezi zaficem a
ptijemcem (bodem A a A”") zavisi na tvaru télesa
a pomérné vzdalenosti, zavadi se t.zv. polohovy
soudinitel @ a plati:

I=1.¢ (26)
1 5 2
7 B2
)
e 8
A,/én
(b)

Fig. 6 Representation of @ using 4, 1 and, d; ratios
Obr. 6 Vyjadieni @ pomoci pomért Ay, [, d;

Delta 2019, 13(1): 3245
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The situation in Fig.6 illustrates a surface
containing point A’, which is concurrently
parallel to the radiator surface (points 1234),
thus it applies relation:

b =¢1+ Py + b3 + Py

The advantage for practical use lies in the fact,
that we can add and subtract position factors.
For the situation in Fig. 6, the ratios A, [, d;are
deducted like this:

X =
d1

Furthermore, for the expression of the position
factor is applied relation:

y__
d

Situace na Obr.6 znazoriuje plochu s bodem
A", ktera je rovnobézna s plochou zafice (body
1234), pak plati:

@27

Vyhodou pro praktické pouziti je, ze polohové
soucinitele mizeme scitat a odecitat. Pro situaci
na Obr. 6 jsou pak dovozeny poméry k., I, , d;
takto:

(28)

1

Naésledné pro vyjadieni polohového soucinitele
plati:

[q=

The described procedures are based on
searching for the X and Y values in equations
(28), respectively the d; clearance distance. The
calculation is repeated for each case several
times until a match between the position factor
@ in equations (27) and (29) is found.
Considering what was described above, this
procedure is very laborious and time
consuming.

The article "Calculation of critical intensity
of radiant flux for definition of fire hazard area
using numerical iteration methods and software
application" describes the search for points of
fire hazard area boundary more efficiently and
for finding a suitable approximation to the
critical node with critical intensity at the
boundary of the fire hazard area uses advanced
mathematical methods. Border element method
- BEM is not appropriate due to unknown
border and limited usefulness for linear
relationships with subsequent density of
resulting matrix, which leads to high memory
and computational requirements. Final element
method — FEM is inappropriate for the purpose
of finding correctly converging root due to very
small differences. Only numerical iteration
methods thus come into consideration.
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Y = X
"o Wy

(29)

Uvedené postupy pak spocivaji v hledani
hodnot X aY vrovnicich (28), respektive
odstupové vzdalenosti di. Pro kazdy ptipad se
vypocet nékolikrat opakuje tak, az se dosahne
shody v polohovém souciniteli @ v rovnicich
(27) a (29). S ohledem na vyse uvedené je tento
postup velmi pracny a ¢asové narocny.

Clanek ,,Vypodet kritické intenzity salavé
tepelné slozky pro vymezeni pozarné
nebezpecného prostoru za pouziti numerickych
iteracnich metod a softwarové aplikace™

popisuje hledani bodi hranice pozarné
nebezpeného prostoru efektivnéji  a pro
nalezeni  vhodného pfiblizeni  k hledanému

uzlovému bodu s kritickou intenzitou na hranici
pozamé nebezpecného prostoru  vyuziva
pokrocilé matematické metody.

Metoda hrani¢nich prvka-BEM neni vhodna

z divodu neznamé hranice a omezené
pouzitelnosti na linearni vztahy s naslednou
hustotou vysledné matice, coz vede na vysokou
pamétovou a vypocetni naro¢nost. Metoda
konecnych prvkil - FEM je k nalezeni korektn¢
konvergujiciho kotfenu nevhodnad vzhledem k

velmi malym diferencim.
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The suitability of a specific mathematical
solutions was solved based on publications [1],
[2], [3]. Originally two paths of solution, i.e.
direct solution methods (for example the Gauss
elimination method or modified frontal method)
and iteration methods, were narrowed down to
only methods of iteration character [3]
considering the non — linear conduct of the
environment and also taking into account the
relatively large memory requirements and low
solving speed of direct methods. Equation (9) of
used pseudo arc-length method describes a
curve precisely defined by the implicit value.
The pseudo Arc-length method is used in
combination with the Newton method [1] and
the solution principle is very good apparent in
Fig. 4. The combination of both methods, their
practical application (described in the article)
and use in software tool leads to high
calculation speed and locating the desired point
of specific coordinates with the desired critical
radiation intensity value (for example 18,5; 15;
12,5; 10 kWm™ — depends on the type of
calculation). The procedure described in this
article was reviewed by calculations and
confronted with theory published in [6], [7], [§]
and by Ing. Vladimir Reichl, DrSc. and a very
good match was found with higher efficiency.

On the basis of described theory and
experiments undertaken in the 1970s, software
“Salani” (Radiation) 2018[5] was developed in
numerical code Agros2D[4] for the purposes of
precise generation of fire hazard area.

Software Salani (Radiation) 2018 [5] on the
basis of entered geometric parameters (the
dimensions of open fire area — for example
windows), critical intensity (for example 18,5
kWm™), fire scenario — temperature within
flaming area T, over the course of time (2) in
dependence on the entered fire risk p, [kg.m?]
or T [min.], construction system surcharges and
entered emissivity generates the boundaries of
the fire hazard area, see Fig.7. After clicking on
the border of the fire hazard area curve, the
coordinates of this point of entered critical
intensity are generated — see Fig.7.

Software [5] was among other things used to
evaluate and precisely define the fire hazard
area from the open fire area of the belt window
of the “A” building of the Faculty of civil
engineering of VSB in Ostrava. The results
gained from this program allowed for a more
efficient solution of planned modifications.
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Vhodnost  konkrétniho  matematického
feSeni byla feSena na zaklad¢ publikaci [1], [2],
[3]. PGvodné dvé mozné cesty feSeni, tj. pfimé
metody feSeni (napf. Gaussova eliminacni
metoda ¢i modifikovand frontalni metoda) a
iterani metody byly zizeny pouze na metody
iteratniho  charakteru [3] vzhledem k
nelinearnimu chovani prostfedi a vzhledem k
relativné velkym pamétovym narokim a
pomalosti feSeni u metod piimych. Rovnice (9)
u pouzit¢ pseudo arc-length iteracni metody
nam pak popisuje kiivku piesné urcenou
implicitni hodnotou. Metoda pseudo Arc-
lentgth je pouzita v kombinaci s Newtonovou
metodou [1] a princip feSeni je velmi dobie
patrny z Obr. 4. Kombinace obou metod, jejich
prakticka aplikace (popsana v ¢lanku) a vyuzita
v softwarovém nastroji vede k rychlému
vypoctovému feseni a nalezeni hledaného bodu
o konkrétnich soufadnicich s pozadovanou
hodnotou kritické intensity salani (napf. 18,5;
15; 12,5, 10 kWm™ — dle typu vypoctu). Postup
popsany v tomto ¢lanku byl vypoctove ovéten a
konfrontovan s teorii publikovanou [6], [7],[8]
a Ing.Vladimirem Reichlem DrSc. a bylo
dosazeno velmi dobré shody pti vyssi efektivite.

Na zaklad¢ popsané teoric a experimentt
provadénych v 70. letech vznikl v numerickém
kodu Agros2D [4] software pro presné
generovani pozarné nebezpecného prostoru
Salani 2018[5].

Software Salani 2018 [5] na zakladé zadané
geometrie (rozméril pozarné oteviené plochy —
napf.okna),kritické intenzity (napf.18,5kWm2),
pozarniho scénafe - teploty v hoticim prostoru
T, v prubéhu ¢asu (2) v zavislosti na zadavaném
pozarnim riziku p, [kg.m?] nebo 1. [min.],
prirazky na konstruk¢éni system a zadavané
emisivit¢  vygeneruje  hranici = pozarné
nebezpecéného prostoru Obr. 7. Po kliknuti na
hranici kiivky pozarn¢ nebezpecného prostoru
se nam vygeneruji soufadnice tohoto bodu
o zadan¢ kritické intenzit¢ — viz Obr. 7.

Software [5] byl pouzit mimo jiné na
posouzeni a presné stanoveni pozarné
nebezpecného prostoru od pozarné oteviené
plochy pasového okna budovy “A” fakulty
stavebni VSB v Ostravé. Vysledky ziskané
timto programem umoznily ekonomictejsi
feSeni planovanych uprav.
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(Modifications of FAST FAST buildings, VSB
TU Ostrava, PBR, Ing. Isabela Bradadova,
CSc.). An example of “Salani” (Radiation) 2018
[5] software output is shown in Fig. 7.

( Upravy budov FAST, VSB TU Ostrava. PBR.
Ing. Isabela Bradacova, CSc.). Ukazka vystupu
ze software Salani 2018 [5] je uveden na Obr.7.

E VYMEZENY

POZARNE NEBEZPECNY PROSTOR

3660

Fig. 7 Comparison of fire hazard area defined in detail and in a simplified way — output of “Salani”
(Radiation) 2018 [5] software

Obr. 7 Porovnani pozarné nebezpe¢ného prostoru podrobné a zjednodusené vymezeného —
vystup ze softwarové aplikace Salani 2018 [5]

It is apparent from Fig. 7 that there is a
substantial difference between fire hazard area
as defined by normative simplified procedure
and area as defined by the detailed procedure,
which makes use of advanced mathematical
methods. For individual points of the border
curve of the fire hazard area as defined by the
detailed procedure we seek converging roots —
coordinates (in 2D or 3D) considering critical
intensity of radiant heat, which depends on the
type of calculation. Preciseness and smoothness
of the border curve is determined by the number
of its border points. The long duration of
manual calculation is handily replaced by
computer technology, which allows for quick
generation of the border curve with elected
number of points. Another indisputable
advantage of the software tool is its quick
response to a change in entered calculation
parameters such as for example fire risk, size
and shape of open fire are, fire scenario type etc.
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Z Obr. 7 je patrny podstatny rozdil mezi
pozarné nebezpeénym prostorem vymezenym
normativnim zjednodusenym postupem
apostupem podrobné vymezenym, ktery
vyuziva pokroc¢ilé matematické metody. U
jednotlivych bodl obalové kiivky pozarné
nebezpeéného prostoru podrobné vymezeného
hledame konvergujici kofeny-soutfadnice (ve
2D nebo 3D) vzhledem ke kritické intenzité
salavého tepla, ktera je odvisla od typu vypoctu.
Presnost a hladkost hrani¢ni kiivky je pak dana
podtem jejich hraniénich bod. Casovou
narocnost manualniho  vypo¢tu  vhodné
nahrazuje vypocetni technika, ktera umoziuje
rychlou generaci hrani¢ni kiivky o zvoleném
poctu bodd. Dalsi nespornou vyhodou
softwarového nastroje je rychla odezva na
zménu zadavanych vypoctovych parametrt
jako je napf. pozarni riziko, velikost a tvar
pozarné oteviené plochy, druh poZarniho
scénafe a pod.
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4 Conclusion 4 Zavér

Scientific benefits described in this article lie Pfinosy pro védu popsané v tomto clanku
in the application of numerical iteration spocivaji v uplatnéni numerickych itera¢nich
methods for the purpose of precise definition of metod pro prfesné vymezeni pozarné
fire hazard area. Software tool “Salani” nebezpecného prostoru. V kombinaci
(Radiation) 2018[5], which allows for practical s dostupnymi  experimenty  pak  vznikl
and quick use in practice, was then developed in softwarovy nastroj Salani 2018 [5], ktery
combination with available experiments. umoziuje praktické a rychlé vyuziti v praxi.

Practical ~ benefits are  indisputable Pfinosy pro praktické pouziti jsou nesporné
considering the arecas mentioned in the s ohledem na jiz uvedené oblasti v uvodu tohoto
introduction of this article. Aside from speed ¢lanku. Kromé rychlosti ana prvni pohled
and reduction in fire hazard area visible at first uspoie pozarné nebezpe¢ného prostoru oproti
glance compared to simplified solution, a giant zjednoduSenému feseni je obrovskym piinosem
benefit is also the economic potential in the i ekonomicky potencial v oblastech dopadu
areas of radiant component impact on persons salavé slozky na osoby na Unikovych cestach,
within escape routes, radiant component impact dopadu salavé slozky na hotlavé materialy
on flammable materials and structures, EW/EI a konstrukce, navrhu prosklenych konstrukci
glass structure plans, determination of mutual EW/EI, urovani vzajemného odstupu staveb,
building distance, overlap of fire hazard areas presahu pozarn€ nebezpecného prostoru na cizi
on other property or in mutually influencing fire pozemek ¢i pfi vzijemném ovliviiovani
sections. pozarnich tusekd.
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Abstract

The fire lift is intended for the transport of persons or persons and goods and their evacuation. Its operation must
be maintained for as long as required by the hazard. An evacuation lift must be provided in the premises in
accordance with the requirements of the building fire safety provisions. Incorporating fire elevators as part of
smart buildings has a positive impact on safety levels. Lifts are among the active intelligence of these buildings.
Flame retardation standards and test methods used for conveyor belts are becoming more stringent. WAZAU is
used to determine and evaluate the flammability of conveyor belts and allows tests to be carried out on the basis

of the international standard STN EN ISO 13688: 2013-11.

Keywords: fire lifts; risk; fire; testing

1 Introduction

In the Slovak Republic at present there are
lifts which are more than 25 years of age and
lifts that are even older than 30. For more than
98 % of these lifts the expected service life is
about 31 years if the lift was in normal
operation and during that time underwent two
medium and one general repair. Apartment
owners are very often not aware that in case of
an accident they are held fully liable for its
consequences. A lift is considered to be safe if
its structure doesn’t pose such safety hazards
that can cause dangerous situations.
A firefighting lift in comparison with a normal
lift must be operated until it is necessary if
there is a fire in the building. The lift may be
used as a passenger lift when there is no fire.
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1 Uvod

V Slovenskej republike su v sucasnosti
vytahy, ktorych vek je viac ako 25 rokov a
d’alsie, ktorych vek je dokonca viac ako 30
rokov. U viac ako 98 % tychto vytahov sa
predpokladala Zivotnost’ vytahu cca 31 rokov,
ak vytah bol v beznej prevadzke a boli na iom
vykonané pocas jeho zivotnosti dve stredné a
jedna generdlna oprava. Vlastnici bytov si
mnohokrat ani neuvedomuju, ze v pripade
nehody nesu plnu zodpovednost’ za néasledky
nehody. Vytah je povazovany za bezpecny
vtedy, pokial’ jeho konstrukcia neobsahuje také
prevadzkové rizika, ktoré moZzu vyvolat
nebezpecné situdcie. Poziarny vyt'ah musi byt
na rozdiel od normalneho vytahu uréeny na
prevadzku dovtedy, kym je to potrebné, ak je
poziar niekde v budove. Ked’ v budove nie je
poziar, vytah sa moze pouzivat ako osobny.
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Inclusion of firefighting lifts as part of
intelligent buildings has positive impact on the
level of safety. Lifts constitute a part of active
intelligence of these buildings. The issue of the
safety of intelligent buildings encompasses the
use of firefighting lifts with the information on
their operational status included in the
comprehensive control systems so that the
relevant data are available in the central
control unit of the building. Fires pose serious
dangers in buildings. [13] At the end of the
article, the methodology of testing conveyor
belts within the laboratory experimental
investigation of flammability is presented,
from the preparation of test samples to the
evaluation of the results of experiments.

Zaclenenie poziarnych vytahov ako sucasti
inteligentnych budov, ma pozitivny dopad na
uroven bezpecnosti. Vytahy patria medzi
aktivnu inteligenciu tychto budov.
Problematika ~ bezpe¢nosti  inteligentnych
budov predpokladd pouzivanie poziarnych
vytahov, pricom informécie o ich
prevadzkovom stave su  zaClenené do
komplexnych riadiacich systémov, tak Ze
v centralnom riadiacom centre budovy su
k dispozicii relevantné tdaje. Poziare patria
k vyraznym  rizikam v budovach.  [13].
V zavere ¢lanku je wuvedena metodika
testovania  dopravnych  pasov v ramci
realizovaného laboratorneho experimentalneho
vyskumu  zépalnosti ato od pripravy
testovacich vzorick az po zhodnotenie
vysledkov experimentov.

Tab. 1 Overview of serious hazards and dangerous situations — space in ﬁreﬁghting lifts [13]

Tab. 1 Prehlad zavaznych nebezpecenstiev a nebezpecnych situacii — prostre

[13]

ie poziarnych vytahov

Ohen /teplo/horice plyny sa mézu Sirit’ do $achty / priestoru pre
strojové zariadenia
Fire/Heat/Hot gasses may spread into the shaft/machinery area

Nechranené, alebo zatarasené vytahové zariadenia
Unprotected or obstructed lifts

Vytah nie je pouzitelny dostatocne dlho pre hasicov
The lift is not usable long enough for firefighters

Hasi¢i maja oneskorenie dlhsie ako 2 min.
Firefighters have more than 2 minutes of delay

Natekanie vody do Sachty
Ingress of water into the lift shaft

Uviznenie v poziarnej predsieni pre poruchu vytahu
vy

Trapping in the firefighting lobby due to the lift breakdown

Nebezpeéné prostredie pre hasi¢ov/osoby ¢akajice na vyslobodenie

Dangerous environment for firefighters/persons waiting to be rescued

Zratenie konstrukcie budovy skor, ako hasici skonéili vyslobodzovanie

vytahom
Collapse of the building structure before rescue operation using a lift is

Nedostatok, alebo nespravne umiestnené poziarne vytahy na dopravu

hasicov v budove
Insufficient or wrongly located firefighting lifts for transportation of
firefighters in the building

Delta 2019, 13(1): 46—62
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Tab. 2 Serious hazards and situations - a firefighting lift [13]
Tab. 2 Zavazné nebezpeCenstva a nebezpeéné situdcie- poziarny vytah [13]

Zavazné nebezpecenstva a situacie pre poziarny vytah

Serious hazards and situations for a firefihgting lift

Riziko uvédznenia

Risk of being trapped

Oneskorenie hasicov dlhSie ako 2 minuty

Firefighters are more than 2 minutes late

Porucha, alebo chyba rozvadzaca

Breakdown or defect in the switchboard

Ludska chyba, alebo spravanie

Human error or behaviour

Porucha napajania z elektricke;j siete

Power supply fault

2 Specification of selected safety
requirements or protective measures for a
firefighting lift

2.1 Requirements on the environment/building

Lifts can be used for the purpose and
environment they are designed and must be
maintained in a good state of repair. A
firefighting lift is installed in the shaft with
firefighting lobbies in front of every shaft door
of the lift. The area of each firefighting lobby
is given by the requirements for the
transportation of stretchers and the location of
the doors in every single case. If there is
another lift in the same shaft, then the shaft as
awhole must meet the fire resistance
requirements for firefighting lifts shafts.

This level of fire resistance must also be
applied to the door of the firefighting lobby
and the machine room. [14]

2 Specifikacia vybranych bezpeénostnych
poziadaviek, alebo ochrannych opatreni pre
poZiarny vyt’ah

2.1 Poziadavky na prostredie/budovu

Vytahy sa mézu pouzivat' len pre tucel
a prostredie, pre ktoré boli konStruované
a musia byt udrziavané v dobrom
prevadzkovom stave. Poziarny vytah sa
umiestiiuje v Sachte s poziarnymi predsieniami
pred kazdymi Sachtovymi dverami vytahu.
Priestor kazdej poziarnej predsiene je dany
poziadavkami na dopravu nosidiel
a umiestnenim dveri v kazdom jednotlivom
pripade. Ak je iny vytah vtej istej Sachte,
potom cela spoloéna Sachta musi spliat
poziadavky na poziarnu odolnost’ Sachiet
poziarnych vytahov. Tento stupeil poziarnej
odolnosti sa musi uplatnit aj na dvere
poziarnej  predsiene a strojoviiu.  [14]

A lift must be designed in such away as to ensure proper functioning under the following

conditions: [14]

Vytah musi byt navrhnuty tak, aby spravne fungoval za tychto podmienok: [14]
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Elektrické ovladace a signalizacia v staniciach musia zostat’ finkéné,
aby hasici mohli zistit, kde sa nachadza klietka na vyslobodzovacie
ucely. SPRAVNA FUNKCIA zariadenia vytahu musi byt zabezpecena
pri dyme v Sachte, alebo v strojovni napr. poc¢as dvoch hodin.

Electrical controls and signals in the stations must stay
functional for the firefighters to be able to locate the rescue
cage. PROPER FUNCTION of the lift equipment must be
ensured if there is smoke in the shaft or machine room e.g. for
two hours.

Kazdy vstup do Sachty pouzivany na poziarne ucely musi
byt v poziarnej predsieni. Poziarny vytah musi obsluhovat’
vsetky podlazia v budove, v pripade poziaru je nutné, aby
bol poziarny vytah ovladany priamo hasi¢skou jednotkou.

g " Every entty into the shaft for the firefighting purposes
OH| [ER shall be in the firefighting lobby. A firefighting lift must
serve all the storeys in the building, in case of fire it is
necessary that the lift is directly controlled by the

/ firefighting unit.

Je bezpodmienecne nevyhnutné, aby zdroj ndhradného
prudu bol umiestneny v priestore chranenom proti poziaru,
tak isto aj kable hlavného aj nahradného privodu.

It is unconditionally required to place the source of equivalent
current in a space protected from fire as well as the cables of the
main and alternative electrical power supply.

Poziarny vyt'ah musi dosiahnut’ najvyssie podlazie od tirovne na pristup
hasicskej jednotky do 60 sekund po zatvoreni vytahovych dveri.
A firefighting lift must reach the highest floor served from the access

level for the firefighting unit within 60 seconds after closing of the lift
door.

Fig. 1 Conditions for the lift operation [14]
Obr. 1 Podmienky fungovania vytahu [14]

2.2 Protection of electrical equipment against 2.2 Ochrana elektrického zariadenia proti
water vode

Electrical equipment in the shaft of Elektrické zariadenia v Sachte poziarnych
firefighting lifts and on the cage installed up to vytahov a na klietke umiestnené do 1 m od
1 m far from the wall, on which the shaft door steny, na ktorej st Sachtové dvere, musia byt
is positioned, must be protected against chranené pred kvapkajicou vodou, alebo
dripping water by covering it in accordance musia byt chranené krytmi skrytim podla
with the applicable standard. Equipment in the prislusnej normy. Zariadenie v priestore
machinery area outside the shaft and in the strojového zariadenia mimo Sachty
well must be protected against faulty a v priehlbni musi byt chranené pred chybnou
functioning caused by water. [14] funkciou spdsobenou vodou. [13]
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2.3 Rescue of firefighters 2.3 Vyslobodzovanie hasic¢ov

Rescue of firefighters trapped in a lift cage Vyslobodzovanie  hasiCov  uvéznenych
is mentioned in [13]. v klietke vytahu je uvedené v [13].

V streche klietky musi byt umiestneny nudzovy poklop s minimalnymi rozmermi 0,5m x 0,7 m s
vynimkou vytahu s nosnostou 630kg, kde ntidzovy poklop mdye byt minimalne 0,4m x 0,5m.

dimensions 0,5m x 0,7 m except a lift with load capacity 630kg,

W In the ceiling of the cage there must be an escape hatch of minimum
where the escape hatch may be minimum 0,4m x 0,5m.

A4
C \; Pri vyslobodzovani z priestoru mimo klietky sa mézu pouzit’ tieto prostriedky vyslobodzovania:
5 ﬁ pevné rebriky, prenosné rebriky, lanové rebriky, systémy bezpecnostného lana.
Y
ki
0l n; When rescuing from a space outside the cage the following rescue devices can be used: fixed
,_— . ladders, portable ladders, rope ladders, rope safety systems.
~ "
,:5?; Pri vyslobodzovani z vnutra klietky bez cudzej pomoci, ak sa pouziju rebriky, musia
H Y zodpovedat EN 131 a musia byt umiestnené tak, aby sa mohli bezpe¢ne rozmiestnit. Vzajomna
ey =" poloha rebrika s vel'kostou a umiestnenim poklopu musi umoznit” hasicom ich pouzitie.
_:: 2 When rescuing from the inside of the cage without help from others, the ladders, if used, need to

E ‘ \ comply with EN 131 and must be located so that they can be safely positioned. The mutual
vei )5 position of the ladder and the size and location of the hatch must enable firefighters to use them.

Fig. 2 Rescue of firefighters from the lift [14]
Obr. 2 Vyslobodzovanie hasicov z vytahu [14]

2.4 Control systems 2.4 Riadiace systemy

To ensure there is no significant delay in Kvoli zabezpeceniu, ze nedojde
using the lift by firefighters, it must be k vyraznému oneskoreniu v ovladani vytahu
equipped with a sound alert which provides a hasi¢mi, vytah musi byt vybaveny akustickym
notification signal if the real time of the signalom, ktory signalizuje, ak skutocny cas
opened door is longer than 2 minutes. The otvorenych dveri je dlhsi ako 2 min. Akusticky
acoustic signal stops once the door is shut signal prestane zniet, az ked’ si dvere uplne
completely. The sound level of the acoustic zatvorené.  Hladina zvuku  akustického
warning signal is in the range 35 dB (A) - varovného signalu je v rozsahu 35 dB (A) az
65dB (A). A firefighting operation has two 65dB (A). Zasah hasi¢skej jednotky ma dve
phases: [14] fazy: [14]
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FAZA 1 Prednost’ privolania poZiarneho
vytahu
PHASE 1 Priority call for a firefighting lift

*Faza sa zaCina rucnym spdsobom,alebo
samocinne.

*The phase begins manually or automatically.

*Ovladac na otvaranie dveri a nidzovy ovladac
ALARM musia zostat’ funk¢né.

*The door opening control button and the
emergency control button ALARM must stay
functional.

*Reverzacné  zariadenie  Sachtovych  a
klietkovych dveri poz.vytahu, ktorého fncia
by mohla byt ovplyvnena dymom, alebo
teplom, nesmie branit’ zatvoreniu dveri.

*The reversal system of the shaft and cage
doors of the firefighting lift, whose function
could be affected by smoke or heat, must not
interfere with the door closing.

*Komunikacny systém pre poziarny zasah musi
zostat’ funk¢ny.

*Communication system for the firefighting
operation must stay functional.

*Poziarny vytah iduci smerom od pristupovej
urovne pre hasi¢sku jednotku , musi vykonat
normalne zastavenie v najblizSej mozZnej
stanicia bez otvorenia dvri sa musi vratit na
pristupovt iroven pre hasicsku jednotku.

FAZA 2 PouZivanie vytahu
s ovlaidanim pre hasi¢ov

PHASE 2 Use of a lift with control by
firefighters

Ak poziarny vytah stoji v pristupovej trovni
pre hasicskt jednotku s otvorenymi dverami,
ovladanie je mozné len klietkovymi ovldda¢mi
uréenymi pre hasicov a musi byt’ zabezpecené:

«If a firefighting lift is at the access level for
the firefighting unit with open doors, it can be
operated only by using cage control buttons
designated for firefighters and the following
must be provided:

*PoZziarny vytah nesmie byt v prevadzke, kym
nebol zapnuty spina¢ poziarneho vytahu.

* A firefighting lift must not operate until a fire-
service key switch is on.

*Poziadavka na jazu musi vyvolat jazdu
klietky do pozadovaného podlazia a zastavit
na zvolenom podlazi so zatvorenymi
dverami.reverzacné zariadenie klietkovych
dveri musi a ovlada¢ na na otvaranie dveri
musia zostat’ funkéné.

*By pressing the call button, the lift cage must
ride to the required storey and stop at the
selected floor with the doors closed. The
reversal mechanism of the cage door and the
door opening button must stay functional.

*Komunikacny systém na poZziarny zasah musi
zostat pocas fazy dva funkény. DalSie
poziadavky su uvedené v norme.

Fig. 3 Control systems of the lift [14]
Obr. 3 Riadiace systémy vytahu [14]

51

Delta 2019, 13(1): 46—62



13(1): 4662, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.1.58

2.5 Lift modernisation

Similarly, as it is for cars , lift maintenance
and servicing are essential to ensure that they
are kept working properly. Even the smallest
component part could cause failure of the lift if
not replaced in time.

Why modernise a lift?

Preco modernizovat’ vytah:

Zvysenie bezpecnosti prevadzky aj udrzby vytahu

2.5 Modernizacia vytahov

Rovnako, ako napriklad pri automobiloch,
aj pri vytahoch je potrebné vymenit’ niektoré
suciastky za nové. Aj ta najmensia suciastka
moze  spOsobit  vyradenie  zariadenia
z prevadzky, ak sa nevymeni vcas.

Improvement of the safety of lift operation and its maintenance

Odstranenie bezpecnostnych rizik

Elimination of safety hazards

ZvysSenie spol’ahlivosti prevadzky

Improvement of operation reliability

Uspora finan¢nych nakladov na udrzbu zariadeni

Reduction of maintenance costs

Znizenie energetickej naro¢nosti.

Lowering energy costs

Minimalizacia poruchovosti.

Keeping breakdowns to a minimum

Zvysenie pohodlia cestujucich.

Improvement of passengers‘ comfort

Zvysenie estetickej irovne zariadeni.

I

Improvement of the esthetical appearance of lifts

Fig. 4 Reasons for lift modernisation [11]
Obr. 4 Dovody modernizacie vytahu [11]

One of the lift parts that is modernised are
steel ropes replaced by polyurethane belts. Flat
polyurethane belts have triple durability
compared to classical steel ropes and require
no lubrication. In the OTIS Company, they use
a gearless machine with permanent magnet
which is 50 % smaller and up to 75% more
economical than classical machines. [11]

The lift manufacturer MSV Liberec
Company relies on composite flat ropes
Polyrope of Continental ContiTech. For over
100 years, steel ropes were considered
indispensable as suspension means for lifts.
[12]
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Jednou z ¢asti vytahu, ktord sa modernizuje
je mnahrada ocelovych lan vo vytahoch
polyuretanovymi pasmi. Ploché polyuretanové
pasy maji trojnasobni Zivotnost oproti
klasickym ocelovym lanam anevyzaduji
mazanie. Vo firme OTIS je bezprevodovy stroj
s permanentnym magnetom o 50 % mensi a az
0 75% tispornejsi ako klasické stroje. [11]

Vyrobca vytahov firma MSV Liberec
spolieha na kompozitné ploché pasy Polyrope
od firmy Continental ContiTech. Viac nez 100
rokov si nebolo mozné predstavit’ nahradenie
ocelovych lan ako zévesného prostriedku u
vytahov. [12]
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(a)

I

(b)

Fig. 5 (a) Flat belts for suspension of the lift cage, (b) Horizontal adjustment of steel ropes which
gives them flat shape [12]

Obr. 5 (a) Ploché pasy urcené k zaveseniu vytahovej klietky, (b)Vodorovné usporiadanie
ocelovych lan dava remeniom plochy tvar [12]

3 Testing of conveyor belts flammability

Replacement of the classical steel ropes by
flat polyurethane belts results in minimizing
noise caused by the contact of steel parts. A
silent gearless machine placed on rubber
dampers along with the suitable design of the
lift shaft walls reduces vibrations transmitted
to the building as well as the noise level in the
adjacent rooms to a minimum. [6].

An example of flammability is the testing
of conveyor belts. In the publication, Pulbere
presents the results of laboratory tests of the
resistance of the conveyor belts to fire, which
he carried out in accordance with the fire
safety standards used in the world [7].

Rowland reviewed four different types of
fire suppression systems, four different types
of suppression systems such as water sprayers,
sprayed water sprays, and two different dry
suppression systems.

Each fire protection system was tested at air
speeds of 500-550 feet per minute (fpm) and
1350-1500 fpm. Tests were performed with a
fire-resistant conveyor belt. Large-scale testing
has shown that air velocity has in fact a
significant impact on the detection, activation
and suppression of the fire suppression system.
The overall design of the fire protection system
can affect the performance of each system [1].
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3 Testovanie zapalnosti dopravnych pasov

Nahradenim klasickych ocelovych lan
plochymi  polyuretinovymi  pasmi  je
minimalizovany hluk spdsobeny dotykom
kovovych Casti. Spolu s vhodnym prevedenim,
stien vytahovej Sachty obmedzuje tichy
bezprevodovy stroj vsadeny na pryZovych
tlmiCoch vibracie prenasané do budovy a
hladinu hluku v prilahlych miestnostiach na
minimum. Vytahova $achta pri poziari funguje
ako komin, zaroven moéze dojst k vypadku
elektrického pridu a méze dojst’ k uvézneniu
vo vytahu. [6].

Ako priklad zapalnosti uvadzame testovanie
dopravnych pasov. Autor Pulbere v publikacii
prezentuje vysledky laboratérnych testov
odolnosti dopravnych pasov proti horeniu,
ktoré vykonal v stlade s normami poZiarnej
bezpenosti pouzivanymi vo svete [7].

Autor Rowland v publikacii hodnotil Styri
rozne typy systémov potlacenia poziaru, Styri
rozne typy potlacacich systémov ako vodné
postrekovace, strickané vodné postreky a dva
rozne systémy na potlacenie poziaru.

Kazdy protipoziarny systém bol testovany
pri rychlostiach vzduchu 500-550 stdp za
minttu (fpm) a 1350-1500 fpm [1]. Testy boli
vykonané s dopravnym pasom odolnym voci
poziaru. Vo velkom meradle testovanie
ukazalo, Ze rychlost’ vzduchu ma v skuto¢nosti
vyznamny vplyv na detekciu, aktivaciu a
potlacenie schopnosti systému na potlacenie
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3.1 WAZAU equipment

The WAZZAU flammability measuring
device is used to measure and test rubber. It is
possible to test rubber-textile, steel-cord belts
and lifts belts in this equipment. [9,10]. In Fig.
6, the WAZAU can be seen.

Test Procedure on WAZAU

Step 1 — Verify the air flow rate

Using the TESTO 425 fig. 7, which
measures the air flow rate, an average value of
1,2 m / s was measured, which complies with
STN EN ISO 13688:2013-11. [15]

poziaru. Celkovy dizajn protipoziarneho
systému mdze mat vplyv na vykon kazdého
systému [1].

3.1 Zariadenie WAZAU

Zariadenie = WAZZAU na  meranie
zéapalnosti, sl1zi na meranie a testovanie gumy.
Vtomto zariadeni je mozné testovat
gumotextilné, ocelovokordové pasy aj pasy
pre vytahy. [9,10] Na obrazku ¢. 6 je mozné
vidiet’ zariadenie WAZAU.

Postup skusky na zariadeni WAZAU

Krok 1 — overenie rychlosti pridu vzduchu

Pomocou anemometra typu TESTO 425
obr. 7, ktory sluzi na meranie rychlosti
pradenia vzduchu bola namerand priemerna
hodnota 1,2 m/s, ¢o vyhovuje norme STN EN
ISO 13688:2013-11. [15]

Fig. 6 Device WAZAU [9]
Obr. 6 Zariadenie WAZAU [9]

Fig. 7 Anemometer [9]
Obr. 7 Anemometer [9]
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Step 2 — Burner ignition

- opening the gas supply to the propane bomb.
According to STN EN ISO 13688:2013-11, the
overall level must be between 150 and 180
mm, with an inner jacket length of 50 mm.
Therefore, it is necessary to finish with the
overall height and length of the interior space
0.

Step 2a — gas detector control

- based on the STANDARD GD-3000 gas
detector, a check has been made to ensure that
propane leaks from the propane bomb in terms
of safety.

Step 2b — Measure the temperature using a
digital thermometer

- on the basis of the temperature measuring
device, by means of a thermocouple placed in
the hottest part of the flame (that is, directly
above the inner flame cone, and check that the
temperature is 1000 °© C £ 20 ° C [15]. The
average measured temperature was 1002 ° C.
Figure 8 shows a thermometer and a gas
detector.

Krok 2 — zapalenie horaka

- otvorenie privodu plynu propanovej bomby.
Podl'a normy STN EN ISO 13688:2013-11 je
potrebné nastavit' prietok plynu tak, aby sa
dosiahla celkova vyska plamena od 150 do
180 mm, s dizkou vnutorného plameiia 50 mm.
Preto je potrebné pred skuskou skontrolovat
celkovii vysku a dizku vnutorného plametia 0.
Krok 2a — kontrola detektorom plynu

- na zaklade detektora plynu typu
STANDARD GD-3000 bola urobena kontrola,
¢i neunikd propan z propanovej bomby z
hl'adiska bezpecnosti.

Krok 2b - meranie teploty pomocou
digitdlneho termometra

- na zaklade zariadenia na meranie teploty sa
pomocou termoclanku, ktory sa umiestni do
najhorucejSej Casti plamena (to znamena
priamo nad vnitorny kuzel plamena a

skontroluje sa, ¢i je teplota 1000°C + 20°C
[15]. Priemerna namerana teplota bola 1002
°C.

plynu.

Obr. 8 zobrazuje teplomer a detektor

000£-a9 QNVONVLS

Obr. 8 Termometer a detektor plynu [9]
Fig. 8 Thermometer and gas detector [9]

Step 3 — Clamp the sample into the holder

Krok 3 — upnutie vzorky do drziaka

Obr. 9 Clamped specimen holder [9]
Fig. 9 Upnutie vzorky do drziaka [9]
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Step 3a — Clamping the sample into the chamber

Krok 3a — upnutie vzorky do komory

Fig. 10 Clamped specimen in chamber [author]
Obr. 10 Upnuta vzorka do komory [autor]

Step 4 — Tilt the burner to a given test
sample

The burner shall be placed at an angle of 45
° immediately below the center vertical axis in
the median plane of the test specimen
Fig.11with the burner top edge 50 mm below
the lower edge of the test specimen [9,15].

Krok 4 - sklopenie horika na dant
skiusobnu vzorku
Horak sa umiestni pod uhlom 45°

bezprostredne pod stredova vertikalnu os
v strednej rovine skuSobného telesa (vid’
obr.11), s vrchnym okrajom hordka 50 mm pod
spodnym okrajom skusobného telesa 0.

Fig. 11 Burner Down [9]
Obr. 11 Sklopenie horéaka [9]

Step 5 — Burner removal

After 45 seconds, the burner is removed
from the test apparatus without extinguishing
(Figure 12). The burner should be kept
protected from the air stream. Any burning of
the test specimen and the time of any
incineration should be immediately noticed
and the additional burning time and additional
heater time recorded [15].
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Krok 5 — odtiahnutie horaka

Po 45 sekund sa bez zhasnutia horak
odstrani od skuSobného zariadenia (obr. 12).
Horak  je potrebné drzat chraneny pred
pradom vzduchu. Okamzite si treba v§imnut
akékol'vek spalovanie skuSobného telesa a Cas
akéhokol'vek spalovania a zaznamenat cas
dodato¢ného horenia acas dodato¢ného
Zeravenia 0.



13(1): 4662, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.1.58

Fig. 12 Burner Removal [9]
Obr. 12 Odstranenie horaka [9]

Step 6 — Turn on the airflow device

Within 60 s £ 5 s after burner removal, an
air stream (Fig. 14) is applied at right angles to
the sample face for 1 min. Any re-occurrence
of the test sample fire and its duration should
be noted and recorded [15]. Stopwatches are
used to measure time throughout the test.

Krok 6 — zapnutie zariadenia na prudenie
vzduchu

V priebehu 60 s = 5 s po odstraneni hordka
sa aplikuje prad vzduchu (obr. 13) v pravom
uhle k ¢elu vzorky pocas 1 min. Je potrebné
v§imat’ si a zaznamenat akékol'vek opétovné
objavenie sa horenia skuSobnej vzorky a cas
jeho trvania [9]. Na meranie ¢asu v priebehu
celej skusky sa pouzivaju stopky.

Obr. 13 Air Flow Device [9,15]
Fig. 13 Zariadenie na pradenie vzduchu [9,15]

3.1 Evaluation of testing

When assessing the quality based on the
test results, two types of conveyor belts were
compared (Belt No.1 and Belt No.2) and, in
view of their flammability, it was determined
which conveyor belt is suitable for operation
where there is a risk of fire. In the flammability
tests, 3 trials were performed for lane 1 and 3
trials for lane 2. Each sample had dimensions
of 300 x 25 cm. In addition, additional heating
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3.1 Vyhodnotenie testovania

Pri hodnoteni kvality na zaklade vysledkov
skusky, sa porovnavali 2 typy dopravnych
pasov (Pas ¢.1 aPas ¢.2) azhladiska ich
zapalnosti sa ur¢i, ktory dopravny pas je
vhodny do  prevadzky, kde  hrozi
nebezpeCenstvo  poziaru.  Pri skuskach
zapalnosti boli vykonané 3 pokusy pre pas ¢.1
a3 pokusy pre pas ¢.2. Kazda vzorka mala
rozmery 300x25 cm. V jednotlivych pokusoch
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and additional combustion were monitored in
the individual measurement experiments. The
sum of the combustion times of each test
specimen after burner removal (additional
heating) shall be less than 45 seconds and no
value greater than 15 seconds. The individual
results of the additional heating and the
burning process after completion of the test are
shown in Tab. 3 and tab. 4. [9]

Tab. 3 Additional heater samples [9]
Tab. 3 Dodato¢né Zeravenie vzoriek [9]

Dopravny pas ¢.1, Conveyor Belt No.1

Dodato¢né Zeravenie vzoriek,

merania sa sledovalo dodato¢né Zeravenie
a dodato¢né horenie. Sucet ¢asov spalovania
kazdej skusanej vzorky po odstraneni horaka
(dodatocné Zeravenie) musi byt mensia ako 45
sekund a ziadna hodnota nesmie byt vyssia
ako 15 sekind. Jednotlivé  vysledky
dodato¢ného Zeravenia a procesu horenia po
ukonceni skuSky s zobrazené v tab. 3
atab. 4. [9]

Dodato¢né horenie

Additional heater samples Additional burning
[s] [s]
Vzorka F1 11.5 0
F1 sample
Vzorka F2 13.88 0
F2 sample
Vzorka F3 14.91 0
F3 sample
Sucet ¢asov 40.29 -

Sum of times

Tab. 4 Burning process of samples [9]
Tab. 4 Proces horenia vzoriek [9]

[s]

Dodato¢né horenie vzoriek
Additional burning of samples

Dopravny pas ¢.2, Conveyor Belt No.2

Proces horenia
Burning process

[s]

Vzorka T1 0 180
T1 sample
Vzorka T2 0 180
T2 sample
Vzorka T3 0 180
T3 sample
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Fig. 14 Pas ¢.1, Skasobné vzorky po sktske [9]
Fig. 14 Belt No.1, Test samples after test [9]

.

Fig. 15 Belt No.2, Test samples after test [9]
Fig. 15 Pas ¢.2, Skasobné vzorky po skuske [9]

It should be emphasized that conveyor belts
used to drive lifts are derived from conveyor
belts known from belt conveyors. Their inner
structure is identical with respect to the rubber-
textile or rope-belt structure used in both
cases of the pulling means.

The author [7] reviewed the flammability
characteristics of rubber materials that are
common to vehicle tires, conveyor belts and
electrical cable insulation.

Standard flammability tests were used to
measure the critical ignition flow, ecritical
ignition temperature, and heat release rate that
are common to tire materials and conveyor belt
covers. Critical ignition flow and vertical
flame distribution data for rubber-based
electrical insulation were determined using a
modified ASTM E-162 radiant panel radiant
panel.

The results confirm that the rate of heat
release from the rubber materials is directly
proportional to the intensity of the exposure
flow.
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Je potrebné zdoraznit, Ze dopravné pasy
pouzivané na pohon vytahov st odvodené od
dopravnych pasov, znamych z pasovych
dopravnikov.

Ich vnutorna Struktura je identicka vzhl'adom
na pouzivani gumo-textilni, alebo lano-
pasovu  konstrukciu v obidvoch pripadoch
tazného prostriedku.

Autor [7] sa v publikacii zaoberal
charakteristikami horlavosti gumovych
materialov, ktoré su bezné pre pneumatiky
vozidiel, dopravné pasy a izolaciu elektrickych
kablov.

Standardné testy horlavosti sa pouzili na
meranie kritického toku vznietenia, kritickej
teploty vznietenia a rychlosti uvolfiovania
tepla, ktoré s spolo¢né pre materialy
pneumatik a kryty dopravnych pasov. Udaje o
kritickom toku zapalovania a vertikalnom
rozloZeni plamena pre elektrické izolacie na
baze gumy boli stanovené s pouzitim salavého
panelu z modifikovaného zariadenia ASTM E-
162 na Sirenie plameniom.

Vysledky  potvrdzuju, Ze  rychlost
uvolnovania tepla z gumovych materialov je
priamo umerna intenzite toku expozicie.
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Tab. 5 Summary of the data obtained during ignition tests. The time to ignition and the surface
temperature at the time of ignition are shown in order of decreasing radiation intensity for different

tests. The time to ignition and the corresponding surface temperature are also included in this table for

the 60 kW / m?> HRR test. [7]

Tab. 5 Sumarizécia Gidajov ziskanych pocas testov zapalenia. Cas do zapalenia a teplota povrchu v
Zase zapalenia s uvedené v poradi klesajuicej intenzity Ziarenia pre rozne testy. Cas do zapélenia a
zodpovedajiica povrchova teplota su tiez zahrnuté v tejto tabulke pre skusku rychlosti uvolnovania
tepla HRR 60 kW / m?. [7]

Sposob vznietenia [3]

Method of Ignition

Expoziény tok Cas do zapalenia Teplota zapalenia
Exposure flow Time to light Ignition temperature
(KW/m?) (s) °C)
Vzorka 1 60 75 670
Sample no.1
Vzorka 2 40 154 600
Sample no.2
Vzorka 3 30 763 611
Sample no.3
Vzorka 4 25 947 643
Sample no.4
Vzorka 5 20 340 407
Sample no.5

Standard flammability testing procedures

Standardné postupy testovania horlavosti sa

have been used to measure the critical flux for pouzili na meranie kritického toku pre
ignition, critical ignition temperature, and heat vznietenie, kritickej teploty vznietenia a
release rate (HRR) of rubber compounds that rychlosti uvolnovania tepla (HRR)

are common to conveyor belt materials. Tab. 5,
tests were carried out to measure the rate of
heat release of the samples. The results
confirm that the heat release area of the rubber
materials 1is directly proportional to the
intensity of the exposure flow. The critical
exposure flow for firing various rubber-based
materials is about 20 kW / m 2 to 30 kW / m 2
and the critical ignition temperature was
independent of the exposure intensity at 400 °
Cand 600 ° C. [7]

4 Conclusion

kaucukovych zmesi, ktoré si spolo¢né pre
materialy dopravnikovych pasov. V tab. 5, boli
uskutonené skusky na meranie rychlosti
uvolfiovania  tepla  vzoriek.  Vysledky
potvrdzuju, Ze oblast uvolnovania tepla z
gumovych materidlov je priamo Umerna
intenzite expozi¢ného toku. Kriticky expoziény
tok pre zapalenie rdznych materidlov na baze
kaucuku je priblizne 20 kW / m* az 30 kW / m?
a kriticka teplota zapal'ovania bola nezavisla
od intenzity expozicie pri 400 ° C a 600 ° C.
[7]

. 4 Zaver
The first part of the article focuses on
specifying the selected safety requirements or Prva cast ¢lanku je zamerana na
protective measures for a fire elevator. Fig. 1 Specifikaciu ~ vybranych  bezpe¢nostnych

describes the conditions for proper operation of
the elevator, as well as a description of the
elevator control systems. Currently, there is an
effort to focus on the modernization of lifts, as
even the smallest component can cause the
equipment to be decommissioned if it is not
replaced in time. One of the elevator parts that
it is being upgraded to replace steel ropes
in elevators with polyurethane belts. Flat
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poziadaviek, alebo ochrannych opatreni pre
poziarny vytah. Obr.1 popisuje podmienky
spravneho fungovania vytahu, d’alej je popis
riadiacich systémov vytahu. V sGCasnosti je
snaha zameriavat’ sa na modernizaciu vytahov,
pretoze aj ta najmensia suciastka mozZe
spdsobit’ vyradenie zariadenia z prevadzky, ak
sa nevymeni v€as. Jednou z cCasti vytahu,
ktora sa modernizuje je nahrada ocelovych
lan vo vytahoch polyuretanovymi pasmi.
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polyurethane belts are three times longer than
conventional steel ropes and do not require
lubrication. At the end of the article, the test of
flammability of conveyor belts is tested. It
should be emphasized that conveyor belts used
to drive lifts are derived from conveyor belts
known from belt conveyors. Their inner
structure is identical with respect to the rubber-
textile or rope-belt structure used in both cases
of the pulling means.

Based on a detailed analysis of the
conveyor belt phenomena, a mathematical
model of the belt was developed [2]. Output
data values based on a mathematical model
may be useful in analyzing the risks associated

with the use of conveyor belts, thnmdgh thebyt

prediction of the main parameters they
determine conveyor belt fire dynamics.

By measuring the amount of oxygen

consumed in the process of burning the belts in
a fire test room, the rate of heat release can be
calculated. This parameter can be used to
calculate the total heat released during a
conveyor belt fire in a fire test facility. The
dependence of the amount of heat released
during the conveyor belt combustion in the fire
test room is defined by [2,3].
In the literature [4], the theoretical basis for
calculating the rate of heat release in conveyor
belts burning is presented. By way of example,
the measurement of oxygen, carbon dioxide
and carbon monoxide content in conveyor belts
products in their flammability testing, the
possibility of using heat release calculations to
assess flammability.

According to [5], laboratory fire tests were
carried out. In both cases, the basic parameter
that can be used to classify flammability and
wrapping is the total amount of heat input to
the sample rather than the length of burning or
delay. The temperature and velocity of the
ventilation air were experimentally and
theoretically found to be critical factors in the
test results.

Conveyor belts are at increased risk because
they have the ability to spread fire, on the other
hand, lift users, when using flat belts in
elevators, have better traction properties, flat
belts are lighter, more durable and more
flexible than steel ropes, and pulley noise is
reduced vibration during lift operation.
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Ploché polyuretdinové péasy maju trojnadsobnu
zivotnost’ oproti klasickym ocelovym lanam
anevyzaduji mazanie. V zdvere Cclanku je
testovanie zapalnosti dopravnych pasov. Je
potrebné zdoraznit, Zze dopravné pasy
pouzivané na pohon vytahov si odvodené od
dopravnych pasov, znamych z pasovych
dopravnikov. Ich vnUtornd Struktira je
identicka vzhladom na pouzivani gumo-
textilnu, alebo lano-pasovi  konstrukciu
v obidvoch pripadoch tazného prostriedku.

Na zaklade podrobnej analyzy javov
dopravného pasu, bol vyvinuty matematicky
model pasu.[2]. Hodnoty vystupnych udajov
uréené na zaklade matematického modelu,

uzitocné pri  analyzach
nebezpecenstiev ~ suvisiacich s pouzivanim
dopravnych pasov, prostrednictvom

predpovedania hlavnych parametrov, ktoré
urcuju dynamiku poziaru dopravnych pasov.

Na zéklade merania mnozstva kyslika
spotrebovaného v procese spal’ovania pasov v
poziarnej skasobni je mozné vypocitat
rychlost’ uvolnovania tepla. Tento parameter
sa mdze pouzit na vypocet celkového tepla
uvolneného pocas poziaru dopravného pasu v
poziarnej skuSobni. Zavislost mnozstva tepla
uvol'neného v priebehu spal’ovania dopravného
pasu v poziarnej skusobni definuje [2,3].

V literature [4] su prezentované teoretické
vychodiska pre vypocet rychlosti uvolnovania
tepla pri horeni dopravnych pasov. Ako priklad
je mozné uviest vysledky merania obsahu
kyslika, oxidu uhli¢itého a oxidu uholnatého
vo vyrobkoch spalovania dopravnych pasov
pri skuSani ich horlavosti, moznost’ vyuzitia
vypoctov uvolilovania tepla pri posudzovani
horl'avosti.

Podla [5] sa realizovali laboratorne poZziarne
testy. V obidvoch pripadoch je zakladnym
parametrom, ktory sa moze pouzit’ na klasifikaciu
horlavosti a opdsania, celkové mnoZstvo
tepelného prikonu do vzorky, a nie diZka horenia
alebo oneskorenia. Teplota a rychlost’ vetracieho
vzduchu boli experimentalne a teoreticky zistené
ako kritické faktory vo vysledkoch skusok.
Dopravné pasy predstavuju zvysSené riziko,
pretoze maju schopnost’ $irit’ ohefi, na druhej
strane prinosom pre uzivatelov vytahov, pri
pouziti plochych pasov vo vytahoch, su lepSie
trakéné vlastnosti, ploch¢ pasy su lahsie,
odolnejsie a ohybnejsie ako ocelové lana, je
znizend hlucnost’ na kladkach a vibracie pri
prevadzke vytahu.
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Abstract

This paper is aimed at the calculation of ignition parameters of oven-dried and non-dried oriented strand boards
(OSB). Samples from this material were exposed to external heat fluxes of 15 kW.m?, 20 kW.m?, 25 kW.m?,
30 kW.m™? a 35 kW.m?, while time to their ignition was observed. As a source of heat radiation was used a cone
heater. Based on the measured data, the following parameters were calculated for both OSB samples: critical heat
fluxes, thermal response parameters, thermal inertia and initiation temperatures. The moisture content of samples
had a strong effect on time to ignition, while the oven-dried samples had the earlier ignition. Based on the obtained
results, it was determined that the samples acted as thermally resistant material. The impact of moisture content
was different for various ignition parameters. While determined values of critical heat flux for the infinitely long
time to ignition and ignition temperatures are almost identical, thermal response parameter as well as equivalent
thermal inertia are in the case of non-dried samples markedly higher. Critical heat flux of OSB was determined in
the range of 5 kW.m™ to 6 kW.m and ignition temperature about 310 °C.

Keywords: Oriented strand boards, time to ignition, critical heat flux, thermal response parameter, initiation
temperature

1 Introduction 1 Uvod

Oriented strand boards (OSB) are well- Dosky z orientovanych triesok (OSB) su
established wood-based panel products which osved&ené panelové produkty na baze dreva,
production and consumption have strongly ktorych vyroba a spotreba sa v poslednom
increased during the past decade. [1] Their desatro¢i vyrazne zvysili. [1] V roku 2017 ich
production increased by 5.1 % in Europe in produkcia v Eurépe vzrastla o 5.1 % na
2017, to 7.4 million m®. Load-bearing panels 7.4 miliénov m’. Nosné panely vhodné na
suitable for structural uses in humid conditions, konstrukéné pouzitie vo vlhkych podmienkach,
called OSB/3 panels, are the major production nazyvané OSB/3 panely, s hlavnou vyrabanou
category (comprising 77 % of European OSB kategoriou (tvoriacou 77 %  europskej
output in 2017). [2] OSB is becoming produkcie OSB v roku 2017). [2]

increasingly important in both decorative and
structural applications.

63
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For use as a construction material,
mechanical board properties are of vital
importance. In this regard, the quality of
connections between wood particles is a key
factor, which in turn is determined by the
amount and type of used adhesive. In wood-
based panel production, aminoplastic adhesives
based on urea-formaldehyde and
melamine-urea-formaldehyde are prevalent. [3]

In addition to supplied adhesives and
additives, OSB differs from solid wood also by
the configuration of the fibres and empty areas,
which are placed between individual wood
particles. Because of that, it is not possible to
apply information obtained only from the
measurements of wood, but it is essential to
consider OSB as a specific composite material.
This paper is aimed at calculating parameters,
which characterises the initiation of flame
burning and by comparison of their values for
oven-dried and non-dried OSB.

Wood, under practical conditions, always
contains a certain amount of moisture. When
used inside buildings, it is usually between 5 %
and 15 %, but for green sapwood, it can be up
to 250 %. [4]

The moisture content of a specimen is
known to affect the ignition process by
changing the composition of volatiles and by its
effect on thermal conductivity. [5]

The critical surface temperature was found
to increase by about 2 °C per 1 % of moisture.

[4]

Simms and Law declare that moisture
increases the energy required for ignition; it also
increases the critical heat flux, though with pilot
ignition its effect is only marked for moisture
contents above 40 %. [6]

Effect of moisture content to initiation of
burning is also described by Atreya and Abu-
Zaid. Their results are summarized as follows

[7]:

e The ignition time increases with an
increase in moisture content.

e The total evolved critical mass flux
at ignition increases with increase in
moisture content.

e The surface temperature at ignition
is higher for higher moisture
content.

Delta 2019, 13(1): 63-79

Dolezitost OSB narasta pri dekorativnych,
ale aj kons$trukénych pouzitiach. Pre vyuzitie
dosiek ako konsStrukénych materialov maji
zasadny vyznam ich mechanické vlastnosti. Z
tohto hladiska je kvalita spojeni medzi
Casticami dreva kl'ucovym faktorom, ktory je
zase dany mnozstvom a typom pouzitého
lepidla. Pri vyrobe panelov na baze dreva sa
Casto pouzivaju bezné aminoplastické lepidla na
mocovino-formaldehydove;j a  melamin-
mocovino-formaldehydovej baze. [3]

Okrem dodavanych lepidiel a aditiv sa OSB
od masivneho dreva liSia tiez usporiadanim
vlakien a prazdnymi priestormi,
nachadzajucimi sa medzi jednotlivymi
trieskami. Z tychto dovodov nie je mozné
aplikovat’ vyluéne informacie ziskané z merani
dreva, ale je nevyhnutné povazovat OSB za
Specificky  kompozitny  material.  Tento
prispevok sa zaobera vypoctom parametrov
charakterizujucich  inicidciu  plamenného
horenia a porovnanim ich hodnét pre vysusené
a nevysusené¢ OSB.

Zarealnych podmienok drevo vzdy obsahuje
urcité mnozstvo vlhkosti. Pri vnitornom pouziti
sa obvykle vlhkost’ pohybuje medzi 5 % a 15 %
ale pri Cerstvo zrezanom dreve mdze dosahovat
az 250 %. [4]

Je zname, Ze obsah vlhkosti vzorky
zlozenie prchavych latok a zmenou tepelnej
vodivosti. [5]

Bolo zistené, ze kriticka teplota povrchu sa
zvysi priblizne o 2 °C na 1 % vlhkosti. [4]

Simms a Law uvadzaja, Ze vlhkost’ zvySuje
energiu potrebnu na iniciaciu; taktiez zvysuje
kriticky tepelny tok, hoci pri zapaleni za
pritomnosti inicia¢ného zdroja je jej efekt
vyrazny len pri obsahu vlhkosti nad 40 %. [6]

Vplyv vlhkosti na iniciaciu horenia popisuju
tiez Atreya and Abu-Zaid. Svoje vysledky
zhrnuli nasledovne [7]:

e Cas iniciacie narastd so zvySujucim
sa obsahom vlhkosti.

e Celkovy uvolneny kriticky
hmotnostny tok pri zapaleni narasta
so zvySujucim sa obsahom vlhkosti.

e Povrchova teplota pri zapaleni je pri
vyssej vlhkosti vyssia.
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e The minimum heat flux required for
ignition is approximately the same
regardless of the moisture content.

Conclusions of Abu-Zaid correlate with
them only partially. The author describes that
the presence of adsorbed water delays the
decomposition process and dilutes the
decomposition  products. Moisture  also
increases ignition time, surface temperature and
evolved mass flux at ignition, and the critical
heat flux. [8] Increase of critical heat flux is also
described by Simms. [9]

Shi a Chew states, that in terms of surface
temperature at ignition, no obvious trend was
observed for autoignition when moisture
content increases from 0 % to 11 %. Ignition
time by autoignition increases with higher
moisture content. The influence of moisture to
the average mass loss rate can be ignored when
the moisture content is lower than 11 %. [10]
Despite a relatively large amount of available
literature, estimation of ignition parameters is
not easy. Therefore, it was necessary to carry
out measurements, based on which it would be
possible to calculate them.

2 Material and Methods

Commercially available OSB of type 3
(load-bearing boards for use in humid
conditions for outdoor and indoor use) were
used for the measurement. Their properties are
listed in Tab. 1. The size of the samples was
100 mm x 100 mm, and its thickness was
25 mm.
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e Minimalny tepelny tok potrebny na
zapalenie je priblizne rovnaky, bez
ohl’adu na obsah vlhkosti.

Zavery Abu-Zaida s nimi koreluju len
CiastoCne. Popisuje, ze pritomnost’
adsorbovanej vody spomali proces rozkladu a
zriedi rozkladné produkty. Vlhkost taktiez
zvySuje Cas iniciacie, povrchova teplotu a
vytvoreny hmostnostny tok pri iniciacii a
taktiez kriticky tepelny tok. [8] Narast
kritického tepelného toku popisuje tiez Simms.
[9]

Shi aChew wuvadzaju, Ze zhladiska
povrchovej teploty pri zapaleni v pripade
samovznietenia nebol pozorovany ziadny
viditel'ny trend pri zvyseni vlhkosti z 0 % do 11
%. Cas zapalenia pri samovznieteni narasta s
vy$$im obsahom vlhkosti. Vplyv vlhkosti na
priemernu rychlost’ bytku hmostnosti mozno
zanedbat’, ak je obsah vlhkosti nizsi ako 11 %.
[10] Ako je zrejmé, napriek pomerne velkému
mnozstvu dostupnej literatiry, nie je odhad
iniciaénych parametrov jednoduchy. Z tohto
dovodu bolo potrebné vykonat merania, na
zaklade ktorych by ich bolo mozné vypocitat’.

2 Material a metody

Na meranie boli pouzité komeréne dostupné
OSB typu 3 (kon$trukéné dosky urfené na
pouzitie v prostredi s miernou vlhkostou na
vonkaj$ie aj vnutorné pouzitie). Ich vlastnosti
su uvedené v Tab. 1. Velkost vzoriek bola
100 mm x 100 mm a ich hrubka predstavovala
25 mm.
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Tab. 1 Vlastnosti pouzitych OSB
Tab. 1 Properties of used OSB

, ) Vysu$ené OSB/  NevysuSené OSB /
Vlastnost’ / Property Jednotka / Unit Oven dried OSB Non-dried OSB
Hustota / Density kg.m 649+35 685+38
Obsah vlhkosti / Moisure content % 0 5,69+0,24
Emisivita / Emmisivity - 0,89
Ihli¢nata drevna
hmota / Coniferous % 93,6
wood mass
ZlozZenie / Polyuretanova
Composition (MDI) Zivica / o 47
Polyurethane
(MDI) resin
Parafin / Paraffin % 1,7

Measurement was carried out with the use of
equipment, which scheme is shown in Fig. 1.
The sample (2) coated with aluminium foil from
all sides of, which were not exposed to heat
flux, were placed into the sample holder (1).
Insulating material from mineral fibres was
used as a substrate. Ignitor (3) was placed in the
middle above the sample, and cone heater (4)
was placed above it. Cone heater was used to
create an external heat flux. Products of thermal
decomposition and burning were led away
through exhaust hood (5). Speed of suction was
set up to 24 dm>min! = 2 dm*>.min"! with fan
(6). The ambient temperature during the
measurement was 26 °C, and the humidity of air
was 48 %. Times to ignition of samples were
observed.
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Meranie prebiehalo v zariadeni schematicky
znazornenom na Obr. 1. Vzorka (2) bola zo
vSetkych tepelnému toku nevystavenych stran
obalena do hlinikovej folie a umiestnena do
drziaka (1), priCom ako podklad sluzil izola¢ny
material z mineralnych vlakien. V strede nad
vzorkou sa nachadzal iskrovy iniciator (3) a nad
nim koénicky Ziari¢ (4) sliziaci na vytvaranie
externého tepelného toku. Produkty termického
rozkladu a horenia boli odvadzané cez odsavaci
zvon (5). Rychlost’ odsavania bola nastavena na
24 dm’min?! £+ 2 dm’min!  pomocou
ventilatora (6). Teplota okolia bola v priebehu
merania 26 °C a vlhkost’ vzduchu predstavovala
48 %. Sledované boli ¢asy do iniciacie vzoriek.
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Fig 1. Test equipment: 1 —holder of sample, 2 — sample, 3 — ignitor, 4 — cone heater, 5 — exhaust hood,
6 —fan[11]

Obr. 1 Testovacie zariadenie: 1 — drziak vzorky, 2 — vzorka, 3 — iniciator, 4 — konicky Ziari¢, 5 —
odsavaci zvon, 6 — ventilator [11]

3 Results and discussion

When the external heat flux effects to the
flammable material, energy falling on its
surface is partially reflected (what depends from
the emissivity of surface), partially is
transmitted by conduction into the deeper layers
of loaded material (what depends on its heat
conductivity) and the rest of the heat is absorbed
by a thin layer on the surface and results in its
heating. During the heating occurs pyrolysis
and termooxidation, which results in releasing
of gases products. Therefore, time to ignition of
sample decrease with the increasing external
heat flux (Tab. 2). Measured values of non-
dried samples are higher as the values of oven-
dried samples. Simms a Law came to the same
conclusion, and they describe, that increasing
the moisture content increases the time for both
pilot ignition and spontaneous ignition for any
given intensity of radiation. [6]
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3 Vysledky a diskusia

Pri posobeni externého tepelného toku na
horlavi latku je energia dopadajica na jej
povrch (iastoéne odrazena (Co =zavisi od
emisivity povrchu), Ciastoéne je vedenim
prenaSana do hlbSich vrstiev zatazovaného
materialu (¢o zavisi od jeho tepelnej vodivosti)
a zvySok je absorbovany tenkou vrstvou na
povrchu a ma za nasledok jej ohrev. Pocas neho
dochadza k  pyrolyze  a termooxidacii,
v doésledku ¢oho sii do okolia uvoliiované
plynné produkty. Cas do iniciacie vzorky preto
s rasticim externym tepelnym tokom klesa
(Tab. 2). Hodnoty namerané pre nevysuSené
vzorky su vysSie ako pre vzorky s nulovou
vlhkostou. K rovnakému zaveru dospeli aj
Simms a Law, ktori popisuju, ze zvySujlca sa
vlhkost’ zvySuje Cas vzplanutia aj vznietenia pri
akejkol'vek intenzite ziarenia. [6]
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Tab. 2 Time to ignition of samples at various external heat fluxes
Tab. 2 Cas do inicidcie vzoriek pri jednotlivych externych tepelnych tokoch

Externy tepelny tok (kW.m>) / External

Cas do inicidcie (s) / Time to ignition (s)

3 VysuSené OSB / Oven NevysuSené OSB / Non-
heat flux (kW.m") dried OSB dried OSB
15 192 - 292 278 -374
20 97 - 124 152 - 161
25 64 -71 84 - 87
30 39-45 52-69
35 26 - 34 38-42

The critical heat flux is the heat flux between
the lowest incident heat flux at which ignition
occurred and the highest incident heat flux
where ignition did not occur. It can be used to
evaluate the possibility of ignition. The critical
heat flux can be experimentally obtained by
exposing successive samples to decreasing
incident heat fluxes until ignition no longer
occurs. This approach can be time-consuming
and may require several tests to find the bounds
of critical heat flux depending on the resolution
required. [12] However, there are several
proposed dependencies between time to ignition
of flame burning and external heat flux (Tab. 3).
Therefore  were  constructed  graphical
dependencies from the measured data, which
are listed on Fig. 2 and 3. For each of that
dependencies was created atrend line and
relevant determination coefficient R2. So, this
determination coefficient had the highest value
for the dependency of the reciprocal square root
of time to ignition of sample and external heat
flux in the case of both, oven-dried and non-
dried samples. This dependency is usually
mentioned in the literature for thermally thick
material. [13-15]
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Kriticky tepelny tok je tepelny tok medzi
ktorom nastdva zapalenie a najvysSim
dopadajucim tepelnym tokom, pri ktorom k
zapaleniu nedochadza. Mdéze sa pouzivat' na
vyhodnotenie schopnosti zapalenia. Kriticky
tepelny tok moze byt experimentalne ziskany
postupnym vystavovanim vzoriek klesajicim
dopadajucim tepelnym tokom, kym neprestane
dochédzat’ k zapaleniu. Tento postup moze byt
¢asovo naro¢ny a na zistenie hranic kritického
tepelného toku je v zavislosti na pozadovanej
presnosti potrebnych niekol’ko testov. [12]
Existuje vSak aj viacero navrhnutych zavislosti
medzi ¢asom do zapalenia plamenového
horenia a externym tepelnym tokom (Tab. 3).
Z nameranych udajov boli preto zhotovené
grafické zavislosti uvedené na Obr. 2 a3.
Kazdou znich bola prelozena trendova Ciara
a vypocitany prislusny koeficient determinacie
R2. Tento, tak v pripade vysuSenych ako aj
nevysuSenych vzoriek dosahoval najvyssiu
hodnotu pre zavislost’ prevratenej hodnoty
druhej odmocniny ¢asu do iniciacie vzorky
a extern¢ho tepelného toku. Tato zavislost’ je
bezne v literatire uvadzana pre tepelne hruby
material. [13—15]
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Fig 2. Graphical representation of dependency of powers of time to ignition on the external heat flux

3 5
for non-dried samples: a) for dependency t;y = f (qe_i), b) for dependency t;; = f (qe_Z), c) for
1
dependency t;; = f(q,~?), d) for dependency t;; = f(q. "), e) for dependency t;; = f (qe _W)

Obr. 2. Grafické znazornenie zavislosti mocnin ¢asu do iniciacie od externého tepelného toku pre

3 5
nevysuSené vzorky: a) pre zavislost ¢;; = f (qe_i), b) pre zavislost’ t;; = f (qe_Z), c) pre zavislost’

1
tig = f(qe™%), d) pre zavislost t;; = f(q, "), e) pre zavislost t;y = f (qe_m)
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Fig 3. Graphical representation of dependencies of powers of times to ignition on external heat flux
3 5
for oven-dried samples: a) for dependency t;; = f (qe_E), b) for dependency t;; = f (qe_z), c) for
1
dependency t;; = f(q,~?), d) for dependency t;; = f(q. "), e) for dependency t;; = f (qe _W)
Obr. 3 Grafické znazornenie zavislosti mocnin ¢asu do iniciacie od externého tepelného toku pre
3 5
vysuSené vzorky: a) pre zavislost t;; = f (qe _5), b) pre zavislost t;; = f (qe_Z), c) pre zavislost' t;; =

1
f(ge™2), d) pre zavislost' t;y = f(q. ™), ) pre zavislost t;; = f (qe_m)
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Tab. 3 Determination coefficients for various dependencies of time to ignition and critical heat flux
Tab. 3 Koeficienty determinacie pre rozne zavislosti ¢asu do inicidcie a kritického tepelného toku

RZ
Zavislost’ /
Dependence Vysusené OSB / Oven dried Nevysusené OSB / Non-dried
OSB OSB
_3
tig = f(qe2) [16,17] 0,9726 0,9822
_3
tig = f(ac ™) [16] 0,9638 0,9753
tig = f(qe"2) [15, 17] 0,9788 0,9865
tig = f(qe 1) [17,18] 0,9454 0,9603
1
tig = f(qe_m) [4] 0,9776 0,9858
0,9788 0,9865
tig = f(qe ™) [19]
(n=2) (n=2)
Calculation of critical heat flux in case of Vypocet kritického tepelného toku v pripade
thermally thick material results from the tepelne  hrubého  materidlu  vychadza
following assumptions [15]: z nasledovnych predpokladov [15]:
o 1. kiniciacii dochadza, ked povrchova
1. ignition occurs when the surface teplota dosiahne kriticka hodnotu, Tig ,
temperature achieves a critical value, 2. tuh4 latka je aZ do iniciacie inertn4,
Tig , 3. tuha latka je nekone¢ne hrubé

2. solid is inert up to ignition,

3. solid is infinitely thick. Vztah medzi Casom do iniciacie a posobiacim

tepelnym tokom mozno vyjadrit’ ako [15]:
Relationship between time to ignition and

effecting heat flux can be described as [15]:

T Ty — Top\2
tig = 7 kpC (q—) (1)
14

([ Tig —\°
tig:kac(Too 9 ) (D

i

kde t;4 je Cas do inicidcie v s, 7 je Ludolfovo

Cislo, k je tepelna vodivost vo W.m K, p je

where tj, is time to ignition in s, T is Ludolph's
number, K is thermal conductivity in W.m.K"!,
p is density in kg.m?, c is specific heat in J kg’
Dl i . -
K7, Tig is initiation temperature in K, Ty, is tepelného toku vo W.m>.
ambient temperature in , and q; is incident heat

flux in W.m?2.

Theoretical heat flux needed for initiation of the
sample in infinite time (qj ;) can be calculated
as a limit:
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hustota v kg.m>, ¢ je tepelna kapacita v J.kg
'K, Tiy je teplota pri iniciacii vK, Ty je
teplota okolia v K a g; je hustota dopadajiiceho
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Gier = lim f(tg™) )

However, the real value of critical heat flux use
to be higher. Spearpoint and Quintiere
recommend for its calculation the following
relationship [15]:

_ Qi,cr

0,76 G)

qCT

For the calculation of critical heat flux, some
authors do not mention the assumption of
initiation in an infinitely long time, but only in
a certain period of time. It is based on
assumption, that the sample can initiate only for
a certain period from the beginning of affecting
of external heat flux. This time is determined
either by the content of volatile flammable
substances and speed of their release, or by the
end of the measurement, which is given in the
standard, or by specific conditions in the end
use of tested material. Several possibilities are
listed in the literature: 300 s, 600 s [20] ¢i 1800
s [21].

The next parameter, which characterizes the
initiation of burning is thermal response
parameter (TRP). It is an indicator of the
ignition resistance of a material. [12] The higher
the TRP value, the longer it takes for the
material to heat up, ignite, and initiate a fire.
[22] It is mathematically expressed by the
equation [12, 21, 23]:

TRP = \[kpc(Tyy — To) )

Although the ambient temperature is relatively
easy to measure, the surface temperature in the
time of initiation is determined markedly
harder. Its estimation is possible with the help
of Stefan-Boltzmann law, which implies that:

T =" (E2+7.") )

The fourth compared parameter is the thermal
inertia (I). It is an effective fire property of
importance in both ignition and flame spread
problems. [24] Since the thermal inertia and the
specific heat of wood are temperature
dependent, the thermal inertia at ignition is not
that obtained at ambient conditions. Instead,
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Teoreticky tepelny tok potrebny na iniciaciu
vzorky v nekone¢nom case (q;.r) mozZno
vypocitat’ ako limitu:

Gier = lim f(tg™) ()

Skuto¢na hodnota kritického tepelného toku
vSak byva vysSia. Spearpoint a Quintiere
odporacaju pre jeho vypocet nasledovny vztah
[15]:

_ CIi,cr

4 =556 3)

Niektori autori neuvadzaji pre vypocet
kritického tepelného toku predpoklad iniciacie
v nekonecne dlhom case, ale len v priebehu
urc¢itétho  C¢asového  useku.  Vychadzaju
len po istt dobu od pociatku pdsobenia
externého tepelného toku. Tento ¢as je dany
bud obsahom prchavych horlavych latok
arychlostou ich uvolfiovania, alebo Casom
ukoncenia merania, ktory je uvedeny v norme ,
¢i  Specifickymi  podmienkami v mieste
koncového pouzitia testovaného materialu.
V literatire je uvadzanych viacero moznosti:
300 s, 600 s [20] ¢i 1800 s [21].

Dal§im parametrom, ktory charakterizuje
iniciaciu horenia je parameter tepelnej odozvy
(TRP). Je to indikator odolnosti materialu voci
zapaleniu. [12] Cim vy$§ia je hodnota TRP, tym
dlhsie trva, kym sa material zahreje, iniciuje a
zapali. [22] Matematicky je vyjadreny rovnicou
[12, 21, 23]:

TRP = \[kpc(T;y — Teo) “4)

Hoci teplotu okolia je pomerne l'ahké zmerat’,
teplota povrchu v case inicidcie sa urCuje
vyrazne tazsSie. Jej odhad je mozny pomocou

Stefan-Boltzmanovho zakona, z ktorého
vyplyva:

Ty ="|(2+1,%) (5)

9 g 7

Stvrtym porovnavanym parametrom je tepelna
inercia (I). Je to efektivna poziarna vlastnost’,
ktora je dolezita tak v problematike iniciacie
ako aj Sirenia plamena. [24] Ked Ze tepelna
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the thermal inertia at ignition is an apparent
value, and it can be obtained from ignition
data.[15] The thermal inertia is the product of
thermal conductivity (k), density (p), and
specific heat (c), of a material, and it governs its
ignition and flame spread properties. This
determines the rate of rising in surface
temperature and consequently, the time to
ignition. [26] The surface temperature of
materials with low thermal inertia (such as fibre
insulating board and polyurethane foam) rises
quickly when heated. [26] Thermal inertia can
be characterised by the equation [15,25,27,28]:

(6)

Thermal inertia determined in this way is used
by most authors dedicated to the evaluation of
data obtained from the measurements on cone
calorimeter. Therefore, in the moment of
initiation applies, that the thermal inertia can be
calculated as follows:

i TRP \*
" \Tiy — To

In table 5, there are values of initiation
parameters reported in the literature. Based on
the mentioned overview, it can be stated that
there are strong differences between various
types of wood. Critical heat flux has a variance
from 3 kW.m? to 40 kW.m™, thermal response
parameter approximately from 120 kW.s%.m
to 275 kW.s%.m?, equivalent thermal inertia
from 0,087 kJ2m*K>2s"'t0 0,393 kJZ.m* K?2.s
! and ignition temperature from 204 °C to 643
°C. In case is, for this reason, necessary
individual assessment of wood products.

I = kpc

(7

Calculated values of initiation parameters
(critical heat flux, thermal response parameter,
equivalent inertia and the ignition temperature)
of OSB, are listed in Tab. 4. Although the effect
of moisture content on time to ignition of flame
burning was strong, critical heat flux calculated
for ignition in infinite time differs only slightly.
This fact is in agreement with already
mentioned results of studies of authors Atreya
and Abu-Zaid. [7] Combination of differences
in time to ignition and similarity of critical heat
flux suggest that at thermal load at first occurs
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inercia a Specifické teplo dreva su zavislé na
teplote, tepelna inercia pri inicidcii nie je
rovnaka ako té ziskana za okolitych podmienok.
Namiesto toho je tepelna inercia pri iniciacii
zdanlivou hodnotou a mozno ju ziskat’ z udajov
spojenych so zapalenim.[15] Tepelna inercia je
su¢inom tepelnej vodivosti (k), hustoty (p), a
Specifického tepla (c), materialu a uréuje jeho
iniciaéné vlastnosti a vlastnosti
charakterizujuce Sirenia plameiia. To udava
rychlost’ narastu teploty povrchu a nasledne, Cas
do zapalenia. [26] Povrchova teplota materialov
s nizkou tepelnou inerciou (ako je vlaknita
izola¢na doska a polyuretanova pena) pri
zahrievani rychlo narasta. [26] Tepelnu inerciu
je mozné charakterizovat’ pomocou
rovnice [15,25,27,28]:

(6)

Takto urCena tepelna inercia je pouZzivana
vacsinou autorov venujucich sa
vyhodnocovaniu udajov ziskanych z merani na
konickom kalorimetri. V momente iniciacie
teda plati, Ze je tepelnt inerciu mozné vypocitat’
nasledovne:

L _(_TRP 2
" \Tyy —Ts

V tabul’ke 5 sa nachadzajt hodnoty iniciaénych
parametrov uvadzané v literature. Na zaklade
uvedeného prehl'adu je mozné skonStatovat, ze
medzi jednotlivymi drevinami sa vyskytuji
vyrazné rozdiely. Kriticky tepelny tok ma
rozptyl od 3 kW.m™ do 40 kW.m?, parameter
tepelnej odozvy priblizne od 120 kW.s%*.m? do
275 kW.s%.m?, ekvivalentna tepelnd inercia od
0,087 kJ2.m*K?2s"! do 0,393 kJ>m*K?s! a
inicia¢na teplota od 204 °C do 643 °C. Z tohto
ddévodu je v pripade vyrobkov z dreva potrebné
posudzovat ich individualne.

I = kpc

(M

o e ey

(kritického tepelného toku, parametra tepelnej
odozvy, eckvivalentnej inercie a iniciacnej
teploty) OSB st uvedené v Tab. 4. Hoci pri
case do iniciacie plameniového horenia vzorky
bol vplyv vlhkosti vyrazny, kriticky tepelny tok
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evaporation of moisture content from the
surface layer of the sample, what cause
markedly delayed process of initiation.

Based on a comparison of designated critical
heat flux with values reported by other authors
for wood-based materials (Tab. 5) it can be
stated, that OSB has critical heat flux relatively
low, in comparison with other materials.

Since time to ignition is affected by the
moisture content of the sample, calculation of
critical heat flux related to a specific time,
during which can be sample ignited, lead to
different values. The lower is expected a
maximum time of heat flux effect, the stronger
is the difference between oven-dried and non-
dried samples.

In contrast to critical heat flux, the difference
between the oven-dried and non-dried OSB is in
case of TRP visible. At non-dried OSB it has a
higher value, because of the already mentioned
shift of their initiation. In both cases, the data
are comparable with values reported in the
literature for wood-based materials.

prepocitany na zapalenie v ¢ase bliziacemu sa
nekoneCnu sa lis§i len velmi malo. Tato
skutonost je vzhode suz spomenutymi
vysledkami Stiidie od autorov Atreya a Abu-
Zaid [7]. Kombinacia rozdielov v ¢ase do
iniciacie a podobnosti kritického tepelného toku
naznacuju, ze pri termickom zataZeni dochadza
najskor k odpareniu vlhkosti toku naznacéuju, ze
pri termickom zatazeni dochadza najskor
k odpareniu  vlhkosti z povrchovej vrstvy
vzorky, ¢im je proces inicidcie znacne
oneskoreny.

Na zaklade porovnania uréeného kritického
tepelného toku s hodnotami udavanymi inymi
autormi pre materialy na baze dreva (Tab. 5) je
mozné skonstatovat, ze ho OSB maju oproti
inym materialom relativne nizky.

KedZe je cas do iniciacie ovplyvneny
vlhkost'ou vzorky, vypocet kritického tepelného
toku vztiahnutého na konkrétnu dobu,
v priebehu ktorej sa vzorka moéze zapalit', vedie
k rozdielnym hodnotam. Tento rozdiel medzi
vysuSenymi a nevysuSenymi vzorkami je tym
vyraznej§i, ¢im niz8i je predpokladany
maximalny Cas posobenia tepelné¢ho toku.

Na rozdiel od kritického tepelného toku je v
pripade TRP wviditelny rozdiel medzi
vysuSenymi a nevysuSenymi OSB. Pri
nevysuSenych OSB ma vySSiu hodnotu
z dovodu uz spomenutého posunu ich iniciacie.
V oboch pripadoch su udaje
porovnateI'né s hodnotami uvadzanymi
v literature pre materialy na baze dreva.

Tab. 4 Resulting values of initiation parameters oven-dried and non-dried OSB
Tab. 4 Vysledné hodnoty iniciacnych parametrov vysusenych a nevysuSenych OSB

Parameter / Parameter Jednotka / Vysu$ené OSB / Nevysusené OSB /
Unit Oven dried OSB Non-dried OSB
tig = 5,68 5,26
Kriticky tepelny tok  tj; = 1800's W 10,85 11,34
.m
/ Critical heat flux tig = 600 s 14,63 15,80
tig = 300s 18,34 20,16
Parameter tepelnej odozvy / Thermal W £05 2 148 174
response parameter
Ekvivglentné tepelna .inerc'ia / WP K2 0.2592 0.3859
Equivalent thermal inertia
Iniciacna teplota / Initiati
nicia¢na teplota / Initiation 316 306

temperature

Delta 2019, 13(1): 63-79
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Thermal inertia at woody materials in most
cases reaches values approximately from
0,1 kI>m*K?2s"' to 0,4 kJ>m*K?2s'. This
interval includes also calculated thermal inertias
for oven-dried and non-dried OSB.

While oven-dried OSB is, in this case, closer
to redwood or victorian ash, non-dried samples
are closer to blackbutt and hardboard.

From the point of view of ignition
temperature, the value calculated for both oven-
dried and non-dried samples is within the range
reported in the literature for wood base
materials. Despite to that, it is necessary to
perceive it rather indicatively because the
calculation was simplified, for example by
using of assumption of constant value of surface
emissivity of OSB, from the beginning of
measurement to the initiation. In this case, there
was only the minimal difference between oven-
dried and non-dried samples, what is a logical
result of similar values of critical heat flux.

Tab. 5 Values of initiation

e e ey

parameters

of wood

Tepelnd inercia dosahuje pri drevnych
materialoch vo vicSine pripadov hodnoty
priblizne od 0,1 kI>m*K?Zs! do
0,4 kJ>.m* K25, Do tohto intervalu spadajt aj
vypocitané tepelné inercie pre vysuSené a
nevysusen¢ OSB.

Zatial’ ¢o sa vysusené OSB v tomto ohl'ade
priblizuji  sekvoji ¢i drevu znamemu ako
“victorian ash”, nevysuSené maju blizsie
k eukaliptovému drevu (blackbut)
a drevovlaknitej doske s vysokou hustotou.

Z hladiska iniciacnej teploty spada hodnota
vypolitana tak pre vysuSené ako aj pre
nevysusené vzorky do rozsahu uvadzanom
v literatire pre materialy na baze dreva. Napriek
tomu je vSak potrebné ju vnimat skor
orientacne nakol’ko bolo pri vypocte pouzitych
viacero zjednoduseni, ako napriklad predpoklad
konstantnej hodnoty emisivity povrchu OSB od
poCiatku merania po inicidciu. Medzi
vysuSenymi anevysuSenymi vzorkami bol
v tomto pripade len minimalny rozdiel, ¢o je
logickym dosledkom podobnych hodnot
kritického tepelného toku.

and wood Dbased materials

Obsah Kriticky Parameter Ekvivalentna Inicia¢na Zdroj
iti
vlhkosti y tepelnej tepelna inercia teplota /
. tepelny . e
., /Moisure odozvy / / Equivalent Initiation
Material / tok /
. content . Thermal thermal temperature
Material Critical ] ]
(%) response inertia €O
heat flux A
(KW.m™) parameter (kJ*.m*.K*.s™)
) (kW.s0,5.m?)
Sekvoja
vzdyzelena / - 3 - 0,25 204 [29]
Redwood
Borovica
lucovita / 15 13,2 - 0,269 T oo+ 377 [30]
Radiata pine
J taty /
avorutaly 10-12 10,3 ; 0,213 Tow+302  [30]
Pacific maple
Tuja riasnata /
Western 0 13,3 - 0,087 354 [31]
redcedar
75
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Sekvoja
vzdyzelena / 0 14,0 - 0,141 364 [31]
Redwood
Borovica
lucovita / 0 12,9 - 0,156 349 [31]
Radiata pine
Duglaska
tisolista / 0 13,0 - 0,158 350 [31]
Douglas fir
Eukalyptus / 0 10,4 ; 0,260 311 [31]
Victorian ash
Eucalyptus
pirularis / 0 9,7 - 0,393 300 [31]
Blackbutt
Douglaska
tisolista / 14,0 18 182 - 478 [12]
Douglas fir
Borovica lesna /
. 17,5 19 164 - 488 [12]
Scots pine
Borovicajezata 19 201 ; 488 [12]
/ Southern pine
Shorea/Shorea 15,2 16 152 - 456 [12]
Merbau/Merbau 19,5 40 275 - 643 [12]
Preglejka (B) / 11,0 136 i i 21]
Plywood (B)
Preglejka (D) / 10.5 124 i i 21]
Plywood (D)
Preglejka (M1)
/ Plywood (M1) - 16,5 225,6 0,13920 - [32]
Preglejka (M3)
/ Plywood (M3) - 13,4 230,2 0,32625 - [32]
Drevotrieskova
doska / 6,69 - - 1,195 251 [33]
Particleboard
Drevovlaknita
doska / 5,21 - - 0,4 351 [33]
Hardboard
OSB/ OSB 5,88 - - 0,244 348 [33]
OSB i/ OSB - 2,9% 180,9%* - - [34]
OSBB/0OSBB - 4,5% 196,9%* - - [34]
OSBC/OSBC - 1,8% 184,6* - - [34]

* Hodnota vypocitana z ¢asov do iniciacie uvedenych v prislusnom zdroji

* Value calculated from times to ignition listed in corresponding source

76
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4 Conclusions

In general, the effect of moisture content of
materials on the ability to resist to initiation of
burning is well known. However, the initiation
cannot be characterised only by one property.
So-called initiation parameters are used for this
purpose. Oven-dried and non-dried OSB were
compared based on the four of them (critical
heat flux, thermal response parameter, thermal
inertia and initiation temperature). In both
cases, there were constructed dependencies of
time to ignition on external heat flux, which
were proposed by various authors, and based on
this  dependencies, the samples were
furthermore considered as thermally thick
material. Calculated values of critical heat flux
were not strongly different, and their difference
was only 0,42 kW.m (oven-dried 5,68 kW.m™
and non-dried 5,26 kW.m?). Ignition
temperatures were also very similar. They were
calculated to 316 °C for oven-dried samples and
to 306 °C for non-dried samples. In the contrast,
thermal response parameters and thermal
inertias were different, when in the case of
oven-dried samples they were 174 kW.s%>.m
and 0,3859 kJ>m™*K?2s! and in the case of
non-dried samples they were 148 kW.s%.m?
and 0,2592 kJ>.m*K?2s'. The results show,
that moisture content of OSB does not have a
strong impact on critical conditions, in which
they may be initiated, but strongly affect the
time, when the initiation occurs.
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Abstract

Wood is a hundred-year proven building material with positive physical and mechanical properties, long life and
high aesthetic standards. It is an ecological and at the same time the only "growing" building material. As its
weakness is its flammability, the issue of wood fire protection is one of the key areas of its research. The paper
generally deals with forms of wood protection against its degradation factors (biotic and abiotic). Briefly, there
are presented methods of structural, physical, chemical modification, treatment, used for its protection. Particular
attention is paid to fire protection and the mechanism of action of protective (retardant) substances. An important
part of the paper is the introduction of results of experimental work, which were focused on the study of the
effect of concentrations (100%, 75% and 50%) and layers number of selected fire-retardant PLAMOR OK
V2026 coating on sample mass loss. The individual concentrations were applied in one or two layers. The results
pointed out the 2-layer coating with 75% concentration of flame retardant to be a good choice for customers, for
both applicability and efficiency.

Keywords: spruce wood, flame retardant, fire-resistant coating; mass loss; time to self-ignition

1 Introduction 1 Uvod

Wood is a material that has an irreplaceable Drevo je mater.iél, ktory ma v sta\{ebnictve
place in the building industry and is still an nezagtl}pltel’né miesto a aj dnes je Coraz
increasingly used building element today. CastejSie vyuZivanym stavebnym prvkom.

The phenomenon of wood architecture in Fenomén drevnej architektary v mmohych
many European countries does not only mean a kraj 1néch Europy neznamena len navrat 'k
return to traditions and to original values. tradimém a k pévodn}'lm hodnotam. Drevo je
Wood is also positively perceived thanks to its pomtivnp vnimané aj Vd’.aka vynikajucim
excellent mechanical properties, thermal mechgmck}'/m Vla.stnostlam, tepelnoj
properties and overall low energy balanse. technickym vlastnostiam a celkovo nizkej
It is easy to work and bondable, which, in energetickej bilancii. Je 'ahko opracovatel'né a
conjunction with previous features, spajatelné, 'éo v spoieni s predchadzajiacimi
predetermines wood for the construction of Vlastnosjc’arm preduréu]e' drevo na stavbu
economical and energy efficient buildings ekonomickych a energeticky uspornych budov
[1, 6]. [1, 6].
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Wood as a natural material is composed of
three basic organic polymers - cellulose,
hemicelluloses and lignin, that are more or less
prone to damage by abiotic factors (UV
radiation, water, sun, oxygen), biological pests
(fungi), insects, bacteria) and degradation
processes at higher temperatures - fire. That is
the reason why its fire protection is considered
to be required [2, 3].

Presently, wood protection can be
implemented with a set of measures that can be
combined in practice. According to Reinprecht
[3], the basic principles of wood protection
include: structural protection (e.g. using more
durable wood species), physical protection
(e.g. by sterilizing wood by radioactive or UV
radiation), chemical protection (substances
with biocidal, UV-sorption, hydrophobic,
flame retardant and other directional effects),
modification protection (thermal, chemical and
enzymatic treatment of hemicelluloses,
cellulose, lignin and / or extractive substances
in wood cells), fire protection (most often
chemical flame retardants).

The flame retardants can be characterized
as substances that suppress various reaction
events in the thermal load induced material [4].

They slow the thermal decomposition and
burning of wood in various ways [3, 5]:

- Prevent oxygen from entering the wood
surface.

- Insulate the wood substance from the heat
source by forming a solid insulating layer
(e.g. carbonated foam) or charcoal.

- Dilute the pyrolysis gases - dilution of
combustible gases generated during
thermal decomposition of wood with non-
combustible gases.

- Reduce the oxygen concentration - in the
active wood pyrolysis zone by chemical
reaction with oxygen.

- Activate endothermic reactions - especially
dehydration reactions in cellulose and
hemicelluloses, releasing water molecules
while supporting the formation of charcoal
and, on the contrary, suppressing the
formation of combustible gases.

- Prevent carbon oxidation in the charcoal
layer to carbon dioxide - preventing
charcoal.
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Drevo ako prirodny material je zloZeny z
troch zakladnych organickych polymérov —
celul6zy, hemicelul6z a ligninu, ktoré su viac
alebo menej nachylné na poskodenie
abiotickymi vplyvmi (UV Ziarenie, voda,
slnko, kyslik), biologickymi $kodcami (huby,
hmyz, baktérie) a degradacnymi procesmi pri
pOsobeni vyssich teplot — ohna. Vzhl'adom k
uvedenému, nevyhnutnou poziadavkou je jeho
ochrana [2, 3].

V sucasnosti mozno ochranu dreva
realizovat’ siborom opatreni, ktoré sa v praxi
daju vzajomne kombinovat’. Podla
Reinprechta [3], medzi zakladné principy
ochrany dreva patri: konStrukéna ochrana
(pouzitim trvanlivejSich  druhov  dreva),
fyzikalna ochrana (napr. sterilizaciou dreva
radioaktivnym alebo UV Ziarenim), chemicka
ochrana (latkami s biocidnym, UV-sorpénym,
hydrofobiza¢nym, ohniovzdornym a inym
smerovym ucinkom), modifikacnd ochrana
(termické, chemické a enzymatické upravy

hemiceluldéz, celuldézy, ligninu a/alebo
extraktivnych latok v bunkach dreva),
protipoziarna ochrana (najcastejsie

chemickymi latkami — retardérmi horenia).

Retardéry horenia mézeme charakterizovat
ako latky potlacajuce rozne reakéné deje v
materiali vyvolané tepelnou zatazou [4].

Co sa tyka dreva spomal'ujii jeho termicky
rozklad a horenie r6znymi spdsobmi [3, 5]:

- zabranuju pristupu kyslika k povrchu dreva

- tepelne izoluyju drevnu substanciu od
tepelného zdroja — vytvaranim tuhej
izola¢nej vrstvy (napr. skarbonizovanej
peny) alebo drevného uhlia,

- riedenim pyrolyznych plynov — riedenie
horlavych plynov vznikajucich pocas
termického  rozkladu dreva  plynmi
nehorlavymi,

- znizovanim koncentracie kyslika — v zone
aktivnej pyrolyzy dreva formou chemickej
reakcie s kyslikom,

- aktivizuju  endotermické  reakcie —
predovSetkym dehydrataéné reakcie v
celuloze a hemicelulézach za uvoliiovania
molekal vody a za stcasnej podpory
tvorby drevného uhlia a naopak potlacania
tvorby horl'avych plynov,

- brania oxidacii uhlika vo vrstve drevného
uhlia na oxid uhli¢ity — brénia Zeraveniu
drevného uhlia.
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aqueous flame retardant
systems are used, either as concentrated
solutions of suitable inorganic  salts
(ammonium phosphates, ammonium sulphates,
ammonium chlorides, boric acid, chlorides:
magnesium, calcium, zinc, etc.) or as aqueous
dispersions of suitable polymers with the
addition of retardant and foaming agents
(intumescent coatings) [1, 3].

In particular,

In terms of the protection technology used,
we can talk about protection systems based on
wet technology (plastering, spraying, coating),
dry technology (tiling) or coating systems [6].
Practical  techniques for wood flame
retardation include: pressure impregnation,
surface treatments, and addition of a fire
retardant during manufacturing process, and
other flame/fire retardant treatment methods
(e.g. nanocomposite systems, or chemo-
enzymatic method for modifying cellulose
materials [4].

There are further introduced several current
works which focus on flame retardancy of
wood and its testing.

Bogdanova, Kobets and Kirlitsa [7] studied
the factors exerting a significant influence on
the termination of the combustion of natural
materials (wood and peat) with the use of
synthetic nitrogen- and phosphorus-containing
fire retardants with different efficiencies. With
the use of a mathematical experimental design
method, it was confirmed that the inhibition of

gas-phase radical processes by volatile
nitrogen-containing products is the
predominant process of  combustion

suppression. It was found that the synergism of
the nitrogen-phosphorus flame retardants is
determined by their complex action:
phosphorus mainly enters organomineral
structures in the condensed phase, and nitrogen
inhibits reactions in a gas phase.

He et al. [8] studied the poplar samples,
which were impregnated with ammonium
polyphosphate fire retardant at various
pressures and durations after they were
pretreated with microwave heating. The effects
of the pressure and duration on the flame-
retardation and smoke-suppression properties
were investigated with cone calorimeter
analysis. The peak heat release rate (pk-HRR),
total heat release (THR), and total smoke

Delta 2019, 13(1):80-91

82

Uplatiuju sa predovsetkym vodné systémy
retardérov horenia, bud’ ako koncentrované
roztoky  vhodnych  anorganickych  soli
(fosforeCnany amoénne, sirany amonne,
chloridy amoénne, kyselina borita, chloridy:
hore¢naty, vapenaty, zinoc¢naty a pod.) alebo
ako vodné disperzie vhodnych polymérov s
pridavkom retardanych a penotvornych
zloziek (intumescentné naterové latky) [1, 3].

Z hladiska pouzitej technologie ochrany
mozeme hovorit’ o systémoch ochrany na baze
mokrej  technoldgie  (omietky, nastreky,
obetonovanie), suchej technoldgie (obklady)
alebo naterovymi systémami [6]. Medzi
praktické postupy retardacie horenia dreva
patria: tlakova impregnacia, povrchové Upravy,
pridanie retardéra horenia pocas vyrobného
procesu a iné sposoby spracovania retardujuce
plamen/horenie (napr. nanokompozitné
systémy alebo chemo-enzymaticky sposob
modifikacie celul6zovych materialov [4].

Dalej uvadzame niekolko aktualnych prac
zameranych na retardaciu horenia dreva a jeho
testovanie.

Bogdanova, Kobets a Kirlitsa [7] sktimali
faktory, ktoré maji vyznamny vplyv na
ukoncenie horenia prirodnych materidlov
(drevo a raSelina) s pouzitim syntetickych
retardérov horenia s obsahom dusika a fosforu
s roznou ucinnostou. Pouzitim metody
matematického  navrhu  experimentu  sa
potvrdilo, Ze inhibicia radikalovych procesov v
plynnej faze prchavymi produktmi
obsahujucimi dusik je prevladajucim procesom
pri potlaCani horenia. Zistilo sa, ze synergicky
uc¢inok dusika a fosforu je urfeny ich
komplexnym podsobenim: fosfor vstupuje
hlavne do organomineralnych S$truktur v
kondenzovanej faze a dusik inhibuje reakcie v
plynnej faze.

He et al. [8] Studovali vzorky topol’a, ktoré
boli impregnované retardérom horenia —
polyfosfore¢cnanom amoénnym pri réznych
tlakoch a trvani po ich predaprave
mikrovinnym ohrevom. Uginky tlaku a Gasu
pOsobenia na vlastnosti retardacie horenia a
potlacenie dymu sa skumali analyzou
konického kalorimetra. Maximalna rychlost’
uvolnovania  tepla  (pk-HRR),  celkové
uvolnené teplo (THR) a celkové mnozstvo
produktov horenia (TSP) modifikovanych
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product (TSP) of treated woods were compared
for samples of pretreated and untreated with
microwave. After the impregnation, the poplar
wood showed the significant improvement in
its fire resistance. Compared with non-
impregnation wood, the pk-HRR, THR, and
TSP of wood impregnated with ammonium
polyphosphate at pressure of 0.4MPa and
duration of 10 min were 48.29%, 35.58%, and
68.64% less, respectively. The pk-HRR, THR,
and TSP of microwave pretreated wood was
15.89%, 5.69%, and 13.59% less than those
without microwave pretreated sample. They
stated that the microwave pretreatment of
wood can increase fire retardant effectiveness
of ammonium polyphosphate-impregnated
wood.

Merk, Chanana and Gaan [9] studied the
precipitation of CaCOs mineral in Norway
spruce and European beech wood by
alternating impregnation with aqueous and
alcoholic electrolyte solutions. Microstructural
imaging by SEM and confocal Raman
microscopy showed the distribution of calcite
and vaterite as two CaCOj3 polymorphs, which
were deposited deep inside the cellular
structure of the wood. The confined
microenvironment of the wood cell wall
seemed to favor a formation of wvaterite, as
visible by XRD and Raman spectroscopy. In
view of a practical application, they stated that
the mineralization of wood opens ways for
sustainable wood-based hybrid materials with
a significantly improved fire resistance.
Beyond that, this versatile solute-exchange
approach provides an opportunity for the
incorporation of a broad range of different
mineral phases into wood for novel material
property combinations.

Gasparik et al. [10] focused flammability
characteristics of thermally modified oak wood
treated with a fire retardant. The flammability
characteristics were determined for oak wood
(Quercus robur L.), which was thermally
modified at 160, 180, and 210 °C.
Subsequently, the thermally modified and
unmodified wood was treated with a fire
retardant. The effect of the thermal
modification (TM) and fire-retardant treatment
(FRT) on the weight loss (WL), burning rate
(BR), maximum burning rate (MBR), and time
to reach the maximum burning rate (TRMBR)
drevin  boli  porovnané so  vzorkami
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predupravenymi a neupravenymi mikrovinnym
ohrevom. Po impregnacii vykazovalo topol'ové
drevo vyrazné zlepSenie termickej odolnosti. V
porovnani s drevom bez impregnacie, pk-HRR,
THR a TSP dreva impregnovaného
polyfosfore¢nanom amoénnym pri tlaku 0,4
MPa a trvani 10 minuat boli o0 48,29%, 35,58%
a 68,64% nizSie. Hodnoty pk-HRR, THR
a TSP dreva predupraveného mikrovinnym
ohrevom boli o 15,89%, 5,69% a o 13,59%
nizSie ako hodnoty vzoriek neupravenych
mikrovinnym ohrevom. Autori uvadzaju, Ze
preduprava dreva mikrovinnym ohrevom moze
zvysit  UCinnost’  samozhaSania  dreva
impregnovaného polyfosfatom aménnym.

Merk, Chanana a Gaan [9] Studovali
zrazanie mineralu CaCOs v smreku obyCajnom
abuku lesnom striedavym impregnovanim
vodnym a alkoholovym elektrolytovym rozto-
kom. Mikrostrukturalne zobrazovanie
pomocou SEM a konfokalnej Ramanovej
mikroskopie ukazalo distribaciu kalcitu a
vateritu ako dvoch polymorfov CaCOs, ktoré
boli ulozené hlboko v bunkovej Struktare
dreva. Zda sa, Ze uzavreté mikroprostredie
steny drevenych bunick podporuje tvorbu
vateritu, ¢o je zrejmé z XRD a Ramanovej
spektroskopie. S ohladom na praktické
uplatnenie autori uviedli, Ze mineralizacia
dreva otvara cestu pre trvalo udrzatené
hybridné materialy na baze dreva s vyrazne
zlepSenou poziarnou odolnost'ou. Okrem toho
tento postup vymeny rozpustnych latok dava
moznosti na zaclenenie Sirokej Skaly roznych
mineralnych faz do dreva za ucelom ziskania
novych kombinacii materialovych vlastnosti.

Gasparik et al. [10] sa zamerali na §tidium
charakteristik horl’avosti tepelne
modifikovaného dubového dreva oSetreného
retardérom horenia. Charakteristiky horlavosti
boli stanovené¢ pre dubové drevo (Quercus
robur L.), ktoré bolo tepelne modifikované pri
160, 180 a 210 °C. Nasledne bolo tepelne
modifikované a nemodifikované drevo
oSetrené retardérom horenia. Vyhodnoteny bol
vplyv tepelnej modifikacie (TM) a oSetrenia
retardérom horenia (FRT) na ubytok hmotnosti
(WL), rychlost horenia (BR), maximalnu
rychlost’ horenia (MBR) a ¢as na dosiahnutie
maximalnej rychlosti horenia (TRMBR).
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were evaluated. The FRT had an expected
positive effect on all the flammability
characteristics, where the WL, BR, and MBR
decreased, and the TRMBR increased. The TM
temperature did not have a clear effect. As the
TM temperature increased, the WL and BR
decreased. The highest differences were found
at 160 and 180 °C. As the TM temperature
increased for the wood without the FRT, the
TRMBR decreased. During the burning of the
thermally modified wood with the FRT, the
trend was the exact opposite.

Grzeskowiak [11] studied effectiveness of
new wood fire retardants using a cone
calorimeter. Analysis was conducted for two
preparations, Al containing guanidine
carbonate and A2 with urea, in accordance
with the standard ISO 5660-1 and nonstandard
method using Mini Fire Tube. Samples of
Scots pine (Pinus sylvestris L.) wood were
protected using the above-mentioned mixtures
applied under vacuum. Recorded results for
pine wood impregnated with the tested
preparations at a concentration of 15% showed
that they have high fire-retardant effectiveness
at the intensity of the radiant heat of 35kW/m?.
An increase in the number of nitrogen atoms in
the preparation provides greater fire-retardant
effectiveness of the agent.

He et al. [12] used the silica sol (SiO» sol)
and K,COs as flame retardants for wood. The
synergistic effect of SiO; sol and K,COs on the
flame retardancy, leaching resistance, and
thermal properties of wood was investigated.
The limiting oxygen index results revealed a
significant improvement in the flame
retardancy and leaching resistance of the wood
sample treated with K»COj; and SiO; sol using
the double bath technique. The thermal
analysis results showed that the synergistic
effect of K»COs and the SiO; sol effectively
prolonged the degradation of the wood sample
during the charring stage and improved the
stability of the char residue. The
thermogravimetry-mass spectrometry analysis
and scanning electron microscopy results
showed that K,CO; catalysed the degradation
reaction of the wood sample at lower
temperatures resulting in an increase in the
water and carbon dioxide output, and the SiO,
sol formed a compact and melted barrier on the
surface of the char residue, which hindered the
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FRT mal ocakavany pozitivny ucinok na
vSetky charakteristiky horl’avosti, kde WL, BR
a MBR klesali a TRMBR réastol. Teplota TM
nemala jasny ucCinok. Ked sa teplota TM
zvySila, WL a BR sa znizili. Najvyssie rozdiely
boli zistené pri 160 a 180 °C. Ked’ sa teplota
TM zvysila pri dreve bez FRT, TRMBR sa
znizil. Pocas spalovania tepelne upraveného
dreva s FRT bol tento trend presnym opakom.

Grzeskowiak [11] Studoval ucinnost
novych retardérov horenia dreva pomocou
kénického kalorimetra. Analyza sa uskuto¢nila
pre dva  pripravky, Al  obsahujuci
guanidinkarbonat a A2 s mocovinou, ato v
sulade s normou ISO 5660-1 a s nenormovou
metodou s pouzitim Mini Fire Tube. Vzorky
dreva borovice lesnej (Pinus sylvestris L.) boli

oSetrené  vySSie  uvedenymi  zmesami
aplikovanymi vo vakuu. Vysledky testov
borovicového dreva impreg-novan¢ho

uvedenymi pripravkami v koncen-tracii 15%
ukazali, ze uvedené pripravky maji vysoki
ucinnost’ spomalujucu horenie pri intenzite
salavého tepla 35 kW/m?. ZvySenie poltu
atomov dusika v pripravku poskytuje vysSiu
ucinnost’ latky retardujucej horenie.

He et al. [12] pouzili roztok oxidu kremicitého
(8i0,) a K»COs, ako latky retardujiice horenie
dreva. Skimany bol synergicky G¢inok SiO»
roztoku a K»COs na retardaciu horenia,
odolnost’ proti vyluhovaniu a tepelné vlastnosti
dreva. Vysledky limitného kyslikového ¢isla
poukazali na vyznamné zlepSenie odolnosti
voCi horeniu a vylthovaniu drevnej vzorky
oSetrenej K,COs a SiO; s pouzitim techniky
dvojitého kupela. Vysledky tepelnej analyzy
ukazali, ze synergicky t¢inok K,COs3 a roztoku
SiO, G¢inne predizil degradaciu vzorky dreva
pocas S§tadia zuholnatenia a zlepSil stabilitu
zuholnateného zvySku. Vysledky termogra-
vimetrickej hmotnostnej spektrometrie a
skenovacej elektronovej mikroskopie ukazali,
ze KoCO; katalyzuje degradacnu reakciu
vzorky dreva pri nizSich teplotach, ¢o vedie k
zvyseniu uvolfovania vody a oxidu
uhli¢itého a roztok oxidu siri¢itého vytvara na
povrchu kompaktnu a roztavent bariéru, ktora
brani prenosu tepla a horlavych plynov v
kondenzovanej faze. Kombinacia K,CO; a
SiO; roztoku sa teda ukéazala ako slubny
systém retardujici horenie dreva.
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transfer of heat and combustible gases in the
condensed phase. Thus, the combination of
K>,CO; and SiO: sol they proved to be a
promising flame-retardant system for wood.

Mitterova, Zachar and Majlingova [13]
focused the assessment of the chemical
substance with fireproof function application
effect on the thermal resistance of spruce
wood. The results showed the change in effect
of the protective substance at varying
concentration and method of application
(coating, retting), and thus also the different
values of observed variables (mass loss, time
of ignition) of tested spruce samples.

2 Material and Methods

We have subjected the experiment to
samples of spruce (Picea abies), representing
the most widely used wood in structures. The
50 x 40 x 10 mm samples were free of
anatomical and other errors and their humidity
ranged from 8.2% to 8.7%.

The samples of spruce wood were treated
with PLAMOR OK V2026 fireproof coating
produced by CHEMOLAK spA. It is a one-
component, water-dilutable coating based on a
flame-retardants mixture in a polyvinyl acetate
dispersion, with the addition of auxiliary
additives. In the combustion process, by its
thermal decomposition on the wood surface, it
forms a thick foamed layer that insulates the
surface of the treated material from the heat
source.

The application of the substance was done
with a brush, in amount of 0.8 g/ one sample /
one coat (calculated according to the
manufacturer's instructions, who recommended
the amount of 400g / m?) and in various
concentrations: in undiluted - 100%
concentration and diluted with water at 3:1 and
1:1 ratio. The substance at the concentrations
indicated was applied in the form of a single-
layer and two-layer coating, with a time
interval of 24 h, left between the individual
coatings. Five representative samples were
prepared for one testing set.

The test method used for evaluation and the
schematic representation of which is shown in
Fig. 1, is a non-standard method. It allows to
measure the mass loss of the test sample
underthe effect of radiant heat loading.
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Mitterova, Zachar a Majlingova [13] sa

zamerali na hodnotenie chemickej latky
s protipoziarnym  U¢inkom na  termicka
odolnost  smrekového dreva. Vysledky

preukazali zmenu v ucinku ochrannej latky pri
meniacej sa koncentracii a sposobe aplikacie
(nater, macanie), a tym aj na roézne hodnoty
pozorovanych veli¢in (ubytok hmotnosti, ¢as
zapalenia) testovanych vzoriek smreka.

2 Material a metédy

Experimentu sme podrobili vzorky smreka
obyCajného (Picea abies), reprezentujlice
najviac pouzivani drevinu v konStrukciach
stavieb. Vzorky s rozmermi 50 x 40 x 10 mm
boli bez anatomickych a inych chyb a ich
vlhkost’ sa pohybovala od 8,2% do 8,7%.

Vzorky uvedenej dreviny boli povrchovo
upravené protipoziarnym naterom PLAMOR
OK V2026 od vyrobcu CHEMOLAK a.s.
Jedna sa o jednozlozkovd, vodou rieditelnt
naterova latku na baze zmesi retardérov
horenia v polyvinylacetatovej disperzii, s
pridavkom pomocnych aditiv. V procese
horenia vytvara svojim tepelnym rozkladom na
povrchu dreva hrubu napenenu vrstvu, ktora
izoluje povrch oSetreného materialu od
tepelného zdroja.

Aplikacia latky bola vykonana pomocou
Stetca, v mnozstve 0,8 g/jedna vzorka/jeden
nater (prepocet bol vykonany podla navodu
vyrobcu, ktory odporuca 400g/m?) a v roznych
koncentraciach: v neriedenej — 100 %
koncentrécii a riedena vodou v pomere 3:1 a
1:1. Latka v uvedenych koncentraciach bola
nanasana formou  jednovrstvového a
dvojvrstvového nateru, priCom ¢asovy odstup
medzi jednotlivymi natermi bol 24 hodin. Pre
jeden skuSobny subor bolo pripravenych pat’
reprezentativnych vzoriek.

Testovacia metdda, ktord bola pouzita pre
hodnotenie, a ktorej schematické zndzornenie
je na obr. 1, je nenormova metdéda. Umoznuje
merat’t hmotnostny  ubytok testované¢ho
materialu pri  posobeni salavého tepla.
Experiment spoc¢iva vo vystaveni skiSobnych
telies G¢inku tepelného infraziarica s vykonom
1000 W po dobu 600 sekiund, vo vzdialenosti
30 mm od povrchu Ziariaceho telesa. Pocas
skasky sa v pravidelnych 10 — sekundovych
intervaloch zaznamenava ubytok hmotnosti
avizualne sa sleduje pripadné vznietenie
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The experiment consists in subjecting the
sample body to the effect of infrared heater
with a power of a 1,000 W for 600 s, at 30 mm

vzoriek, s vykonanim ¢asového zaznamu, ak
uvedeny jav nastane.

Z nameranych hodnoét sa vypocita relativny

from the surface of the heater body. During the
test, mass loss is recorded at regular 10 s
intervals, and any sample ignition is monitored
visually, with a time recording if the
phenomenon occurs.

ubytok hmotnosti (1) a relativna rychlost’
odhorievania (2) [14].

From the measured values, the relative
mass loss (1) and the relative burn-off rate (2)
are calculated [14].

b, (e)= 2010 g o (1)
) :|5m(r)—5m(r+ﬁrl (%~s'1)
g At (2)

Where: 6,,(t) — relative mass loss over time (1) (%); v, — relative burning rate (%.s™); m(zg) — sample original
weight (g); m(t) — sample mass at time (t) (g); om (t + t A) — relative mass loss over time (7 + Az) (%); At — the
time interval at which weights (s) are read.

Kde: d,(t) — relativny tbytok hmotnosti v ¢ase (1) (%); v- — relativna rychlost’ odhorievania (%-s™); m(zy) —
p6vodna hmotnost’ vzorky (g); m(z) — hmotnost’ vzorky v ¢ase (1) (g); om (t + T A) — relativny Gbytok hmotnosti v
Case (7 + Az) (%); At — Casovy interval, v ktorom sa odc¢itavaju hmotnosti (s).

Fig. 1 Testing method for evaluation of mass loss
Obr. 1 Testovacia metoda na hodnotenie hmotnostného ubytku
1 — infrared heater / infraziari¢, 2 — metal stands / kovové stojany, 3 — scales protection / ochrana véh, 4 —
electronic scales / elektronické vahy, 5 — tested sample / skiiSobna vzorka, 6 — sample holder / drziak vzorky

3 Results and Discussion 3 Vysledky a diskusia

Pri skaske salavym teplom bol hodnoteny
ubytok hmotnosti skasobnych vzoriek.

Mass loss of the test samples was evaluated
in the radiant heat loading test.

Kone¢né hodnoty tubytku na hmotnosti
testovanych  vzoriek uvadza tab. 1.

The resulting mass loss values of the tested
samples are introduced in Tab. 1.

86
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Tab. 1 Resulting mass loss values of non-treated and treated spruce samples
Tab. 1 Vysledné hodnoty ubytku hmotnosti neoSetrenych a retarda¢ne upravenych smrekovych

vzoriek
Mass loss of tested samples / Ubytok hmotnosti testovanych
Application / Aplikacia vzoriek (%) Average /
Priemer
1 3 4 5
Non-treated samples / Neosetrené vzorky 89.02 89.84 90.40 92.36 93.68 91.06
1-layer 100 % 1 x 36.75 21.94 28.09 26.81 28.96 28.51
coating /
1 vrstvovy 75 % 1 x (3:1 ratio) 28.67 35.75 36.44 31.18 30.65 32.14
At
rater 50% 1 x (1:1 ratio) 64.76 67.94 61.00 67.46 6427 65.09
2-layer 100 % 2 x 15.98 15.37 12.38 13.73 14.20 14.33
coating / 2
vrstvovy 75 %2 x (3:1 ratio) 17.49 22.03 20.59 17.20 21.38 19.74
at
fatet 50% 2 x (1:1 ratio) 2737 29.77 3123 30.57 48.19 33.43

The table of final mass loss values for
spruce wood samples clearly shows that the 2-
layer 100% coating was the most effective.
This way treated samples had the lowest mass
loss values from all test groups (on average
76.7% lower than untreated samples). Very
good values were also found in samples with
2-layer coating with concentration of 75 %,
whose mass loss was only slightly higher,
(about 5.4%) compared to a 2-layer coating
with concentration of 100%. After the non-
treated samples, samples with 1-layer coating
and 50% concentration of flame retardant
reached the worst (highest) mass loss values.

Fig. 2 shows a graph of the relative mass

loss of spruce samples over time.
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Tabulka kone¢nych hodnoét ubytku hmotnosti
vzorieck smrekového dreva jednoznaéne
ukazuje, ze 2 vrstvovy 100% nater bol
najucinnejsi. Vzorky stouto upravou mali
najniz§ie hodnoty Ubytku hmotnosti zo
vSetkych testovanych skupin (v priemere
0 76,7% nizsie ako neoSetrené vzorky). Velmi
dobré hodnoty vykazovali aj vzorky s 2
vrstvami  75%  nateru, ktorych ubytok
hmotnosti bol len o nieCo vyssi (cca o 5,4%)
v porovnani s 2 vrstvovym 100% naterom. Po
neosetrenych vzorkach mali najhorSie hodnoty
ubytku hmotnosti vzorky s 1 vrstvou 50%
nateru.

Na obr. 2 uvadzame graf zavislosti ubytku
hmotnosti smrekovych vzoriek na Case.

400 600

Time / Cas (s)

100 % 1x

100 %o 2x 75 % 1x

50% 2x

Fig. 2 Dependence of mass loss over time on non-treated and retardant treated spruce samples
Obr. 2 Zavislost’ ibytku hmotnosti na ¢ase neupravenych a retarda¢ne upravenych smrekovych

vzoriek
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From the course of the curves in Fig. 2 is
evident that the mass loss values of untreated
samples and samples treated with 1-layer
coating with concentration of 50% started to
increase more rapidly after the first minute of
the test. We note that the time of rapid increase
in weight loss corresponds to the time of
ignition of the samples (in case of untreated
samples, the ignition occurred on average in 66
s, and in case of samples treated with 1-layer
of 50 % concentration coating ignition
occurred in 92 s on average). With regard to
other treatments, the retarder has formed a
sufficiently effective protective layer to
prevent the ignition of samples and thus a rapid
increase in mass loss values. The graph shows
that the best protection was provided by a 2-
layer undiluted coating, a slightly worse result
was achieved by application of 2-layer coating
with concentration of 75%. Samples with
100% concentration 1-layer coating showed
increased mass loss values mainly after
seventh minute. Samples with 1-layer coating
with  75% concentration achieved results
comparable to those of 2-layer coating with
50% concentration, indicating the same
efficiency.

The protective function of the retardant
used was to form a foam layer that isolated the
treated spruce samples from the heat source. In
Fig. 3, which shows the samples after the test,
we can see that the foaming height and thus the
protective function depended on the number of
coating layers and the dilution ratio. The
greatest foaming occurred when applying 2
layers coating with concentration of 100%,
somewhat less foaming was observed when
applying 2 layers coating with concentration of
75%. As the results showed, these two
applications gave the tested samples the best
protection and thus provided the lowest mass
loss, too.

Delta 2019, 13(1):80-91

88

Z priebehu kriviek na obr. 2 vidiet, zZe
hodnoty Ubytku hmotnosti neoSetrenych
vzoriek a vzoriek oSetrenych 1 vrstvou 50%
nateru zacali rychlejSie narastat’ uz po prvej
minute testu. Konstatujeme, ze Cas rychleho
narastu ubytku hmotnosti koreSponduje s
Casom vznietenia vzoriek (pri neoSetrenych
vzorkach doslo k vznieteniu priemerne v ¢ase
66 s; pri vzorkach osetrenych 1 vrstvou 50%
nateru priemerne v ¢ase 92 s). Co sa tyka
ostatnych uprav, retardacna latka vytvorila
dostatoéne uc¢inni ochranni vrstvu, ktord
zabranila vznieteniu vzoriek a tym aj rychlemu
narastu hodndét ubytku hmotnosti. Z grafu
vidiet’, ze najlep$ia ochrana bola zabezpecena
2 vrstvovym neriedenym naterom, o nieco
horsi vysledok bol dosiahnuty aplikaciou 2
vrstiev 75% nateru. Vzorky so 100% naterom
vjednej vrstve vykazovali zvySené hodnoty
ubytku hmotnosti hlavne po siedmej minute.
Vzorky s 1 vrstvou 75% nateru dosiahli
vysledky  porovnateIné s vysledkami 2
vrstvového 50% nateru, ¢im poukazali na
rovnakil u¢innost’.

Ochranna funkcia pouzitej retardacnej latky
spocivala vo vytvoreni penovej vrstvy, ktora
izolovala oSetrené smrekové vzorky od
tepelného zdroja. Na obr. 3, ktory zobrazuje
vzorky po teste vidime, ze vySka napenenia
atym aj ochranna funkcia zavisela od poctu
nanaSanych vrstiev aod pomeru riedenia.
vrstiev 100% nateru, onieCo menSie
napenenie bolo zaznamenané pri aplikacii 2
vrstiev  75%  nateru. Ako  vyplynulo
s vysledkov, tieto dve aplikdcie poskytli
testovanym vzorkdm najlepSiu ochranu a tym
zabezpecili aj najnizsi ubytok hmotnosti.



13(1): 80-91, 2019

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.1.60

Non-

100% 1 x 100 % 2 x

7S%1x

75%2x 50% 1x 50% 2 x

» ‘t'k

U
,g-,
,

—_— -'-.ﬂ-

Fig. 3 Photo documentation of spruce samples after thermal loading
Obr. 3 Fotodokumentacia smrekovych vzoriek po termickom zat’aZeni

4 Conclusions

The aim of the experiments was to
determine the influence of the concentrations
and number of layers of the selected flame
retardant coating on the mass loss of spruce
wood samples.

Based on the results of the study, we can
state the following:

- The use of a flame retardant resulted in a
decrease in the mass loss of the treated
samples against untreated.

- Regarding the dilution effect on retardant
efficiency, we can conclude that efficiency
decreased with increasing dilution ratio.

- Similar statement can be applied when
comparing the effect of the number of
coating layers on the treatment efficiency,
i.e. PLAMOR OK 1-layer coating gave
less protection than 2-layer application.

It is also possible to see from the test results
how the dilution and the number of layers of
coating affects the efficiency of the flame
retardant and the importance of the fire
protection and fireproof treatment of wood
material and wooden constructions.
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4 Zaver

Cielom experimentov bolo zistit' vplyv
koncentracii apoCtu  vrstiev  vybrané¢ho
protipoziarneho nateru na ubytok hmotnosti
vzoriek smrekového dreva.

Vychadzajac z vysledkov S$tudie modzeme
konstatovat’ nasledovné:

- pouzitim ochrannej latky doSlo k poklesu
ubytku hmotnosti oSetrenych vzoriek voci
neosetrenym,

- Co sa tyka vplyvu riedenia na ucinnost
retardacnej latky, mozeme konstatovat, ze
ucinnost’  klesala so zvySujucim sa
pomerom riedenia,

- podobné konStatovanie plati aj pri
porovnani vplyvu poétu nanasanych
vrstiev na aCinnost  ochrany, tzn.
jednovrstvovy nater latky PLAMOR OK
poskytol slabsiu ochranu ako pri aplikacii
v dvoch vrstvach.

Z vysledkov testovania je mozné tiez vidiet’
ako ovplyviluje riedenie a pocet vrstiev
naterovej latky jej ucinnost a vyznam
protipoziarnej ochrany a protipoziarnej tpravy
konsStrukcii z dreva a drevenych materialov.




FIRE PROTECTION & SAFETY Scientific Journal
A@eém 13(1): 80-91, 2019

DOI: 10.17423/delta.2019.13.1.60

According to the test results, a good choice
for the treatment of spruce wood with
PLAMOR OK V2026 is its application in
undiluted form and 2 layers. Application of
this substance at 75% concentration and 2
layers was also advantageous, although it has a
somewhat weaker effect compared to the
undiluted form. It may be a better choice over
the undiluted form in terms of applicability
(spread ability), with the formation of lumps.

Very important role in case of fire plays
time, i.e. time to evacuate persons, animal and
valuable things, structures fire resistance time,
time to take effective action. This time can be
gained just by fire protection of structures
using flame retardants.
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