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Toxicity of Combustion Products of Electrical Cables
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Abstract

In the areas of high fire risk, especially assembly occupancies, the most member counties of the European Union
require or recommend electrical cables with the minimum reaction to fire class of B2, s1, d1, al. Although the
combustion products cause most fire victims, the reaction to fire class does not assess the toxicity of combustion
products in any way. Therefore, the toxicity of combustion products of electric cables with reaction to fire class
of B2¢, 51, d1, s1 is a widely discussed issue in fire engineering. The aim of the present study is to determine the
toxicity of the combustion products of selected electric cables with a reaction to fire class of B2, s1, d1, al.
Two CHKE-R J3x1.5 and CHKE-V J3x1.5 power cables, as well as one J-H(St)H control cable, were examined.
The cables were tested on a cone calorimeter in a horizontal position at a heat flux of 50 kW.m2. The cone calo-
rimeter and test procedure were in accordance with ISO 5600-1:2015. The toxicity of the combustion products
was expressed by the critical ratio of the length of the burning cable to the volume at which the combustion
products were dispersed and the fractional effective dose reached 0.3 in less than 1,800 seconds. Examined elec-
trical cables showed a given ratio in the range of 1:1.5 to 1:2 m.m,

Keywords: combustion products; electrical cable; fire risk assessment; fractional effective dose; toxicity

1 Introduction 1 Uvod

Toxicity of combustion products is the most

o mpoL > Toxicita produktov horenia je najvyznam-
significant negative impact of the fire. Accord-

nejSim negativnym dopadom poziaru. Podla

ing to scientific works [1-4], combustion prod-
ucts are the cause of most (50 to 90%) of the
victims of fire.

Combustion products show a high risk es-
pecially in areas with high density of occupan-
cy by persons (especially meeting place and
evacuation routes), in areas with occurrence of
children (particularly nurseries) and in health
facilities (particularly anaesthesiology-
resuscitation department and intensive care
unit). An important source of combustion
products in these areas are electrical  cables.

Delta 2018, 12(1):5-16.

vedeckych prac [1-4] st produkty horenia pri-
¢inou vacsiny (50 az 90 %) obeti poziaru.

Produkty horenia predstavuju vysokeé riziko
najmd v priestoroch s vysokou hustotou obsa-
denia osobami (najméd zhromazd’ovacie prie-
story atunikové cesty), v priestoroch
s vyskytom deti (hlavne jasle a $kdlky) a
Vv zdravotnickych zariadeniach (najmi aneste-
ziologicko-resuscitacné oddelenia a jednotky
intenzivnej starostlivosti). Vyznamnym zdro-
jom produktov horenia v tychto priestoroch
su elektrické kable.
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STN 92 0203:2013 [5] requires in most areas
with high fire risk for the lives and health of
persons the use of electric cables with mini-
mum reaction to fire class of B2, s1, d1, al.
Similarly technical regulations TP 13/2015 [6]
requires almost all electrical cables in tunnels
minimum reaction to fire class of B2, s1, d1,
al. Electric cables with the reaction to fire
class of B2¢, s1, d1, al are currently the most
used in the Slovak Republic in areas with high
fire risk for persons. At the same time, accord-
ing to [7] prepared amendment to the federal
state building regulations in the Federal Re-
public of Germany, so that virtually in all areas
of high fire risk to persons may be used only
electric cables with minimum reaction to fire
class of B2ca, s1, d1, al. The same approach is
expected in virtually all the member countries
of the European Union.

The reaction to fire class of the electric ca-
ble quantifies its contribution to the develop-
ment of the fire. Additional classification for
smoke production reflects the optical density
of the smoke, the additional classification for
burning droplets quantifies the burning drops
falling from the electric cable during a fire and
the additional classification on the acidity of
combustion products quantifies the acidity of
the distilled water into which the combustion
products are captured. The issue of the reaction
to fire class of construction products is de-
scribed in more detail in the scientific paper
[8]. However, the reaction to fire class and the
additional classifications do not in any way
assess the toxicity of the combustion products.
It has not yet been published scientific work
investigating the toxicity of combustion prod-
ucts of electric cables with reaction to fire class
of B2, sl, d1, al. Data on the toxicity of
combustion products are particularly important
for fire engineering (mainly for calculating the
toxicity of combustion products in space and
available safe egress time). This issue is de-
scribed in detail in scientific papers [9-12].

The toxicity of combustion products is ex-
pressed by fractional effective dose (FED).
The fractional effective dose depends on the
concentration of the main combustion products
(especially carbon monoxide, hydrogen cya-
nide, hydrogen compounds, carbon dioxide,
and oxygen concentration decrease). FED
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products of combustion from materials that do
not contain nitrogen and halogens

Technicka norma STN 92 0203:2013 [5] vyza-
duje vo vicsine priestorov s Vysokym poziar-
nym rizikom pre zivoty a zdravie 0so6b pouzi-
vanie elektrickych kablov s triedou reakcie na
oheni minimalne B2, s1, dl, al. Rovnako
technicky predpis TP 13/2015 [6] vyzaduje
takmer pre vSetky elektrické kable v tuneloch
triedu reakcie na ohefi minimalne B2, S1, d1,
al.Elektrické kable s triedu reakcie na ohen
B2., sl, dl, al si teda v sGcasnosti
v Slovenskej  republike  najpouzivanejSie
v priestoroch s vysokym poziarnym rizikom
pre osoby. Sucasne sa podla [7] pripravuje
novelizacia federdlnych S$tatnych stavebnych
predpisov v Spolkovej republike Nemecko,
tak, aby prakticky vo vSetkych priestoroch
S vysokym poziarnym rizikom pre osoby mohli
byt pouzivané len elektrické kable s triedou
reakcie na ohefi minimalne B2, s1, d1, al.
Rovnaky postup je ocakavany prakticky vo
vsetkych clenskych Statoch Eurdpskej tinie.

Trieda reakcie na ohen elektrického kabla
kvantifikuje jeho prispevok k rozvoju poziaru.
Doplnkova klasifikacia na tvorbu dymu vyjad-
ruje optickdl hustotu dymu, doplnkova klasifi-
kacia na tvorbu horiacich kvapiek kvantifikuje
horiace kvapky opadavajice z elektrického
kabla pocas poziaru a doplnkova klasifikacia
na kyslost produktov horenia kvantifikuje
kyslost’ destilovanej vody, do ktorej st zachy-
tené produkty horenia. Problematika triedy
reakcie na oheni stavebnych vyrobkov je po-
drobnejsie opisana vo vedeckej praci [8]. Trie-
da reakcie na ohen a rovnako doplnkové klasi-
fikacie vsak ziadnym sposobom nehodnotia
toxicitu produktov horenia. Doteraz nebola
publikovana vedecka praca skimajuca toxicitu
produktov  horenia  elektrickych  kablov
s triedou reakcie na ohefi B2¢s, s1, d1, al. Uda-
je otoxicite produktov horenia st dolezité
najma pre poziarne inZinierstvo (predovsetkym
pre vypocet toxicity produktov horenia
v priestore acasu dostupného na evakuaciu
0s0b). Tato problematika je podrobne opisana
vo vedeckych pracach [9-12].

Toxicita produktov horenia sa vyjadruje
frakénou efektivnou davkou (FED). Frakcna
efektivna davka zavisi od koncentracie hlav-
nych produktov horenia (predovsetkym oxid
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in their structure are counted as sum of FED of
carbon monoxide (FEDco) and FED of oxygen
concentration decrease (FEDo2). FEDco is
calculated according to equation (1) ISO
13571: 2012 [13] and FEDo; is calculated ac-
cording to equation (2) that is stated e.g. in
verification method C/VM2: 2013 with com-
mentary [14].

to, [CO]

FEDco = (Zf 35000

At)

At

uholnaty, Kyanovodik, zIuceniny vodika s
halogénmi, oxid uhli¢ity a pokles koncentracie
kyslika). FED produktov horenia z materialov,
ktoré neobsahuji vo svojej Strukture dusik
a halogény sa pocita ako sucet FED oxidu
uholnatého (FEDco) a FED poklesu koncen-
tracie kyslika (FEDo2). FEDco sa pocita podl'a
rovnice (1), ktort uvadza napr. ISO
13571:2012 [13] a FEDo; sa pocita podla rov-
nice (2), ktort uvadza napr. verifikacna metoda

FED,, =

FEDco: fractional effective dose of CO (-)
CO: average concentration of CO (ppm)

At: time increment (min)

CO.: average concentration of CO; (vol. %)
FEDog: fractional effective dose of O (-)
O>: average concentration of O (vol. %)

The average concentration of CO; in equa-
tion (1) is taken into account only if it is higher
than 2 vol. %.

FED = 1 means that 50% of people exposed
to combustion products lose consciousness.
Loss of consciousness has a higher predictive
value than death; because the person has lost
consciousness cannot get out from the danger
area alone. Verification Method C/VM2: 2013
[14] requires that persons fleeing the fire have
not been exposed FED exceeding 0.3.

An important input to equations (1 and 2) is
the concentration of CO, CO; and O,. Concen-
trations of CO, CO. and O, depend not only on
the rate of their release from the burning mate-
rial to the space but also on the volume to
which the combustion products dispersed. The
volume to which the products of combustion
dispersed is determined by the geometry and
space ventilation and the heat release rate from
the fire. The detailed calculation procedure is,
for example, in scientific works [15-16]. In

Delta 2018, 12(1):5-16.

Zf (exp(8.13-0

,54(20,9-[02]))

C/IVM2:2013 s komentarom [14].
() o o
) )

FEDco: frakéna efektivna davka CO (-)
CO: priemerna koncentracia CO (ppm)

At: Casovy prirastok (min)

COy: priemerna koncentracia CO2 (0bj. %)
FEDog: frakéna efektivna davka O (-)

O2: priemerna koncentracia O (0bj. %)

Priemerna koncentracia COz Ssa V rovnici
(1) zohl'adnuje len v pripade, ak je vyssia, ako
2 obj. %.

Hodnota FED = 1 znamena, ze 50 % 0s0b
exponovanych produktmi horenia strati vedo-
mie. Strata vedomia ma vySSiu vypovednu
hodnotu, ako imrtie, nakol’ko osoba ktora stra-
tila vedomie sa uz nedokaze sama dostat’
z ohrozeného priestoru. Verifikatna metoda
C/VM2:2013 [14] vyZaduje, aby osoby unika-
juce pred poziarom neboli exponované FED
s hodnotou nad 0,3.

Dolezitym vstupnym udajom do rovnic (1
a 2) je koncentracia CO, CO: a O,. Koncentra-
cie CO, CO; a O; nezavisia len od rychlosti ich
uvolnovania z horiaceho materiadlu do priesto-
ru, ale aj od objemu do ktorého sa produkty
horenia rozptylia. Objem do ktorého sa pro-
dukty horenia rozptylia je determinovany
geometriou a odvetranim priestoru
a rychlostou uvolfiovania tepla z poziaru. Po-
drobny postup vypoctu je napr. vo vedeckych
pracach [15-16]. Z dovodu zachovania
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order to maintain the possibility of applying
the data calculated according to equations (1)
and (2) for different

spaces with variable ventilation parameters, the
FED is often determined for the different vol-
umes to which the combustion products dis-
persed, for the different ratios of the area or of
burning material (product) and the volume to
which the products of combustion (emitted
from the unit length or area of the burning
material) dispersed.

The aim of this paper is to determine the
fractional effective dose of combustion prod-
ucts from selected electric cables with reaction
to fire class of B2ca, s1, d1, al, for the ratio of
the burning cable length to the volume at
which the combustion products are dispersed
1:0.5, 1:1, 1:1.5 and 1:2 m.m, and to deter-
mine the critical ratio at which the fractional
effective dose reaches value of 0.3 for 1,800
seconds.

2 Material and methods

The research was subjected to samples of
three electric cables with the reaction to fire
class of B2ca, sl, di, al, manufactured by
VUKI, a.s., Slovak Republic. Electrical cables
have been marked as CHKE-R 3Jx1.5 (CHKE-
R), CHKE-V 3Jx1.5 (CHKE-V) and J-H(St)H
1x2x0.8 (J-H(St)H).

CHKE-R and CHKE-V electrical cables
consist of three insulated copper conductors
with a cross-section of 1.5 mm?, the cable coat-
ing and the bedding between the insulated
conductors and the cable coating. The insula-
tion of the electrical conductors, the bedding
and the cable coating are constituted by an
ethylene-based polymer. Also, the insulated
electric conductors in the CHKE-V cable are
wound with mica tape. The CHKE-R and
CHKE-V cable is a power cable designed to
power electrical equipment. The CHKE-V
cable is resistant to flame spread over the cable
harness and maintains its functionality under
fire conditions for at least 180 minutes. It is
mainly used to power electrical equipment for
which functionality is required during a fire.
The CHKE-R cable is resistant to flame spread
over the cable harness. It is mainly used in
areas where non-flame spreading cables are

Delta 2018, 12(1):5-16.

moznosti aplikdcie udajov vypocitanych podla
rovnic (1) a (2) pre rozne priestory
S variabilnymi parametrami odvetrania sa FED
Casto stanovuje pre rdzne objemy do ktorych
sa produkty horenia rozptylia, resp. pre rozne
pomery plochy alebo dizky horiaceho materia-
lu (vyrobku) a objemu do ktorého sa produkty
horenia (uvolfiované z tejto jednotkovej dizky
alebo plochy horiaceho materialu) rozptylené.

Cielom predlozenej vedeckej prace je sta-
novenie frakénej efektivnej davky produktov
horenia z vybranych elektrickych  kablov
s triedou reakcie na ohen B2, s1, d1, al, pre
pomery dizky horiaceho kébla k objemu do
ktorého st produkty horenia rozptylené 1:0,5,
1:1, 1:1,5 a 1:2 m.m a nasledne stanovit’ kri-
ticky pomer pri ktorom frak¢éna efektivna dav-
ka dosiahne hodnotu 0,3 pocas 1 800 s.

2 Material a metédy

Vyskumu boli podrobené vzorky troch
elektrickych kablov s triedou reakcie na oheii
B2, s1, dl1, al, vyrobené spolo¢nostou VUKI,
a.s., Slovenska republika. Elektrické kable boli
oznacené, CHKE-R 3Jx1.5 (CHKE-R),
CHKE-V 3x15 (CHKE-V) aJ-H(St)H
1x2x0.8 (J-H(St)H).

Kéble CHKE-R a CHKE-V pozostavaju
ztroch izolovanych medenych vodicov
s prierezom 1,5 mm? plasta a vypliového
materidlu  medzi  izolovanymi  vodi¢mi
a plastom. Izolacia elektrickych vodicov, vy-
pliovy material aj plast’ su tvorené polymérom
na baze etylénu. Izolované elektrické vodice
v kabli CHKE-V st navyse ovinuté sl'udovou
paskou. Kabel CHKE-R aj CHKE-V je silnop-
radovy elektricky kabel na pevné uloZenie
urCeny na napajanie elektrickych zariadeni.
Kabel CHKE-V je odolny voci §ireniu plamena
po zvédzku elektrickych kablov a zachovava
svoju funk¢nost’ v podmienkach poziaru mini-
malne pocas 180 minut. Pouziva sa najmi na
napajanie elektrickych zariadeni u ktorych sa
vyzaduje funkénost' pocas poziaru. Kabel
CHKE-R je odolny voci Sireniu plamenia po
zvazku  kéblov.  Pouziva sa  hlavne
Vv priestoroch, kde sa vyzaduju elektrické kable
nesiriace plamen po povrchu. Nominalne napi-
tie elektrickych kablov CHKE-R aj CHKE-V
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required. The nominal AC voltage of the
CHKE-R and CHKE-V electric cables is 600
V AC. The CHKE-R and CHKE-V electrical
cables have an outer diameter of 8 and 9 mm,
respectively.

Cable J-H(St)H contains two insulated cop-
per conductors with a cross-section of 0.5
mm?, cable coating and bedding between insu-
lated conductors and cable coating. In addition,
the insulated electric conductors are wrapped
with shielding aluminium foil. The insulation
of the electrical conductors, the bedding and
the casing are constituted by an ethylene-based
polymer. The cable is resistant to flame spread
on the surface of the stand-alone cable. J-
H(St)H is a control cable to fixed installation.
It is mainly used to control technical devices
for which there is no requirement for function-
ality during a fire. The nominal AC power of J-
H(St)H is 225 VV AC. The J-H(St)H cable di-
ameter is 7.2 mm.

All of the examined cables were free of
halogen compounds.

The fractional effective dose of the investi-
gated cables calculated as the sum of FEDco
and FEDo2, which were calculated from equa-
tions (1) and (2). The input data for the calcu-
lation (CO, CO, and O, concentration) were
measured on a cone calorimeter. Both the cone
calorimeter and the test procedure complied
with the 1SO standard 5660-1:2015 [17]. The
orientation of the samples during the test was
in accordance with 1ISO 5660-1:2015 [17] hori-
zontal. The samples were subjected to a 50
kW.m2,

The combustion product concentrations
were calculated from the measured data for the
burner cable length ratios to the volume at
which the combustion products dispersed
1:0.5, 1:1, 1:1.5 and 1:2 m.m™. These ratios
were chosen for the following reasons. At a
lower ratio than 1:0.5 m.m™ there would be a
very rapid decrease in oxygen concentration
and no flame burning, but thermal decomposi-
tion with very limited air access (for the simu-
lation of these conditions is not a cone calo-
rimeter according to ISO 5660-1:2015 [17]
designed). Conversely, at a ratio greater than 1:
2 m.m=3, the cables examined have not reached
the critical value of the FED even after com-
plete burning. The critical ratio of the length of
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je 600 V AC. Priemer elektrickych kablov
CHKE-R a CHKE-V bol 8a 9 mm.

Kabel J-H(St)H pozostava z dvoch izolova-
nych medenych vodi¢ov s prierezom 0,5 mm?,
plasta a vypliového materialu medzi izolova-
nymi vodi¢mi a plastom. Izolované elektrické
vodice su navySe ovinuté tieniacou hlinikovou
foliou. Izolacia elektrickych vodicov, vypliovy
material aj plast su tvorené polymérom na
baze etylénu. Kabel je odolny voci sireniu
plamena po povrchu samostatne stojaceho
kabla. J-H(St)H je ovladaci kabel na pevné
ulozenie. Pouziva sa najmi na ovladanie tech-
nickych zariadeni, na ktoré nie su kladené po-
ziadavky na funk¢nost’ pocas poziaru. Nomi-
nalne striedavé napitie elektrického kabla J-
H(St)H je 225 V AC. Priemer elektrického
kabla J-H(St)H je 7,2 mm.

Vsetky skimané kable boli bez obsahu ha-
logénovych prvkov.

Frakéna efektivna davka skimanych kablov
bola vypocitand aku stcet FEDco a FEDoy,
ktoré boli vypocitané z rovnic (1) a (2). Vstup-
né udaje pre vypocet (koncentracie CO, CO;
a 0;) boli zmerané na konickom kalorimetri.
Konicky kalorimeter aj skuSobny postup boli
vsulade stechnickou normou ISO 5660-
1:2015 [17]. Orientéacia vzoriek pocas skusky
bola v sulade s ISO 5660-1:2015 [17] horizon-
talna. Vzorky boli pocas skusky zatazené te-
pelnym tokom z konického Ziari¢a 50 kW.m™.

Koncentracie produktov horenia boli zo
zmeranych udajov vypocitané pre pomery
diZok horiaceho kabla k objemu do ktorého sa
produkty horenia rozptylili 1:0,5, 1:1, 1:1,5
al:2 mm?3 Uvedené pomery boli zvolené
z nasledovnych dévodov. Pri menSom pomere,
ako 1:0,5 m.m?® by doslo k vel'mi rychlemu
poklesu koncentracie kyslika a d’alej by nepre-
bichalo plamenové horenie, ale termicky roz-
klad s vel'mi obmedzenym pristupom vzduchu
(na simulaciu tychto podmienok nie je konicky
kalorimeter podl'a ISO 5660-1:2015 [17] urce-
ny). Naopak, pri pomere va¢Som, ako 1:2 m.m"
% uz skiimané kable nedosiahli kritickti hodnotu
FED ani po Uplnom zhoreni vzorky. Kriticky
pomer dizky horiaceho kébla k objemu do
ktorého st produkty horenia rozptylené bol
stanoveny ako pomer, pri ktorom FED nedo-
siahla kritick hodnotu ani po 1 800 s.
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the burning cable to the volume to which
the combustion products are dispersed was
determined as the ratio at which the FED did
not reach critical value even after 1,800 sec-
onds.

3 Results and discussion

Concentrations of the main combustion
products (CO, CO; and Oy) at the ratio of the
length of the burning cable to the volume into
which the products of combustion have dis-
persed 1:1 m.m=are shown in Tab. 1.

From data in the Tab. 1 fractional effective
doses were calculated (FED), for the ratio of
the length of the burning cable to the volume
to which the combustion products are dis-
persed 1:0.5, 1:1, 1:1.5 and 1:2 m.m®. The
time dependence of calculated fractional effec-
tive doses for the cable CHKE-R is shown in
the Fig. 1, for the cable CHKE-V is shown in
the Fig. 2 and for the cable J-H(St)H is shown
in the Fig. 3.

The Figs. 1 to 3 show that at the ratio of the
length of the burning cable to the volume at
which the combustion products are dispersed
more than 1:2 m.m? the fractional effective
dose value does not exceed the value 0.3
throughout the duration of the test (1 800 sec-
onds), or even after a complete deterioration of
the sample. The stated FED value considers the
verification method C/VM2:2013 [14] to be
critical. Therefore, the ratio of the length of the
investigated electrical cables to the volume at
which the combustion products are dispersed at
1:2 m.m? is considered to be critical in terms
of endangering the lives and health of the per-
sons by the combustion products.

The CHKE-R electric cable did not reach a
critical value of FED = 0.3 nor for the ratio
between the length of burning cable to the
volume at which the combustion products dis-
persed 1:1.5 m.m* (throughout the test). This
fact proves that this cable showed the lowest
toxicity of the combustion products from the
investigated electric cables.

Figs. 1 to 3 show the statistical dependen-
cies of the FED on time together with the coef-
ficient of determinations (R?). The obtained
statistical dependence proves that the FED of
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3 Vysledky a diskusia

Koncentracie hlavnych zloziek produktov
horenia (CO, CO; a O) pri pomere dizky ho-
riaceho kabla k objemu do ktorého sa produkty
horenia rozptylili 1:1 m.m® st zndzornené
v Tab. 1.

Zudajov v Tab. 1 boli vypocitané frakéné
efektivne davky (FED), pre pomery dizky ho-
riaceho kabla k objemu do ktorého su produkty
horenia rozptylené 1:0,5, 1:1, 1:1,5 a 1:2 m.m’
3. Casova zavislost vypoéitanych frakénych
efektivnych davok pre kabel CHKE-R ja na
obr. 1, pre kabel CHKE-V na obr. 2 a pre kabel
J-H(St)H na obr. 3.

Obr. 1 az 3 dokazujt, Ze pri pomere dizky
horiaceho kabla k objemu do ktorého sa pro-
dukty horenia rozptylia vi¢som ako 1:2 m.m
hodnota frakcénej efektivnej davky nepresiahne
hodnotu 0,3 pocas celého Casu trvania skusky
(1 800 s), resp., ani po Gplnom zhoreni vzorky.
Uvedent hodnotu FED povazuje verifikacna
metoda C/VM2:2013 [14] za kriticku. Preto
moze byt pomer dizky skumanych elektric-
kych kablov k objemu do ktorého sa produkty
horenia rozptylia 1:2 m.m® povazovany za
kriticky z hl'adiska ohrozenia zivotov a zdravia
0s0b produktmi horenia.

Elektricky kabel CHKE-R nedosiahol kri-
tickii hodnotu FED = 0,3 ani pri vzajomnom
pomere dizky horiaceho kébla a objemu do
ktorého sa produkty horenia rozptylili 1:1,5
m.m (poCas celého ¢asu trvania skusky). Tato
skutocnost’ dokazuje, ze zo skumanych elek-

cvve

toxicitu produktov horenia.

Na obr. 1 az 3 su znazornené Statisticke za-
vislosti FED od ¢asu spolu s prislusnymi koe-
ficientmi determindcie (R?). Ziskané Statistické
zavislosti dokazuju, ze FED produktov horenia
skamanych kablov zavisi od ¢asu mocninovo.
Koeficienty determinécie (R?) st vo vsetkych
pripadoch rovné alebo vécsie, ako 0,97. Ziska-
né mocninové Statistické zavislosti su teda
vel'mi silné.

Ziskané mocninové zévislosti ndjdu aplika-
ciu najméd pri vypocte Casu, kedy za konkrét-
nych podmienok (dizka horiacich kablov
aobjem do ktorého sa produkty horenia roz-
ptylia) bude dosiahnuta kriticka hodnota frak¢-
nej efektivnej davky 0,3. Uvedeny Cas je dole
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the combustion products of the investigated
cables depends on time by exponentiation de-
pendency. The determination coefficients (R?)
are in all cases equal to or greater than 0.97.
The acquired exponentiation dependencies are
therefore very strong.

The acquired exponentiation dependencies
finds application, especially when calculating

the time when under a specific condition (the
length of the burning cables and the volume
into which the combustion products dispersed),
a critical fractional effective dose of 0.3 will be
achieved. This time is an important input for
calculating the available safe escape time.
When calculating available safe escape time,
however, in addition to the fractional effective
dose of combustion products, a decrease in
visibility in the area affected by combustion
products has to be taken into account (this
issue is described in detail in scientific papers
[18-19]) and the temperature increase in the
space 20-21]). The calculation of safe escape
time is described in scientific papers [9-12].

Direct comparison of the data obtained with
the results of other scientific work is compli-
cated. The reason is the fact that in the pre-
scriptive way of solving the fire safety of struc-
tures the only requirement (from the point of
fire protection) for the electric cable is the
reaction to fire class (and eventual functionali-
ty during a fire). As today most of the fire safe-
ty of structures projects have been designed in
a prescriptive way, scientific studies to investi-
gate the toxicity of burning products of electric
cables with a reaction to fire class of B2, S1,
dl, al have not yet been published. However,
to address the fire safety of complex and atypi-
cal structures and a large proportion of engi-
neering structures that have to be dealt with on
the basis of fire engineering principles, these
data are missing. Comparison is therefore only
possible with scientific papers examining the
toxicity of polymers used to produce compo-
nents of halogen-free electrical cables (insula-
tion, bedding and cable coating) or the toxicity
of electrical cable combustion products with
properties similar to those of the investigated
electrical cables. The polymer toxicity issues
that are used to produce components of halo-
gen-free electrical cables and electrical cables
with properties similar to the investigated
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zitym vstupnym udajom pre vypocet bezpec-
ného unikového ¢Casu. Pri vypocte bez-
pecného unikového ¢asu je vSak okrem frakc-
nej efektivnej davky produktov horenia po-
trebné zohladnit aj pokles viditel'nosti
v priestore zasiahnutom produktmi horenia
(tato problematika je podrobne popisanda vo
vedeckych pracach [18-19]) anarast teploty
V priestore (postup podrobne rieSia vedecké
prace [20-21]). Vypocet bezpecného unikové-
ho casu je popisany vo vedeckych pracach [9-
12].

Priame porovnanie ziskanych udajov
s vysledkami inych vedeckych vedeckych prac
je komplikované. Dévodom je skutoCnost, ze
pri preskriptivnom sposobe rieSenia poziarnej
bezpecnosti stavieb je jedinou poziadavkou (z
hl'adiska poziarnej ochrany) na elektricky ka-
bel trieda reakcie na ohen (a pripade funkénost’
pocas poziaru). Nakol'ko sa dnes vic¢Sina sta-
vieb z hl'adiska poZiarnej bezpe¢nosti projektu-
je preskriptivnym spdsobom neboli zatial’ pub-
likované vedecké prace skumajuce toxicitu
produktov  horenia  elektrickych  kablov
s triedou reakcie na ohent B2, S1, d1, al. Pri
rieSeni poziarnej bezpe¢nosti komplexnych
a atypickych stavieb a velkej cCasti inzinier-
skych stavieb, ktoré sa musia riesit’ na zaklade
principov poziarneho inZinierstva vsak tieto
udaje chybaju. Porovnanie je preto mozné len
s vedeckymi pracami, ktoré skumali toxicitu
polymérov pouzivanych na vyrobu komponen-
tov  bezhalogénovych elektrickych kablov
(izolacia, vypln a plast)) alebo toxicitu produk-
tov horenia elektrickych kablov s podobnymi
vlastnostami, ako maji skumané elektrické
kable. Problematiku toxicity polymérov, ktoré
sa pouzivaju na vyrobu komponentov bezhalo-
génovych elektrickych kablov a elektrickych
kablov s vlastnostami podobnymi
k skimanym elektrickym kablov skimali ve-
decké prace [22-25]. Porovnanie udajov ziska-
nych v predlozene;j vedecke;j praci
s vysledkami vedeckych prac [22-25] dokazu-
je, Ze toxicita produktov horenia zo skimanych
elektrickych kablov lezi v intervale toxicity
produktov horenia polymérov pouzivanych na
vyrobu komponentov bezhalogénovych elek-
trickych  kablov  aelektrickych  kéblov
s podobnymi vlastnostami ako mali skiimané
kable.
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electrical cables have been studied by scien-
tific works [22-25]. Comparison of the data
obtained in the present scientific work with the
results of the scientific work [22-25] demon-
strates that the toxicity of the combustion
products from the investigated electric cables
lies within the range of polymer burning tox-
icity of the polymers used for the manufacture
of components of halogen-free electric cables
and electric cables with properties like those
examined.

The toxicity of electrical cable combustion
products [26] also affects the interference of
electrical cables. However, as long as the tech-
nical standard ISO 5660-1:2015 [17] requires
the positioning of samples closely next to each
other, only the toxicity of fire products burned
during test (cone calorimeter tests) placed next
to each other has been investigated in this sci-
entific work. Further research will focus on
assessing the effect of the interconnection of
electric cables on the toxicity of combustion
products.

Na toxicitu produktov horenia elektrickych
kablov ma podla [26] vplyv aj vzijomny roz-
stup elektrickych kablov. Nakol'ko vsak tech-
nickd norma ISO 5660-1:2015 [17] vy-
zaduje pri skaske ulozenie vzoriek tesne vedl’a
seba bola v tejto vedeckej praci skumané len
toxicita produktov horenia elektrickych kablov
ulozenych pocas poziaru (skusky na konickom
kalorimetri) tesne vedla seba. Dal§i vyskum
bude zamerany na posudenie vplyv vzajomné-
ho rozstupu elektrickych kablov na toxicitu
produktov horenia.

Tab. 1 Concentrations of CO, CO; and O in combustion products from investigated electric ca-
bles dispersed in 1 m®,
Tab. 1 Koncentracie CO, CO; a O; v produktoch horenia zo skumanych elektrickych kablov roz-
ptylenych v 1 m?,

Time / Cas (s) Electrical cable / Elektricky kabel (-)
CHKE-R CHKE-V J-H(St)H

CO CO; O CO CO; O CO CO; O

(ppm) (%) (%) (ppm) (%) (%)  (ppm) (%) (%)
0 0 0 2095 O 0 2095 O 0 20.95
300 62 0.56 20.02 88 0.69 19.80 74 0.50 20.09
600 158 119 18.97 159 1.25 1887 207 1.03 19.19
900 355 197 1762 311 189 17.76 845 1.73 18.01
1200 592 252 16.72 583 2.76 16.27 897 1.83 17.86
1500 888 2.62 1656 1054 3.02 15.85 982 185 17.84
1800 920 263 16,55 1310 3.10 1571 1014 1.85 17.83
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Fig 1. Fractional effective dose of combustion products from the CHKE-R electrical cable at the ra-
tio of burning cable length to the volume at which the combustion products disperse: (a) 1:0.5 m.m3;
(b) 1:1 m.m3; (c) 1:1.5 m.m3; (d) 1:2 m.m3,

Obr. 1 Frakéna efektivna déva produktov horenia z elektrického kabla CHKE-R pri pomere dizky
horiaceho kabla k objemu do ktorého sa produkty horenia rozptylia: (a) 1:0,5 m.m; (b) 1:1 m.m3; (c)

1:1,5 mm?3; (d) 1:2 mm?3,
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Fig 2. Fractional effective dose of combustion products from the CHKE-V electrical cable at the

ratio of burning cable length to the volume at which the combustion products disperse: (a) 1:0.5 m.m;
(b) 1:1 mm3; (c) 1:1.5 m.m3; (d) 1:2 m.m?,

Obr. 2 Frakéna efektivna déva produktov horenia z elektrického kabla CHKE-V pri pomere dizky
horiaceho kabla k objemu do ktorého sa produkty horenia rozptylia: (a) 1:0,5 m.m?3; (b) 1:1 m.m=3; (c)
1:1,5 m.m3; (d) 1:2 m.m?3,

13
Delta 2018, 12(1):5-16.



12(1): 5-16, 2018

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI:10.17423/delta.2018.12.1.34

t

t [t
Bt o oW e
L

' FED =0.000,000,000,4 Time32018
- FED =0,000 000 000 4 Cas>o%:8
R?=0.9864

+

- Critical FED

Fractional effective dose /
Frak&na efektivna davkal(-)
o [N
w

AA_I._-f—’/

+

0 500

o i

1000 1500

Time / €as (s)

,...
o
—

2000

Fractional effective dose /

(b)

[

| FED=0.000,000,004 Time?50%8
FED = 0,000 000 004 Cas?50%
RZ=0.9941

2
oo

o
o

<
=

| Critical FED

/

a 500 1000
Time / €as ()

/’

1500

o
b

Frak&na efektivna dévkaf(-)

=1

2000

[y

] FED =0.000,000,007 Time?3735
FED = 0,000 000 007 Cas?37
R?=0.9913

=
oo

=
=y

e
IS

" Critical FED

/

g

=
¥}

Fractional effective dose /
FrakZna efektivna ddvka(-)

(=]

0 500 1000 1500
Time / Cas (s)

(c)

2000

Fractional effective dose /

{d)

[y

| FED =0.000,000,008 Time? 3132
| FED =0,000 000 008 Cas®313
R?=0.9915

o
o

2
o

e
'S

| Critical FED

0 500 1000 1500
Time / Cas (s)

<2
o

Frak&na efektivna dévka(-)

=1

2000

Fig 3. Fractional effective dose of combustion products from the J-H (St) H electric cable at the ra-
tio of burning cable length to the volume at which the combustion products disperse: (a) 1:0.5 m.m;
(b) 1:1 m.m3; (c) 1:1.5 mm3; (d) 1:2 m.m?3,

Obr. 3 Frakéna efektivna déva produktov horenia z elektrického kabla J-H(St)H pri pomere dizky
horiaceho kabla k objemu do ktorého sa produkty horenia rozptylia: (a) 1:0,5 m.m; (b) 1:1 m.m3; (c)
1:1,5m.m?3; (d) 1:2 m.m?

4 Conclusion

Toxicity of combustion products is the most
serious accompanying phenomenon of fire in
terms of the total number of fire victims. The
combustion product toxicity is determined by
the amount of released main components of the
combustion products (in particular CO and
COy), the amount of oxygen consumed (O,),
the volume to which the combustion products
disperse and the exposure time (persons). Tox-
icity of electrical cable combustion products
can be quantified based on the critical ratio of
the length of the burning cable to the volume at
which the combustion products are dispersed,
at which the critical fractional effective dose
rate of 0.3 is not yet reached, at 1,800 seconds
of fire.

Comparison of three different electrical cables
(no flame spreading power cord, maintaining
functionality under fire conditions for 180
minutes, no flame spreading power cord and
no flame spreading control cable standing-
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4 Zaver

Toxicita produktov horenia je z hladiska
celkového poctu obeti poziarov najzavaznejsi
sprievodny jav poziaru. Toxicita produktov
horenia je determinovana mnozstvom uvolne-
nych hlavnych zloziek produktov horenia (pre-
dovsetkym CO a CO;), mnozstvom spotrebo-
vaného kyslika (O2), objemom do ktorého sa
produkty horenia rozptylia a Casom expozicie
(os6b). Toxicita produktov horenia elektric-
kych kéablov méze byt kvantifikovana na za-
klade kritického pomeru dizky horiaceho kabla
k objemu do ktorého su produkty horenia roz-
ptylené, pri ktorom este nie je dosiahnuta kri-
ticka hodnota frakénej efektivnej davky 0,3,
pocas 1 800 s poziaru (horenia).

Porovnanie troch réznych elektrickych kab-
lov (napajaci kabel neSiriaci plameni po po-
vrchu so zachovanim funkcnosti za podmienok
poziaru pocas 180 min, napéjaci kébel nesiriaci
plamen po povrchu a ovladaci kabel nesiriaci
plamen po povrchu samostatne
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alone cable) with a reaction to fire class of
B2, s1, d1, al proves that electric cables with
a reaction to fire class of B2, s1, d1, al show
a very similar toxicity of the combustion prod-
ucts (the critical ratio of the length of the burn-
ing cable to the volume at which the combus-
tion products dispersed in the range from 1:1.5
to 1:2 m.m?3).

To reduce the risk of toxicity of combustion
products of electrical cable with a reaction to
fire class of B2ca, s1, d1, al (free of halogen
elements) to an acceptable level it is therefore
necessary to ensure that the combustion prod-
ucts released from the burning of cable 1 m
dispersed in a minimum volume of 2 m3 (this
can be achieved, for example, appropriate di-
mensioning of  fire  ventilation). This
conclusion on reduction the risk to an accepta-
ble level applies to the toxicity of combustion
products of halogen-free electric cables with a
reaction to fire class of B2, s1, d1 and al
(with a diameter of up to 10 mm) may not ap-
ply to thermal load and visibility in the area
affected by the combustion products.
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stojaceho kabla) s triedou reakcie na ohent B2,
sl, dl, al dokazuje, ze -elektrické kable
s triedou reakcie na oheni B2, s1, d1, al vyka-
zuju vel'mi podobnu toxicitu produktov hore-
nia (kriticky pomer dizky horiaceho kabla
k objemu do ktorého su produkty horenia roz-
ptylené v intervale od 1:1,5 do 1:2 m.m3).

Pre zniZenie rizika toxicity produktov hore-
nia elektrickych kablov triedy reakcie na ohei
B2, s1, d1, al (bez obsahu halogénovych
prvkov) na akceptovatelni uroven je preto
nutné¢ zabezpelit, aby sa produkty horenia
uvolnené z I m horiaceho kabla rozptylili do
objemu minimalne 2 m® (toto moze byt do-
siahmut¢é napr. vhodnym dimenzovanim
poZziarneho odvetrania). Uvedeny zaver
0 zniZeni rizika na akceptovatel'nu Groven plati
pre toxicitu produktov horenia bezhalogéno-
vych elektrickych kablov triedy reakcie na
oheni B2ca, s1, d1 al (s priemerom do 10 mm),
nemusi  platit pre tepelné zatazenie
a viditel'nost’ v priestore zasiahnutom produk-
tmi horenia.

Pod’akovanie

Tato praca bola podporovana Agentlirou na
podporu vyskumu a vyvoja na zaklade Zmluvy
¢. APVV-16-0223.

[1] Masarik I, Dvorak O, Charvatova V. 1999. Investigation of Combustion Products Toxicity. Tech-
nical Institute of Fire Safety of the Ministry of Interior of the Czech Republic.

[2] Dvorak O, Charvatova V, Ruzicka M. 2007. Danger of Combustion Products of Materials. Minis-

try of Interior of the Czech Republic.

[3] Gann RG, Bryner NP. 2008. Combustion products and their effects on life safety. Pages 749-772 in
Cote AE, ed. Fire Protection Handbook. 20" ed. National Fire Protection Association.

[4] Purser DA. 2016. Toxicity assessment of combustion products. Pages 300-388 in DiNenno PJ, ed.
The SFPE Handbook of Fire Protection Engineering. 5" ed. Society of Fire Protection Engineers.

[5] STN 92 0203:2013. Fire Protection of Buildings. Continuous Power Supply Responding for Fire.
Office for Standardization, Metrology and Testing of the Slovak Republic.

[6] TP 13/2015. Technical Requirements: fire safety of road tunnels. Ministry of Transport, Construc-
tion and Regional Development of the Slovak Republic.

[7] Bayka 2018. Cables According to CPR.

Bayerische Kabelwerke AG (15 March 2018;

http://www.bayerische-kabelwerke.de/Produkte/BauPVO/Technische_Informationen_Bau PVO

[?lang=en&).

[8] Mitterova I, Zachar M, Ruzinska E, Majlingova A. 2014. Ignitability of Unprotected and Retardant
Protected Samples of Spruce Wood. Advanced Materials Research 1001:330-335.

Delta 2018, 12(1):5-16.



FIRE PROTECTION & SAFETY Scientific Journal
ADelta S5
DOI:10.17423/delta.2018.12.1.34

[9] Kucera P, Kaiser R, Pavlik T, Pokorny J.2009. Fire Engineering: fire dynamics. SPBI.

[10] Tang F, He Q, Shi Q. 2017. Experimental study on thermal smoke layer thickness with various
upstream blockage—fire distances in a longitudinal ventilated tunnel. Journal of Wind Engineering and
Industrial Aerodynamics 170:141-148.

[11] Mozer V. 2014. An analysis of factors affecting available safe escape time. Advanced Materials
Research 1001:267-271.

[12] Boyce K. 2017. Safe Evacuation for All - Fact or Fantasy? Past Experiences, Current Understand-
ing and Future Challenges. Fire Safety Journal 91:28-40.

[13] ISO 13571:2012. Life Threatening Components of Fire: Guidelines for the Estimation of Time to
Compromised Tenability in Fires. International Organisation for Standardisation.

[14] C/VM2:2013. Verification Method: Framework for Fire Safety Design with Commentary. Minis-
try of Business, Innovation and Employment of the New Zealand.

[15] Giachetti B, Couton D, Plourde F. 2016. Smoke Spreading Analysis from an Experimental Sub-
way Scale Model. Fire Safety Journal 86:75-82.

[16] Lai C, Chen CJ, Tsai MJ, Tsai MH, Lin TH. 2013. Determinations of the Fire Smoke Layer
Height in a Naturally Ventilated Room. Fire Safety Journal 58:1-14.

[17] 1ISO 5660-1:2015 Reaction to Fire Tests: Heat Release, Smoke Production and Mass Loss Rate —
Part 1: Heat Release Rate (Cone Calorimeter Method) and Smoke Production Rate (Dynamic Meas-
urement). International Organisation for Standardisation.

[18] Collins BL, Dahir MS, Madrzykowski D. 1993. Visibility of Exit Signs in Clear and Smoky Con-
ditions. Fire Technology 29:154-182.

[19] Starr JW, Lattimer BY. 2014. Evaluation of Navigation Sensors in Fire Smoke Environments.
Fire Technology 50:1459-1481.

[20] Li D, Zhu G, Zhu H, Yu Z, Gao Y, Jiang X. 2017. Flame Spread and Smoke Temperature of Full-
scale Fire Test of Car Fire. Case Studies in Thermal Engineering 10:315-324.

[21] Walton WD, Thomas PH, Ohmiya Y. 2016. Estimating Temperatures in Compartment Fires.
Pages 996-1042 in DiNenno PJ, ed. The SFPE Handbook of Fire Protection Engineering. 5th ed. Soci-
ety of Fire Protection Engineers.

[22] Tewarson A. 2002. Generation of Heat and Chemical Compounds in Fires. Pages 618-697 in
DiNenno PJ, ed. The SFPE Handbook of Fire Protection Engineering. 3™ ed. Society of Fire Protec-
tion Engineers.

[23] Hull TR, Quinn RE, Areri IG, Purser DA. 2002. Combustion Toxicity of Fire Retarded EVA.
Polymer Degradation and Stability 77:235-242.

[24] Hull TR, Lebek K, Pezzani M, Messa S. 2008. Comparison of Toxic Product Yields of Burning
Cables in Bench and Large-scale Experiments. Fire Safety Journal 43:140-150.

[25] Luche J, Mathis E, Rogaume T, Richard F, Guillaume E. 2012. High-density Polyethylene Ther-
mal Degradation and Gaseous Compound Evolution in a Cone Calorimeter. Fire Safety Journal 54:24-
35.

[26] Meinier R, Sonnier R, Zavaleta P, Suard S, Ferry L. 2018. Fire Behavior of Halogen-free Flame
Retardant Electrical Cables with the Cone Calorimeter. Journal of Hazardous Materials 342:306-316.

16
Delta 2018, 12(1):5-16.



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 12(1): 17-32, 2018
DOI:10.17423/delta.2018.12.1.35

\Calculation of selected fire properties of flammable liquids
and liquid mixtures

Vypocet vybranych pozZiarnotechnickych parametrov
horPavych kvapalin a kvapalnych zmesi

Rastislav Velas'”, Danica Ka¢ikova?

1 Technical University in Zvolen, Faculty of Wood Sciences and Technology; Department of Fire Protection,
xvelasr@tuzvo.sk

2 Technical University in Zvolen, Faculty of Wood Sciences and Technology; Department of Fire Protection,
kacikova@tuzvo.sk

Original scientific paper

Received: May 29, 2018; Accepted: July 20, 2018; Published: July 31, 2018;

Abstract

The storage of flammable liquids in tanks constitutes a significant fire-related threat. In the event of a major fire,
a domino effect occurs causing neighbouring tanks and adjacent objects to be hit by fire and the fire will continue
to spread. The main objective of this paper is to evaluate the usability of the calculation methods used to estimate
the burning rate, flame height and intensity of released heat in the combustion of pure flammable liquids (n-Hep-
tane) and liquid mixtures (gasoline, diesel fuel S-500) and compare them with experimental values which have
been already published. The obtained results of the calculation methods indicated a better match with the experi-
mental results of chemically pure liquids compared to the liquid mixtures. The burning rate is not a constant value;
and in real fire conditions it varies depending on several factors, e.g. temperature, vessel diameter, the height of
level liquid, liquid composition. In the case of the heat release rate, the water contained on the bottom of the tank
affected the achieved results. In the case of a mean flame height of n-Heptane at a vessel diameter of 0.30 m, the
experimental result at 96 % was consistent with the Thomas computation method.

Keywords: mass burning rate; mean flame height; heat release rate; calculation methods; flammable liquids

1 Introduction 1 Uvod

The number of liquid fuel tanks and storage Pocet nadrzi a skladov kvapalnych paliv
facilities due to the worldwide increase in de- vzhl'adom na celosvetovy narast dopytu po
mand for energy along with the development of energii spolu s rozvojom modernych priemysel-
modern industrial technologies is rapidly in- nych technologii rychlo rastie. Tieto nadrze ob-
creasing. These tanks containing flammable lig- sahujiice horlavé kvapaliny predstavuji vy-
uids represent a significant threat associated znamn hrozbu stvisiacu s poziarom [1]. V mi-
with a fire [1]. In the past several theoretical and nulosti bolo vykonanych niekol’ko teoretickych
experimental studies have been conducted a experimentalnych $tadii horenia horlavych
about burning flammable liquids stored in kvapalin skladovanych v nadrziach. Experi-
tanks. The experiments were carried out mainly menty boli realizované najméd v nadobach
with tanks with a diameter of few centimetres S priemerom niekol’kych centimetrov [2].
[2].
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Jiang, Lu [3] investigated the influence of
the crosswind on the mass burning rate and
flame tilt when burning aviation fuel in open-air
tanks. They found that the course of the mass
burning rates can be divided into three stages: a
radiation dominant stage, combined radiation
and convection dominant stage and a convec-
tion dominant stage.

Zhen, Xiaolin [4] based on experiments of
burning crude oil in vessels analyzed several
models in relation to burning rate, flame shape
and radiation intensity. They conclude that the
calculation model of the burning rate proposed
by Babrauskas [5], with a diameter of about 10
m, is accurate. Thomas [6] model for flame cal-
culation is suitable for tank diameter of 5m. On
the contrary, model Heskestad [7] is more suit-
able for diameters over 10 m. If the intensity of
heat radiation is greater than 5 kW-m? the
Shokri Beyler model is more suitable. But, if the
heat radiation intensity is less than 1 kW-m the
point source model is more appropriate. Chatris
et al. [2] conducted experimental studies of hy-
drocarbon combustion (gasoline, diesel) in ves-
sels with diameter of 1 m, 5 m, 3 m and 4 m.
They studied the mass burning rate, the temper-
ature of the flame, and the influence of wind
speed on the rate of combustion. They analyzed
periods at the onset of burning and the end of
the process, as well as determined the average
burning rate during a steady fire as a function of
the tank diameter. Kang et al. [8], based on ex-
perimental combustion tests of n-Heptane in
vessels with a diameter of 0.10 m, 0.14 m, 0.20
m and 0.30 m, studied burning rate, flame
height and fuel temperature. Based on the re-
sults, four phases of combustion have been es-
tablished: the pre-steady burning stage; the
guasi-steady stage; the boiling stage and the de-
cay stage. Kong et al. [9] conducted experi-
ments focusing the crude oil burning in the open
space. They used three circular vessels with di-
ameters of 0.1 m, 0.15 m and 0.2 m. During the
experiments, they recorded the burning rate,
flame height and fuel temperature distribution.
Similarly, Kang's et al. [8] divided the burning
process into four phases. They concluded that
the mass burning rate and the height of the
flame in the boiling phase are significantly
higher than in the steady-burning phase. In the
steady state of burning, the initial thickness of
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Jiang, Lu [3] skamali vplyv bo¢ného vetra
na hmotnostnt rychlost’ odhorievania a uhol
sklonu plamena pri spalovani leteckého paliva
vV nadobach Vv otvorenom priestore. Zistili, Ze
priebeh zmeny hmotnostnej rychlosti odhorie-
vania je mozné rozdelit’ na tri stupne: radiany
dominantny stupenl, kombinovany dominantny
stupeni radiacie a konvekcie a stupeit dominant-
nej konvekcie.

Zhen, Xiaolin [4] na zaklade experimentov
horenia ropy v nadobach analyzovali niekol'’ko
modelov v stvislosti s rychlost’ou horenia, tva-
rom plamena a intenzitou Ziarenia. Dospeli k za-
verom, ze vypoctovy model rychlosti horenia,
ktory navrhuje Babrauskas [5] je presny s prie-
merom okolo 10 m. Thomasov [6] model na vy-
pocet plamena je vhodny do priemeru nadrze 5
m, naopak model Heskestad [7] je vhodnejsi pre
priemery nad 10 m. AK je intenzita tepelného
Ziarenia vi&ia ako 5 kW-m? je vhodnejsi mo-
del Shokri Beyler. Naopak, ak je intenzita tepel-
ného Ziarenia mensia ako 1 kW-m je vhodnejsi
model bodového zdroja. Chatris et al. [2] reali-
zovali experimentalne §tidie horenia uhl'ovodi-
kov (benzin, nafta) v nddobach s priemermi 1
m, 5m, 3ma4 m. Studovali rychlost odho-
rievania, teplotu plameniov a vplyv rychlosti
vetra na rychlost” horenia. Analyzovali obdobia
na zaciatku horenia a zanik celého procesu, ako
aj stanovenie priemernej rychlosti horenia po-
¢as ustaleného poziaru ako funkcie priemeru na-
drze. Kang et al. [8] na zaklade experimental-
nych skasok horenia n-Heptanu v nadobach s
priemermi 0,20 m, 0,14 m, 0,20 m a 0,30 m §tu-
dovali rychlost’ horenia, vySku plamena a tep-
lotu paliva. Na zaklade vysledkov stanovili Styri
fazy horenia. Fazu rozhorievania, fazu ustale-
ného stavu horenia, fazu varu a fazu dohorieva-
nia. Kong et al. [9] uskuto¢nili experimenty ho-
renia surovej ropy v otvorenom priestore. Pou-
zili tri kruhové nadoby s priemermi 0,1 m, 0,15
m a 0,2 m. Pocas celej doby horenia zazname-
navali rychlost’ horenia, vysku plamena a rozlo-
zenie teploty paliva. Podobne ako v praci Kang
et al. [8] rozdelili proces horenia do Styroch faz.
Dospeli k zaverom, ze hmotnostna rychlost’ od-
horievania a vyska plamena vo faze varu su vy-
razne vyssie ako vo faze ustaleného horenia. Vo
faze ustalen¢ho stavu horenia ma povodna
hrabka palivovej vrstvy obmedzeny vplyv na
rychlost’ horenia a vy$ku plamena.
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the fuel layer has a limited effect on burning rate
and flame height.

The boiling phase and intensity of boiling in-
crease with the initial thickness of the fuel layer
and decrease with the diameter of the tank. Fer-
rero et al. [10] conducted diesel fuel experi-
ments and concluded that the burning rate and
flame height has rising tendency with the in-
creasing diameter of the vessel and increases
when the liquid in boiling. Kuang et al. [11] ex-
amined the effect of ambient pressure on etha-
nol burning in round vessels. The results of the
experiment showed that the mass burning rate is
lower with decreasing ambient pressure. The
flame height increased when the ambient pres-
sure decreased, until it reached the turning point
and then dropped.

The tanks of flammable liquids nowadays
have much larger dimensions and store several
times larger volume than the volumes studied
under experimental conditions. One of the ways
to get data at larger tank diameters are compu-
tational methods that can be used to obtain val-
ues that are useful for rating the burning of
flammable liquids.

The aim of this study was to evaluate the ap-
plicability of the calculation methods used to es-
timate the burning rate, the flame height and the
intensity of released heat in combustion of pure
flammable liquids and liquid mixtures in ves-
sels of different diameters and to compare them
with experimental values published by other au-
thors. In the case of pure combustible liquids,
the combustion values of n-heptane will be
compared, in the case of the combustion exper-
iment of liquid mixtures, this will be gasoline
and diesel fuel S-500.

2 Material and Methods

For the study the experiment published by
Kang et al. [8], about combustion of pure com-
bustible liquid n-Heptane in tanks of different
diameters, was chosen. In experiment, four
stainless steel circular vessels of 0.10 m, 0.14
m, 0.20 m and 0.30 m diameter were used, a
vessel height of 0.04 m with a wall thickness of
0.003. Electronic scales, temperature measuring
device and a CCD cameras were used. In each
test, at each vessel, the following volume of n-
Heptane was burnt: 1.02-10* m? (for tank with
diameter D = 0.10 m), 2.0-10* m® (for D = 0.14
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Fazy nabehu varu a intenzita varu sa zvySuju
s pociato¢nou hribkou palivovej vrstvy a kle-
saju s priemerom nadrze. Ferrero et al. [10] us-
kutoc¢nili experimenty s motorovou naftou a do-
speli k zaveru, Ze rychlost’ horenia a vyska pla-
mefia maju stiipajiicu tendenciu so zvacsujucim
sa priemerom nadoby a zvacSuju sa taktiez
Vv pripade vyskytu varu kvapaliny. Kuang et al.
[11] skamali vplyv okolitého tlaku na horenie
etanolu v okruhlych nadobach. Vysledky expe-
rimentu ukazali, Ze hmotnostna rychlost’ odho-
rievania sa znizuje, ked’ tlak okolitého prostre-
dia klesa. Vyska plamena pri zniZovani okoli-
tého tlaku sa zvySovala az do dosiahnutia bodu
obratu a potom klesala.

Aktudlnost’ témy c¢lanku vyplyva zo skutoc-
nosti, Ze zasobniky horl'avych kvapalin v sicas-
nosti predstavuju niekol’ko nésobne vicsi ob-
jem, oproti objemom S$tudovanych v experi-
mentalnych podmienkach. Jednym zo sposobov
ako ziskat’ udaje pri va¢sich priemeroch nadrzi
su vypoctové metoddy, kde mozno ziskat’ hod-
noty, ktoré maju praktické vyuzitie pri hodno-
teni horenia horl'avych kvapalin.

Ciel'om prace je hodnotenie aplikovatelnosti
vypoctovych metdd pouzivané na odhad rych-
losti odhorievania, vy$sky plamefa a intenzity
uvolneného tepla pri horeni Cistych horlavych
kvapalin a kvapalnych zmesi v nadobach roz-
nych priemerov a porovnat’ ich s experimental-
nymi hodnotami publikovanymi inymi autormi.
V pripade cistej horlavej kvapaliny budid po-
rovnavané hodnoty horenia n-Heptanu, v pri-
pade experimentu horenia kvapalnych zmesi to
bude benzin a motorova nafta S-500.

2 Material a metédy

Pre spracovanie experimentalnej Casti bol
vybrany experiment publikovany Kangom et al.
[8] horenia ¢istej horlavej kvapaliny n-Heptanu
v nadobach roznych priemerov. Experimen-
talne zariadenie pozostavalo z nadoby, pristroja
na meranie hmotnosti, pristroja na meranie tep-
loty a CCD kamier. Boli pouzité styri kruhové
nadoby znehrdzavejucej ocele s priemermi
0,10 m, 0,14 m, 0,20 m a 0,30 m, vySky nadoby
0,04 m s hrabkou steny 0,003 m. Pri kazdom
teste a pri kazdom priemere naddoby bol spaleny
nasledovny objem n-Heptanu: 1,02:10“ m?
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m), 4.08-:10* m? (for D = 0.20 m) and 9.19-10*
m? (for D = 0.30 m).

The measurement was carried out at a tem-
perature range from 5 °C to 14.5 °C with humid-
ity of air from 10% to 54% (climatic conditions
in the test room at the time of measurement).
During the test, changes in the weight of the lig-
uid were recorded by electronic scales every
second. Flame height values were captured by
CCD cameras.

In case of combustion of liquid mixtures
(gasoline, diesel S-500) the experiment pub-
lished by Leite, Centeno [1] was chosen. Five
tanks with following dimensions (diameter D x
height H) were used: 0.04 m x 0.012 m, 0.20 m
x 0.06 m, 0.40 m x 0.12 m, 0.80 m x 0.24 m and
4.28 m x 0.65 m. At each test and at each vessel
diameter, there were burnt the following fuel
volumes: 3.77-107 L (for tank with diameter D
= 0.04 m), 94.25-10° L (for D = 0.20 m),
377-103 L (for D=0.40m), 1.51 L (for D=0.80
m) and 43.16 L (for D = 4.28 m). The total vol-
ume of liquid (fuel + water) was 80% of the vol-
ume for all tanks. During the burning, no influ-
ence of the presence of water under the fuel was
observed, which is manifested by the sudden
evaporation of water. The test with a 4.28 m di-
ameter vessel was performed in an open envi-
ronment. Tests were conducted in days without
wind, ambient temperature ranging from 20 °C
to 25 °C, ambient pressure was 1 atm. Gasoline
density was 745 kg'm™ and diesel density was
S-500 840 kg-m™. The tanks were opened (with-
out the roof) during the test, approaching the
real fire conditions in the liquid tanks. The tests
were repeated 6 times. The variation in fuel
mass measurement was + 0.1 g.

To calculate the selected fire properties were
used the following calculation relations:

e The mass burning rate

The mass burning rate of the free burning
plash depends on the diameter and the two em-
pirical material constants that represent the spe-
cific fuel used and are a function of the heat flux
from the flame to the surface of the fuel [12].
The dependence of the mass burning rate on the
diameter of the burning area for a particular
flammable liquid is expressed by the relation:

m' =1 (1 — e *FP) (1)
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(pre nadrz s priemerom D = 0,10 m), 2,0-10* m?
(pre D = 0,14 m), 4,08:10* m? (pre D = 0,20 m)
a 9,19-10* m® (pre D = 0,30 m). Meranie pre-
biehalo pri teplote od 5 °C do 14,5 °C s vlhkos-
tou vzduchu od 10 % do 54 % (klimatické pod-
mienky v testovacej miestnosti v ¢ase merania).
V priebehu skusky boli zmeny hmotnosti kva-
paliny zaznamenavané elektronickymi vdhami
V intervale raz za sekundu. Hodnoty vysky pla-
meia boli zachytené CCD kamerami.

V pripade horenia kvapalnych zmesi (ben-
zin, motorova nafta S-500) bol vybrany experi-
ment publikovany autormi Leite, Centeno [1].
Bolo pouzitych pét nadrzi o velkosti (priemer
D x vyska H): 0,04 m x 0,012 m, 0,20 m x 0,06
m, 0,40 mx 0,12 m, 0,80 mx 0,24 ma 4,28 m
X 0,65 m. Pri kazdom teste a pri kazdom prie-
mere nadoby boli spalené nasledovné objemy
paliv: 3,77-10° L (pre nadrz s priemerom D =
0,04 m), 94,25-10°° L (pre D = 0,20 m), 377-10°
3L (pre D =0,40 m), 1,51 L (pre D = 0,80 m)
a 43,16 L (pre D =4,28 m). Celkovy objem kva-
paliny (palivo + voda) predstavoval 80 % ob-
jemu pre vSetky nadrze. Pocas horenia nebol
spozorovany vplyv pritomnosti vody pod pali-
vom, ¢o sa prejavuje prostrednictvom nahleho
odparovania vody. Skuska s nadobou o prie-
mere 4,28 m bola vykonana v otvorenom pro-
stredi. Testy prebiehali v diioch bez vetra, tep-
lota okolia sa pohybovala v rozmedzi od 20 °C
do 25 °C, tlak okolitého prostredia bol 1 atm.
Hustota benzinu bola 745 kg-m™ a motorovej
nafty S-500 840 kg-m=. Nadrze pocas testu boli
otvorené (bez strechy), ¢im sa priblizovali k
podmienkam realnych poziarov v zasobnikoch
kvapalin. SkuSky boli opakované 6-krat. Od-
chylka pri merani hmotnosti paliva predstavo-
vala+ 0,1 g.

Na vypocet vybranych poziarnotechnickych
charakteristik boli pouzité nasledujiice vypoc-
tové vztahy:

e Hmotnostna rychlost’ odhorievania

Rychlost’ ubytku hmotnosti volne horiacej
kaluze zavisi od priemeru a od dvoch empiric-
kych materialovych konstant, ktoré predstavuju
konkrétne pouzité palivo a s funkciou tepel-
ného toku z plamena k povrchu paliva [12]. Za-
vislost hmotnostnej rychlosti odhorievania od
priemeru plochy odhorievania pre konkrétnu
horl'avt kvapalinu vyjadruje vzt'ah:
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where " (kg'm?s?) is the mass burning
rate, ., (kg-s*-m?) asymptotic mass burning
rate of the liquid, k-8 (m™) material constant of
combustible liquid, D (m) diameter of the area
of burning [13].

e Heat release rate

The course of the fire is generally character-
ized by the rate of heat release depending on
time. This variable is the basic parameter for de-
termining the burning intensity. It is true that the
higher the rate of heat release, the greater the
risk of fire [14, 15]. If we know the total area of
burning A (m?), one way of determining the rate
of heat release Q (KW), is the calculation using
area velocity of burning, total combustion heat
AH; (kJ-kg) and combustion efficiency y, (%)
[13]:

Q:Af'm"'Xs'AHc 2

The rate of heat release can also be calcu-
lated in the following way [16]:

Q=m -AH.-A;-(1—e ®FP)  (3)
e Flame height

Flame height along with flame temperature
are important parameters when assessing the
possibility of ignition of inflammables [14]. In
order to calculate the flame height, it is first nec-
essary to define the mean flame height. This is
best determined by averaging the visible flame
height depending on time. The intermittency,
denoted I, is shown on the vertical axis. The
value of 1 on this axis indicates the complete
appearance of the flame.

A

1.0 —

m =t (1—e *FP) 1)

kde " (kg'rm?s™) je hmotnostna rychlost’ od-
horievania, i, (kg'sm?) asymptoticka hmot-
nostna rychlost’ odhorievania kvapaliny, k-8 (M
1) materidlova konstanta horl’avej kvapaliny, D
(m) priemer plochy odhorievania [13].

e Rychlost’ uvolnovania tepelnej energie

Priebeh poziaru je vSeobecne charakterizo-
vany rychlostou uvolfiovania tepla v zavislosti
na Case. Tato veli¢ina je zakladnym parametrom
pre urCenie intenzity horenia. Plati, ze ¢im je
rychlost’ uvolfiovania tepla vysSia, tym je vic-
Sie nebezpecenstvo poziaru [14, 15]. Ak po-
zname celkovi plochu odhorievania Af (m?),
jednym zo spdsobov stanovenia rychlosti uvol’-
fovania tepla Q (kW), je vypo&et pomocou
plosnej rychlosti odhorievania, celkového spa-
lovacieho tepla AH,. (kJ-kg™) a u¢innosti spalo-
vania y, (%) [13]:

Q.=Af‘m"')(s‘AHc 2

Rychlost’ uvolnovania tepla mozno vypoci-
tat’ aj nasledovnym spésobom [16]:

Q=m -AH.-A;-(1—e ®FP)  (3)
e Vyska plamenia

Vyska plamena spolu s teplotou plamena
patria medzi dolezité parametre pri posudzovani
moznosti vznietenia okolitych horlavin [14].
Na vypocet vysky plamena je potrebné najskor
definovat’ stredni vysku plameiia. T4 sa naj-
lepsie urcuje s priemerovanim viditel'nej vysky
plamena v zavislosti od ¢asu.

g e N s

Intermittencv 1 ()
)

A J

Fig. 1 The mean flame height [12]
Obr. 1 Stredna vyska plamena [12]
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The horizontal axis shows the distance above
the fire source, z. At point 0.5 on the vertical
axis is height at which the flame occurs in half
the time. This flame height in Fig. 1 is defined
as the mean flame height Lf [12].

Based on experimental correlations,
Heskestad [7] deduced flame height in burning
flammable liquids on a solid surface according
to the following relation:

L2
Ly =023 Q5 —1.02-D 4)

where L¢ (m) is the flame height, Q (kW) is the
rate of heat release and D (m) is the diameter of
the fire [17].

According to Thomas, the mean flame
height can be calculated as follows:

mn 0.61
pa'\/g'_D> (5)
where Ly (m) is the height of the flame, m’
(kg'm?s1) is the mass burning rate, p, (kg-m
%) density of ambient air and g (m's?) is gravita-
tional acceleration [18].

Lf:42-D-<

3 Results and discussion

3.1 Results of calculated n-Heptane parameters

We used the equation (1) to calculate the
mass burning rate by the calculation method,
even though the calculation relation was derived
for vessels with a diameter above 0.2 m. The
variables that enter the calculation were taken
over from the table reported by Stroup et al. [19]
and that are listed in Tab. 1.

The value of the empirical constant -8 was
taken from experimental data from the SFPE
Handbook that Babrauskas determined [19].

Calculated values of the mass burning rate
(") and the rate of heat release (Q) according
to the relation (2) for the different vessel diam-
eters are given in Tab. 2.
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Prerusovana ¢iara oznacend ako | je zobrazena
na zvislej osi. Hodnotou 1 na tejto osi je ozna-
¢eny celkovy vzhl'ad plamena. Horizontalna os
znazornuje vzdialenost’ nad zdrojom poziaru, z.
V bode 0,5 na vertikalnej osi je vyska, v ktorej
sa plamei objavi za polovicu ¢asu. Tato vyska
plamena na obr. 1 je definovana ako stredna
vyska plamena L [12].

Na zaklade experimentalnych korelécii Hes-
kestad [7] odvodil vySku plamena pri horeni
horlavych kvapalin na pevnom povrchu podl'a
nasledujiceho vztahu:

.2
Ly =0.23-Q5—1.02-D 4)

kde Ly (m) je vyska plamefia, Q (kW) je rych-
lost’ uvolovania tepla a D (m) je priemer po-
ziaru [17].

Podl'a Thomasa mozno strednu vysku pla-
mena vypocitat’ nasledovnym spésobom:

o\ 061
Lr=42-D -

f <Pa~\/ﬁ) (5)
kde Ly (m) je vyska plametia, " (kgm?s™) je
hmotnostna rychlost’ odhorievania, p, (kg'm?)
hustota okolitého vzduchu a g (m's?) je gravi-
tacné zrychlenie [18].

3 Vysledky a diskusia

3.1 Vysledky vypocitanych parametrov n-
Heptanu

Pre vypocet hmotnostnej rychlosti odhorie-
vania vypoctovou metddou sme pouzili vzt'ah
(1), aj napriek tomu, Ze vypoctovy vzt'ah bol od-
vodeny pre nadoby s priemerom nad 0,2 m. Ve-
li¢iny, ktoré vstupuji do vypoctu sme odcitali
z tabul’kovych hodndt, ktoré uvadzaju autori
Stroup et al. [20] a st uvedené v tab. 1.

Hodnota empirickej konstanty 4+ bola prev-
zatd z experimentalnych udajov z prirucky
SFPE Handbook, ktoré ur¢il Babrauskas [19].
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Tab. 1 Characteristics of n-Heptane required for calculation [20]
Tab. 1 Charakteristiky n-Heptanu potrebné pre vypocet [20]

N,

Flammable liquid / kB AH, p Xs

HorPava kvapalina  (kg'sm) (m?) (kJ-kg?) (kg'm?) )

n-Heptane / 0.101 11 44 600 675 0.7
n-Heptan

Experimental values of the mass burning rate
are divided into several groups, depending on
the burning rate and flame height, at a stable
mass burning rate representing the second phase
of steady combustion 7y, the maximum mass
burning rate at the boiling point of the liquid
m,, the average mass burning rate during the
entire process of burning 7, the mass burning
rate in the second and third phases of combus-
tion 7, and the mass burning rate in the third
stage of combustion .

Vypocitané hodnoty hmotnostnej rychlosti
odhorievania (') arychlosti uvolfiovania
tepla (Q) podla vzt'ahu (2) pri rozdielnych prie-
merov nadob st uvedené v tab. 2.

Experimentalne hodnoty rychlosti odhorie-
vania su v zavislosti na rychlosti horenia
a vysky plamena rozdelené do niekol’kych sku-
pin, a to na stabilnt rychlost’ odhorievania pred-
stavujiicu druhu fazu ustaleného horenia 1y, na
maximalnu rychlost’ odhorievania pri vare kva-
paliny 711,, na priemernt rychlost’ odhorievania
pocas celej doby horenia 713, na rychlost’ odho-
rievania v druhej a tretej faze horenia 11, ana
rychlost odhorievania v tretej faze horenia ..

Tab. 2 Calculated values 1" and Q depending on vessel diameter required to calculate mean
flame height
Tab. 2 Vypo¢itané hodnoty m" a Q v zavislosti od priemeru nadoby potrebné na vypodet
strednej vySky plamena

Vessels Diameter /

Priemer nadoby D (m) i (kgrm®s”) Q (kW) Q (KW-m?)
0.10 0.011 2.747 343.375
0.14 0.014 6.556 437.067
0.20 0.020 19.356 624.387
0.30 0.028 62.065 874.155

Comparison of experimental values and re-
sults from the calculation relation are shown in
Fig. 2. Calculated values of the mass burning
rate i obtained by the calculation method for
vessels with diameter of 0.10 m and 0.14 m
most closely approximated to the experimental
value of average mass burning rate during the
whole time of burning. Calculated values ap-
proximate the experimental values obtained in
the third burning phase at the vessels with a
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Porovnanie experimentalnych hodnét a vy-
sledkov z vypoc¢tového vzt'ahu st zobrazené na
obr. 2. Nami vypocitané hodnoty hmotnostnej
rychlosti odhorievania 1" vypoétovou metddou
sa pri nadobach s priemermi 0,10 m a 0,14 m
najviac priblizuju k experimentalnej hodnote
priemernej rychlosti odhorievania pocas celej
doby horenia. Pri nadobach s priemermi 0,20 m
a 0,30 m sa vypocitané hodnoty priblizuji k ex-
perimentalnym hodnotam ziskané v tretej faze
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diameter of 0.20 m and 0.30 m. The experiment
showed that the rate of burning is gradually in-
creasing when the vessels with larger diameter,
from 0.1 to 0.3 m are used. The calculated val-
ues of the mass burning rate were also gradually
increasing.

Furthermore, in Fig. 2, we can see that the
burning liquid rate in vessels of different diam-
eters is not the same. As mentioned by Demidov
[21], this change in the rate of burning is related
to the character of the vapor flux, which pro-
cessing from the surface of the liquid to the
combustion zone. At a diameter of more than
0.1 m, the flame begins to change its shape in
the upper position, pulsates and divides into sec-
tions of varying volumes, transition from lami-
nar to turbulent flow. This results in more in-
tense heat transfer from the burning area to the
surface of the liquid and consequently in in-
crease in the rate of burning.

According to Novotny and Turekova [22],
the other parameters of the vessel, the thickness
of the walls, the height of the vessel, filling of
the vessel with combustible liquid, the material
of the vessel and the temperature of the liquid
also have a significant influence on the rate of
burning. Last but not least, combustible liquid
representing pure substance or liquid mixture
has also the impact.

Delta 2018, 12(1):17-32.
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horenia. Z experimentu vyplyva, Ze rychlost
horenia sa od priemeru 0,1 az 0,3 m postupne
zvysuje. Nami vypocitané hodnoty rychlosti od-
horievania sa taktieZ postupne zvysuju.
Dalej na obrazku 2 mozeme vidiet, Ze rychlost
horenia kvapaliny v nadobach réznych prieme-
rov nie je rovnaka. Ako uvadza Demidov [21]
tato zmena rychlosti horenia stvisi s charakte-
rom prudu par, ktoré postupuju od povrchu kva-
paliny do pasma horenia.Pri priemere viac ako
0,1 m plamen zacina v hornej polohe menit
tvar, pulzuje a rozdel'uje sa na Casti o roznych
objemoch, prechod z laminarneho do turbulent-
ného toku. To ma za nasledok intenzivnejsi pre-
nos tepla z priestoru horenia k povrchu kvapa-
liny a nasledne aj k zvaéseniu rychlosti horenia.
Ako uvadza Novotny a Turekova [22], vy-
razny vplyv na rychlost’ odhorievania maju aj
ostatné parametre nadoby definujuce hriibku
stien, vySku nadoby, zaplnenie nadoby horl’a-
vou kvapalinou, material nadoby a teplota kva-
paliny. V neposlednom rade ma vplyv aj sa-
motna horlava kvapalina predstavujicu Cistu
latku alebo kvapalnt zmes.
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Fig. 2 Comparison of the experimental and calculation values of the mass burning rate
Obr. 2 Porovnanie experimentalnych a vypocitanych hodnét hmotnostnej rychlosti odhorie-

We used two methods to calculate the mean
flame height. The method by Heskestad and the
method by Thomas. The results of the calcula-
tion of the mean flame height depending on the
vessel diameter, differ slightly, where the higher
flame values are achieved by the Heskestad
method. This difference may be due to the input
variables considered in the calculation.
Heskestad considers the rate of heat release and
the diameter of the vessel at the calculation.

On the contrary, according to Thomas, the
mean flame height can be determined based on
the vessel diameter, mass burning rate, air den-
sity and gravitational acceleration. Differences
in values are shown in Fig. 3.

Delta 2018, 12(1):17-32.
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Na vypocet strednej vysky plamena sme po-
uzili dve metody. Metodu podla Heskestada
a metodu podl'a Thomasa. Vysledky vypocto-
vych hodndt strednej vysky plamena v zavis-
losti od priemeru nadoby sa mierne odliSujua,
kde vyssie hodnoty plamena sa dosahuju pri
metdde podl'a Heskestada. Tento rozdiel moze
byt spésobeny vstupnymi veli¢inami, s ktorymi
sa uvazuje pri vypocte. Heskestad uvazuje pri
vypocte najmi s rychlost'ou uvoliiovania ener-
gie a priemerom nadoby. Naopak podla Tho-
masa strednt vysku plamenia mozno urcit’ na za-
klade priemeru nadoby, hmotnostnej rychlosti
odhorievania, hustoty vzduchu a gravitaéného
zrychlenia. Rozdiely v hodnotach st znazor-
nené na obr. 3.
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Fig. 3 Comparison of the mean flame height calculated by Heskestad and Thomas
methods

Obr. 3 Porovnanie vypocitanej strednej vysky plamena podl'a metod Heskestada a
Thomasa

In Table 3, we compared the results of the
calculation methods with the experimental
value for a 0.30 m diameter vessel. The experi-
mental value obtained by Heskestad method
corresponds to 96 % with the calculation
method according to Thomas. The difference
could be due to the values of the variables en-
tering the calculation. The value of the combus-
tion efficiency of 0.7 may differ from the actual
burning value in the experiment. The difference
can also be caused by the value of heat release
rate entering the calculation.

V tabulke 3 uvadzame porovnanie vysled-
kov vypoctovych metod s experimentdlnou
hodnotou pri nadobe s priemerom 0,30 m. Ex-
perimentalna hodnota sa na 96 % zhoduje s vy-
poctovou metddou podla Thomasa. Tento roz-
diel mohol byt sposobeny hodnotami veli¢in
vstupujucimi do vypoc¢tu. Nami dosadzovana
hodnota uc¢innosti spalovania 0,7 sa moze lisit’
od skutocnej dosiahnutej hodnoty pri horeni
v experimente. Taktiez mdze byt rozdiel sposo-
beny hodnotou rychlosti uvolfiovania tepla,
ktora vstupuje do vypoctu.

Tab. 3 Comparison of the mean height obtained by the calculation method with the experimental va-

lue

Tab. 3 Porovnanie strednej vySky plamena ziskanej vypo¢tovou metodou s experimentalnou hodnotou

Calculation method / Vypodtova

Experimental

Flammable 3 .

liquid / metoda value / Experi-

L i Diameter / mentalna hod-
Horlava . Ls (m) Ls (m)
. Priemer D (m) nota L¢ (m)
kvapalina Heskestad Thomas (8]
n-Heptane / 0.30 0.919 0.876 0.839
n-Heptan
26

Delta 2018, 12(1):17-32.



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
12(1): 17-32, 2018
DOI:10.17423/delta.2018.12.1.35

3.2 Results of S-500 diesel and gasoline cal-
culation methods

We used the equation (1) to calculate the
mass burning rate by the calculation method.
The values of the variables entering the calcula-
tion were obtained from the experimental values
and are presented in Tab. 4.

3.2 Vysledky vypoctovych metod benzinu a mo-
torovej nafty S-500

Pre vypocet hmotnostnej rychlosti odhorie-
vania vypoctovou metédou sme pouzili vztah
(1). Hodnoty veli¢in vstupujtice do vypocétu sme
ziskali z experimentéalnych hodnoét a st uvedené
v tab. 4.

Tab. 4 Gasoline and diesel S-500 fuel characteristics needed for calculation [20]
Tab. 4 Charakteristiky benzinu a motorovej nafty S-500 potrebné pre vypocet [20]

Flammabile liquid / T, kp AH, p
HorPav4 kvapalina  (kg-s*m?) (m™) (kJ-kg?) (kg'm?)
Gasoline / Benzin 0.055 2.1 43 700 745

Diesel fuel S-500 /
Motorova nafta 0.045 2.1 44 400 840
S-500

Calculated values of the mass burning rate
and (") the rate of heat release (Q) calculated

according to the relation (3) at the different ves-
sel diameters are given in Tab. 5 and 6.

Vypocitané hodnoty hmotnostnej rychlosti
odhorievania (m) arychlosti uvolmovania
tepla (Q) vypocitanej podl'a vzt'ahu (3) pri roz-
licnych priemerov nadob st uvedené v tab. 5 a
6.

Tab. 5 Comparison of calculated values ("), experimental and literature data
Tab. 5 Porovnanie hodnét (m) vypocitanych, experimentalnych a udajov z literatury

m (kgm?s?)

Calculated values /

Experimental value / Experi-

Data from literature /

. .. , I'Jdaje z literatiry
Diameter / Vypocitané hodnoty mentalna hodnota
. [23, 18]
Priemer D -
(m) Diesel fuel Diesel
Gasoline / S-500/ . Diesel fuel .
i i Gasoline Gasoline fuel
Benzin Motorova S-500 S-500
nafta S-500
0.04 0.0044 0.0036 0.0141 0.0162 - -
0.20 0.0188 0.0154 0.0165 0.0085 0.019 -
0.40 0.0313 0.0256 0.0199 0.0133 0.030 -
0.80 0.0447 0.0366 0.0313 0.0252 0.045 -
4.28 0.0550 0.0450 0.0451 0.0306 0.055 0.044

As we can see in the Tab. 5, calculated val-
ues of the mass burning rate of fuel per unit sur-
face area of the liquid mixtures increase with the

Delta 2018, 12(1):17-32.

Ako moézeme vidiet' v tab. 5, vypocitané hod-
noty plosnej rychlosti odhorievania kvapalnych
zmesi sa zvySuju s priemerom nadob. Pre vicsie
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diameter of the vessels. For larger diameters,
the mass burning rate for gasoline is about 0.055
kg'm?st, which is in line with the value in lit-
erature [23]. However, the comparison with the
experimental value of 0.0451 kg-m?s* differs
substantially. This difference may be due to a
different methodology for determining this pa-
rameter. Also, in the case of a liquid mixture,
the combustion process is more complicated op-
posite pure flammable liquids.

Similar results can also be observed for
smaller vessel diameters. Further, we can notice
that in the case of a vessel (D = 4.28 m), the
gasoline and diesel fuel values approximate to
the asymptotic mass burning rate.

priemery sa hodnota rychlosti odhorievania pre
benzin pohybuje okolo 0,055 kg-m?s?, ¢o je v
zhode s hodnotou z literatury [23]. AvSak po-
rovnanie s experimentalnou hodnotou 0,0451
kg'm?2s? sa podstatne liSi. Tento rozdiel moze
byt spdsobeny rozdielnou metodikou stanove-
nia tohto parametra. Taktiez v pripade kvapal-
nej zmesi je proces horenia komplikovanejsi
oproti ¢istym horlavym kvapalinam.

Obdobné vysledky hodn6t mézeme pozoro-
vat aj v pripade mensich priemerov nadob. Da-
lej si mozeme vSimnut’, ze v pripade nddoby (D
=4,28 m) sa hodnoty benzinu a motorovej nafty
priblizuju k hodnote asymptotickej hmotnostnej
rychlosti odhorievania.

Tab. 6 Comparison of values (@) calculated, experimental data and from the literature
Tab. 6 Porovnanie hodnét (Q) vypogitanych, experimentalnych a udajov z literatiry

Q (kw)

Calculated values /

Experimental value / Experi-

Data from literature /

. .. , deaje z literatiary
Diameter / Vypocitané hodnoty mentalna hodnota
. [23, 18]
Priemer D :
(m) Diesel fuel Diesel
Gasoline / S-500/ . Diesel fuel .
i i Gasoline Gasoline fuel
Benzin Motorova S-500 $-500
nafta S-500
0.04 0.0196 0.0163 0.0624 0.0718 - -
0.20 8.853 7.3679 7.7881 4.0191 8.9458 -
0.40 97.677 81.169 62.229 41.577 93.623 -
0.80 799.432 655.054 559.42 451.13 804.25 -
4.28 34 574.84 28 741.64 28 347 19 227 34 575 28103

Asimilar trend of values we can observe also
in the case of the rate of heat release, where the
calculated values according to the equation (3),
approximate more the values introduced in
available literature than the experimental val-
ues. This difference is mainly caused by the
value of the mass burning rate, but also by the
amount of water contained under the fuel. With
increasing diameter of the vessels, the rate of
heat release increased, what is the consequence
of the larger volume of fuel in the combustion
zone.

Tables 7 and 8 shows the results of the mean
flame height values calculated by the above
mentioned methods. Differences of calculated
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Obdobny trend hodn6t mézeme pozorovat’ aj
Vv pripade rychlosti uvolfiovania tepla, kde nami
vypocitané hodnoty podla vztahu (3) sa pribli-
zuju viac K tidajom z dostupne;j literatry ako k
experimentalnym hodnotam. Tento rozdiel je
ovplyvneny najmi hodnotou hmotnostnej rych-
losti odhorievania, ale i mnozstvom vody ob-
siahnutej pod palivom. So zvdcSovanim prie-
meru nadob sa rychlost’ uvolfiovania tepla zvy-
Sovala, ¢o je dosledok vacsieho objemu paliva
V zone horenia.

V tabulkach 7 a 8 uvadzame vysledky hod-
ndt strednej vysky plamena vypocitané podla
spominanych metéd. Rozdiely vypocitanych
hodndt metodami Heskestada a Thomasa st
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values by the Heskestad and Thomas method
are distinct especially at vessels with a diameter
0f 0.04 mand 4.28 m. Compared to a pure flam-
mable liquid, where the flame height corre-
sponded to 96 % with the calculated value, the
differences are markedly different in case of lig-
uid mixtures. The reason is that the process of
burning in the case of liquid mixtures is more
complicated and takes place in several phases.
One of the processes is e.g. cracking, where dur-
ing burning, a part of

the energy is consumed to cleave hydrocarbons
to radicals with shorter-chain. In addition, if a
chemically pure liquid burns, the composition
of the vapor above the level does not differ from
the composition of the liquid. In the case of
burning of the liquid mixtures, fractional distil-
lation is carried out in the upper layer and the
vapor composition differs from the composition
of the liquid. In their burning, lighter fractions
are evaporated more intensely and the liquid
phase changes its composition and properties.
Also, in the case of real fires, all real effects are
considered, e.g. the presence of water at the bot-
tom of the vessel.

zrete'né najmd pri nadobach s priemermi 0,04
m a 4,28 m. Oproti Cistej horlavej kvapaline,
kde sa hodnota vysky plamena zhodovala na 96
% s vypocitanou hodnotou, V pripade kvapal-
nych zmesi s rozdiely markantne odlisné.
Dovodom je, ze proces horenia v pripade kva-
palnych zmesi je komplikovanejsi a prebieha vo
viacerych fazach. Jednym z procesov je napr.
krakovanie, kde poc€as horenia sa Cast’ energie
spotrebuje na stiepenie uhl'ovodikov na radikaly
s kratSimi retazcami. Okrem toho, ak hori che-
micky ¢istd kvapalina, zlozenie par nad hladi-
nou sa nelisi od zlozenia kvapaliny. V pripade
horenia kvapalnych zmesi prebieha v jej hornej
vrstve frak¢na destilacia a zloZenie par sa lisi od
zlozenia kvapaliny. Pri ich horeni dochadza
k intenzivnejSiemu vyparovaniu 'ah$ich frakeii,
v dosledku ¢oho kvapalna faza meni svoje zlo-
zenie a vlastnosti. Takisto v pripade realnych
poziarov st zohladnené vsetky realne vplyvy
napr. pritomnost’ vody na dne nadoby.

Tab. 7 Comparison of the mean flame height of the gasoline obtained by the calculation method with
the experimental value
Tab. 7 Porovnanie strednej vySky plamefia benzinu ziskanej vypo¢tovou metddou s experimentalnou
hodnotou

Calculation method / Vypoctova metoda

Experimental value /

Diameter / Priemer

Experimentalna hod-

D (m) L (m) Ly (m) nota Ly (m) [1]
Heskestad Thomas
0.04 0.007 0.073 0.109
0.20 0.346 0.542 0.510
0.40 1.030 1.197 0.560
0.80 2.517 2.409 1.400
4.28 10.674 8.769 5.000
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Tab. 8 Comparison of the mean flame height of the diesel S-500 obtained by the calculation method
with the experimental value
Tab. 8 Porovnanie strednej vySky plamenia motorovej nafty S-500 ziskanej vypoétovou metddou s ex-
perimentalnou hodnotou

Calculation method / Vypoétova metéda

Experimental value /

Diameter / Priemer Ls (M) Ly (m) Experimentalna hod-
D (m) Heskestad Thomas nota Ly (m) [1]
0.04 0.004 0.065 0.074
0.20 0.307 0.480 0.270
0.40 0.927 1.059 0.455
0.80 2.262 2.132 1.160
4.28 9.602 7.759 3.800
4 Conclusions 4 Zaver

In combustion process of flammable liquids,
it is important to monitor their fire properties,
especially the mass burning rate, the rate of heat
release, the flame height, which
are the main indicators of the fire hazard of
flammable liquids.

In this work, we focused on implementation
of calculation methods used to calculate the
above-mentioned characteristics. We compared
the calculation values with experimental values
obtained from burning of pure flammable lig-
uids (n-Heptane) and liquid mixtures (gasoline,
diesel fuel S-500) in vessels of different diame-
ters.

The mass burning rate of liquid mixtures
varies in the course of a fire depending on their
characteristic and the amount of heat transfer
from the burning zone to the surface of the lig-
uid. The burning rate is not a constant value and
varies in real fire conditions depending on tem-
perature, vessel diameter, vessel level, liquid
composition, wind speed and many other fac-
tors. Therefore, it is important for the calcula-
tion relation also to take in account other fac-
tors, not just the diameter of the vessel.

Experimental values of the mass burning
rate of n-Heptane are divided into several
groups according to the burning phases. Calcu-
lated values of the mass burning rate at the ves-
sel diameter of 0.10 m and 0.14 m corresponded
to the average burning rate during the entire
combustion process obtained by the experi-
ment. With the vessels diameter of 0.20 m and
0.30 m, the calculated values approximately
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Pri procese horenia horlavych kvapalin je
dolezité sledovat’ ich poziarnotechnické charak-
teristiky najma rychlost’ odhorievania, rychlost’
uvolmnovania tepla, vysku plamena, ktoré s
hlavnymi ukazovatel'mi nebezpecenstva pri po-
ziaroch horlavych kvapalin.

V praci sme sa zamerali na zistenie zhody
vysledkov vypoctovych metdd sliziace na vy-
pocet vysSie uvedenych charakteristik. Porov-
navali sme vypoctové hodnoty s experimental-
nymi hodnotami pri horeni c¢istych horlavych
kvapalin (n-Heptan) a kvapalnych zmesi (ben-
zin, motorova nafta S-500) v nadobach rdznych
priemerov.

Rychlost’ odhorievania kvapalnych zmesi sa
v priebehu poziaru meni v zavislosti na ich
vlastnostiach a mnozstvom prestupujiiceho
tepla z pasma horenia na povrch kvapaliny.
Rychlost’ horenia nie je konStantnou hodnotou
aVvrealnych podmienkach poziaru sa meni
Vv zavislosti na teplote, priemeru nadoby, vyske
hladiny v nadobe, zlozenia kvapaliny, rychlosti
vetra a mnoho dalsich faktorov. Preto je dole-
Zité, aby vypoctovy vzt'ah zohl'adnoval i ostatné
faktory, nie len priemer nadoby.

Experimentalne hodnoty hmotnostnej rych-
losti odhorievania n-Heptanu sme rozdelili do
niekol’kych skupin podla faz horenia. Vypoci-
tané hodnoty hmotnostnej rychlosti odhorieva-
nia pri priemere nadoby 0,10 m a 0,14 m sa zho-
dovali s priemernou rychlostou odhorievania
pocas celej doby horenia ziskanej autormi expe-
rimentom. Pri priemere nadob 0,20 m a 0,30 m
sa vypocitané hodnoty priblizne zhodovali
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correspond with the experimental values ob-
tained in the third combustion phase.

In case of the rate of heat release, the value

increased with increasing the diameter of the
vessel and the larger volume of fuel delivered.
Differences in the results related to the calcula-
tion values, the experimental values and the val-
ues published in the literature can be attributed
to the composition of mixed flammable liquids
(gasoline, diesel fuel S-500).
In case of the mean flame height, the results of
the calculation methods are consistent with the
chemically pure liquids, compared to the liquid
mixtures. In the case of n-Heptane at a vessel
with diameter of 0.30 m, the experimental result
at 96 % was consistentwith the Thomas calcula-
tion method. As mentioned in the article, not
only the diameter of the vessel has a major ef-
fect on the flame height, but there are other pa-
rameters that affect it considerably.
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Abstract

The interest in the thermal modification of wood has been increasing in the last decades. The interest may be
induced by various reasons, for example declining production of durable timber, an increasing demand for sus-
tainable building materials, deforestation of especially subtropical forests, or increased introduction of govern-
mental restrictive regulations reducing the use of toxic chemicals. This study focuses on the changes in wood
properties caused by the temperature. Literature recherche was conducted in this review. There are investigated
properties such as mass loss, chemical composition, mechanical properties, optical properties, surface quality and
fire-technical characteristics. Most of the mentioned properties have been investigated thoroughly by many au-
thors, but the research regarding fire properties of thermally modified wood is scarce. This review gives reader a
view on the influence of the thermal modification on selected wood properties.

Keywords: thermal modification; mass loss; chemical composition, mechanical properties, fire-technical
characteristics

1 Introduction 1 Uvod

Wood is also used as an engineering and Drevo sa pouziva aj ako stavebny a kon-
structural material. Unprotected wood after ex- Strukény material. Nechranené drevo po vysta-
posing to outdoor conditions undergoes a vari- veni vonkaj$im podmienkam podlieha r6znym
ety of degradation reactions caused by diverse degradaénym reakciam spdsobenym roznymi
environmental factors such as light, moisture, faktormi Zivotného prostredia, ako je svetlo,
heat, oxygen, pollutants, pests, etc. [1-3]. There vlhkost’, teplo, kyslik, zne¢istujtce latky, $kod-
are various ways to protect the wooden parts of covia atd. [1-3]. Existuji rézne spdsoby
buildings, e.g. nano-metal impregnation [4], in- ochrany drevenych cCasti budov, napr. impreg-
secticide treatments [5], fungal metabolites [6], nacia kovovymi nanocasticami [4], insekticidne
and thermal modification [7]. osetrenia [5], metabolitmi hub [6] a termickou

The thermal modification has been used to modifikdciou [7].
improve the properties of wood for nearly a cen- Termicka modifikacia sa na zlepSenie
tury [8]. The advantage of the thermal modifi- vlastnosti dreva pouziva uz takmer sto rokov
cation is that the environmental impact of [8]. Jej vyhoda spociva najmd v malom

nepriaznivom dopade na zivotné prostredie [9].
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this process is low [9]. Heat is introduced into
the treatment system and smoke released from
wood during the thermal degradation can be re-
trieved, condensed and purified [10]. At the end
of its lifecycle, heat treated wood can be recy-
cled without detrimental impact on the environ-
ment to the contrary of chemically treated wood
impregnated with biocidal active ingredients
[11]. It is also held that the environmental cre-
dentials of thermally modified wood in terms of
ecotoxicity are superior to that of untreated
wood and may surpass those of several man-
made materials [12]. Among positive changes
in thermally modified wood are improved decay
resistance [13-15], dimensional stability [16],
surface hardness [17, 18], lower equilibrium
moisture content [19, 20], and darker decorative
colour [21-23].

The disadvantage of thermally modified
wood is in deterioration of some of the mechan-
ical properties such as: bending and compres-
sion strengths [24, 25], stiffness and shear
strength [17], modulus of rupture and modulus
of elasticity [7, 26], as well as the mass loss [19,
27].

2 Mass Loss

Mass loss depends on wood species, heating
medium, temperature, and treatment time.

Kacikova et al. [28] treated Norway spruce
wood at the temperature range of 113 °C —
271 °C. They found, that the mass loss in-
creased with the temperature of the treatment,
for example, the mass loss at the temperature of
158 °C was 1.53%, and at the temperature of
271 °C, it was 32.97%.

Gonzalez-Pena et al. [29] investigated changes
in beech (Fagus sylvatica), Scots pine (Pinus
sylvestris) and Norway spruce (Picea abies)
wood after the thermal modification at the tem-
perature range of 190 °C — 245 °C at five treat-
ment times (0.33h, 1 h, 4 h, 8 hand 16 h). Beech
specimens exhibited higher mass loss than soft-
woods at equivalent periods of treatment re-
gardless of the exposure temperature; for the
beech wood the mass loss varied between 0.3%
(0.33h)and 6.7% (16 h) at 190 °C, and between
12.2% (0.33 h) and 27.0% (16 h) at 245 °C, for
the pinewood between 0.6% (0.33 h) and 4.5%
(16 h) at 190 °C and between 5.6% (0.33 h) and
21.5% (16 h) at 245 °C, and for the spruce wood
between 1.1% (0.33 h) and 3.6% (16 h)
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Do systému sa pri termickej modifikacii do-
dava teplo a uvol'nené plynné produkty tepelnej
degradacie sa mozu ziskavat’, kondenzovat a
¢istit' [10]. Na konci svojho Zivotného cyklu
moze byt’ tepelne oSetrené drevo recyklované
bez nepriaznivého vplyvu na Zivotné prostredie
na rozdiel od chemicky upraveného dreva, ktoré
bolo impregnované biocidnymi latkami [11].
Okrem toho je tepelne modifikované drevo
vhodnejsie aj z hl'adiska ekotoxicity ako neoset-
reny material a moze byt’ lepSie aj v porovnani
s niektorymi umelymi latkami [12]. Medzi po-
zitivne zmeny tepelne modifikovaného dreva
patri aj jeho zvySena biologicka odolnost’ [13-
15], rozmerova stabilita [16], tvrdost’ povrchu
[17, 18], nizsia rovnovazna vlhkost’ [19, 20] a
tmavsia dekorativna farba [21-23].

Nevyhodou termicky modifikovaného dreva
mobze byt zhorSenie niektorych jeho mechanic-
kych vlastnosti, napr. pevnost’ v ohybe a v tlaku
[24, 25], tvrdost’ a pevnost’ v Smyku [17], pev-
nost’ v ohybe, modul pruznosti [7, 26], ako aj
ubytok na hmotnosti [19, 27].

2 Ubytok na hmotnosti

Ubytok na hmotnosti zavisi od druhu dre-
viny, prostredia, teploty a asu pdsobenia.

Kacikova et al. [28] termicky upravovali
drevo v rozsahu teplot 113 °C — 271 °C. Zistili,
ze ubytok na hmotnosti vzrastal s teplotou po-
sobenia, napr. pri teplote 158 °C bol 1.53%, a
pri teplote 271 °C dosahoval hodnoty 32,97%.

Gonzalez-Pena et al. [29] sledovali zmeny
bukového (Fagus sylvatica), borovicového
(Pinus sylvestris) a smrekového (Picea abies)
dreva pri termickej modifikacii v rozsahu teplot
190 °C — 245 °C pri rdznych ¢asoch posobenia
(0,33 h, 1 h, 4 h, 8 h a 16 h). Bukové vzorky
mali vys§i ibytok na hmotnosti ako ihli¢naté
dreviny bez ohl'adu na ¢as pdsobenia; pri buko-
vom dreve bol tibytok na hmotnosti 0.3% (0,33
h) a 6,7% (16 h) pri 190 °C, a 12,2% (0,33 h) a
27,0% (16 h) pri 245 °C, pri borovicovom dreve
0,6% (0,33 h) a 4,5% (16 h) pri 190 °C, pri tep-
lote 245 °C sa pohyboval medzi 5,6% (0,33 h) a
21,5% (16 h). Pri smrekovom dreve bol v roz-
sahu 1,1% (0,33 h) a 3,6% (16 h) pri 190 °C a
medzi 7,7% (0,33 h) az 26,7% (16 h) pri teplote
245 °C. Autori dospeli k zaveru, Ze.
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and between 7.7% (0.33 h) and 26.7% (16 h) at
245 °C. These authors concluded that sample
weight is more affected by the temperature of
the treatment than by the time irrespective of the
species under study.

Kucerova et al. [30] treated Silver fir wood
(Abies alba) at the temperature range of 100 °C
— 280 °C for 1 hour. They found the mass loss
in the range of 7.88% (100 °C) — 52.40%
(280 °C).

Mazela et al. [31] treated Scots pine (Pinus
sylvestris) at the temperatures of 160 °C, 190 °C,
and 220 °C during 6 h and 24 h in the air and in
an atmosphere with water vapour. They found
that the mass losses in the presence of air and of
water vapour for 6 h were similar, but with 24 h
the mass losses in the air were higher, especially
for the wood treated at 190 °C and 220 °C.

Kim et al. [32] found a correlation between
the mass loss and the time of the treatment (P)
of radiata pine (Pinus radiata) for several tem-
peratures, with equation (1):

ML(%) = A; + AsIn(P)

where ML is the percent mass loss (%), P is the
heating period (hours), and A; and A; are con-
stants.

3 Chemical Changes

The thermal maodification influences the
chemical composition of wood. It was found
that chemical changes are also more influenced
by the treatment temperature than the time [25].

At low temperatures between 20°C -
150 °C, the process of wood drying is
occurring, beginning with the loss of free water
and finishing with bound water, in the tempera-
ture range of 180 °C — 250 °C, the temperature
range commonly used for heat treatments, wood
undergoes important chemical transformations,
and at the temperatures above 250 °C starts the
carbonization processes with the formation of
CO; and other pyrolysis products [8]. It was
found that the pyrolytic decomposition of the
wood in the inert atmosphere occurs at mild
temperatures for hemicelluloses (250 °C —
300 °C) followed by cellulose (300°C -
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na hmotnost’ dreva viac vplyva teplota pdsobe-
nia ako Cas posobenia a druh dreviny.

Kucerova et al. [30] termicky pdsobili na
jedlové drevo (Abies alba) v teplotnom rozsahu
100 °C — 280 °C pocas 1 hodiny. Ubytok na
hmotnosti bol 7,88% (100 °C) az 52,40%
(280 °C).

Mazela et al. [31] upravovali borovicové
drevo (Pinus sylvestris) pri teplotach 160 °C,
190 °C, a 220 °C pocas 6 h a 24 h vo vzduchu aj
v atmosfére vodnej pary. Zistili, Ze v oboch pro-
strediach boli ubytky na hmotnosti podobné pri
Case posobenia 6 h, ale pri 24-hodinovom poso-
beni bol ubytok vy$si vo vzduchu, najmi pri
teplotach upravy 190 °C a 220 °C.

Kim et al. [32] zistili korelaciu medzi ubyt-
kom na hmotnosti a ¢asom pdsobenia (P) pre
borovicové drevo (Pinus radiata) pri viacerych
teplotach, so zavislostou (1):

)

kde ML je ubytok na hmotnosti (%), P je cas
posobenia (h), a Az, A2 st konStanty.

350 °C) and finally lignin (300 °C — 500 °C)
[33].

3 Chemické zmeny

Termickd modifikacia ovplyviiuje aj che-
mické zmeny dreva. Tieto zmeny su tieZ viac
ovplyvnené teplotou pdsobenia ako jeho trva-
nim [25].

Pri nizkych teplotach (20 °C — 150 °C) prebieha
suSenie dreva, pricom dochadza k odstraneniu
najskor vol'nej, neskor aj viazanej vody, pri tep-
lotach od 180 °C do 250 °C, ktoré sa bezne po-
uzivaji na termicki modifikdciu, podlieha
drevo vyznamnym chemickym zmenam, a pri
teplotach nad 250 °C zacina proces karboniza-
cie sprevadzany vznikom CO. a inych py-
rolyznych produktov [8]. Pyrolyticky rozklad
dreva zaCina v inertnej atmosfére pri relativne
nizkych teplotach degradaciou hemiceluldz
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Hemicelluloses are degraded by the organic-
acid catalyzed process

Amorphous regions of cellulose are also rap-
idly decomposed, what leads to the molecular
configurations less susceptible to reaction with
water [25, 34]. Acid-catalyzed degradation
leads to the formation of formaldehyde, furfu-
ral, and other aldehydes [16]. Furfural and hy-
droxymethylfurfural are degradation products
of pentoses and hexoses, respectively [35]. At
the same time, hemicelluloses undergo dehy-
dration reactions with the decrease of hydroxyl
groups [36]. The content of polysaccharides de-
creases with the severity of the treatment and
depends on the wood species [8]. Lignin under-
goes depolymerisation in a first, fast stage, and
then repolymerises into a more condensed sub-
stance [8]. Crystalline cellulose is largely unaf-
fected below 300 °C [25, 34].

(250 °C — 300 °C), neskor celulozy (300 °C
— 350 °C) a nakoniec ligninu (300 °C — 500 °C)

— Hemicelluloses

— Cellulose

Wood
|

— Lignin

e Extractives

Fig 1. Chemical changes occurring in the main com
from [
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[33]. Degradaciu hemicelul6z katalyzuju orga-
nické kyseliny.

Amorfné oblasti celulozy sa rozkladaju
rychlo, ¢o vedie ku konfiguracii, ktora je menej
pristupna reakciam v roztoku [25, 34]. Degra-
dacné reakcie v kyslom prostredi vedu k tvorbe
formaldehydu, 2-furaldehydu a d’alich aldehy-
dov [16]. 2-Furaldehyd a 5-hydroxymetyl-2-
furaldehyd su degradacné produkty pentodz,
prip. hex6z [35]. Sucasne hemicelulozy podlie-
haju dehydrata¢nym reakciam, ktoré st spreva-
dzané poklesom hydroxylovych skupin [36].
Mnozstvo polysacharidov klesa v zavislosti od
podmienok pésobenia a druhu dreviny [8]. V pr-
vej etape termickej upravy nastdva depolymer-
zacia ligninu, ktory potom repolymerizuje za
vzniku kondenzovanych Struktar [8]. Krysta-
licka celuldza je pomerne odolné pri teplotach
do 300 °C [25, 34].

Deacetylation
Depolymerization

Dehydratation

Increased crystallinity

Structural changes
Free molecules
Condensation reactions

Cross-linking

Volatile organic compounds emissions

New compounds

onent of wood due to heat treatment (adapted

)
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4 Mechanical Properties

One of the main disadvantages of heat-
treated wood is the decrease of some mechani-
cal properties, which makes this wood

unsuitable for some structural uses. The reduc-
tion depends on wood species and process con-
ditions [8]. The modulus of elasticity seems to
increase for softer treatments and decrease for
more severe treatments [8]. Esteves et al. [19]
found that in steam heat-treated pine (Pinus pi-
naster) and eucalypt (Eucalyptus globulus)
wood the change in modulus of elasticity was
small (maximum decrease of 5% for pine and
15% for eucalypt) but the bending strength was
reduced significantly (by 40% at 8% mass loss
for pine and 50% at 9% mass loss for eucalypt
wood).

Kim et al. [32] studied the effect of the ther-
mal treatment at the temperatures of 120 °C,
150 °C, and 180 °C during 4 hours to 96 hours
on the bending properties of radiata pine (Pinus
radiata) sapwood. Residual MOR of dry sam-
ples treated at 120 °C for 12 hours was 98.9%,
and at 180 °C for 20 hours it was 72.1%. For
green samples treated at 120 °C for 12 hours,
residual MOR was 89.2%, and at 180 °C for 20
hours it was 68.5%. Residual MOE decreased
less significantly. For dry samples treated at
120 °C for 12 hours it was 93.2%, and at 180 °C
for 20 hours it was 91.7%. For green samples
treated at 120 °C for 12 hours residual MOE
was 94.6%, and at 180 °C for 20 hours it was
86.8%. They also found a correlation between
the mechanical properties and the heat treatment
conditions, expressed by equations (2) and (3).

RPB(%) = B2 — BO(1 — e~(B1M)
RPB(%) = Ale4?F

where RPB is the percent residual bending prop-
erties (%), P is the heating period (hours), and
Al, A2, BO, B1 and B2 are the parameters.

The decrease of the mechanical properties of
the thermally modified wood was also described
by many other authors [26, 28, 30].
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4 Mechanické vlastnosti

Jednou z hlavnych nevyhod termicky upra-
veného dreva je pokles niektorych mechanic-
kych vlastnosti, ¢o ho znevyhodiiuje

pri jeho pouziti na konstrukéné ucely. Zhorsenie
tychto vlastnosti zavisi od druhu dreviny a pod-
mienok Upravy [8]. Modul pruznosti vzrasta pri
miernejsich podmienkach a klesa pri drasticke;j-
Som podsobeni [8]. Esteves et al. [19] zistili pri
uprave borovicového (Pinus pinaster) a euka-
lyptového (Eucalyptus globulus) dreva len malé
zmeny modulu pruznosti (maximalny pokles o
5% pre borovicu a 15% pre eukalyptus), ale
pevnost’ v ohybe bola zniZzena vyznamne (o
40% pri 8% ubytku na hmotnosti pre borovicu
a 50% pri 9% ubytku na hmotnosti pre euka-
lyptus).

Kim et al. [32] sktimali vplyv termickej
upravy pri teplotdch 120 °C, 150 °C a 180 °C a
trvani 4 az 96 hodin na ohybové vlastnosti be-
Iového borovicového dreva (Pinus radiata).
Vysledné hodnoty MOR suchych vzoriek upra-
vovanych 12 h pri 120 °C klesli oproti pdvod-
nym na 98,9% a na 72,1% pri teplote 180 °C po-
¢as 20 hodin. Pri vlhkych vzorkach upravova-
nych 12 h pri 120 °C bol pokles na 89,2% a na
68,5% pri teplote upravy 180 °C pocas 20 ho-
din. Pokles hodnét MOE bol menej vyrazny.
Vysledné hodnoty MOE suchych vzoriek upra-
vovanych 12 h pri 120 °C klesli oproti povod-
nym na 93,2% a na 91,7% pri teplote 180 °C
poc¢as 20 hodin. Pri vlhkych vzorkach upravo-
vanych 12 h pri 120 °C bol pokles na 94,6% a
na 86,8% pri teplote upravy 180 °C pocas 20
hodin. Bola zistena korelacia medzi mechanic-
kymi vlastnostami a podmienkami termickej
upravy, vyjadrena rovnicami (2) a (3).

()
3)

kde RPB je hodnota vysledna hodnota ohybo-
vych vlastnosti (%), P je doba ohrevu (h), a A1,
A2, BO, B1 a B2 st parametre.

Pokles pevnostnych vlastnosti termicky mo-
difikovaného dreva bol pozorovany aj inymi au-
tormi [26, 28, 30].
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Boonstra et al. [37] studied the reasons for deg-
radation of mechanical properties of thermally
modified wood. They stated, that the degrada-
tion of hemicelluloses is the major factor for the
loss of mechanical strength, affecting especially
bending and tensile strength, but also the crys-
tallization of amorphous cellulose might play an
important role. Polycondensation reactions of
lignin resulting in cross-linking, are proposed as
having a positive impact mainly in the longitu-
dinal direction. A close relationship between
hemicellulose content and bending strength was
also reported by other authors [7, 38].

5 Optical Properties

Colour is the very important property of
wood for the final product, and in some cases, it
is the determining factor for the selection of a
specific wood since the visual decorative point
of view is often prevailing [8]. Most researchers
use CIELab system to determine the colour
changes. The advantage of this system is that it
is similar to human vision and very useful for
camera or scanner imaging editing.

Kacikova et al. [28] studied the effect of the
thermal treatment on colour changes in Norway
spruce (Picea abies) wood. They found that sur-
face colour of samples at the temperature of 221
°C was light brown, then brown to dark brown.
At the temperature of 271 °C, the samples were
black with a carbonized surface. Chen et al. [39]
found that the black locust (Robinia pseudoaca-
cia) wood flour changed its color characteristics
in terms of L*, a*, and b* values when sub-
jected to heat treatment; the initial L* value for
control was 66.9, heat treatment induced a sig-
nificant decrease in L* values, measured at 42.8
(in oxygen) and 54.2 (in nitrogen), when the in-
itial moisture content was 0%, the a* values in-
creased while b* values decreased after heat
treatment. Similar results were observed for Pe-
dunculate oak (Quercus robur), Scotch pine
(Pinus sylvestris), and Silver birch (Betula ver-
rucosa) treated at temperatures 160 °C, 180 °C,
210 °C, and 240 °C [40].

Chen et al. [39] explained an increase of Aa*
by condensation of proanthocyanidin, lignin
and other related extractives under low pH on
the heat, and that the byproducts thus formed
absorb the complementary light of reddish col-
our and contribute to the red colour of the wood.
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Boonstra et al. [37] zistovali pri¢iny zhorSo-
vania mechanickych vlastnosti termicky modi-
fikovaného dreva. Uvadzaju, ze degradacia he-
miceluloz je hlavnym faktorom sposobujucim
stratu mechanickych vlastnosti, najmé pevnosti
v ohybe a pevnosti v tlaku, ale takisto krystali-
zacia amorfnej celuldzy médze zohravat vy-
znamnu ulohu. Kondenzacné reakcie ligninu
vedice k jeho zosietovaniu mo6zu mat’ pozi-
tivny vplyv, najmi v pozdiznom smere. Vy-
znamné korelacie medzi mnozstvom hemicelu-
16z a pevnostou v ohybe zistili aj ini autori [7,
38].

5 Optické vlastnosti

Farba je vel'mi dolezita vlastnost’ dreva v
jeho finalnych produktoch a v niektorych pripa-
doch mdze byt rozhodujucim faktorom pre vy-
ber dreviny, ked’Ze vizualne hl'adisko je Casto
rozhodujuce z estetického hladiska [8]. Vacsina
vyskumnikov pouziva CIELab systém na sledo-
vanie farebnych zmien. Vyhodou tohto systému
je jeho podobnost’ s 'udskym videnim a je tiez
vhodné na spracovanie kamerou alebo skene-
rom.

Kacikova et al. [28] studovali vplyv termic-
kej upravy na farebné zmeny smrekového dreva
(Picea abies). Zistili, Ze pri zvySujucej sa tep-
lote do 221 °C sa farba menila od slabo hnedej
az po tmavohnedu. Pri teplote 271 °C boli
vzorky cierne so zuholnatenym povrchom.
Chen et al. [39] skamali farebné zmeny ter-
micky upravené¢ho agatového dreva (Robinia
pseudoacacia) hodnotami L*, a*, and b*. Po-
¢iato¢na hodnota L* bola 66,9, termicka uprava
sposobila jej vyznamny pokles na 42,8 (v kys-
liku) a na 54,2 (v dusiku) pri nulovej pociatoc-
nej vihkosti. Hodnota a* vzrastala a hodnota b*
klesala vplyvom zvySenej teploty. Podobné
zmeny boli pozorované pri dubovom (Quercus
robur), borovicovom (Pinus sylvestris) a brezo-
vom (Betula verrucosa) dreve, ktoré boli upra-
vované pri teplotach 160 °C, 180 °C, 210 °C a
240 °C [40].

Chen et al. [39] vysvetl'uju vzrast 4a* kon-
denzaciou proantokyanidinu, ligninu a niekto-
rych extraktivnych latok vplyvom tepla pri niz-
kych hodnotach pH, pricom vznikajtice vedlaj-
Sie produkty absorbuji doplnkové Ziarenie Cer-
venej frby a tym prispievaju k Cervenému zafar-
beniu dreva. V pritomnosti vody kombinacia
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In the presence of water, combining high tem-
perature and oxygen atmosphere, heating gen-
erally induces hydrolysis reactions in wood,
which could result in the formation of lower
molecular weight yellow phenolic substances,
such as flavonoids, which results in a decrease
of Ab*. Their results suggested that oxygen as
an oxidation medium plays a vital role in the
darkening of wood during heat treatment. The
decrease in lightness (L*) indicates that many
components absorbing visible light are formed
during heat treatment.

In general, colour could be used for predict-
ing the properties of heat-treated wood. Todo-
rovic et al. [41] observed that the majority of
examined properties had a linear correlation
with AL* and AE*, while AE* was a better pre-
dictor for all properties, except for density of
heartwood. Candelier et al. [11] reviewed the
prediction of the durability of heat treated wood
by colour measurement.

9 Surface Quality

The thermal modification also improves the
surface quality of wood. This property is im-
portant in relation to wood flammability [8].
Priadi and Hiziroglu [42] treated Ceylon cedar
(Melia azedarch), mahogany (Swietenia macro-
phyla), red oak (Quercus falcate), and Southern
pine (Pinus taeda) wood at 130 °C and 200 °C
for 2 h and 8 h. They observed that the oak
showed the roughest surface with an average Ra
value of 12.3 um. Exposing the samples to the
temperature of 130 °C for 2 h resulted in only
4.4% improvement in their R, values. All spec-
imens kept in the oven at 130 °C for 8 h had
smoother surface quality. Average roughness
values of the samples exposed to the tempera-
ture of 200 °C for 8 h had values lower about
17.8% than those of control samples. Eastern
red cedar samples exposed to 190 °C for 8 h
showed 85% lower values for above corre-
sponding comparison.

Bakar et al. [17] reported that the surface
quality of red oak (Quercus rubra), Eastern red
cedar (Juniperus virginiana), and rubberwood
(Hevea brasiliensis) treated at the temperatures
of 120 °C and 190 °C for 2 h and 8 h improved
with the increasing temperature and the expo-
sure time. Among the average of surface rough-
ness measurements for three species, red oak
had the roughest surface quality, followed by
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vysokej teploty a oxidacnej atmosféry sposo-
buje hydrolyzne reakcie v dreve, ¢o moze viest’
k vzniku nizkomolekulovych fenolickych latok,
napr. flavonoidov a vysledkom je pokles 4b*.

Tieto vysledky naznacuju, ze kyslik ako oxi-
dacné médium hra dolezitt ulohu pri tmavnuti
dreva pocas jeho tepelnej upravy. Pokles svet-
losti (L*) poukazuje na vznik mnohych zliéenin
absorbujucich viditeI'né Ziarenie pocas termic-
kej modifikécie dreva.

Zmeny farby mozu byt pouzité pre odhad
vlastnosti termicky upraveného dreva. Todoro-
vic et al. [41] zistili, ze sledované vlastnosti
maju linearnu korelaciu s AL* a AE*, pricom
AE* vykazovalo lepsiu korelaciu so vSetkymi
vlastnostami, okrem hustoty jadrového dreva.
Candelier et al. [11] skamali zavislost’ medzi tr-
vanlivost'ou termicky upraveného dreva a zme-
nami farby.

9 Kvalita povrchu

Termicka modifikacia takisto zlepSuje kva-
litu povrchu dreva. Tato vlastnost’ je dolezita aj
pri odolnosti voci jeho horlavosti [8]. Priadi a
Hiziroglu [42] upravovali cédrové (Melia aze-
darch), mahagonové (Swietenia macrophyla),
dubové (Quercus falcate) a borovicové (Pinus
taeda) drevo pri teplotach 130 °C a 200 °C po-
¢as 2 a 8 hodin. Zistili, Ze dubové drevo malo
najdrsnejsi povrch s hodnotou Ra 12,3 pm.
Uprava pri teplote 130 °C pocas 2 h ho zlepsila
len 4,4%. Vsetky vzorky upravené pri teplote
130 °C pocas 8 h mali hladsi povrch. Priemerné
hodnoty vzoriek upravenych pri teplote 200 °C
pocas 8 h mali niZSie hodnoty o 17,8 % ako kon-
trolné vzorky. Cédrové drevo upravené pri tep-
lote 190 °C pocas 8 h malo o 85 % nizSie hod-
noty v porovnani s predchadzajucimi.

Bakar et al. [17] uvadzaju, Ze kvalita po-
vrchu dubového (Quercus rubra), cédrového
(Juniperus virginiana) a kau¢ukového (Hevea
brasiliensis) dreva upravovaného pri teplotach
120 °C a 190 °C pocas 2 a 8 h sa zlepSovala so
vzrastajucou teplotou a dlh§im trvanim tpravy.
Dubové drevo malo najdrsnejsi povrch
(9,93 um), hlads$i povrch mal kaucukovnik
(4,57 pm) a najhladsi cédrové (2,60 um).

Podl'a Bakara et al. [17] zlepSenie kvality
povrchu dreva upravovaného pri vyssich teplo-
tach a dlhsich ¢asoch posobenia moZze mat’ su-
vislost’ so zmenami v biochemickom zlozeni
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rubber wood and Eastern red cedar with average
values of 9.93 pum, 4.57 um and 2.60 um, re-
spectively.

Bakar et al. [17] stated, that the enhanced
surface quality of the wood exposed to a higher
temperature for a longer period of time could
possibly be related to the changes of biochemi-
cal constituents in the cell wall.

10 Fire-technical Characteristics

Research on the influence of the thermal
modification on fire-technical characteristics is
scarce.

According to the Termowood Handbook
[43] the rate of the heat release level (RHR) of
the heat-treated pine was about 10 kW greater
than that of the untreated pine, in the total heat
rate (THR), an increase of about 15% due to the
heat treatment was observed, smoke production
was roughly doubled, and the ignition time was
shortened by 30%. However, they stated that
ThermoWood does not differ significantly from
normal wood when it comes to fire safety and
that ThermoWood is in fire class D.

Cekovska et al. [44] studied the behaviour of
the spruce wood treated at the temperatures of
160 °C, 180 °C, and 210 °C after the exposure
to the direct flame. They found, that the open-
flame burning caused a lower mass loss in the
thermally modified spruce wood than in the un-
treated wood. After the direct flame was re-
moved from the wood 10 min to 15 min into the
test, there was no after-flame, and the mass loss
was minimal, up to 0.54%.

Cekovska et al. [45] found that the same
treatment of teak wood (Tectona grandis)
caused the greater mass loss in open flame burn-
ing than in the untreated wood. Also, they found
that thermally treated teak wood at all tempera-
tures has higher burn rates than untreated wood.
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bunkovych stien.

10 PozZiarno-technické vlastnosti

Vplyv termickej modifikdcie na poziarno-
technické vlastnosti dreva je v sucasnosti stale
nedostato¢ne preskiumany.

Podl'a Thermowood Handbook [43] uroveii
rychlosti uvolfiovania tepla (RHR) tepelne
upravené¢ho borovicového dreva bola asi
0 10 kW vicsia ako pri pdvodnom dreve, cel-
kové uvolnené teplo (THR) vzrastlo asi o 15%,
tvorba dymu bola priblizne dvojnasobna a Cas
vznietenia sa skratil asi 0 30%. Autori uvadzaju,
7ze ThermoWood sa vyznamne neli$i od bez-
ného dreva, pokial’ ide o poziarnu bezpecnost’ a
ze ThermoWood je v poziarnej triede D.

Cekovska et al. [43] skamali zmeny smreko-
vého dreva upraveného pri teplotich 160 °C,
180 °C a 210 °C po jeho vystaveni priamemu
plameiiu. Zistili, ze pdsobenie otvoren¢ho pla-
mena sposobilo mensi tbytok na hmotnosti v
termicky upravenom dreve ako v povodnom. Po
odstraneni priameho plamena z dreva 10 min az
15 minut testu nedoslo k Ziadnemu spitnému
vzplanutiu a straty na hmotnosti boli minimalne
, menej ako 0,54%.

Cekovska et al. [44] pri rovnako upravenom
na hmotnosti pri poésobeni priameho plamena
ako v pripade neupravené¢ho dreva. Tikové
drevo modifikované pri vsetkych teplotach
malo vys$$iu rychlost’ horenia v porovnani s ne-
upravenym drevom.
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Abstract

In recent years, the world has been affected by massive disasters caused by natural disasters that required immense
financial and physical support for the victims of these disasters. The geographical information systems, mobile
geographical information systems, web-based geographical information systems, as integral parts of the geoinfor-
mation technologies, belong to the most progressive methods to support the three stages of disaster management:
preparedness, analysis and response. A lot of scientific papers have been published presenting the ways how to
implement geoinformation tools to support the disaster management and urban planning on the municipality level.
This paper compiles the knowledge related to them and provides a review of geoinformation tools in the disaster
management. There were one hundred scientific papers, mostly from the Web of Science Core Collection database,
analysed to produce the overview. The aim of the overview was to analyze the current state-of-the-art technologies
in this sphere and to find new trends in research focusing on the GIS-based disaster management. From the survey
is evident the continual shift from the desktop solutions, server solutions to the web solutions allowing to use the
mobile GIS technology, directly in the field. All these technologies are very helpful in managing the disaster, the
relief works and rescue operations in a real crisis.

Keywords: crisis, disaster management; GIS, spatial decision support

1 Introduction ,
1 Uvod

In a time of extraordinary human efforts to
live harmoniously in the natural world, the
global toll from extreme events, mostly of na-
ture origin, is increasing. Loss in property from
natural hazards is rising in most regions of the
world, and loss of life is continuing or increas-
ing, mostly in the economically poor regions.

Mostly climate change is a reason of those
disasters, and it is also reasonably expected to
increase the countries™ vulnerability to natural
hazards in the future [1].

V case mimoriadnej 'udskej snahy zit' har-
monicky v prirodnom svete sa globalna dan z
mimoriadnych udalosti, vacSinou prirodného
charakteru, zvySuje. Straty na majetku sposo-
bené hrozbami prirodného charakteru narastaji
vo vacsine regionov sveta, a rovnako straty na
zivotoch neustale pretrvavaju alebo dokonca
rasti, a to vicsinou v ekonomicky chudobnych
regionoch.

Vigcsinou je pricinou vyskytu tychto mimo-
riadnych udalosti klimatickd zmena a odovod-
nene sa ocakava, ze v jej dosledku sa v
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Since, those natural hazards do not become
man-made disasters, there is a need to develop
effective systems to identify needs, manage
data provide spatial analyses and help calibrate
responses.

The geographical information systems
(GIS), and the geoinformation technologies at
all, represent the best way to effectively manage
the data related to the world's objects and to
support the decision-making process of crises
managers, in all the stages of disaster manage-
ment, i.e. preparedness, analysing and response.

The traditional GIS was presented as the
desktop system, in which people captured/ cre-
ated/ edited, stored and visualized the data.

Since 1960s, the GIS moved first from the
desktop solutions to server solutions, then to the
web solutions, what allowed to use the mobile
GIS technology, directly in the field, at present.

Very helpful in managing the disaster, the
relief works, and rescue operations is the mobile
GIS. Also, the contemporary web-based GIS
and cloud computing [2] systems present possi-
ble challenges in a real crisis.

2 GIS applications in the disaster manage-
ment in general

In the case of a serious disaster, GIS special-
ists are expected to provide a wide array of in-
formation with short deadlines for a variety of
important tasks.

It is essential for everyone involved in cop-
ing with a disaster to have a clear sense of the
current situation, and to receive updates on the
situational picture as time progresses. This can
be a serious challenge because often a disaster
can impact what types of data are available.

GIS s used in several ways during a disaster:
e Mapping the extent of the disaster/emer-

gency;

o Estimation of damage to a structure by per
cent loss and the mapping of damaged
structures;

o Estimation of total community loss, taking
into consideration housing and businesses

[8];
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budiicnosti zvysi zranitel'nost krajin prave voci
prirodnym rizikdm [1].

Pretoze tieto prirodné hrozby nie su zavislé
na ¢innosti ¢loveka, je potrebné vyvinat’ G¢inné
systémy na identifikaciu potrieb, spravu udajov,
poskytovanie priestorovych analyz a pomoc pri
priprave na odozvu.

Geografické informacné systémy (GIS) a ge-
oinformacné technologie predstavuju vobec
najlepsi sposob ako efektivne spravovat’ udaje
tykajuce sa objektov sveta a podporovat’ rozho-
dovaci proces krizovych manazérov vo vSet-
kych stadiach riadenia krizovych situdcii, t. j.
pripravenosti, analyze i odozve.

Tradicny GIS bol reprezentovany ako
desktopovy systém, v ktorom I'udia zaznamena-
vali / vytvarali / upravovali, ukladali a vizuali-
zovali udaje.

Od 60. rokov minulého storocia sa GIS po-
sunul z ¢isto desktopovych rieseni k servero-
vym rieSeniam a nasledne k webovym riese-
niam, ktoré v sucasnosti umoznuju vyuzivat
technologiu mobilného GIS priamo v teréne.
Velmi uzitoénym V krizovom riadeni, najméi
riadeni zachrannych prac je mobilny GIS. Aj
moderné webové GIS systémy a vypocty v clo-
ude [2] predstavuju mozné spdsoby podpory
riadenia v ¢ase realneho vyskytu mimoriadnej
udalosti .

2 Aplikacie GIS v krizovom riadeni vo vSeo-
becnosti

V pripade zavaznej mimoriadnej udalosti sa
ocakava, ze GIS Specialisti poskytnu Siroku
Skalu informacii pre rézne dolezité ulohy vo
vel'mi kratkom Case.

Je nevyhnutné, aby vsetci, ktori sa podiel'aju
na zvladani udalosti, mali jasnu predstavu o su-
Casnej situacii a aby dostali aktualizacie situac-
ného obrazu v realnom ¢asu. To vsak byva vaz-
nym problémom, nakol'ko samotna udalost’ ma
¢asto vplyv na to, aké typy udajov su k dispozi-
cii.

GIS je mozné pocas vyskytu mimoriadnej
udalosti vyuzit’ niekol’kymi sposobmi:

e na mapovanie rozsahu katastrofy/mimo-
riadnej udalosti;
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e Estimate of displaced residents or effected
citizens;

e Estimation of the amount of debris to be re-
moved to disposal [3,4] and the cost to re-
pair and replace city infrastructure [5],
street signs, traffic lights, schools, etc.

Further, we introduce the ways of
GIS/geoinformation technologies application in
the individual steps of the disaster management:
e Planning and Analysis: e.g. modelling, ana-

lysing spatial data and displaying commu-
nity vulnerability;

e Situational Awareness: e.g. providing
locational information on the disaster;

o Data Management: e.g. data gathering, stor-
ing, cataloguing;

o Field Operations: e.g. using mobile GIS
technology [6,7].

Disaster managers from different state, re-
gion or municipality level use the GIS and geo-
graphical data for disaster planning, forecasting
and early warning of disastrous event, for relief
works and rescue operations management.

3 GIS and geoinformation technologies ap-
plication in the disaster management — a re-
view

There is introduced a review of scientific

works of several mostly foreign experts on im-

plementation of GIS and geoinformatics tools to

disaster management. Those works are intro-
duced considering the year of their publishing.

Coutinho et al. [9] introduced a geograph-

ically based situation understanding and infor-
mation management system GeoWorlds for dis-
aster relief operations that integrated geo-
graphic information systems, spatial digital li-
braries and other information analysis, retrieval
and collaboration tools that can be used in sev-
eral applications ranging from intelligence gath-
ering to urban planning, to crisis management
and response.

o Fischer, Fusco and Brugnoni [7] described
the integration of a demonstrator system,
designed by European Space Agency
(ESA), able to serve the need of real-time
information exchange between a decision
support centre and n-field clients, and GSM
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na odhad poskodenia konstrukcie o percen-
tudlnu stratu a mapovanie poskodenych
Struktur;

e na odhad celkovej straty zo strany spoloc-
nosti, s ohl'adom na stavby na ubytovanie
a vyrobné, obchodné a kancelarske objekty
[8l;

e odhad vysidlenych obyvatel'ov alebo po-
skodenych obc¢anov;

e odhad mnozstva odpadu, ktory je potrebné
odstranit’ [3,4] a naklady na opravu a vy-
menu mestskej infrastruktury [5], ulic, do-
pravnych znaciek, §kol atd’.

Dalej uvadzame spdsoby aplikacie GIS / ge-
oinformacnych technolégii v jednotlivych kro-
koch krizového riadenia:

e planovanie a analyza: napr. modelovanie,
analyza priestorovych udajov a zobrazova-
nie zranite'nosti komunity;

e situacné povedomie: napr. poskytovanie lo-
kaliza¢nych informacii vo vztahu ku mimo-
riadnej udalosti/katastrofe;

e sprava udajov: napr. zhromazd'ovanie, uk-
ladanie, katalogizacia tidajov;

e Operacie v teréne: napr. pomocou technolo-
gie mobilného GIS [6,7].

Krizovy manazéri na rdéznych urovniach
Statu, regionu alebo obce vyuzivaju GIS a geo-
grafické udaje na krizové planovanie, predpo-
vedanie a véasné varovanie pred zdvaznymi mi-
moriadnymi udalost’ami a na riadenie zachran-
nych préac.

Vel'mi uzitoénym V krizovom riadeni, najméa
pri vykone zachrannych prac, je mobilny GIS.
Aj moderné weboveé GIS systémy predstavuji
mozné sposoby podpory riadenia V Case vy-
skytu realnej mimoriadnej udalosti.

3 Aplikacie GIS a geoinformaénych techno-

l16gii v krizovom riadeni - prehl’ad

Tu uvadzame literarny prehlad vedeckych
prac niekol’kych, prevazne zahrani¢nych odbor-
nikov, na implementéciu nastrojov GIS a geoin-
formatiky do krizového riadenia. Tieto prace su
systematicky zoradené podl'a roku ich vydania.

Coutinho et al. [9] predstavili informacny
riadiaci systém GeoWorlds, zaloZzeny na geo-
grafickom pochopeni situacie, pre podporu vy-
konu zachrannych prac, integrujtci



12(1): 44 — 81, 2018

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2018.12.1.37

based communication devices for disaster man-
agement operations. A client/server architecture
was built. The light field-client was hosted on a
hand-held communicator and connected to a po-
sitioning device (GPS/DGPS) and additional
tools for in situ measurements. The server was
hosting the decision support system build
around a GIS environment. Using the GSM data
calls and SMS protocol for near-real time infor-
mation exchange (maps, images, text, etc.), the
missions for these devices could be manifold,
not only in the disaster domain.

Gunes and Kovel [10] described the use of a
geographic information system (GIS) in emer-
gency management efforts for disaster prepar-
edness, mitigation, and response, and summa-
rize an ongoing effort to build a GLS-based de-
cision support system for the Douglas County
Emergency Management Agency in the state of
Kansas, to help emergency management offic-
ers in decision making, focusing on Douglas
County's preparedness, mitigation, and re-
sponse efforts for its most common disaster,
flooding.

Bovalini et al. [11] introduced a computer
supported approach to emergency planning,
analysis and response. They applied the HA-
RIA-2 methodology for external emergency
planning and analysis. The main characteristic
of HARIA-2 was that it considered both the
physical phenomena and the sociological as-
pects of technological emergencies. The meth-
odology was transferred in a software package
named Demonstrator, which allowed quite fast
simulations of various accident scenarios. It in-
tegrated databases and models needed for emer-
gency planning, including those simulating
population behaviour and evacuation plan, alt-
hough in simplified mode.

Laben [12] presented activities and methods
to integrate the knowledge, GIS and remote
sensing data and tools, modelling and simula-
tion technology, weather analysis, digital and
information technology, and systems engineer-
ing processes for emergency managers and their
applications at the U.S. Pacific Disaster Centre.

Tumay et al. [13] reviewed a subset of sim-
ulators developed to predict, track and minimize
the effects of disasters in Turkey. Some tech-
nical details of the simulations, basic

Delta 2018, 12(1):44-81.

47

geografické informacné systémy, priestorové
digitalne kniznice a d’alie nastroje na analyzu,
vyhladavanie, ktoré je mozné pouzit’ v r6znych
aplikaciach od zhromazd'ovania informacii po
planovanie vystavby, krizového manazmentu
a krizovej odozvy.

Fischer, Fusco a Brugnoni [7] popisali integ-
raciu demonstratného systému navrhnutého
Europskou vesmirnou agentirou (ESA), ktory
je schopny v realnom Case zabezpecit’ potrebu
vymeny informacii medzi centrom na podporu
rozhodovania a klientmi v n-terénoch a GSM
komunikacnymi zariadeniami pre operacie kri-
zového riadenia. Vybudovana bola architektiura
klient / server. Tenky klient bol pripojeny pro-
strednictvom ru¢ného komunikatora pripoje-
ného k polohovaciemu zariadeniu (GPS /
DGPS) a dalsim pridavnym zariadeniam urce-
nym na meranie na mieste. Server obsahoval
systém na podporu rozhodovania zalozeny na
prostredi GIS. Pomocou datovych volani GSM
a SMS protokolu pouzivaného na vymenu in-
formacii v redlnom ¢ase (mapy, obrazky, text
atd’.) Tieto zariadenia mozno vyuzit' na zabez-
pecenie splnenia réznych uloh, nielen tych,
ktoré sa tykaju oblasti krizového riadenia.

Gunes a Kovel [10] popisali pouzivanie geo-
grafického informa¢ného systému (GIS) v kri-
zovom riadeni, a to v oblasti pripravy na mimo-
riadne udalosti, zniZovani dopadov a odozve, a
sumarizovali pokracujuce usilie o vybudovanie
systému na podporu rozhodovania zaloZeného
na principe GLS pre systém krizového riadenia
Agentury Douglas County v State Kansas, aby
pomohla uradnikom v krizovych situdciach pri
rozhodovani, zameriavajlc sa na pripravenost’ a
zmiernovanie dopadov mimoriadnych udalosti
v oblasti Douglas County, a to pre naj¢astejSiu
sa vyskytujucu udalost’ - povoden.

Bovalini et al. [11] zaviedli po¢itatom pod-
porovany pristup ku krizovému planovaniu,
analyze a odozve. Aplikovali metodiku HA-
RIA-2 pre externé krizové planovanie a ana-
Iyzu. Hlavnou charakteristikou HARIA-2 bolo
to, Zze brala do uvahy fyzické javy a sociolo-
gické aspekty mimoriadnych udalosti technolo-
gického charakteru. Metodologia bola preve-
dena do softvérového balika s nazvom
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underlying models of simulations, and extent of
required remote sensing data were presented,
too.

Erharuyi and Fairbairn [6] investigated and
published the challenges of mobile geographic
information handling for disaster management,
particularly oil spill emergency response. They
considered also measures to improve geo-
graphic information handling and to support
rescue efforts during emergency response.

Montoya [14] pointed out the fact that for the
management of urban disaster risk, periodic up-
dating of building and lifeline geo- databases is
crucial, particularly in developing countries
where urbanisation rates are very high. In his
work he explored the use of an off-the-shelf
low-cost and rapid method of data collection for
the development of a building inventory based
on the combination of remote sensing, global
positioning systems, digital video and geo-
graphic information systems. The method de-
veloped consisted of a sequence of stages, the
first stage involved the use of remote sensing
and GIS for stratification and mission planning
purposes. The second stage consisted of using
global positioning system and digital video for
the creation. of spatially referenced images and
the third stage involved the use of GIS for dis-
play and analysis. The methodology developed
was tested on the Costa Rican city of Cartago
and its advantages and disadvantages were iden-
tified.

Bhaskaran et al. [15] focused integration of
airborne hyperspectral sensor data and geo-
graphic information systems to develop a hail-
stones vulnerability map which had the poten-
tial to assist in decision making during post-dis-
aster emergency operations in Sydney, Aus-
tralia. A spectral library of surface materials
from urban areas was created by using a full
range spectroradiometer. The image was atmos-
pherically corrected using the empirical line
method. A spectral angle mapper (SAM)
method, which is an automated method for com-
paring image spectra to laboratory spectra, was
used to develop a classification map that shows
the distribution of roofing materials with differ-
ent resistances to hailstones. Spatial overlay
technique was performed in a GIS environment
where several types of cartographic data such as
special hazard
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Demonstrator, ktory umoznil pomerne rychle
simulacie roznych scenarov udalosti. Integroval
databazy a modely potrebné na krizové plano-
vanie vratane tych, ktoré simuluju spravanie sa
obyvatel'ov a plan evakuécie, hoci v zjednodu-
Senom rezime.

Tumay et al. [13] preskuamali podmnoZinu
simuldtorov vyvinutych na predpovedanie,
sledovanie a minimalizaciu dopadov mimoriad-
nych udalosti v Turecku. Prezentovali aj nie-
ktoré technické podrobnosti o simuléaciach, za-
kladnych modeloch simulacii a rozsahu udajov
pozadovanych zo zdrojov dialkového prie-
skumu Zeme.

Erharuyi a Fairbairn [6] skiimali a zverejnili
moznosti rozvoja tykajlice sa prace s geografic-
kymi informaciami z mobilnych zariadeni na
ucely krizového riadenia, najmé krizovej odo-
zvy tykajucej sa Gniku ropnej latky. Navrhli aj
opatrenia na zlepSenie manipulacie s geografic-
kymi informaciami a na podporu zachrannych
prac pri odozve na mimoriadne situacie.

Montoya [14] poukazal na skutocnost, ze
pre riadenie rizika katastrof v meste je zasadnou
pravidelnd aktualizicia stavebnych a zachran-
nych geodatabaz, a to najma v rozvojovych kra-
jinach, kde je miera urbanizacie vel'mi vysoka.
Vo svojej praci skiumal pouzitie lacného a rych-
leho sposobu zhromazd’ovania tidajov pre vyvoj
inventarizacie budov, zalozeného na kombina-
cii udajov dial’kového prieskumu Zeme, global-
nych polohovacich systémov, digitalnych videi
a geografickych informacnych systémov. Vyvi-
nutd metdda pozostavala zo série faz. V prvej
faze sa pouzival dialkovy prieskum Zeme a GIS
na ucely stratifikacie a planovania uloh. Druha
etapa pozostavala z pouZitia globalneho poloho-
vacieho systému a digitalneho videa na vytvo-
renie. priestorovoodkazovanych obrazkov a tre-
tia etapa zahffiala pouzitie GIS na zobrazenie
stavu ajeho analyzu. Vyvinutd metodologia
bola testovana na priklade kostarického mesta
Cartago. Identifikované boli jej vyhody a nevy-
hody.

Bhaskaran et al. [15] sa zamerali na integra-
ciu udajov ziskanych z leteckého hyperspektral-
neho skenovania a geografickych informa¢nych
systémov, za ucelom vytvorenie
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locations, population density, data about less
mobile people and the street network were over-
laid on the classified geo-referenced hyperspec-
tral image.

Andreadis, Menicori and Pietrelli [16] intro-
duced a real-time system for remote co-ordina-
tion of rescue teams. The system proposed has
been developed for the "Operational Room™ of
the Civil Defence of the Siena Province (ltaly),
working primarily in emergency situations. It
allowed the visualization and the real-time
tracking of the rescue parties acting in the field,
through an "Intelligent Board" installed in the
Operational Room. The localization was visual-
ized on Geographic Information System (GIS)
maps and it could be implemented both through
dedicated software, allowing high analysis ca-
pabilities, and through web browsers, enabling
remote visualizations. The rescue teams were
equipped with palmtop devices with networking
capabilities, to communicate with the Opera-
tional Room and to point out in real time the oc-
currence of certain calamitous events (i.e. inter-
rupted road, landslide, accident, etc.), thus al-
lowing the coordination and distribution of
these data to all the other rescue parties.

Cai et al. [17] introduced an approach to
map-mediated geo-collaborative crisis manage-
ment. They described a group interface for geo-
graphical information system, featuring multi-
modal human input, conversational dialogues,
and same-time, different place communications
among teams.

Huyck et al. [8] introduced a centralized
web-based loss estimation tool called INLET
(Internet Map Servers) for disaster response.
This was the first online real-time loss estima-
tion system available to the emergency manage-
ment and response community within Southern
California. It incorporated extensive publicly
available GIS databases and used damage func-
tions simplified from FEMA's HAZUS (R) soft-
ware. INLET was used to estimate building
damage, transportation impacts, and casualties.
The online model was used to simulate the ef-
fects of earthquakes, in the context of the larger
RESCUE project, to test the integration of in-
formation technologies in evacuation routing.
The simulation tool provided a "testbed" envi-
ronment for
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mapy zranitel'nosti voci krupobitiu, S cielom
poskytnutia podpory rozhodovania v suvislosti
s realizaciou zachrannych prac v obdobi priamo
po vyskyte krupobitia v Sydney v Australii. Vy-
tvorend bola spektralna kniznica povrchovych
materidlov z mestskych oblasti a to s pomocou
spektroradiometra s plnym rozsahom. Ziskané
snimky boli atmosféricky korigované metodou
empirickej ¢iary. Metoda mapovania spektral-
neho uhla (SAM), ktora je automatizovanou
metddou na porovnavanie spektra obrazu s la-
boratornymi spektrami bola pouzita na vytvore-
nie mapy, ktora na urovni mesta ukazuje distri-
buciu stresnych materialov s réznou odolnost'ou
voci krupobitiu. Technologia priestorového pre-
krytia sa vykonavala v prostredi GIS, kde bolo
na klasifikovanom georeferencovanom hyper-
spektralnom zobrazeni prekrytych niekolko ty-
pov kartografickych udajov, ako su Specidlne
zdroje ohrozenia, hustota obyvatel'stva, idaje o
menej mobilnych 'ud’och a siete ulic.

Andreadis, Menicori a Pietrelli [16] predsta-
vili systém pre pouzitie v redlnom ¢ase, sliiziaci
na dialkova koordinaciu zachrannych timov.
Navrhovany systém bol vyvinuty pre "Ope-
raénu miestnost™ civilnej ochrany v provincii
Siena (Taliansko), ktora pracuje predovsetkym
pocas krizovych situacii. Tento systém umoznil
vizualizaciu a sledovanie zachrannych zloziek
posobiacich v teréne v realnom Case prostred-
nictvom "Inteligentnej Rady" nainStalovanej v
Operacnej miestnosti. Lokalizacia bola vizuali-
zovana na mapach geografického informacného
systému (GIS) a mohla byt implementovana
ako prostrednictvom Specializovaného softvéru,
ktory umoziiuje analyzu dajov, tak aj a pro-
strednictvom webovych prehliadacov, umoziu-
jucich tvorbu vizualizacii na dial’ku. Zachranné
zlozky boli vybavené malymi mobilnymi zaria-
deniami s moznost’ou pripojenia do siete,i s cie-
Pom komunikovat’ s Opera¢nou miestnost'ou a
v realnom Case poukazat’ na vyskyt ur€itych mi-
moriadnych udalosti (napr. prerusena cesta, zo-
suvy pddy, nehody atd’.). Tymto spdsobom bola
umoznena koordinacia a distribucia tychto tida-
jov vSetkym ostatnym zachrannym zlozkam.

Cai et al. [17] zaviedli pristup ku krizovému
riadeniu na baze zdiel'ania map a
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researchers to model the effect that disaster
awareness and route familiarity can have on
traffic congestion and evacuation time.

Chandio et al. [18] described a GIS-based
route guiding system for optimal path planning
in-disaster/crisis management, which is based
on spatio-temporal hazard mitigation modelling
using GIS and geospatial data mining tech-
niques.

Hussain et al. [19] introduced an overview of
emerging geo-information technologies (GIT)
used for natural disaster management in Paki-
stan.

Uto et al. [20] proposed an early stage image
acquisition system for situation observation.
The mobile system was designed on the as-
sumption that the main operator of the system is
a rescue staff, who is occupied in the search and
rescue of sufferers. The system consisted of a
small-sized balloon, a balloon control system, a
data acquisition and transmission unit and the
data receiving system. A video signal acquisi-
tion unit was for the utilization in rescue side
and a still image acquisition unit was for the uti-
lization in decision-making side and GIS.

Mansourian et al. [21] addressed the role of
Spatial Data Infrastructure (SDI) as a frame-
work for the development of a web-based sys-
tem as a tool for facilitating disaster manage-
ment by resolving current problems with spatial
data. They pointed out the fact, that the design
and implementation of an SDI model and con-
sideration of SDI development factors and is-
sues, together with development of a web-based
GIS, can assist disaster management agencies to
improve the quality of their decision-making
and increase efficiency and effectiveness in all
levels of disaster management activities.

Xiao-Yun and Wang [22] proposed a video
real-time position approach based on GIS and
applied this approach to monitoring systems of
disaster prevention, forest fire prevention GIS
and the management command system of pano-
rama on seacoast for police defence army, suc-
cessfully.

Abdalla, Tao and Li [23] highlighted appli-
cation challenges for GIS interoperability for
emergency management with emphasis on crit-
ical infrastructure sectors. They provided as
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geospoluprace. Popisali skupinové rozhranie
pre geograficky informacny systém s multimo-
dalnym l'udskym vstupom, konverzacnymi roz-
hovormi, komunikaciou medzi timami v tom is-
tom case ale na roznych miestach.

Huyck et al. [8] zaviedli centralizovany na-
stroj pre ucely krizovej odozvy na odhad straty
prostrednictvom webu s nazvom INLET (Inter-
net Map Servers). I$lo o prvy on-line systém na
odhad straty v realnom Case, dostupny komunite
krizovych manazérov v oblasti juznej Kalifor-
nie. Obsahoval rozsiahle verejne dostupné GIS
databazy a bol zalozeny na pouziti zjednoduse-
nej funkcie poskodenia,  prevzatej zo softvéru
HAZUS (R) poskytovanom organizaciou
FEMA. INLET bol pouzity na odhad $kdd na
budovach, dopravnej infrastruktire a strat na
I'udskych zivotoch. Na simulaciu vplyvu zemet-
raseni, v kontexte vdc¢Sieho projektu RESCUE,
bol pouzity na otestovanie integracie informac-
nych technologii v planovani evakuacnych tras
online model. Simula¢ny néstroj poskytol vy-
skamnym pracovnikom prostredie "testova-
cieho priestoru" na modelovanie vplyvu, ktory
mdze mat’ pripravenost’ na mimoriadnu udalost’
a poznanie evakuaénej trasy na vznik doprav-
nych zapch a celkovy cas evakuacie.

Chandio et al. [18] popisali systém na plano-
vanie trasy zalozeny na baze GIS za u¢elom pla-
novania optimalnej trasy cesty ako sucast’ kri-
zového riadenia, ktory je zalozeny na modelo-
vani postupov veducich k zmierneniu dopadov
Casovo-priestorovych hrozieb pomocou techno-
16gii GIS a geopriestorovej hibkovej analyzy
udajov.

Hussain et al. [19] uviedli prehl'ad novych
geoinformacnych technologii (GIT) pouzi-
vanych na krizové riadenie v pripade vyskytu
zivelnych pohrom v Pakistane.

Uto et al. [20] navrhol systém v¢asného pre
ziskavanie obrazu v realnom case pre ucely
monitorovania vzniknutej situacie. Mobilny
systém vychadzal z predpokladu, ze hlavnym
prevadzkovatelom systému je obsluha z radov
zachrannych zloziek, ktoré su nasadzované pri
vyhl'adavani a zachrane osob v tiesni. Systém
pozostaval z malého baldna, riadiaceho systému
tohto balona, zbernej a prenosovej jednotky a
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a comparative analysis of emergency manage-
ment operations in the City of Vancouver the
City of Toronto, the Kitchener Waterloo Re-
gion, and the Dufferin County, as a scenario-
based case study, which was aimed to provide a
demonstration of the utility of GIS interopera-
bility, for disaster management. They also dis-
cussed the strengths and weaknesses of leverag-
ing GIS interoperability for disaster manage-
ment.

Beni, Mostafavi and Pouliot [24] attempted
to overcome the GIS limitations to simulating
such natural phenomenon by proposing a 3D
dynamic data structure, based on 3D Delaunay
tetrahedralization, that deals with objects and
field representation of space at the same time,
and provides an on-the-fly interactive topologi-
cal mesh for numerical simulation. To analyse
the different capabilities of the proposed data
structure, its application to flood simulation
they discussed, too.

Cioca, Cioca and Buraga [25] introduced a
spatial elements decision support system used
in disaster management to be used in Romania.

Fernando, Waidyasekara and Dias [26] pro-
posed a system based on web-GIS for post-dis-
aster recovery management.

Han, Zhao and Dai [27] described an ap-
proach for shortest paths finding in fire succour
based on component GIS technology. A compo-
nent GIS technology was applied to collect and
record the data information (such as, the situa-
tion of this disaster, map and road status et al)
of the reported fire firstly. The ant colony opti-
mization was used to calculate the shortest path
of fire succour secondly. The optimization re-
sults were sent to the pumpers, which can let
pumpers choose the shortest paths intelligently
and come to fire position with least time.

Pezanowski, Tomaszewski and MacEachren
[28] introduced an open geospatial standards-
enabled Google Earth application "Google
Earth Dashboard", a web-based interface pow-
ered by open geospatial standards and designed
for supplementing and enhancing the geospatial
capabilities of GE, to support crisis manage-
ment. The GED allows users to create custom
maps through WMS layer addition to GE and
perform traditional GIS analysis functions.
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systému prijimania tdajov. Zariadenie na
ziskanie signalu v podobe obrazu bolo ur¢ené
na vyuzitie na strane zachrannej zlozky a jed-
notka sluziaca na ziskanie statickych snimok
bola ur¢ena pre stranu vykonavajicu rozhod-
nutia a tiez v GIS.

Mansourian et al. [21] sa zaoberali Glohou
infraStruktiry priestorovych udajov (SDI) ako
rdmca pre vyvoj webového systému a ako na-
stroja na ulahCenie procesov krizového riade-
nia, prostrednictvom rieSenia aktualnych prob-
lémov s vyuzitim priestorovych udajov. Zdo6-
raznili skutoénost’, ze navrh a
implementacia modelu SDI a zvazenie rozvojo-
vych faktorov a problémov SDI, spolu s vyvo-
jom webového GIS, mézu napomdcet’ agentiram
krizového riadenia zlepsit' kvalitu ich rozhodo-
vania a zvysit’ ich efektivnost’ a i¢innost’ aktivit
na vSetkych urovniach krizového riadenia.

Xiao-Yun a Wang [22] navrhli pristup ziska-
nia video-pozicie v realnom case zalozeny na
baze GIS a uspesne uplatnili tento pristup na
monitorovacie systémy zamerané na prevenciu
vzniku mimoriadnych udalosti, v GIS ur¢enom
na prevenciu vzniku lesnych poziarov a velitel’-
skom riadiacom systém zachytavajucom pano-
ramu na pobreZi pre potreby vojenskej policie.

Abdalla, Tao a Li [23] poukézali na prob-
lémy s aplikdciami pre interoperabilitu GIS v
krizovom riadeni, s dérazom na odvetvia kritic-
kej infrastruktary. Poskytli, ako porovnavaciu
analyzu operacii krizového riadenia v meste
Vancouver; Toronto, regione Kitchener Water-
loo a okrese Dufferin, tak aj pripadova stadiu
zalozenu na konkrétnom scenari, ktorej cielom
bolo poskytnit’ ukazku moznosti vyuzitia inte-
roperability GIS v krizovom riadeni. Tiez
diskutovali o silnych a slabych strankach vyuzi-
vania interoperability GIS v krizovom riadeni.

Beni, Mostafavi a Pouliot [24] sa pokusili
prekonat’ GIS obmedzenia simulacie prirod-
nych javov tym, Ze navrhli 3D dynamickua
datovu Strukturu zalozenu na 3D Delaunayove;j
tetrahedralizacii, ktora sa suCasne zaobera ob-
jektmi a reprezentaciou priestoru v teréne a
poskytuje interaktivnu topologicku siet’ pre nu-
merické simulacie. Na tcely analyzy roznych
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Tahir [29] described the potential needs and
geospatial technologies available for managing
the initial disaster response phase in urban envi-
ronment efficiently.

Wang, Alidaee and Altinakar [30] proposed
a framework on developing a decision support
tool for emergency management planning. This
framework involved development of innovative
dynamic risk and uncertainty analysis methods,
and procedures making use of the visualization
tools by integrating with GIS and other infor-
mation support systems.

Furthermore, this framework involved
building a knowledge base to improve the relia-
bility and robustness of decision making.

Wang et al. [31] used the aerial photographs,
Landsat TM, CBERS and the Quick Bird data,
together with the technique of geography infor-
mation system to investigate the landslides,
rockfalls and debris flows on the Sichuan-Ti-
betan Highway in Tibet.

Weiser and Zipf [32] introduced an example
of Web Service Orchestration of OGC Web Ser-
vices application for disaster management pur-
poses. As the example, a part of an evacuation
scenario after a bomb was used. This scenario
included the need for emergency route plan-
ning. They evaluated how the actions to be per-
formed by the system supporting the rescue
workers can be mapped onto a service chain of
basic OWS. The service chain was represented
as a BPEL (Business Process Execution Lan-
guage) document and could be executed in a
web service orchestration engine, such as Ora-
cle BPEL-engine.

Xuan, Chen and Zhao [33] introduced some
vivid examples of existing disaster early warn-
ing and management system and indicated their
weakness. They also put forward some sugges-
tions to improve the performance of analysed
systems for early warning and monitoring and
management of disasters.
Zou and Wang [34] discussed how to build a
disaster information platform for urban crisis
management with GIS technology support.
Combined with remote sense and knowledge
system the platform helps administrators in
daily urban disaster inspection and prevention,
disaster management and rescue operations as

moznosti navrhovanej datovej Struktary,
diskutovali tiez o jej aplikacii na simulaciu pov-
odni.
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Cioca, Cioca a Buraga [25] zaviedli systém
podpory rozhodovania o  priestorovych
prvkoch, ktory sa pouziva na krizové riadenie v
Rumunsku.

Fernando, Waidyasekara a Dias [26] navrhli
systém zalozeny na webovych GIS pre
manazment obnovy po mimoriadnej udalosti.

Han, Zhao a Dai [27] opisali pristup k hl'ada-
niu najkratSej cesty ciest pre poskytnutie po-
moci pri poziari, zalozeny na komponentoch
GIS technologie. Tento je v prvom rade
zalozeny na zbere a zaznamenavani udajov o
poziari (ako napr. situdcia tykajuca sa mimori-
adnej udalosti, stav mapy a stav ciest atd’.). Na
vypocet najkratSej cesty pre prijazd hasicskej
jednotky k poziaru bola pouzita metoda opti-
malizacie na baze spravania sa kolonii mravcov.
Vysledky optimalizacie boli odoslané do
hasi¢skych vozidiel ¢im bolo mozné nésledne
inteligentne vybrat’ najkratSie trasy a dosiahnut’
najkratsi cas dojazdu.

Pezanowski, Tomaszewski a MacEachren
[28] predstavili otvoreni, na baze geo-
priestorovych S$tandardov zalozent, Google
Earth aplikaciu s nazvom "Google Earth Dash-
board". Ide 0 webové rozhranie zalozené na ot-
vorenych geopriestorovych Standardoch a
ur¢ené na doplnenie a rozSirenie geo-
priestorovych kapacit Google Earth (GE) o pod-
poru krizového riadenia. GED umoziiuje pouzi-
vatelom vytvarat’® vlastné mapy prostred-
nictvom vrstvy WMS pridaného do GE a vyuzi-
vat't tradicné funkcie GIS analyz.

Tahir [29] opisal potencialne potreby a geo-
priestorové technologie, ktoré su k dispozicii na
efektivne riadenie v pociato¢nej faze odozvy na
na vzniknutd krizu v mestskom prostredi.

Wang, Alidaee a Altinakar [30] navrhli
ramec na vytvorenie nastroja na podporu rozh-
odovania pri krizovom planovani. Tento ramec
zahinal vyvoj inovativnych dynamickych
metdd analyzy rizik a neistot a postupov vyuzi-
vajucich vizualiza¢né néstroje, integrovanim s
GIS a inymi systémami na podporu poskyto-
vania informacii. Okrem toho tento ramec
zahfial budovanie poznatkovej
well as rebuilding and reconstruction after the
disaster.

Abed, Hongxia and Hongyan [35] examined
the applicability of open source web-based GIS
for sharing and distributing of data for emer-
gency response operations. They support disas-
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ter management as a powerful tool for collect-
ing, storing, analysing, modelling, displaying
large amount of data and decision making.

Coskun, Alganci and Usta [36] introduced
the Geographic Information System (GIS) and
Remote Sensing (RS) as an important tool to de-
termine and help to solve described problems
to monitor environment for risk assessment and
management are needed to meet new challenges
including terrorist attacks.

El-Korany and El-Bahnasy [37] presented a
multi-agent-based approach, composed of a
fire-control KADS-based expert system agents,
GIS agent, and other sophisticated web-based
services, for crisis management, especially fire-
fighting and fire suppression.

Hu et al. [38] used the technique of spatial
database engine to extend the spatial-data man-
agement function of the relational database.
They established an emergency management
system database model based on geodatabase,
designed the structure of the system database,
solved the problem of the association of the spa-
tial data and the business data, and realized the
seamless integration and unified storage and
management of the spatial-data and the business
data.

Peng, Li and Xu [39] developed an urban
emergency rescue system prototype of natural
hazards and its spatial database for Badong
County, based on GIS spatial data management
and analysis and remote sensing images. The
system was constructed with a series of func-
tions which include information inquiry, rescue
searching, material delivery, person evacuation
and settlement after disasters and further hazard
information 3-D visualization through estab-
lishing 3-D feature images and building digital
3-D models.

Babitski et al. [40] proposed ontology-based
integration of Sensor Web Services in disaster
management, where the flow of information is
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bazy, sluziacej na zlepSenie spolahlivosti a ro-
bustnosti rozhodovania.

Wang et al. [31] pouzili letecké snimky,
druzicové udaje Landsat TM, CBERS a Quick
Bird, spolu s nastrojmi geografické¢ho in-
formacného systému na zistovanie zosuvov
pody, skalnych lavin a bahnotokov na Si-
chuansko-tibetskej dial'nici v Tibete.

Weiser a Zipf [32] predstavili priklad ap-
likacie Web Service Orchestration ako sucast’
aplikdcie OGC Web Services na ucely kri-
zového riadenia. Ako priklad bola pouzita ¢ast’
scenara evakuacie po pouziti vybusniny. Tento
scenar zahfiial potrebu planovania nidzovych
tras. Hodnotili, ako mézu byt’ ¢innosti vykonav-
ané systémom na podporu

rozhodovania zachranarov zmapované do
servisného ret'azca zdkladnych OWS. Servisny
retazec bol predstaveny ako dokument BPEL
(Business Process Execution Language) a mo-
hol by byt spracovany v systéme riadenia
webovych sluzieb, ako napriklad Oracle BPEL.

Xuan, Chen a Zhao [33] predstavili niekol’ko
zivych  prikladov  existujuceho  systému
vCasného varovania a krizového riadenia a pou-
kazali na ich slabé miesta. Predlozili aj
niekol'’ko navrhov na zlepsenie vykonnosti ana-
lyzovanych systémov v€asného varovania,
monitorovania a krizového riadenia.

Zou a Wang [34] diskutovali o tom, ako vy-
budovat’ platformu na informovanie o katastro-
fach pre ucely krizového riadenia v mestach po-
mocou podpory GIS technologii. V kombinacii
so systémom dial’kového prieskumu Zeme a po-
znatkovou bazou platforma poméaha administra-
torom pri kazdodennej inSpekcii a prevencii
vzniku mimoriadnych udalosti v mestskom pro-
stredi, krizovom riadeni a riadeni a koordinacii
zachrannych prac, ako aj pri obnove a rekon-
Strukcii.

Abed, Hongxia a Hongyan [35] skamali po-
uzitelnost’ webového GIS s otvorenym zdrojo-
vym kédom na zdielanie a distribuciu udajov
pre operacie krizového riadenia. Potvrdili vhod-
nost geografického informac¢ného systému
(GIS) na podporu krizového riadenia ako uéin-
ného nastroja na zber, ukladanie, analyzu, mo-
delovanie, zobrazovanie velkého mnozstva
udajov a rozhodovanie.
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overwhelming and sensor data must be easily
accessible for non-experts (fire brigade offi-
cers). They proposed to support, in this context,
sensor discovery and fusion by "semantically"
annotating sensor services with terms from an
ontology. In doing so, they employd several
well-known techniques from the GIS and Se-
mantic Web worlds, e.g., for semantic mat-
chmaking and data presentation. The novel con-
tribution of their work was a carefully arranged
tool architecture, aimed at providing optimal in-
tegration support, while keeping the cost for
creating the annotations at bay.

Baharin, Shibghatullah, Othman [41] intro-
duced an application framework of integrated
routing application for emergency response
management system in Malaysia embedded
with context-aware.

Abdalla and Li [42] provided an overview of
the application of geospatial technologies for
disaster and emergency management and an in-
sight on the future directions of geospatial tech-
nologies for disaster management.

Al-Khudhairy [43] discussed the challenges
in operational crisis management and described
the role of information and geo-spatial technol-
ogies in meeting those challenges. He also dis-
cussed two main sources of data, Web and very
high resolution (VHR) earth observation sen-
sors, in terms of relevance to crisis management
and techniques for information extraction and
analysis.

Clark, Holliday and Chau [44] applied col-
laborative geospatial data to Haiti 2010 disaster
relief. The application of geographic infor-
mation (GIS) technology was a significant con-
tribution to the relief efforts due to the centrality
of location to issues of danger, resources, safety,
communications, and so on, and due to the uni-
versal understanding of information rendered
geospatially using 3-D globes. The U.S. South-
ern Command (SOUTHCOM) engaged Ther-
mopylae to build a user-friendly GIS tool to
reach a wide user base, fuse data from disparate
sources, and immerse users in relevant content.
The resulting SOUTHCOM 3D User-Defined
Operational Picture united over 2,000 users to
create, add, edit, update, and share data aggre-
gated through GIS tools, existing databases,
mobile
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Coskun, Alganci a Usta [36] predstavili geo-
graficky informacny systém (GIS) a dialkovy
prieskum Zeme (DPZ) ako délezity nastroj na
uréenie a pomoc pri rieSeni problémov s moni-
torovanim prostredia pre ucely posudzovania a
riadenia rizik, zahffiajac aj teroristické utoky.

El-Korany a El-Bahnasy [37] predstavili pri-

stup zalozeny na viacerych agentoch, ktory po-
zostava z agentov poziarnej kontroly KADS ex-
pertného systému, agenta GIS a d’alSich sofisti-
kovanych webovych sluzieb sluziacich ako
podpora pre krizové riadenie a zdolavanie po-
Ziaru.
Hu et al. [38] pouzili techniku priestorovych da-
tabazovych systémov na rozsirenie funkcie ria-
denia priestorovych udajov relac¢nej databazy.
Vytvorili databazovy model systémov krizo-
vého riadenia, zaloZeny na geodatabaze, navrhli
Struktiru systémovej databazy, vyriesili prob-
1ém spojenia priestorovych tidajov a firemnych
udajov a realizovali bezproblémov1 integraciu
a jednotné ukladanie a spravu priestorovych
udajov a firemnych udajov.

Peng, Li a Xu [39] vytvorili prototyp sys-
tému mestskej zachrannej sluzby obsahujiceho
hrozby zivelnych pohrém a priestorova data-
bazu pre provinciu Badong. Tento je zalozeny
na sprave a analyze priestorovych udajov GIS
a udajov dialkového prieskumu Zeme. Systém
bol skon$truovany so sériou funkcii, medzi
ktoré patri vyhladavanie informacii, vyhl'ada-
vanie pre tUcely riadenia zachrannych prac, do-
davok materialu, evakuacie osob a obydli po ka-
tastrofach a d’alsie informacie o hrozbe, 3D vi-
zualizacie prostrednictvom vytvorenia 3D obra-
zov prvkov a budovania digitalnych 3-D mode-
lov.

Babitski et al. [40] navrhli integraciu sluzieb
Sensor Web Services na baze ontologie v ob-
lasti krizového riadenia, kde prevlada tok infor-
macii a udaje senzorov musia byt I'ahko pri-
stupné pre ne-odbornikov (dostojnikov hasic-
skych zborov). V tomto kontexte navrhli pod-
porit’ vyhl'adavanie a fziu senzorov pomocou
"sémanticke]" anotacie sluzieb senzorov s po-
jmami z ontologie. Tymto spésobom vyuzivali
niekol’ko znamych technik z oblasti GIS a sé-
mantického webu, napr. pre sémantické uspo-
riadanie a prezentaciu tidajov.
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applications and other resources, geospatially.
The UDOP was built on the enterprise geospa-
tial framework, iSpatial (TM), which interacts
with the Google Earth Plug-in (TM) browser
application programming interface and pro-
vided SOUTHCOM's Joint Intelligence and Op-
erations Center with interactive applications
and an open platform for the integration of dy-
namic data for timely and publicly-accessible
solutions.

Cosic et al. [45] proposed a method, imple-
menting combined mathematical and 3D GIS
tools, that was applied for the Danube River,
Petrovaradin (the city of Novi Sad) area, for
which data were available. The relationship be-
tween the risk parameters was calculated and
graphically presented. They stated that the
methods like this one should contribute to a
shiftfrom a passive disaster-related defense to a
proactive disaster risk management, as well as
from emergency management only, to disaster
prevention, preparedness and mitigation activi-
ties, in Serbia and the Western Balkan Region.

Hazarika et al. [46] presented a capacity
building project targeting most prevalent disas-
ters in the south and south-east Asian countries
by selecting relevant agencies, providing need-
based technical support, imparting training for
handling satellite data, conducting field verifi-
cations and guiding them to achieve tangible re-
sults. Several projects have been taken up in ar-
eas like flood, landslide, drought, earthquake,
forest fire, tsunami, volcano monitoring etc. in
14 countries of the region involving national
mapping agencies as well as disaster related or
development agencies.

Wang and Yuan [47] introduced a high-mo-
bility emergency system to demonstrate a good
solution of the Sensor Web for multi-purpose
disaster management.

Feng and Wang [48] in their study examined
the current application of geospatial infor-
mation technologies and highlighted the chal-
lenges of and constraints on GIScience research
for emergency management that are particularly
pertinent to Southeast Asia. Based on the ge-
neric GlScience research priorities noted by the
University Consortium for Geographic Infor-
mation Science, four topics
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Novym prinosom ich price bola starostlivo
usporiadand architektira nastrojov zamerana na
poskytovanie optimalnej integracnej podpory
pri zachovani nakladov na vytvorenie anotacii
Vv Case tiesne.

Baharin, Shibghatullah, Othman [41] za-
viedli aplika¢ny ramec integrovanej navigacnej
aplikacie pre kontextovo zalozeny systém riade-
nia krizovej odozvy v Malajzii.

Abdalla a Li [42] poskytli prehl’'ad o aplika-
cii geopriestorovych technoldgii pre krizové
riadenie a prehl'ad o buducich smeroch aplika-
cie geopriestorovych technologii v krizovom
riadeni.

Al-Khudhairy [43] diskutoval o vyzvach v
opera¢nom krizovom riadeni a opisuje ulohu in-
formacnych a geo-priestorovych technologii pri
rieSeni tychto problémov. Tiez diskutoval o
dvoch hlavnych zdrojoch udajov, udajov z we-
bovych zdrojov a zo senzorov dialkového prie-
skamu Zeme s velmi vysokym rozliSenim
(VHR), a to vzhl'adom na ich relevantnost’ na-
sadenia v krizovom riadeni a tiez technik pouzi-
vanych na ziskavanie a analyzu informacii.

Clark, Holliday a Chau [44] pouzili geopoli-
tické idaje na ucely riadenia zachrannych prac
na Haiti v roku 2010. Aplikacia technologie
geografickych informacii (GIS) bola vyznam-
nym prispevkom k tsiliu poskytnat’ pomoc v
tiesni ato najmd z dovodu ststredenia pozor-
nosti na problematiku nebezpeéenstva, zdrojov,
bezpecnosti, komunikacii atd’. ,ako aj kvoli uni-
verzalnemu pochopeniu informacii poskytova-
nych geograficky pomocou 3-D zobrazenia
Zeme. Spolo¢nost U.S. Southern Command
(SOUTHCOM) sa spojila so spolo¢nost'ou
Thermopylae, aby vytvorili uzivatel'sky prive-
tivy GIS nastroj. Za ucelom vytvorenia Siroke;j
uzivatel'skej zakladne, spojili udaje z roznych
zdrojov a vnorili uzivatelov do relevantného
obsahu. Vysledny uzivatel'om definovany ope-
raény obraz (UDOP) SOUTHCOM 3D spojil
viac ako 2 000 pouzivatel'ov a vytvoril, pridal,
upravil, aktualizoval a zdiel'al idaje agregované
prostrednictvom nastrojov GIS, udaje z existu-
jucich databdz, mobilnych aplikacii a inych
zdrojov, geograficky. UDOP bol postaveny na
podnikovom geopriestorovom
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most relevant to Southeast Asia were examined
and discussed, including issues relating to use
of spatial data, advancement and adoption of
technology, dynamic representation of geo-
graphic processes, and public participation in
emergency management.

Chen, Pena-Mora and Ouyang [5] presented a
collaborative GIS based framework that facili-
tates equipment allocation in response to disas-
ters. The framework was composed of three
subsystems to facilitate information gathering
and decision making for equipment distribution.
First, an application that runs on mobile devices
for on-field resource request was developed.
Second, a resource repository was implemented
with a geospatial database that enables spatial
query of resources with a graphical interface. In
addition, a GIS which enables automated deci-
sion making such as resource matching and
route finding for resource distribution was pre-
sented. Integration of decision models into the
framework to support complex decision making
for equipment distribution was also proposed.
With the framework in place, disaster response
operations could become more efficient. Simu-
lated test cases have been carried out for Cham-
paign. IL the City of Chicago and the New York
City.

Islam and Chik [49] described a case study
of a disaster in Bangladesh and the role of an
information management system for disaster
management planning. They used a methodo-
logy that considers perceptions or constructions
including the role of information systems to be
dependent on the social and cultural structures,
which is helpful in reducing destruction in di-
saster-prone areas. Advances in information
technology in the form of the internet, geo-
graphic information systems (GIS), remote sen-
sing, satellite communication, etc. Were found
to be beneficial in many aspects of the planning
and implementation of hazard reduction arran-
gements.

Wu, Su and Chu [50] constructed a location-
based service network for mobile emergency
management according to the application requ-
irements and specific features of border public
safety and emergency responding. The network
realized mobile emergency monitoring and
commanding based on the Beidou terminal,
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ramci iSpatial (TM), ktory interaguje s progra-
movym rozhranim aplikdcie prehliadaca
Google Earth Plug-in (TM) a poskytuje spolo¢-
nému informa¢nému a operaénému centru spo-
locnosti SOUTHCOM interaktivne aplikacie a
otvorenou platformou pre integraciu dynamic-
kych udajov za ti¢elom tvorby aktualnych a ve-
rejne pristupnych rieSeni.

Cosic et al. [45] navrhli metodu na imple-
mentaciu kombinovanych matematickych a 3D
GIS nastrojov, ktoré pouzili pre izemie povodia
rieky Dunaj, konkrétne Petrovaradinu (mesto
Novi Sad), pre ktoré mali k dispozicii udaje.
Vypocitali a graficky prezentovali vztah medzi
rizikovymi parametrami. Uviedli, ze takéto me-
tody by mali prispiet’ k posunu od pasivnej ob-
rany voci mimoriadnou udalostou k proaktiv-
nemu riadeniu rizik vzniku mimoriadnych uda-
losti, ako aj k posunu z vylu¢ne krizového ria-
denia k prevencii, pripravenosti a zmierneniu
nasledkov mimoriadnych udalosti v Srbsku
a vV regione zapadného Balkanu.

Hazarika et al. [46] predstavili projekt budo-
vania kapacit zamerany na najrozsirenejsSie ka-
tastrofy v krajinach juznej a juhovychodnej
Azie, a to vyberom prislusnych agentir, posky-
tovanim technickej podpory v zmysle definova-
nych potrieb, poskytovanim $koleni na spraco-
vanie druZicovych zaznamov, vykonavanim
overovania v teréne a usmernovanim za ucelom
dosiahnutia hmatatel'nych vysledkov. Proble-
matikami ako st povodne, zosuvy pody, sucho,
zemetrasenie, lesné poziare, cunami, sledovanie
sopiek atd’. sa v 14 krajinach skiimaného re-
gionu zaoberalo niekol’ko projektov, do ktorych
boli zapojené narodné mapovacie agentury, ako
aj agentlry krizového riadenia alebo rozvojové
agentury.

Wang a Yuan [47] zaviedli krizovy systém s
vysokou mobilitou na preukazanie vhodnosti
aplikacie rieSenia Sensor Web pre viacucelové
krizové riadenie.

Feng a Wang [48] vo svojej Studii skamali
sucasnu aplikaciu geopriestorovych informac-
nych technoldgii a vyzdvihli problémy a obme-
dzenia vyskumu GIScience pre oblast’ krizo-
vého riadenia, ktoré st relevantné osobitne pre
oblast’ juhovychodnej Azie. Na zéklade vieo-
becnych vyskumnych priorit GIScience, ktoré
uviedlo univerzitné konzorcium pre
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GPS terminal, intelligent PDA, Beidou satellite
communication networks, and China GSM ne-
twork. Beidou vehicle-type receiver is used as
the access module in the service center (instead
of Beidou command-type receiver) to receive
other Beidou terminals' location and informa-
tion, in order to reduce the Beidou networking
applications cost. The location and information
fusing and exchanging technology between Bei-
dou terminal and GPS terminal was developed
and the networking method was studied to rea-
lize the functions such as task forcing, informa-
tion exchanging, neighborhood location ex-
changing, command dispatching, etc. So the
personnel, vehicles, and materials can be moni-
tored in none ground mobile communication
signal coverage areas. In the emergency loca-
tion-based service network, PDA terminals can
communicate with Beidou terminals, and can
monitor and command other GPS and Beidou
terminals based on mobile GIS. The network
provides the viable solution for emergency ma-
nagement, which in face of the problems of
location sharing, team coopeiation, and mobile
commanding in the accident and disaster site.

Zhang, Geng, Cheng [51] pointed out the
significant demand for natural disaster emer-
gency of Chinese nation and the need to develop
the synthesis research of monitoring based on
satellite navigation positioning, embedded GIS
and sense technology, which will develop navi-
gation mobile terminal oriented on national
four-stage disaster emergency reduction plat-
form to realize the seamless connection and ap-
plication model of national disaster emergency
response, the rescue command system, and di-
saster business evaluation system in order to
offer the technique support for the enhancement
of national overall reduction ability and built
national four-stage disaster emergency response
and rescue command system.

Neuvel, Scholten and van den Brink [52] de-
veloped a concept focusing the network-centric
organisation of spatial decision support for risk
and emergency management. The concept was
made operational through the development of
an information system and the exchange of geo-
graphical information within the system was fa-
cilitated by the use of peer-to-peer networking
in combination with a client
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geoinformatiku, boli preskiimané a diskutované
Styri témy, ktoré su najrelevantnejsie pre juho-
vychodnii Aziu, vratane otazok tykajucich sa
vyuZivania priestorovych udajov, pokroku a
prijimania technoldgii, dynamického zobrazo-
vania geografickych procesov a ucasti verej-
nosti n a krizovom riadeni.

Chen, Pena-Mora a Ouyang [5] predstavili
spolo¢ny GIS ramec, ktory ul’ahéuje pridel'ova-
nie zdrojov v odozve na mimoriadnu udalost’.
Tento ramec pozostaval z troch podsystémov,
ktoré ulah¢uju zhromazd'ovanie informacii a
rozhodovanie o distribucii zdrojov. Ako prva
bola vyvinuta aplikacia, ktora sa spusta na mo-
bilnych zariadeniach na ucely vyziadania zdro-
jov v teréne. Ako druhé bolo implementované
ulozisko zdrojov s geopriestorovou databazou,
ktord umoziuje priestorové vyhl'adavanie zdro-
jov pomocou grafického rozhrania. Okrem toho
bol predstaveny GIS, ktory umoziuje automati-
zované rozhodovanie pri porovnavani zdrojov a
hladani trasy pre distribuciu zdrojov. Navrh-
nuta bola tiez integracia rozhodovacich mode-
lov do ramca na podporu komplexného rozho-
dovania o distribtcii zdrojov. So zavedenym
ramcom by sa operacie 0dozvy na mimoriadnu
udalost’ mohli stat’ a¢innej$imi. Simulované tes-
tovacie pripady boli vykonané pre spolocnost’
Champaign IL, mesto Chicago a mesto New
York.

Islam a Chik [49] popisali pripadovu $tadiu
mimoriadnej udalosti v Bangladési a ulohu sys-
tému riadenia informacii pre krizové planova-
nie. Pouzili metodolédgiu, ktora berie do uvahy
vnimanie a architektiru, vratane tlohy infor-
macnych systémov, tak aby boli zavislé na spo-
lo¢enskych a kulturnych Struktarach, ¢o pova-
Zuju za uzito¢né pri znizovani §kod v oblastiach
nachylnych na vyskyt mimoriadnych udalosti.
Pokrok v oblasti informaénych technologii vo
forme internetu, geografickych informaénych
systémov (GIS), dial’kového prieskumu Zeme,
satelitnej komunikacie atd’., poukazal na ich pri-
nos v mnohych aspektoch planovania a imple-
mentacie opatreni na zniZenie nebezpecenstva.

Wu, Su a Chu [50] vytvorili na poohovo lo-
kalizovanti servisnu siet’ pre ucely mobilného
krizového riadenia podl'a poziadaviek aplikacie
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server network. On the application level, the in-
formation was presented in both map and text
forms to support the exchange of information
between actors. This way of organising geo-
graphical information and technology leads to
improved information and communication, bet-
ter situational awareness and faster decision ma-
king.

Cao, Luo and Wang [53] designed a provin-
cial disaster relief and emergency command
GIS platform, and built integration geographic
information online service system based on
multi-node. This design of GIS emergency
command system achieved vertical and hori-
zontal connectivity and effective integration of
geographic information resources for city, pro-
vincial, and state. It offered online geographic
information services for the government's mac-
roeconomic policy, emergency management,
and social welfare services, and enhances geo-
graphic information and public service capacity
and level under conditions of informatization.

Erden [54] proposed to improve disaster and
emergency management activities using the ge-
ospatial tools with special reference to Turkey.
He considered that GIS and spatial decision
support systems (SDSS) can be powerful tools
for analysis because each phase in the disaster
and emergency management cycle is geograph-
ically and spatially related to one another.

Grecea, Musat and Vilceanu [55] described
GIS role as an efficient management tool for a
huge amount of spatial urban relevant data thus
contributing to the optimization of the activity
carried on by the local administrations. Accu-
rate cartographic feature extraction, map upda-
ting, digital city models and 3D city models in
urban areas they consider to be essential for
many applications, such as mapping of buil-
dings and their heights, simulation of new buil-
dings, military operations, disaster manage-
ment, updating and keeping cadastral databases
current, and also for virtual reality.

Karnatak et al. [56] focused on spatial
mashup solution for disaster management using
open source GIS, mobile applications, web ser-
vices inweb 2.0, Geo-RDBMS and XML which
are in the central of intelligent geo web
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a Specifickych vlastnosti verejnej bezpecnosti
a odozvy na krizové situacie. Tato siet’ pre uze-
mie Ciny poskytuje mobilné krizové monitoro-
vanie a riadenie na baze terminalu Beidou, ter-
minalu GPS, inteligentného PDA, satelitnych
komunikaénych sieti Beidou a siete GSM. Priji-
mac typu Beidou sa pouziva ako pristupovy mo-
dul v servisnom stredisku (namiesto Beidou pri-
jimaca prikazového typu) na prijimanie infor-
macii o polohe terminalov Beidou, za t¢elom
zniZenia nakladov na sietové aplikacie spoloc-
nosti Beidou. Vyvinuta bola technolégia fizie a
vymeny informacii o polohe a vymene informa-
cii medzi terminalom Beidou a terminalom GPS
a skimana bola i metoda vytvarania sieti na re-
alizaciu funkcii ako je pridel'ovanie tloh, vy-
mena informacii, vymena informacii o polohe,
dispecing prikazov atd. Tymto spdsobom je
persondl a materidl mozné monitorovat aj
v podmienkach prostredia bez pokrytia mobil-
nymi komunikaé¢nymi signalmi. V krizovej po-
lohovo lokalizovanej servisnej sieti mézu termi-
naly PDA komunikovat’ s terminalmi spoloc-
nosti Beidou a mézu monitorovat’ a ovladat’ iné
termindly GPS a Beidou na baze mobilného
GIS. Siet’ poskytuje Zivotaschopné rieSenie pre
krizové riadenie, ktoré ¢eli problémom zdiel’a-
nia polohy, timovej spoluprace a mobilného ve-
lenia na mieste nehody a mimoriadnej udalosti.
Zhang, Geng, Cheng [51] poukazali na
zna¢ny dopyt po vybudovani systému krizo-
vého riadenia pre pripad Zivelnych pohrom v
pripade ¢inskeho naroda a na potrebu rozvinut’
syntézu vyskumu monitorovania tizemia zalo-
zeného na satelitnej polohovej lokalizacii, in-
tegracii GIS a senzorovych technolégii, ktorého
vysledkom by bol vyvoj navigacny mobilny ter-
minal orientovany na narodnt S$tvorstupiiovi
platformu na znizovania dopadov mimoriad-
nych udalosti s cielom realizovat' bezproblé-
mové prepojenie a aplikacny model narodnej
krizovej odozvy na mimoriadne udalosti, sys-
tém velenia pri zachrannych pracach, podni-
kovy systém hodnotenia kriz, S cielom ponuk-
nut’ technickt podporu sltiziacu na zvySenie cel-
kovych moZnosti ndroda na zniZzovanie dopadov
mimoriadnych udalosti a budovanie narodnych
Stvorstupiiovych systémov krizovej odozvy na
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services. The geo-web application was develo-
ped to generate the actionable GIS products at
user end during disaster event by consuming va-
rious data and information services from web
and central server system and also real time
ground observation data collected through a
mobile device. The technological solution deve-
loped in this study was successfully demonstra-
ted for disaster management in the Assam State
of India during the floods in 2010.

Vescoukis, Doulamis and Karagiorgou [57]
introduced a service-oriented architecture for
decision support systems in environmental cri-
sis management.

Wei et al. [58] proposed the basic structure
of the decision-making and management system
for the planning of urban hazard prevention
based on ArcGIS. In comparison between two
different ArcGIS

secondary development strategies, a similar
software inclusive framework-based software
structure of the decision-making and manage-
ment system for the planning of urban hazard
prevention has been proposed, where software
interfaces and their realizations for the C++
classes and the main functions were developed
and introduced.

The aim of the work of Xiong et al. [59] was
to enhance the emergency response capacity of
the traffic guidance system in disaster environ-
ment, discuss the framework of the traffic gui-
dance system and the key technology of update
electronic map, real time add disaster informa-
tion, establish road impedance function, analy-
sis optimal induction path. Based on the theore-
tical research, design and to develop the traffic
guidance system for disaster emergency rescue
using C# and ArcObject. The research results
had important theoretical and practical signi-
ficance in enhancing the ability of disaster
rescue and administrative management to reply
unexpected major disaster events.

Balbo et al. [60] published a case study sce-
nario of setting up a Web platform based on
GeoNode. It is a public platform called
MASDAP and promoted by the Government of
Malawi in order to support development of the
country and build resilience against natural di-
sasters. A substantial amount of geospatial
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mimoriadne udalosti a systému velenia pri za-
chrannych pracach.

Neuvel, Scholten a van den Brink [52] vy-

tvorili koncepciu zameranu na organizaciu pod-
pory priestorového rozhodovania v manaz-
mente rizik a mimoriadnych udalosti. T4to kon-
cepcia bola implementovana prostrednictvom
vyvoja informac¢ného systému a vymena geo-
grafickych informdacii v rdmci systému bola
ulah¢ena pouzitim siete peer-to-peer v kombi-
nacii s klientskou serverovou sietou. Na urovni
aplikacie, za ucelom podpory vymeny informa-
cii medzi aktérmi, boli informacie prezentované
v mapovych aj textovych formach. Tento spo-
sob organizovania geografickych informacii a
technologii vedie k lepsej informovanosti a ko-
munikécii, lepSiemu poznaniu situacie a rych-
lejSiemu rozhodovaniu.
Cao, Luo a Wang [53] navrhli provinénu prika-
zovu GIS platformu na pomoc pri odstranovani
nasledkov mimoriadnej udalosti a vybudovali
integraciu geografickej informacie a systému
online sluzieb, zalozeného na viacerych uzloch.
Tato koncepcia GIS prikazového systému ma
vertikalnu a horizontalnu konektivitu a posky-
tuje efektivnu integraciu geografickych infor-
macnych zdrojov pre tiroveil mesta, provincie a
Statu. Poskytuje on-line geograficke informacné
sluzby pre vladnu makroekonomicki politiku,
krizové riadenie a sluzby socialneho zabezpece-
nia a zlepsuje geografické informacie a kapacity
a uroven verejnych sluzieb v podmienkach in-
formatizacie.

Erden [54] navrhol zlepsit’ ¢innosti v oblasti
krizového riadenia s vyuZzitim geopriestorovych
nastrojov, s osobitnym dbérazom na Turecko.
Domnieva sa, ze GIS a systémy pre podporu
priestorového rozhodovania (SDSS) mo6zu byt’
silnymi néstrojmi na analyzu, pretoze kazda
faza cyklu krizového riadenia je geograficky a
priestorovo navzajom prepojena.

Grecea, Musat a Vilceanu [55] popisali
ulohu GIS ako u¢inného nastroja riadenia ob-
rovského mnozstva udajov tykajucich sa pries-
torovych aspektov mestského prostredia, ¢im
prispeli k optimalizacii ¢innosti miestnej
spravy. Presny vyber kartografickych funkecit,
aktualizacia map, digitalne modely mesta a 3D
modely mesta v zastavanych oblastiach sa
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contributed to get a good management of risks
and their consequences.

Kawasaki, Berman and Guan [64] examined
changes in disaster response and relief efforts
and recent web-based geospatial technological
developments through an evaluation of the ex-
periences of the Center for Geographic Analy-
sis, Harvard University, of the Sichuan (2008)
and Haiti (2010) earthquake responses. They
outlined how conventional GIS disaster respon-
ses by governmental agencies and relief res-
ponse organisations and the means for geospa-
tial data-sharing have been transformed into a
more dynamic, more transparent, and decentra-
lised form with a wide participation. It began by
reviewing briefly at historical changes in the
employment of geospatial technologies in major
devastating disasters, including the Sichuan and
Haiti earthquakes (case studies for our geospa-
tial portal project). Then, it went on to assess
changes in the available dataset type and in ge-
ospatial disaster responders, as well data has
been collected about hydrogeological risk, as
well as several other-disasters related informa-
tion. Moreover this platform helps to ensure that
the data created by a number of past or ongoing
projects is maintained and that this information
remains accessible and useful. An Integrated
Flood Risk Management Plan for a river basin
has already been included in the platform and
other data from future disaster risk management
projects were added as well.

Breen and Parrish [61] introduced the results
of a multidisciplinary team participating in a re-
search focusing the identification of differing
aspects of GIS in disaster situations. Research
findings were provided along with future impli-
cations and recommendations for understanding
organizational cultures; a necessary step for
increasing the effectiveness of first response
agencies during the numerous phases of emer-
gency operations.

Dahlan, Dahan and Saman [62] published
the literature findings on success factors that
ensure the quality of government information
sharing (GIS) in supporting effectively DM.
Accordingly, the identified factors were classi-
fied into major categories, namely political lea-
dership support, inter-agency collaboration, in-
dividual agency capacity including ICT, and
agency benefits.
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povazuju za nevyhnutné pre mnohé aplikacie,
ako je napr. mapovanie budov a ich vysky, si-
mulacia novych budov, vojenské operacie, kri-
zové riadenie, aktualizicia a udrziavanie katas-
tralnych databaz, ale aj pre tvorbu virtualnej re-
ality.

Karnatak, Shukla, Sharma et al. [56] sa sus-
tredili na rieSenie priestorového rieSenia
mashupu pre krizové riadenie, a to pomocou
open source GIS, mobilnych aplikacii, webo-
vych sluzieb vo web 2.0, Geo-RDBMS a XML,
ktoré su v centre pozornosti inteligentnych geo
webovych sluzieb. Geo-webova aplikacia bola
vyvinutd na generovanie funkénych produktov
GIS pre koncovych uzivatel'ov po¢as mimoriad-
nej udalosti, a to tak Ze pouziva rozne udajové a
informacné sluzby z webového a centralneho
serverového systému a tiez udaje z terestrial-
nych pozorovani v redlnom case, ziskané pro-
strednictvom mobilného zariadenia. Technolo-
gické rieSenie bolo uspesne demonstrované na
priklade krizového riadenia v indickom State
Assam pocas povodni v roku 2010.

Vescoukis, Doulamis a Karagiorgou [57] za-
viedli architektiru orientovanu na sluzby pre
systémy na podporu rozhodovania v oblasti ria-
denia environmentalnych kriz.

Wei et al. [58] navrhli zakladnt $truktaru
rozhodovacieho a riadiaceho systému baze Ar-
CGIS pre planovanie preventivnych opatreni za
ucelom predchadzania vyskytu mimoriadnych
udalosti v mestskom prostredi na. V porovnani
s dvoma réznymi stratégiami sekundarneho roz-
voja ArcGIS bola navrhnutd podobna softvé-
rova Struktira ramcovo zaloZzena na systéme
rozhodovania a riadenia planovania prevencie
vyskytu mimoriadnych udalosti v mestach, kde
boli vytvorené softvérové rozhrania a ich reali-
zacie pre triedy C ++ a boli vyvinuté a zavedené
aj ich hlavné funkcie.

Ciel'om prace Xiong et al. [59] bolo zlepsit’
kapacitu odozvy na krizové situacie v systéme
riadenia dopravy v podmienkach krizy, predis-
kutovat’ ramec systému dopravného riadenia a
kI'a€ovl technologiu aktualizacie elektronicke;
mapy, v redlnom case pridavat’ informacie o ka-
tastrofe, vytvorit' funkciu cestnej impedancie,
analyzu optimalnej trasy cesty. Na zaklade teo-
retického vyskumu navrhnut’ a vyvinit’ systém
riadenia dopravy
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Hamani and Boudjema [63] introduced a ge-
neric model helps to transit from crisis manage-
ment to natural disasters risk management and
stabilize sustainable development in Algeria.
The model helps to stabilize a base for sustain-
able development, by stimulating resilience and
response capacity of the community to the risks.
It is an informational and organizational tool
based on the characterization of risks, consider-
ing the hazard and vulnerability. Therefore, a
qualitative and quantitative analysis is required
to identify and assess the risks to develop appro-
priate response plans. The proposed model inte-
grated two systems; Geographic Information
System (GIS) and the DataBase Management
System (DBMS). This one provided the public
with a real and concrete transmission of infor-
mation. In addition, it ensured the optimal man-
agement of resources, by an intensive and effi-
cient insertion of society in different plans. Fi-
nally, this model
as the impact of geospatial technological chan-
ges on disaster relief effort. Finally, they discus-
sed lessons learned from recent responses and
offers some thoughts for future development.

Negula et al. [65] described the potential of
downstream copernicus service application for
emergency management in Romania. The satel-
lite imagery has a major contribution to all the
phases of the emergency management process.
Space-based information in support of disaster
monitoring can be obtained through the Interna-
tional Charter on Space and Major Disasters,
Copernicus (The European Earth Observation
Programme) Emergency Management Service
(EMS) and the United Nations Platform for
Space-based Information for Disaster Manage-
ment and Emergency Response (UN-SPIDER).
All these services offer unified systems of space
data acquisition and delivery to the countries af-
fected by natural or man-made disasters, with a
worldwide coverage. In this context, a down-
stream Copernicus service was built in Roma-
nia, acting like a geoinformation platform for
local disaster and risk management, to provide
value-added products that cover all the phases
of a disaster.

Teeuw et al. [66] examined the disaster man-
agement applications of geographical
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pre zachranné zlozky pomocou C # a ArcOb-
ject. Vysledky vyskumu mali dolezity teore-
ticky a prakticky vyznam pri zvySovani moz-
nosti v€asného poskytnutia pomoci osobam v
tiesni a administrativneho riadenia odozvy na
neocakavané vel'ké katastrofy.

Balbo et al. [60] uverejnili scenar pripadove;j
Stadie zameranej na vytvorenie webovej plat-
formy zalozenej na GeoNode. Je to verejna plat-
forma s nazvom MASDAP a podporovana
vladou Malawi s cielom podporit’ rozvoj kraj-
iny a vybudovat’ odolnost’ vo¢i prirodnym ka-
tastrofam. Zaznamenané bolo zna¢né mnozstvo
geopriestorovych tdajov o hydrogeologickom
riziku, ako aj niekol’ko informacii tykajucich sa
inych druhov mimoriadnych udalosti. Okrem
toho tato platforma pomaha zabezpecit' za-
chovanie tdajov vytvorenych v ramci predcha-
dzajucich alebo stucasnych projektov a tieto in-
formacie zostavaju d’alej pristupné. Do tejto
platformy uz bol zahrnuty Integrovany plan ri-
adenia rizik povodni pre povodie rieky a
prodané boli aj d’alsie udaje z pripravovanych
projektov zameranych na manazment rizik mi-
moriadnych udalosti.

Breen a Parrish [61] predstavili vysledky
multidisciplinarneho timu, ktory sa bol zapo-
jeny do vyskumu zameraného na identifikaciu
roznych aspektov GIS V krizovych situaciach.
Autori poskytli vysledky vyskumu, tieto boli
doplnené o oc¢akavané dosledky a odporucania
tykajuce sa pochopenia organiza¢nych kultur.
Ide zarovei o nevyhnutny krok k zvySeniu ucin-
nosti agentur prvej odozvy vo viacerych fazach
krizového riadenia.

Dahlan, Dahan a Saman [62] publikovali zis-
tenia zo stadia dostupnych zdrojov literatary o
faktoroch uspechu, ktoré zabezpecCuju kvalitu
zdiel’ania vladnych informacii na na ucely efek-
tivnu podpory krizového riadenia. Identifiko-
vané faktory boli zaradené do hlavnych kateg6-
rii, konkrétne podpora politického vedenia, spo-
lupraca medzi agentGrami, kapacity jednotli-
vych agentur vratane IKT a prinosy agentury.

Hamani a Boudjema [63] zaviedli vSeobecny
model, ktory pomaha pri prechode z krizového
riadenia na riadenie rizik zivelnych pohrom
a stabilizacii trvalo udrzatel'ného rozvoja v
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information systems and remote sensing, rela-
tive to the disaster cycle, in pre- disaster, crisis
and post-disaster contexts. They focused on the
uses and limitations of free or low-cost data and
software.

Tsai and Yau [67] proposed an approach for
dealing with three problems associated with
emergency situations, i.e., inadequate escape
guidelines for people, incomplete geographical
information for relief workers, and insufficient
on-site information for disaster managers. They
tested the approach in a simulated scenario,
when serious debris flows occurred. The test
results showed that the people rapidly finished
self-evacuation, the relief workers effectively
completed their on-site relief work, and the dis-
aster managers successfully managed the on-
site activities regarding the people and relief
workers. Overall, the recommended approach
improved information access for emergency re-
sponse and provided a useful reference for sim-
ilar applications in disaster management.

Atila, Karas and Rahman [68] designed a
Knowledge Based Decision Support System
and 3D navigation system for Indoor Visualisa-
tion and Routing Simulation. To implement the
3D visualization and navigation techniques and
solutions for indoor spaces within 3D-GIS, they
proposed a GIS implementation that can carry
out 3D visualization of a building model stored
in the CityGML format and perform analysis on
a network model stored in Oracle Spatial. The
proposed GUI also provided routing simulation
on the calculated shortest paths with voice
commands and visual instructions.

Brachman and Dragicevic [69] designed and
implemented the Network Science Emergency
Evacuation Model (NetSEEM), using spatially
explicit network science principles. The devel-
oped NetSEEM model was applied to four evac-
uation scenarios in the City of Burnaby, BC,
Canada. The results showed expected conges-
tion patterns at the major transportation inter-
sections and highlight NetSEEM as an explora-
tory management tool to anticipate and mitigate
traffic congestion during context-dependent
emergency evacuations.

Gaikwad, Wanjari and Kale [70] decribed
the challenges of integration of Web Services
with Geospatial Data Mining for disaster
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Alzirsku. Tento model pomaha stabilizovat’ za-
klad pre trvalo udrzatel'ny rozvoj tym, Ze stimu-
luje odolnost’ a schopnost’ komunity reagovat’
na rizika. Ide o informacny a organizany na-
stroj zalozeny na charakterizacii rizik s ohl'a-
dom na hrozbu a zranitel'nost’. Preto je potrebna
pri vypracovani vhodnych planov odozvy kva-
litativna a kvantitativna analyza za i¢elom iden-
tifikacie a hodnotenia rizik. Navrhovany model
integroval dva systémy; Geograficky in-
formacny systém (GIS) a systém riadenia data-
bazy (DBMS). Toto poskytlo verejnosti
skuto¢ny a konkrétny prenos informacii. Okrem
toho zabezpecila optimalne riadenie zdrojov,
intenzivnym a  efektivnym  vkladanim
spolocnosti do réznych planov. Nakoniec tento
model prispel k efektivnemu manazmentu rizik
a ich nasledkov.

Kawasaki, Berman a Guan [64] skamali zmeny
v odozve na mimoriadne udalosti a Usilie o po-
moc a nedavny webovy geopriestorovy techno-
logicky rozvoj prostrednictvom hodnotenia
skusenosti Centra pre geograficka analyzu Har-
vardskej univerzity s rieSenim krizovej odozvy
Vv pripade zemetrasenia v Sichuane (2008) a Ha-
iti (2010). Poukazuji na to, ako GIS krizové
odozvy na katastrofy v zo strany vladnych agen-
tar a organizacii napomocnych pri rieSeni prob-
lémov a prostriedky na zdiel'anie geopriestoro-
vych udajov boli transformované do dynamic-
kejSej, transparentnejSej a decentralizovanejsej
formy so Sirokou participaciou. Proces zacal
kratkym preskimanim historickych zmien v po-
uzivani geopriestorovych technologii pri vel-
kych nicivych katastrofach, vratane zemetra-
seni v Sichuane a na Haiti (pripadové Studie pre
projekt geopriestorovych portalov). Dalej po-
kracoval v postdeni zmien v dostupnom subore
udajov a na uzivatel'och geopriestorovych tuda-
jov v ¢ase vyskytu mimoriadnej udalosti, ako aj
na vplyv geografickych technologickych zmien
na poskytovanie pomoci Vv tiesni, resp. vykon
zachrannych prac. Nakoniec diskutovali o po-
nauceniach z nedavnych krizovych odozviev
a ponukli pohl'ad na buduci vyvoj v tejto ob-
lasti.

Negula et al. [65] popisali potencial aplika-
cie sluzby Copernicus pre riadenie krizovych si-
tuacii v Rumunsku. Satelitné snimky maja vy-
znamny prinos vo vsetkych fazach procesu
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management purposes. The disaster manage-
ment system for accident, incorporating the GIS
and spatial data mining, can identify the acci-
dental spot and provide the optimal routes to re-
ach the desired location. Web services can be
used to show the routing path but this will not
help to the need people who cannot reach to the
facility by themselves. They also proposed a
SMS alert system for government authorities so
they can reach on the spot and also extraction of
knowledge rules for further prediction and ana-
lysis of accidents by data mining.

Grzeda, Mazzuchi, Sarkani [4] described the
use of binomial cluster analysis in potential dis-
aster debris management sites identification in
a case study conducted in Hamilton County, In-
diana.

Ma et al. [71] proposed and tested the
crowdsourcing-compatible disaster information
management system based on GIS, including
its' content, architecture, technical challenge
and future development direction.

Musacchio, Russo [72] pointed out the need
to develop an approach to the problem of civil
defense emergency management that must be
fully modernized, openned to new technologies
and services available, so that the reaction to
emergencies can take place in real time and
emergency operators can actually interact with
the outside world and with social media, mana-
ging external communications and rescue ope-
rations with the necessary authority.

Ahmadi, Seifi, Tootooni [73] proposed a
multi-depot location-routing model considering
network failure, multiple uses of vehicles, and
standard relief time. The model determined the
locations of local depots and routing for last
mile distribution after an earthquake. The model
was extended to a two-stage stochastic program
with random travel time to ascertain the loca-
tions of distribution centers. A variable neigh-
borhood search algorithm was devised to solve
the deterministic model. Computational results
showed that the unsatisfied demands can be sig-
nificantly reduced at the cost of higher number
of local depots and vehicles.

Arora et al. [74] provided a comparative
analysis among the cadastral map, digitized
map and GPS survey to demonstrate the differ-
ence between actual boundaries of the
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krizového riadenia. Informacie z vesmiru na
podporu monitorovania mimoroadnych udalosti
mozno ziskat’ na zéklade Medzindrodnej charty
pre vesmir a velké katastrofy, a z programu
Copernicus (Eurdpsky program pozorovania
Zeme) sluzby pre krizové riadenie (EMS) a
Platformy OSN pre kozmické informacie pre
krizové riadenie a krizovi odozvu (UN-SPI-
DER). Vsetky tieto sluzby ponukaji zjednotené
systémy ziskavania a dodavania kozmickych
udajov do krajin postihnutych prirodnymi ka-
tastrofami alebo katastrofami spdsobenymi 'ud-
skou cinnost'ou s celosvetovym pokrytim. V
tomto kontexte bola v Rumunsku vyvinuta nad-
vizujuca sluzba Copernicus, ktora posobi ako
geoinformacnd platforma pre lokdlne mimo-
riadne udalosti a riadenie rizik s cielom poskyt-
nut produkty s pridanou hodnotou, ktoré pokry-
vaju vsetky fazy vyvoja mimoriadnej udalosti.

Teeuw et al. [66] skimali aplikacie geogra-
fickych informaénych systémov a dial’kového
prieskumu Zeme v stvislosti s krizovym riade-
nim vo vztahu k cyklu vyvoja mimoriadnej
udalosti v kontexte pred mimoriadnou udalos-
tou, v Case krizy a po udalosti. Zamerali sa na
pouzitie a obmedzenia volner dostupnyvch
alebo nizko nakladovych udajov a softvéru.
Tsai a Yau [67] navrhli pristup k rieSeniu troch
problémov spojenych s mimoriadnymi situa-
ciami, t. j. neadekvatne usmernenia pre Unik
0sob, nelplné geografické informacie pre pra-
covnikov v teréne a nedostato¢né informacie
0 mieste udalosti pre krizovych manaZérov.
Testovali pristup na zaklade simulovaného sce-
nara, v ktorom doslo k zavaznému zosivu su-
tiny. Vysledky testov ukazali, ze T'udia rychlo
ukoncili sebaevakuticiu, terénny pracovnici
efektivne dokoncili svoju pravcu na mieste
a krizovy manazéri UspesSne riadili aktivity
v mikeste vyskytu mimoriadnej udalosti, tyka-
juce sa zachrany l'udi a koordinacie pracovni-
kov v teréne. Celkovo tento pristup zlepsil pri-
stup k informaciam o krizovej odozve a posky-
tol uzitocné referencie pre podobné aplikacie
Vv krizovom riadeni.

Atila, Karas a Rahman [68] navrhli systém
na podporu rozhodovania zalozeny na poznat-
kovej baze a 3D naviga¢ny systém pre vnatorn(i
vizualizaciu a simulacie Smerovania. Na imple-
mentaciu 3D vizualizacie a navigaénych tech-
nik a rieSeni pre vnatorné priestory v 3D-GIS
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village and its status in traditional revenue rec-
ords system, in the framework of the case study
of village Rahimpur. This lead to conclusion
that geographical revisions are required to be in-
corporated into the revenue record on regular
basis. A web-based GIS model through leaflet
technology and content management system has
been developed to co-ordinate between the dis-
trict authorities and villagers. The GIS model
contained various digitized cadastral map, resi-
dential, agriculture details and other GIS sce-
narios related to Physical bodies and utilities of
the village. This assists the government in deci-
sion making, disaster management and planning
in rural areas of India.

Aydinoglu and Bilgin [75] developed the in-
teroperable geographic data model for disaster
management (ADYS), enabling upto-date ex-
change of geographic data, was designed, com-
pliant with the standards of ISO/TC211 Geo-
graphic Information/Geomatics, Open Geospa-
tial Consortium (OGC), and the Turkish Natio-
nal GIS (TUCBS). An open source and free

analysis toolbox was developed and tested in
the case study of activities such as landslide ha-
zard analysis and a disaster warning system to
support the Provincial Disaster Management
Centres of Turkey.

Becker and Konig [76] proposed an optimi-
zed visualization of utility infrastructure for
emergency response procedures. They further
introduced a conceptual approach on how to
simplify, aggregate, and visualize multiple uti-
lity networks and their components to meet the
requirements of the decision-making process
and to support Situational Awareness.

D'Uffizi et al. [77] introduced a simulation
study of logistics for disaster relief operations.
They used discrete event simulation as decision
support for planning different strategies of ac-
tion to apply in emergency and risk situations.
Several scenarios have been developed as sim-
ulation models combining different initial hy-
pothesis with the aim to build a generalized and
flexible procedure to apply in different scenar-
ios. As a result, the simulation was able to allo-
cate efficiently different resources under emer-
gency situations (multiple scenarios for specific
events). Tests and sensitivity analysis have been
performed using instances related to a GIS of
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navrhli GIS implementéciu, ktora je schopna re-
alizovat’ 3D vizualizaciu modelu budovy uloze-
ného vo formate CityGML a vykonat’ analyzu
na sietovom modeli ulozenom v Oracle Spatial.
Navrhované grafické rozhranie poskytlo aj si-
muléciu smerovania na vypocitanych najkrat-
Sich trasach doplnent hlasovymi povelmi a vi-
zualnymi inStrukciami.

Brachman a Dragicevic [69] navrhli a imple-
mentovali sietovy nadzovy evakuacny model
(NetSEEM) s vyuzitim priestorovo explicitnych
principov vedy o siet’ach. Vyvinuty model Net-
SEEM bol aplikovany na Styri scenare evakua-
cie v meste Burnaby, BC, Kanada. Vysledky
preukazali ocakavané modely pretazenia na
hlavnych dopravnych krizovatkach a zdoraznili
vhodnost’ nasadenia modelu NetSEEM ako
prieskumného néstroja riadenia sluziaceho na
predvidanie a zmiernenie dopravnych zapch po-
¢as kontextovo zavislych niadzovych evakuécii.

Gaikwad, Wanjari a Kale [70] popisali vy-
zvy tykajuce sa integracie webovych sluzieb
a geopriestorovej hibkovej analyzy tidajov pre
ucely krizového riadenia. Systém krizového ria-
denia v pripade nehdd, ktory zahfiia GIS a hib-
kovi analyzu priestorovych udajov, dokaze
identifikovat’ ndhodny bod a poskytnut’ opti-
malne trasy na dosiahnutie pozadovaného
miesta. Webové sluzby mozu byt pouzité na
zobrazenie smerovania trasy cesty, avSak tone-
pomoze potrebam l'udi, ktori sa nemozu dostat’
do zariadenia sami. Tiez navrhli systém SMS
systém varovania pre vladne organy, aby sa ve-
deli dostat’ na miesto evakuacie, ako aj zna-
lostné pravidla pre d’alSiu predikciu a analyzu
nehdd prostrednictvom hibkovej analyzy uda-
jov.

Grzeda, Mazzuchi, Sarkani [4] popisali pou-
zitie binomickej klastrovej analyzy v potencial-
nych pripadoch identifikacie lokalit s potrebou
odstranovania trosiek a to na prikalde oripado-
vej Stadie situovanej do Hamilton County, In-
diana.

Ma et al. [71] navrhli a otestovali crowdso-
urcingovy kompatibilny systém riadenia infor-
macii o mimoriadnych udalostiach zalozeny na
GIS, vratane jeho obsahu, architektiry, technic-
kych problémov a smerovania budiceho vy-
voja.
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the Italian Sicily region and a typical set of fa-
cilities and rescue team. The simulation system
works considering the different typologies of
vehicles and staff to choose the best solution
available in that specific time.

Daniela et al. [79] published a study overlo-
oking the Ghidici-Rast-Bistret-Nedeia-Jiu wa-
ter basin, situated in south-field of Romania,
over the Danube riverside, where flooding risks
are determined by both high level of groundwa-
ter and Danube rate of water. Satellite images,
taken during 2006-2014, at random moments,
have been analyzed and integrated along with
geological, geomorphologic, pedologyc, hydro-
logical, infrastructure and land employment in-
formation, in vectoial special data formats. The
purpose of this holistic rendering was to create
a complex evaluation for the studied area, on
flooding vulnerability. Using geographical in-
formation systems, to capture satellite images
for this area, over eight consecutive years, poin-
ted out the quantity and quality of investments
needful in such risk water catchment areas. This
modern solution, with good cost efficiency, out-
puts operative information on the spatial distri-
bution of the flooded areas and provided data on
the affected plantable acreage, after the 2006
flood. The regional geospatial maps acquired
and interpreted in the study, resulted in risk and
flood effects evaluation, along with solution and
measures to minimize the natural disasters
effects.

Haworth and Bruce [79] published a review
of volunteered geographic information (VGI)
for disaster management. They noted further re-
search to be warranted in the pre-event phases
of disaster management, where VGI may pre-
sent an opportunity to connect and engage indi-
viduals in disaster preparation and strengthen
community resilience to potential disaster
events. Their investigation of VGI for disaster
management provided broader insight into key
challenges and impacts of VGI on geospatial
data practices and the wider field of geographi-
cal science.

Hoskova-Mayerova [80] described geospatial
data reliability and their use in crisis situations.
Currently, computer equipment, geographic in-
formation systems (GIS), remote sensing, com-
puter cartography, etc. in the hands of professi-
onals, along with expert systems, can help much
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Musacchio a Russo [72] poukazali na po-
trebu vyvinat pristup k rieSeniu problému kri-
zového riadenia ako sucasti civilnej ochrany,
ktory musi byt Giplne modernizovany, otvoreny
novym technolégiam a dostupnym sluzbam, tak
aby odozva na mimoriadne udalosti mohla byt
uskutocnena v redlnom case a v pripade nudze
mohli operatori skutocne komunikovat’ s von-
kajSim svetom a so socidlnymi médiami, riadit’
komunikéciu novonok a zachranné prace s po-
trebnou autoritou.

Ahmadi, Seifi, Tootooni [73] navrhli multi-

depovy model smerovania tras jazdy vozidiel, a
to s ohl'adom na zlyhanie siete, viacnasobné po-
uzitie vozidiel a Standardny cas dojazdu na
miesto ur¢enia. Model urcil lokality miestnych
diep a urcenie poslednej mile distribucie po ze-
metraseni. Model bol rozsireny na dvojstup-
novy stochasticky program s nahodnym genero-
vanim Casu trasy cesty na zistenie vhodného
umiestnenia distribu¢nych centier. Na vyrieSe-
nie deterministického modelu bol navrhnuty al-
goritmus premenného vyhladavania v sused-
stve. Vysledky vypoctov preukazali, Ze zvySe-
nie Urovne plnenia poziadaviek dopytu je
priamo zévislé na zvySeni poctu lokalnych diep
a vozidiel.
Arora et al. [74] publikovali komparativnu ana-
Iyzu medzi katastralnou mapou, digitalizovanou
mapou a GPS prieskumom na preukazanie roz-
dielu medzi skutoénymi hranicami obce a jej
stavom v tradi¢nom systéme evidencie prijmov
v ramci pripadovej Stadie obce Rahimpur. To
viedlo k zaveru, ze geografické revizie sa musia
pravidelne zapracovavat' do vykazu prijmov.
Na koordinaciu komunikacie medzi okresnymi
uradmi a obcami bol vyvinuty webovy GIS mo-
del zaloZeny na leaflet technologii a systéme
spravy obsahu. Model GIS obsahoval rézne di-
gitalizované katastralne mapy, udaje o obyd-
liach a obyvatel'och, pol'nohospodarskych ob-
jektoch a d’alSie GIS scenare stvisiace s fyzic-
kymi osobami a verejnymi sluzbami obce. Tieto
udaje napomahaja vlade pri rozhodovani, krizo-
vom riadeni a planovani vo vidieckych oblas-
tiach Indie.

Aydinoglu a Bilgin [75] vyvinuli interopera-
bilny geograficky datovy model pre krizové ria-
denie (ADYS), ktory umoznuje aktualnu vy-
menu geografickych udajov, navrhnuty v stilade
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faster, more reliable and more When employing
spatial data and information in decision-making
processes, complex knowledge of their values is
the prerequisite for assessing the credibility and
accuracy of decisions made. By implementing
the methods of value analysis and mathematical
modeling it is possible to create an assessment
system of spatial data complex usability. By
comparing costs necessary for different variants
of enhancement or for adjustment of database
guality it is possible to optimize both the total
usability and the costs put in securing the requ-
ired data quality.

Chang and Wu [3] developed a mobile ap-
plication for debris flow disaster prevention.
They applied it in the case of Kaohsiung City
affected by numerous slopeland disasters as
a consequence of Typhoon Morakot in Decem-
ber 31, 2009. With the combination of 10-min
updating-frequency rainfall data from Central
Weather Bureau (CWB) and the debris flow
warning data from Soil and Water Conservation
Bureau (SWCB), the system utilizes Arc GIS
Runtime SDK for code writing.

The general public can receive instant infor-
mation including mapping of potential debris
flow torrents, locations of nearby evacuation
shelters, climate conditions and debris flow
alerts through this application system. Moreo-
ver, this application's positioning and naviga-
tion function can provide the users' paths to clo-
sest refuge in emergency.

Chen et al. [2] achieved the infectious di-
saster prediction goal through establishing
cloud computing, information, and planning
abilities. The collection of big data in the hospi-
tal network was done through anloT federation
that can exchange patient documents and trace
events based on smart items and Internet infor-
mation. The federation architecture was fault to-
lerant, highly secure, flexible, and expandable.
It had a low entry effort, and was designed for
large scale analytics with quick response. Their
solution was reckoned upon a rapid rebinding
methodology that has provided insight into the
problem of global pandemic visibility.
Takahagi et al. [81] proposed proposed the Di-
saster Information Transmission Common In-
frastructure System (DITCIS) intended to rapid
sharing of information in a time of mega di-
saster. This Disaster Information Transmission
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s normami ISO / TC211 Geografické informa-
cie / Geomatics, Open Geospatial Consortium
(OGCQC) , a tureckého narodného GIS (TUCBS).
Vyvinuli voI'ne dostupny OpenSource stibor na-
strojov pre analyzu, ktory testovali na priklade
pripadovej Stidie o ¢innostiach, ako je analyza
nebezpecenstva zosuvu pody a systém varova-
nia pred vyskytom mimoriadnych udalosti,
ktory sluzi ako podpoia regionalnych centier
krizového riadenia v Turecku.

Becker a Konig [76] navrhli optimalizovanu
vizualizdciu verejnoprospesnej infrastruktary
pre postupy odozvy na mimoriadne situdcie.
Dalej zaviedli koncepény pristup k tomu, ako
zjednodusit, zhromazdit' a vizualizovat viac
verejnych sieti a ich komponentov tak, aby spi-
nali poZiadavky rozhodovacieho procesu a pod-
porovali situacntl informovanost’.

D'Uffizi et al. [77] uviedla simula¢n $ta-
diu zaoberajucu sa logistikou pri vykone za-
chrannych prac. Pouzili simulaciu diskrétnych
udalosti ako podporu rozhodovania pri plano-
vani rdznych stratégii ¢innosti, ktoré sa aplikuji
v mimoriadnych a rizikovych situaciach. Nie-
kolko scenarov bolo vyvinutych vo forme si-
mula¢nych modelov, kombinujucich rdzne vy-
chodiskové hypotézy s cielom vytvorit’ vSeo-
becny a flexibilny postup, ktory by bol uplatni-
telny v réznych scenaroch. V dosledku toho
bola simulacia schopnd efektivne pridelovat
rozne zdroje pocas mimoriadnych situacii Situ-
aciach (viac scenarov pre konkrétne udalosti).
Testy a analyza citlivosti boli
vykonané v GIS, s pouzitim relevantnych pri-
kladov z talianského regionu Sicilia a stiboru
bezne pouzivanych zariadeni a nasadzovanych
zachrannych timov. Systém simulécie pracuje s
ohl'adom na rdzne typy vozidiel a pracovnikov
za ucelom vyberu najlepsieho rieSenia dostup-
ného v danom case.

Daniela et al. [78] zverejnila $tudiu zame-
rani na vodnu nadrz Ghidici-Rast-Bistret-Ne-
deia-Jiu, ktora sa nachadza na juhu Rumunska,
situovanu v blizkosti rieky Dunaj, kde st rizika
povodni spdsobené vysokou hladinou podzem-
nych vod a vodou z Dunaja. V stadii analyzo-
vali satelitné snimky ziskané v rokoch 2006 -
2014 a integrovali ich s geologickymi, geomor-
fologickymi, pedologickymi, hydrologickymi,
infrastruktirnymi udajmi a udajmi o vyuziti
krajiny. VSetky tieto udaje boli spracovavané vo
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Common Infrastructure System consisted of the
Relief Supplies Distribution Management Sys-
tem, the IC Card Authorization Safety Confir-
mation System, the Web-GIS Disaster Manage-
ment System, the Disaster Information Regis-
tration System, the Disaster Information Sha-
ring System, and the Disaster Information In de-
tail, they introduced the Disaster Information
Registration System, the Disaster Information
Sharing System, and the Disaster Information
Transmission Platform. The Disaster Informa-
tion Registration System enables to register di-
saster information provided by the related insti-
tutions. And, the Disaster Information Sharing
System enables to share exact disaster informa-
tion in the disaster countermeasure headquar-
ters. Moreover, the Disaster Information Tran-
smission Platform enables to automatic upload
or automatic delivery disaster information to va-
rious communication tool.

Tomaszewski et al. [82] provided an overview
of the current state-of-the-art in GIS for disaster
response and demonstrated progress in the data
and people aspects of GIS for disaster response
since previous literature reviews. The review
was structured to serve as a metaphorical bridge
between two reader groups - disaster manage-
ment practitioners interested in understanding
developing trends in GIS for disaster response
and academic researchers with minimal to no
understanding of GIS and/or mapping concepts
within the disaster response context. With this
readership in mind, they outlined definitions of
GIS, disaster response and the need for GIS in
disaster response, review interdisciplinary lite-
rature from a variety of spatially-oriented di-
saster management fields and demonstrate
progress in various aspects of GIS for disaster
response. The review concluded with a GIS for
disaster response research agenda and provides
a list of resources for researchers new to GIS
and spatial perspectives for disaster manage-
ment research.

Yagoub [83] showcased various studies that
had been conducted on VVolunteered Geographic
Information (VGI) debating various aspects
such as accuracy, legal issues, and privacy. This
research also integrated Geographic Infor-
mation System (GIS), VGI, social media tools,
data mining, and mobile technology to design a
conceptual framework for promoting public
participation in UAE. The data gathered
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forme vektorovych reprezentécii. Ciel'om tohto
holistickej interpretacie udajov bolo vytvorit
komplexné analyzu Studovanej oblasti z po-
hl'adu zranitel'nosti vo¢i povodniam. Pomocou
geografickych informacnych systémov boli
spracované satelitné snimky zachytavajice toto
uzemie pocas obdobia osem po sebe nasleduju-
cich rokov. Vysledky analyzy poukézali na
vysku a kvalitu investicii potrebnych na realiza-
ciu protipovodiovych opatreni v takychto rizi-
kovych povodiach. Toto moderné riesenie,
efektivne z pohladu nakladovosti, prinieslo
operativne informacie o priestorovom rozlozeni
zaplavenych oblasti a poskytlo tidaje o postih-
nutom uzemi po roku 2006. Regionalne geo-
priestorové mapy ziskané a interpretované v
stadii vyustili do hodnotenia rizik a dopadov
povodni, ahodnotenia konkrétnych rieSeni
a opatreni sluziacich na minimaliziciu dopadov
zivelnych pohrom.

Haworth a Bruce [79] publikovali prehl'ad dob-
rovol'ne vytvorenych a pontikanych geografic-
kych informacii (VGI) pre ucely krizového ria-
denia. Upozornili na smerovanie d’alSieho vy-
skumu, ktorého vysledky by mali byt apliko-
vané vo fazach predchadzania vyskytu mimo-
riadnych udalosti, v ktorych moze VGI predsta-
vovat’ prilezitost’ spojit’ a zapojit’ jednotlivcov
do pripravy na rieSenie mimoriadnych udalosti
a posilnit’ odolnost’ komunit pred potencidlnymi
katastrofami. Ich skimanie jednotlivych VGI
urcenych pre krizové riadenie poskytlo Sir$i po-
hl'ad na kl'ai¢ové problémy a vplyvy VGI na
praktiky s geopriestorovymi tidajmi a $irSiu ob-
last’ zemepisnych vied.

Hoskova-Mayerova [80] popisala spolahli-
vost’ geografickych tdajov a ich pouzitie v kri-
zovych situaciach. V sucasnosti mozu pocitace,
GIS, dialkovy prieskum Zeme, pocitacom pod-
porovana kartografia atd’., v rukach profesiona-
lov, spolu s expertnymi systémami, pomdct
ovel’a rychlejsie, spol'ahlivejsie a i¢innejsie ria-
dit as koordinovat’ proces krizové riadenia. Pri
vyuzivani priestorovych udajov a informacii v
rozhodovacich procesoch, je mnevyhnutnym
predpokladom komplexné poznanie ich hodnot
a hodnotenie doveryhodnosti a presnosti prija-
tych rozhodnuti. Zavedenim metoéd analyzy
hodnot a matematického modelovania je mozné
vytvorit’ systém hodnotenia komplexnej pouZi-
tel'nosti priestorovych tidajov. Porovnanim
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through survey were helpful in correlating vari-
ous aspects of VGI. Since there were diverse
views about these aspects, policy makers were
left undecided in many countries about how to
deal with VGI. The assessment of the UAE case
contributed to the age-long debate by examining
the willingness of the public to participate. The
results showed the public perception to be as
sensors for data collection. Additionally, the po-
tential of citizen involvement in the risk and dis-
aster management process by providing volun-
tary data collected for VGI applications was
also explored.

Yamamoto [84] tried to classify disaster risk

management for natural disasters into three sta-
ges-normal times, disaster outbreak times, and
times of recovery and reconstruction-to intro-
duce the results of development and operation
of social media GIS during each of these three
stages. The social media GIS targeted residents
who were more than 18 years old in the Tama
region of Tokyo metropolis and the neighboring
area in Japan for two months. Subsequently, the
systems were evaluated based on the results of
an online questionnaire survey to users, access
surveys using log data during operation of the
systems, and an analysis of the submitted infor-
mation. Based on the results of the evaluation,
measures for improvement of the development
and operation of social media GIS can be sum-
marized into three areas regarding (a) participa-
tion of various users and partnership with local
communities, (b) usability, and (c) long-term
actual operation.
Yasumiishi, Renschler and Bittner [85] focused
on the application of cell phone usage data to
disaster response management. Cell phones
work as a communication link between emer-
gency responders and victims during and after a
major disaster. Their study recognized that there
are two kinds of disasters, one with a warning,
and one without a warning. Different movement
distance between a day with a blizzard (ad-
vanced warning) and a normal weather day was
identified. In the scenario of a day with an ex-
treme event without advanced warning (earth-
quake), factors that alter the phone users' move-
ments were analyzed. Lastly, combining both
cases, a conceptual model of human movement
factors was proposed. Human movements con-
sist of four factors that are push factors, move-
ment-altering factors, derived attributes and
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nakladov potrebnych pre rozne varianty optima-
lizacie alebo upravou kvality databdzy je mozné
optimalizovat’ celkovu pouzitelnost’ a naklady
na zabezpecenie pozadovanej kvality dat.

Chang a Wu [3] vyvinuli mobilnt aplikaciu
na prevenciu mimoriadnych udalosti spojenych
s bahnotokmi Aplikovali ju v pripade Kaoh-
siung City, ktoré bolo postihnuté zosuvmi pody
v dbsledku tajfunu Morakota, dita 31. decembra
2009. Vd’aka kombinacii udajov z Centralneho
meteorologického tradu (CWB) o frekvencii
zrazok ziskavanych z v 10 minutovych interva-
loch a vystrah tykajucich sa bahnotokov, vyda-
vanych Uradom pre ochranu pody a vody
(SWCB), systém vyuziva Arc GIS Runtime
SDK na pisanie kodu. Prostrednictvom tejto ap-
likacie moze verejnost’ ziskat’ aktualne informa-
cie tykajliice sa mapovania potencialnych miedst
vyskytu bahnotokov, polohy evakua¢nych pri-
streSkov v blizkosti tychto ohrozenych miest,
klimatickych podmienok a vystrah tykajacich
sa bahnotokov. Vdaka funkcii urovania po-
lohy a navigacie, ktora je zahrnuta v tejto apli-
kacii, ju mozno puzit’ aj na hl'adanie najkratsej
trasy K ukrytu.

Chen et al. [2] dosiahli ciel’ predpovedania
vyskytu infekénych ochoreni velkého rozmeru
prostrednictvom realizacie vypoctov v cloude,
zlepseni informovanosti a moznosti planovania.
Zhromazd’ovanie objemnych udajov v nemoc-
nicnej sieti bolo vykonané prostrednictvom an-
loT federacie, ktora dokaze vymienat doku-
menty pacientov a sledovat’ udalosti zalozené
na pocitacovom spracovani poloziek a interne-
tovych informaciach. Architektara systému fe-
derécie bola tolerantnd voci chybam, bola vy-
soko bezpecna, flexibilna a rozsiritelna. Ich rie-
Senie bolo zaloZené na rychlej reblinkovej me-
todologii, ktora poskytla prehl'ad o probléme vi-
diteI'nosti globalnej pandémie.

Takahagi et al. [81] navrhli spolo¢ny systém
infrastruktiry na prenos informacii o katastro-
fach (DITCIS), ktorého cielom je rychle zdie-
anie informacii v ¢ase mega katastrofy. Tento
systém spolo¢nej infrastruktiry na prenos infor-
macii o katastrofach pozostaval z systému ria-
denia distribtcie dodavok pre zabezpecenie za-
chrannych prac, systému potvrdzovania bezpec-
nosti autorizacie IC karty, systému riadenia ka-
tastrof v sieti web-GIS, registraéného systému
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constraint factors. Considering each category of
factors in case of emergency, it should be nec-
essary that we prepare different kinds of emer-
gency response plans depending on the charac-
teristics of a disaster.

Abdalla [86] provided multidisciplinary
scope to the utilization of geospatial data frame-
works for urban disaster management with ac-
centuation on emergencies. The emergency ma-
nagement presented in his review was univer-
sally known and represented high risk for diffe-
rent parts of the world. The goal of his study
was to give conceptual coverage to appropriate
solutions for emergency preparedness and res-
ponse, using spatial analysis and GIS. He em-
phasized that among different issues that may
confront the use of spatial analysis, is the accu-
racy of data and time of processing, in addition
to collective coordination of stakeholders
working in the field. The findings of his rese-
arch conclude thata challenge to possible risk
reduction is furnishing disaster managers with
access to information and methodologies that
may help them in analyzing, evaluating and
mapping hazard models.

Jefferson and Johannes [87] explored a new
approach for emergency managers to harness
the capability of scientific modeling systems
when responding to disasters. In disaster re-
sponse, emergency managers need sound situa-
tional awareness to support critical decision-
making. Obtaining situation awareness is diffi-
cult because of the gap that exists between the
information that emergency managers have and
the information that emergency mangers need.
However, comprehensive situational awareness
is necessary to form accurate estimates of phys-
ical impacts and response requirements. They
recommended the GIS applications to be used
to narrow the gap between known information
and required information. They developed a
methodology for obtaining a common operating
picture based on Hazus (Hazards U.S.), a GIS-
based application that performs loss and risk as-
sessments on multiple types of hazards. Hazus
combines both scientific and engineering
knowledge to model a disaster event.

Netek and Panek [88] introduced the See-
Think-Do, a framework originally used as an
approach focused on a service and product
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informacii o katastrofach, systému zdiel’ania in-
formécii o katastrofach a platformy na prenos
informacii o katastrofach. Rovnako predstavili
systém registracie informacii o katastrofach,
systém zdielania informécii o katastrofach a
platformu na prenos informacii o katastrofach.
Systém registracie informacii o katastrofach
umoziuje registrovat’ informacie o katastrofach
poskytované prisluSnymi inStiticiami. Systém
zdiel'ania informécii o katastrofach umoziuje
zdielat’ informacie o katastrofach v centrale or-
ganizacie zaoberajiicej sa pldnovanim pro-
tiopatreni voci katastrofam. Okrem toho, plat-
forma pre prenos informacii o katastrofach
umoznuje automatické nahravanie alebo auto-
matické poskytovanie informacii o katastrofach
S vyuzitim r6znych komunika¢nych nastrojov.
Tomaszewski et al. [82] poskytli prehl’'ad stcas-
ného stavu v oblasti GIS pouzivanych na ucely
odozvy na mimoriadne udalosti a na zaklade vy-
sledkov $tudia literatiry poukazali na pokrok
Zpohladu tdajov a Tudi a ich vedomosti
0 moznostiach aplikacie GIS v odozve na mi-
moriadnu udalost’ pre reakciu na katastrofy. Re-
Ser§ literatury bola Struktirovana tak, aby sla-
zila ako metaforicky most medzi dvoma skupi-
nami Citatel'ov - odbornikmi v oblasti krizového
riadenia, ktori maju zdujem o pochopenie vyvo-
jovych trendov v oblasti aplikacie GIS v odozve
na mimoriadnu udalost’ a akademickymi a vy-
skumnymi pracovnikmi s minimalnym az ziad-
nym chapanim GIS a / alebo konceptov mapo-
vania v kontexte odozvy na mimoriadnu uda-
lost. S ohl'adom na c¢itatela nacrtli definicie
GIS, definivciu odozvy na mimoriadne udalosti
a uviedli potrebu aplikacie GIS v odozve na mi-
moriadne udalosti, prestudovali interdiscipli-
narnu literatiru z réznych priestorovo oriento-
vanych oblasti krizového riadenia a preukazali
pokrok v réznych aspektoch GIS a jeho aplika-
cie v odozve na mimoriadnu udalost’. Na zaver
odporucili zamerat’ sa viac na vyskum moznosti
aplikacie GIS v krizovom riadeni, nakolko
tento poskytuje Siroku paletu zdrojov pre no-
vych vyskumnikov v problematike GIS a via-
cero priestorovych perspektiv pre d’alsi vyskum
Vv oblasti krizového riadenia.

Yagoub [83] prezentoval viaceré Studie,
ktoré sa uskutocnili na dobrovol'nej baze vytvo-
renych a pontkanych geografickych informa-
ciach (VGI) a diskutovali o r6znych aspektoch,



12(1): 44 — 81, 2018

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2018.12.1.37

marketing on the Internet. Customers can be
classified into three groups according to their
involvement from potential users to real custo-
mers. They presented an idea of public involve-
ment in community mapping in three levels:
"See"-almost any user; "Think"-potential con-
tributors; and "Do"-interested users. They also
introduced a case study implementing the See-
Think-Do framework as an awareness-based
approach used for The Crisis Map of the Czech
Republic. It is an Ushahidi-based crowdsour-
cing platform for sharing spatial and multimedia
information during crisis situations, e.g. disaster
floods in 2013. While the current crisis projects
use public mapping just at the onset of the di-
saster, according to See-Think-Do any user can
be considered as a potential contributor even
during the dormant period. The focus is put on
the "See" and "Think" groups of contributors,
which are currently ignored.

Netek [89] presented the design and deploy-
ment of Crismapp, an application assisting in
the elimination of loss of life and property, de-
veloped to support of decision-making pro-
cesses of the rescue services. It was designed for
strategic, tactical and operational management,
available in three levels: visualization, enhan-
ced editing mode and full administration. Tech-
nologically it was based on the WebGIS 2.0 pri-
nciple, defined as the combination of WebGIS
with Web 2.0 approaches. It supported a wide
range of Web standards and a hybrid approach
(GeoJSON). It was built under HTMLS5,
mapping functionality was supported by Leaflet
library. Besides basic map functionality it han-
dled with a number of advanced features, espe-
cially edit mode for editing both spatial and at-
tribute geographic data in real-time directly via
the web browser, connection to cloud storage
GitHub/Gist for versioning, complex adminis-
tration, four predefined default scenarios on va-
rious contexts (default, fire, flood, Vrbetice
blasts) as a real-life concept of adaptive car-
tography. The application was filled with real
data for real purposes, it allowed centralized
update and manage data in real-time by rescue
services. Currently, it is under the pilot phase of
testing by the Fire Department of the Olomouc
region.

Petrovski, Naumova and Geobalcanica [90]
proposed a model that will not allow drop links.
Each smart phone will have application in the

Delta 2018, 12(1):44-81.

70

ako st presnost’, pravne otazky a ochrana suk-
romia. Tento vyskum zahtnal aj GIS, VGI, na-
stroje  socialnych médii, hibkova ananolyzu
udajov a mobilné technologie na vytvorenie
koncepcného rdmca na podporu ucasti verej-
nosti v Spojenych Arabskych Emiratoch (SAE).
Udaje ziskané prieskumom pomohli pri korela-
cii roznych aspektov VGI. Vzhl'adom na roz-
dielne nazory na tieto aspekty sa politicki tvor-
covia v mnohych krajinach nedohodli, ako s
VGI zaobchadzat'. Postudenie pripadu SAE pri-
spelo k dlhodobej diskusii a prieskumu ochoty
verejnosti  z(¢ast'ovat sa na dobrovolnom
zbere udajov.. Vysledky preukazali zaujem ve-
rejnosti zacastnovat’ sa na zbere tdajov. Okrem
toho sa skiimal aj potencial zapojenia ob¢anov
do procesu riadenia rizik a katastrof prostred-
nictvom poskytovania dobrovolnych udajov
zhromazdenych pre aplikacie VGL

Yamamoto [84] sa pokusil klasifikovat’ manaz-
memt rizik mimoriadnych udalosti v pripade Zi-
velnych pohrom do troch faz — Cas pokoja,
vznik mimoriadnej udalosti a ¢as obnovy a re-
konstrukcie — atiez implementovatvysledky
vyvoja a prevadzky GIS ako aj socidlnych médii
do kazdej z tychto troch faz. Dvojmesacné tes-
tovanie vyuZitia intergracie GIS a socialnych
médii aplikovali na obyvatel'ov starSich ako 18,
zijucich v Japonsku, v oblasti Tokama v Tokij-
skej metropole a susednej oblasti. Testované
systémy boli vyhodnotené na zaklade vysled-
kov online realizované¢ho dotaznikového prie-
skumu, prieskumu zameraného na prihlasova-
nie sa ucastnikov testovania do systému vycha-
dzajuc z udajov operacného dennika systému a
analyzy tcastnikmi/uzivatelmi systému nahra-
tych informacii. Na zaklade vysledkov hodno-
tenia bolo mozné zhrnat’ opatrenia na zlepSenie
rozvoja a prevadzky GIS a socialnych médii do
troch oblasti tykajucich sa: a) ucasti réznych po-
uzivatelov a partnerstva s miestnymi komuni-
tami, b) ich vyuzZitelnosti a ¢) dlhodobej pre-
vadzky.

Yasumiishi, Renschler a Bittner [85] sa za-
merali na aplikdciu idajov o vyuziti mobilnych
telefonov na riadenie odozvy na mimoriadne
udalosti. Mobilné telefony funguji ako komu-
nikacné spojenie medzi osobami reagujucimi na
nudzové situacie a obetami pocas a po velkej
mimoriadnej udalosti/katastrofe. V ich stadii
uviedli, ze existuju dva druhy mimoriadnych
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event of natural disaster and it switched due to
the change of the vital function of man in tro-
uble. This will help departments respond as
soon as they can and save lives as many as they
can and to reduce the percentage of people who
could not call for help. They highlighted the de-
sign challenges and required technical innova-
tions towards the goal of making GIS much
more useful.

Radulescu et al. [91] proposed a model of
how to involve the information system for man-
agement of emergencies, i.e. Emergency Man-
agement Information System (EMIS), an infor-
mation system built on GIS databases, adapted
to the conditions, possibilities and realities of
current Romania.

Raj, Thapa and Balakrishnan [92] presented
a technology for three real time applications of
prime importance such as post disaster infra-
structure-damage assessment using GPS, esti-
mation of building strength and building move-
ment. GPS sensor nodes installed on building
roof-top, provided with relative position infor-
mation from both pre-and post-earthquake peri-
ods and were superimposed on GIS. The
changes were used for damage estimation,
building movement scale, and parameters such
as stress, strain, when applied to ARX and
RARX helped to calculate damage precisely.

Xu et al. [93] introduced a participatory sen-
sing-based model for mining spatial informa-
tion of urban emergency events. Firstly, basic
definitions of the proposed method were given.
Secondly, positive samples were selected to
mine the spatial information of urban emer-
gency events. Thirdly, location and GIS infor-
mation were extracted from positive samples.
At last, the real spatial information was deter-
mined based on address and GIS information.
Moreover, their study explored data mining, sta-
tistical analysis, and semantic analysis methods
to obtain valuable information on public opi-
nion and requirements based on Chinese mic-
roblog data. Typhoon Chan-hom was used as an
example. Semantic analysis on microblog data
was conducted and high-frequency keywords in
different provinces were extracted for different
stages of the event. With the geo-tagged and
time-tagged data, the collected microblog data
could be classified into different categories.
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udalosti, jedna s upozornenim a jedna bez pred-
chadzajiceho upozornenia. Taktiez identifiko-
vali odlisné vzdialenosti pohybu uzivatel'ov
mobilnych telefénov pri dni s namrazou (pokro-
¢ilé varovanie) a dni s normdlnym pocasim.
V pripade scenara diia s vyskytom mimoriadnej
udalosti bez pokrocilého varovania (zemetrase-
nie) boli analyzované faktory, ktoré menia po-
hyby uZzivatel'ov telefonu. Napokon, v kombina-
cii oboch pripadov bol navrhnuty koncepény
model faktorov hybania sa I'udi. Pohyb I'udi po-
zostava zo Styroch faktorov, ktorymi su faktory
posunu, faktory zmeny pohybu, odvodené atri-
buty a obmedzujuce faktory. Odporucili tiez,
vzhl'adom na kazda kategoriu faktorov v pri-
pade vyskytu mumiriadnej udalosti pripravit’
rozne druhy planov krizovej odozvy, v zavis-
losti od charakteristik danej mimoriadnej uda-
losti.

Abdalla [86] poskytol multidisciplinarny po-
hl'ad na vyuzitie geografickych tdajov pre
ucely krizového riadenia v mestach s dérazom
na mimoriadne udalosti. Riadenie mimoriad-
ncvh situdcii, ktoré prezentoval vo svojej praci,
je povazované za vSeobecne zname a predsta-
vuje vysoké riziko pre rdzne Casti sveta. Ciel'om
jeho studie bolo poskytnit’ koncepcné zastrese-
nie pre rieSenia aplikovatel'né v oblasti pripra-
venosti na rieSenie krizovych situacii a to po-
mocou priestorovej analyzy a GIS. Zdoraznil,
ze medzi roznymi problémami, ktoré sa spajaju
S vyuzivanim priestorovej analyzy, je aj pres-
nost’ udajov a Casu spracovania, okrem kolek-
tivnej koordinacie zainteresovanych stran poso-
biacich v tejto oblasti. Z vysledkov jeho vy-
skumu vyplynulo, ze problémom mozného zni-
Zenia rizika je poskytnutie pristupu k informa-
ciam a metodikam krizovym manazérom, ktoré
im mozu pomoct’ pri analyze, hodnoteni a ma-
povani modelov ohrozenia.

Jefferson a Johannes [87] skimali novy pri-
stup krizovych manazérov, vhodny na to, aby
vyuzili schopnost’ systémov vedeckého mode-
lovania pri odozve na mimoriadne udalosti. Pri
odozve na mimoriadne udalosti potrebuju kri-
zovy manaZzéri dostatocnu situacntl informova-
nost’ na podporu kritického rozhodovania. Zis-
kanie schopnosti uvedomenia si situdcie je
tazkeé, pretoze existuje medzera medzi informa-
ciami, ktoré krizovy manazéri maji k dispozi-
Cii, a informaciami, ktoré realne potrebuju. Pre
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Correspondingly, public opinion and require-
ments could be obtained from the spatial and
temporal perspectives to enhance situation awa-
reness and help the government offer more
effective assistance.

Zhong et al. [94] developed a data analysis
model by analyzing the large amount of data ge-
nerated and collected from the previous ear-
thquakes. Then, based on the model, they integ-
rated all the necessary data and potential ear-
thquakes estimations that are likely to strike
Tokyo area in the near future, to calculate the
mobile service area with probabilistic availabi-
lity. Moreover, they could also predict the spa-
tial and temporal changes of the service avai-
lability areas by building them into the geo-
graphic information system (GIS). They deve-
loped model and simulation platform is helpful
for many decision-making bodies such as go-
vernments or network operators to assess the
vulnerability of communication infrastructures
and make better preparedness and fast response
for large-scale disasters.

Luchetti et al. [95] explored the use of social

networks for the management of disasters con-
nected to  meteorological/hydrogeological
events or earthquakes, but without emphasis on
the importance of an integrated system. The
main feature of the Whistland system proposed
by them is to make synergistic use of augmented
reality (AR), crowd-mapping (CM), social ne-
tworks, the Internet of Things (IoT) and wire-
less sensor networks (WSN) by exploiting tech-
nologies and frameworks of Web 2.0 and GIS
2.0 to make informed decisions about the chain
of events. The system had been tested in the pro-
grammed maintenance of river basins, where it
is necessary to log maintenance activities in or-
der to keep the riverbank clean.
In Slovak Republic, there were also developed
several tools and methodologies involving GIS
to the particular crisis/disaster management
phases.

Vicek [96] introduced the CIPREGIS project
that was developed and approved in 2000. The
system is controlled and coordinated by the Sec-
tion of Crisis Management of the Ministry of In-
terior of the Slovak Republic. The aim of the
project was to build and operate an integrated
geographic information system that supports
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vytvorenie presnych odhadov fyzickych vply-
vov a poziadaviek na odozvu je vSak potrebné
komplexné situatné povedomie. Autori vo svo-
jej praci odporugili, aby sa aplikacie GIS pouzi-
vali na obmedzenie medzery medzi znamymi
informaciami a pozadovanymi informaciami.
Vyvinuli metodolégiu na ziskanie spolo¢ného
prevadzkového obrazu zalozeného na Hazus
(Hazards U.S.), aplikacii zalozenej na GIS,
ktora vykonava hodnotenie strat a rizik na via-
cerych typoch hrozieb. Hazus kombinuje ve-
decké aj inzinierske poznatky a modeluje katas-
trofické udalosti.

Netek a Panek [88] predstavili systém See-
Think-Do, ktory bol pévodne pouzivany ako
pristup zamerany na marketing sluzieb a pro-
duktov na internete. Zakaznici mozu byt zara-
deni do troch skupin podl'a ich zapojenia od po-
tencialnych pouzivatel'ov az po realnych zakaz-
nikov. Autori predstavili predstavu o zapojeni
verejnosti do komunitného mapovania na troch
urovniach: "Pozri" - takmer kazdy uzivatel’;
"Mysli - potencialny prispievatel’; a "Urob" uzi-
vatelia so zaujmom. Uviedli tiez pripadovu Stu-
diu implementujucu ramec See-Think-Do ako
pristup zaloZzeny na informovanosti, ktory sa
pouziva aj v krizovej mape Ceskej republiky.
Je to platforma zalozena na Ushahidi zalozenej
platforme crowdsourcingu pre zdielanie pries-
torovych a multimedialnych informacii pocas
krizovych situacii, napr. katastrofalne povodne
v roku 2013. Zatial’ ¢o suc¢asné krizové projekty
vyuzivaju verejné mapovanie prave na zacCiatku,
po vzniku mimoriadnej udalosti, podla See-
Think-Do moze byt kazdy uzivatel’ povazovany
za potencialneho prispievatel'a aj pocas obdobia
pokoja. Déraz sa kladie najmé na skupiny pri-
spievatel'ov "Pozri" a "Mysli", ktoré su v sucas-
nosti ignorovang.

Netek [89] predstavil navrh a samotné nasa-
denie aplikacie Crismapp, ktora pomaha pri zni-
Zovani strat na Zivotoch a majetku. Tato bola
vyvinutd na podporu rozhodovacich procesov
zachrannych sluzieb. Bol vytvoreny pre strate-
gické, taktické a operacné riadenie, A JE do-
stupnd v troch trovniach: vizualizacia, zdoko-
naleny rezim Uprav a plna sprava. Technolo-
gicky bola zalozena na principe WebGIS 2.0 de-
finovanom ako kombinacia WebGIS s pri-
stupmi Web 2.0. Podporuje Siroka skalu webo-
vych Standardov a hybridného pristupu
(GeoJSON). Bolo vyvinuta na baze HTMLS,
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decision making in crisis management and
integrated rescue system. It should be linked,
compatible respectively, with the central sub-
system at regional and local level and at inter-
national level. The established system provides
a visual analysis of the implementation of inter-
ventions in the space and allows access for all
management levels to substantial and necessary
information.

Blistanova et al. [97] published an article
pointing out the importance of preparing and
verification of input data for logistic modeling
of flood crisis management in GIS systems. Ap-
propriate data is essential for crisis management
operations. GIS systems offer a wide range of
possibilities for further data analysis, the results
of which can be used for decision-making pro-
cess. The purpose of these systems was to offer
wide range of possibilities, starting from com-
plex base of digital data available online when-
ever anytime in the field, through ordinary and
also specific spatial analyses, to the composing
of specific outputs required by particular units
of the Integrated Rescue System.

Majlingova [98] published methodology and
results of fire risk assessment for the area of
Slovenska Lupca forest management unit, situ-
ated in the center of Slovak republic. The fire
risk was expressed in terms of one of the risk
components - the susceptibility to fire. To assess
it, there were performed multicriterial analysis,
taking into consideration two basic groups of
factors — natural and social. The analysis of fire
risk, susceptibility to fire respectively, was au-
tomated via its processing in decision making
model built in NetWeaver environment. Link-
ing the NetWeaver environment with Ecosys-
tem management decision support system
(EMDS), there was obtained the spatial visuali-
sation of assessment results.

Majlingova, Buzalka and Galla [99] elabo-
rated, in detail, the procedures leading to the as-
sessment of individual components of risk in re-
lation to the occurrence of fires and floods in
natural and urban environment. The experi-
mental area was Banska Bystrica district. For
this area an assessment of the susceptibility to
fire in a forest area and vulnerability assessment
to the fire based on an example of a regressive
forest fire that took place in the cadastral area of
Stare Hory village in 2011, were carried out. In
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funkcie mapovania boli podporované kniznicou
Leaflet. Okrem zakladnych funkcii mapy sa po-
nuka cely rad pokroc€ilych funkcii, najméa rezim
uprav pre Upravu priestorovych a atributovych
geografickych udajov v readlnom case, priamo
cez webovy prehliadac, pripojenie ku cloudo-
vému ulozisku GitHub / Gist pre verziu, kom-
plexnu spravu, Styri vopred definované predvo-
lené nastavenia scenare v roznych kontextoch
(Standardné, poziarne, povodnové, Vrbetické
vybuchy) ako skutocny koncept adaptivnej kar-
tografie. Aplikdcia bola naplnend redlnymi
udajmi na skuto¢né ucely, umoznila centralizo-
vanu aktualizaciu a spravu udajov v realnom
Case zachrannymi sluzbami. V sucasnosti sa na-
chadza v pilotnej faze testovania vybraneh ha-
si¢skej stanice v Olomouckom kraji.

Petrovski, Naumova a Geobalcanica [90] na-
vrhli model, ktory zmozni padnutie telefonnych
liniek. Kazdy smart telefon bude mat’ aplikaciu
pre pripad vyskytu zZivelnej pohromy, ktora sa
aktivuje v désledku zmeny vitalnej funkcie ¢lo-
veka v tiesni. To poméze zachrannym sluzbam
reagovat’ ¢o najskor a zachranit’ zZivoty ¢o naj-
viac l'udi, a znizit pocet tych I'udi, ktori nemohli
poziadat’ o pomoc. Zdoraznili problematické
miesta v oblasti navrhu rieSenia a upozornili
tieZ na potrebu technickych inovacii, s cielov
budovania efektivnejsich GIS.

Radulescu et al. [91] navrhli model zapoje-
nia informacného systému do krizového riade-
nia. Islo o Informa¢ny systém krizového riade-
nia (EMIS), ktory je zalozeny na databazach
GIS a je prispésobeny podmienkam, moznos-
tiam a realite sicasného Rumunska.

Raj, Thapa a Balakrishnan [92] predstavili
technologiu pre tri aplikacie v readlnom case,
ktoré maju prvorady vyznam, ako napriklad po-
stidenie §kod po mimoriadnej udalosti v oblasti
infrastruktiry pomocou GPS, odhad pevnosti
a pohyb budov. Na strechach budov instalovali
jednotlivé uzly GPS senzorov GPS, ktoré boli
vybavené relativnou informéciou o polohe z ob-
dobia pred a po zemetraseni a boli implemento-
vané do GIS. Identifikované zmeny boli pouzité
na odhad §kdd, stanovenie stupnice pohybu bu-
dovy a odhad parametrov ako zat'aZzenie, nama-
hanie, ktoré po vloZzeni do ARX a RARX, napo-
mohli presnejsiemu vypoctu poskodenia.

Xu et al. [93] zaviedli participativny model
zalozeny na hibkovej analyze priestorovych in-
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terms of flooding, there an assessment of the
risks associated with the district susceptibility
to floods and the impact of floods in the city of
Banska Bystrica was carried out. Results of
analyses represent very valuable input for deci-
sion support of crisis managers not only at local
level but also regional and national.
Majlingova and Hilbert [100] described the
fundamental aspects of viewing GIS as well as
opportunities for their wider application in cri-
sis management in the Slovak Republic, parti-
cularly in the process of risk analysis, identifi-
cation of causation with respect to the occur-
rence of potential domino effects, but also as a
tool for the spatial decision support in the ma-
nagement of rescue works in real time.

Tajftn Chan-hom bol pouzity ako priklad. Bola
vykonané sémantické analyza mikroblogovych
udajov a extrahované boli vysokofrekvenéné
klaicové slova pouzivané v roznych provinciach
pre rozne fazy udalosti. Pomocou udajov ozna-
¢enych geografickou znackou a ¢asovych zna-
¢iek by bolo zhromazdené tdaje mikroblogov
mozné rozdelit do roznych kategérii. Tymto
sposobom je mozné ziskat’ informacie o verej-
nej mienke a poziadavkach vychadzajucich z
priestorovych a asovych perspektiv, za ucelom
zvysenia informovanost’ o situacii a podpore
vlady pre poskytnutie uc¢innejsej pomoci.
Zhong et al. [94] vyvinuli model analyzy
udajov zalozeny na analyze velkého mnoZzstva
udajov, ktoré boli vytvorené a ziskané pocas
predchadzajicich zemetraseni. Potom na za-
klade modelu integrovali vSetky potrebné udaje
a potencialne odhady zemetraseni, ktoré prav-
depodobne v blizkej budicnosti zasiahnu tuze-
mie Tokia, aby vypoéitali pravdepodobnti ob-
last’ dostupnosti mobilnych sluzieb. Okrem
toho, vd’aka zabudovaniu tychto tdajov do pro-
stredia GIS, moézu predpovedat’ priestorové a
Casové zmeny tykajice sa oblasti dostupnosti
sluzieb. Ich rozvinutd modelovd a simulacna
platforma je uzito¢na pre mnoho organov s roz-
hodovacimi pravomocami, ako su vlady alebo
prevadzkovatelia sieti, aby posudili zranitel-
nost’ komunikaénych infrastrukttr a zlepsili pri-
pravenost’ a rychlu odozvu na vel'ké katastrofy.
Luchetti et al. [95] skamali vyuzivanie so-
cialnych sieti na riadenie katastrof suvisiacich s
meteorologickymi / hydrogeologickymi udalos-
tami alebo zemetraseniami, ale bez dorazu kla-
den¢ho na vyznam integrovaného systému.
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formacii 0 mimoriadnych udalostiach v mest-
skom prostredi. Ako prvé boli uvedené za-
kladné definicie navrhovanej metody. Nasledne
boli vybrané pozitivne vzorky, aby sa vyhodno-
tili priestorové informacie mimoriadnych uda-
lostiach v mestskom prostredi. Potom boli
z tychto pozitivnych vzoriek ziskané informacie
0 polohe a doplnené o GIS udaje. Napokon boli
odvodené realne priestorové informacie na za-
klade informacii o adresach a GIS udajov.
Okrem toho sa autori zaoberali aj skimanim
met6d na hibkovii analyzu tdajov, Statistické
analyzy a sémantické analyzy, s cielom ziskat
cenn¢ informacie o verejnej mienke a poziadav-
kach zalozenych na udajoch cinskych mikrob-
logov.

Hlavnym rysom systému Whistland, ktory na-
vrhuju, je synergické vyuzivanie technik a tech-
noldgie rozsirenej reality (AR), mapovania da-
vom (crowd mapping), socialnych sieti, Internet
of Things (lIoT) a bezdrétovych senzorovych
sieti (WSN), a ramcov Web 2.0 a GIS 2.0, aby
mohli prijimat’ rozhodnutia vo vztahu k retazcu
udalosti. Systém bol testovany na priklade nap-
lanovanej udrzby povodi riek, kde je potrebné
zaznamenavat' ¢innosti spojené s udrziavanim
Cistych brehov riek.

Vicek [96] predstavil projekt CIPREGIS,
ktory bol vypracovany a schvaleny v roku 2000.
Systém je riadeny a koordinovany Sekciou kri-
zového riadenia Ministerstva vnutra Slovenske;j
republiky. Cielom projektu bolo vybudovat’ a
prevadzkovat’ integrovany geograficky in-
formacny systém, ktory podporuje rozhodo-
vanie v procese krizového riadenia a in-
tegrovany zachranny systém. Je prepojeny s
centralnym subsystémom na regionalnej a
miestnej Urovni a na medzinarodnej Urovni.
Zavedeny systém poskytuje vizualnu analyzu
implementacie zasahovovej ¢innosti v priestore
a umoznuje pristup ku doélezitym a potrebnym
informaciam vSetkym troviiam riadenia. Tento
projekt je komplexny systém pre vizualizaciu,
analyzu a modelovanie internych a externych
datovych struktar v geografickom priestore.

Blistanova et al. [97] publikovali prispevok,
v ktorom poukazuji na dolezitost’ pripravy a
overovania vstupnych udajov pre logistické
modelovanie manazmentu povodiovych kriz v
systémoch GIS. Pre operacie krizového riadenia
st nevyhnutné vhodné udaje. Systémy GIS
ponukaju Siroktl $kalu moznosti pre dalsiu
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analyzu udajov, ktorych vysledky je mozné
pouzit’ pri rozhodovani. Ugelom tychto systé-
mov bolo ponuknut Siroku skalu moznosti,
poc¢ntic zlozitou zékladnou digitalnych udajov
dostupnych on-line kedykol'vek v teréne pros-
trednictvom beznych a tiez Specifickych
priestorovych analyz az po zostavovanie
Specifickych vystupov pozadovanych jed-
notlivymi zlozkami integrovaného zachranného
systému.

Majlingova [98] publikovala metodiku a
vysledky postdenia rizika vzniku poziaru pre
oblast’ lesného hospodarskeho celku Slovenska
LCupca, ktory sa nachadza v centralnej Casti
Slovenskej republiky. Riziko poziaru bolo
vyjadrené ako jeden z komponentov rizika -
nachylnost’ izemia na vyskyt poziaru. Na ucely
posudenia rizika bola vykonana multikriteridlna
analyza, pricom sa zohladnili dve zakladné
skupiny faktorov - prirodné a socidlne. Analyza
rizika poziaru, resp. nachylnosti na vyskyt
poziaru bola automatizovand pomocou spraco-
vania v rozhodovacom modeli vybudovanom v
prostredi NetWeaver. Prepojenie prostredia
NetWeaver so systémom na podporu rozhodo-
vania pouzivanym pre spravu ekosystémov
(EMDS) bola ziskana priestorova vizualizaciu
vysledkov hodnotenia.

4 Conclusions

The aim of the paper was to provide an over-
view on current state of GIS and geoinformation
technology application for disaster/crisis man-
agement purposes. To meet this objective one
hundred scientific works introduced in the Web
of Science Core Collection database were
found, studied and presented. Those provide the
world-wide information on GIS application in
disaster management. For disaster management
purpose not only GIS techniques, but also re-
mote sensing, global positioning systems, web
techniques and services are applied to support
all the phases of the disaster management.
Among the latest approaches to optimaze the
decision-making process based on the geospa-
tial information belongs the crowdsourcing, too.
This approach is used mostly abroad. In the con-
ditions of the Slovak Republic it still represent
a technique used mostly by research and aca-
demic institutions, but not the security practice.
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Majlingova, Buzalka, Galla [99] blizsie
rozpracovali postupy vedtice k postudeniu jed-
notlivych komponentov rizika vo vztahu k
vyskytu poziarov prirodného prostredia a pov-
odni v prirodnom a mestskom prostredi. Exper-
imentalnym uzemim bol okres Banska Bystrica.
Pre izemie okresu bolo realizované postdenie
nachylnosti izemia na vyskyt poziaru v lesnom
prostredi a postdenie zranitelnosti izemia na
vyskyt poziaru na priklade spitnej simulacie le-
sného poziaru, ktory sa odohral v katastralnom
uzemi obce Staré Hory v roku 2011. Z hl'adiska
povodni bolo vykonané posudenie rizik spo-
jenych s nachylnost'ou uizemia okresu na vyskyt
povodne ako aj dopadov povodne na tzemi
mesta Banska Bystrica. Vysledky analyz pred-
stavuju vel'mi cenné podklady pre podporu
rozhodovania krizovych manazérov nielen na
lokalnej urovni, ale aj regionalnej a narodne;.

Majlingova a Hilbert [ 100] popisali zakladné
aspekty nazerania na GIS, ako aj moZnosti ich
SirSieho uplatnenia v krizovom manazmente v
Slovenskej republike, a to najméa v procese ana-
lyzy rizik, identifikacie pri¢innych suvislosti
vzhladom na vyskyt potencidlnych domino
efektov, ale aj ako nastroja na podporu priesto-
rovoho rozhodovania pri riadeni zachrannych
prac v redlnom case.

4 Zaver

Ciel'om prispevku bolo poskytnut prehl’ad o
aktualnom stave aplikécii GIS a geoinformac-
nych technologii na ucely krizového riadenia.
Na dosiahnutie tohto ciel'a bolo v databaze Web
of Science Core Collection najdenych sto ve-
deckych prac. Tieto poskytuji informécie o ap-
likacii GIS v oblasti krizového riadenia z celého
sveta. Na ucely krizového riadenia sa na pod-
poru vSetkych faz krizového riadenia pouzivaju
nielen techniky GIS, ale aj dial’kového prie-
skumu Zeme, globalne polohové systémy, we-
bové techniky a sluzby. Medzi najnovsie pri-
stupy k optimalizacii rozhodovacieho procesu
zalozeného na geopriestorovych informaciach
patri aj crowdsourcing. Tento pristup sa pouziva
prevazne v zahrani¢i. V podmienkach Sloven-
skej republiky stale predstavuje techniku pouzi-
vanui prevazne vyskumnymi a akademickymi
institiciami, avSak nie bezpecnostnou praxou.
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Abstract

An U. S. national study demonstrated an increased reliance on statistical methods to data analysis in Forensic
Sciences. The multivariate statistical analysis is recommended, in order to simplify the processing and understand-
ing the data obtained from analytical techniques. In recent years, there has been an increasing interest in applying
chemometric tools for data interpretation in fire investigation. The paper aims to present a progressive approach
to data analysis by a brief description of multivariate statistical methods that are widely used for data analysis and
data interpretation of fire debris. The paper describes chemometric approach to data analysis and gives examples
of successful application of chemometrics to fire debris analysis.

Keywords: Multivariate statistical analysis; Chemometrics; Fire Debris Analysis

1 Introduction 1 Uvod

Fire investigation also referred to as origin Zistovanie pri¢in vzniku poZiarov (ZPP) je
and cause determination is a forensic science multidisciplinarna veda, ktora zahfia v sebe ve-
that covers knowledge from many other disci- domosti z viacerych oblasti. Medzi zakladné
plines. Preliminary scene examination, evi- kroky v procese ZPP patri: obhliadka poziari-
dence collection and laboratory analysis, hy- ska, odoberanie vzoriek a laboratérna analyza,
pothesis evaluation and conclusion belong to tvorba a hodnotenie hypotéz a tvorba zaveru [1].
basic steps of the fire investigation process [1]. Vzorky odobrané z poziariska si pocas ZPP

The laboratory analysis is an important step podrobené laboratérnej analyze. Zistuje sa na-
in the process of fire investigation and plays a priklad, pritomnost’ zvySkov urychlovacov ho-
key role in determining the purpose of a fire. renia. Pre relevantnost’ vysledkov, vydala me-
The main challenge faced by many forensic dzinarodna organizacia pre rozvoj a normaliza-
chemists is data interpretation from fire debris ciu (ASTM) normy a $tandardy tykajuce sa me-
samples. The data interpretation plays an im- todiky pripravy, extrakcie a analyzy vzoriek
portant role in addressing the role of the Z poziariska.
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possible use of an accelerant. Gas chromatog-
raphy-mass spectrometry (GC-MS) is the ana-
Iytical method, most widely used around the
globe [2, 3].

Studies over the past two decades have pro-
vided important information on distortion ef-
fects and interfering compounds that may hin-
der or entangle the interpretation of chromato-
graphic data [2]. However, a major problem
with data analysis is, that it is subjected to hu-
man interpretation, caused by visual compari-
son of obtained chromatograph with the refer-
ence database [4].

There are three methods of data analysis for
ignitable liquid (IL) classification — chromato-
graphic pattern recognition (by using total ion
chromatogram), extracted ion profiling, and tar-
get compound analysis.

One of the strains of fire debris classifica-
tion from different laboratories may be caused
by comparison of chromatographic data, specif-
ically total ion chromatograms (TICs) [5]. On
the other hand, total ion spectrum (TIS) pro-
vides an alternative approach for data analysis.
The previous study proved [5], that the TIS is
identical to an average mass spectrum covering
the complete chromatographic range.

The aim of the study is to describe multivar-
iate statistical analysis and their application on
fire debris.

2 Novelties in fire debris analysis

The concept of interpretation has been chal-
lenged by U. S. national study [6] demonstrat-
ing an increased reliance on statistical methods
to data analysis among forensic sciences. The
multivariate statistical analysis is recom-
mended, in order to simplify the processing and
understanding of data obtained from analytical
techniques.

In recent years, there has been an increasing
interest in applying chemometric tools for data
interpretation in fire investigation. Previous re-
search has established that chemometrics is a
useful tool in data analysis and may success-
fully determine the presence of ignitable liquid
residues [2].

Nevertheless, the most of forensic laborato-
ries perform fire debris analysis by GC-MS,
several authors have been working on alterna-
tive methodologies that can complement
or may become an alternative to traditional
methods because of advantages they provide.
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Plynové chromatografia s hmotnostnou spek-
trometriou (GC-MS) je analyticka metoda,
ktora sa vo forenznych laboratoriach vyuziva
najcCastejsie [2,3].V priebehu poslednych rokov
doslo k niekolkym zlepSeniam v stvislosti s
touto metodikou. Boli navrhnuté alternativne
pristupy, aby sa prekonali niektoré nevyhody,
ktoré tato metodika predstavuje [2]. Podl'a Bo-
rusievitza [4] je tato metodika podrobena pre-
vazne subjektivnej interpretacii, pretoze je zalo-
zené na vyhodnoteni celkového i6nového chro-
matogramu (TIC) alebo extrahovaného i6no-
vého chromatogramu (EIC) hlavnych zlu¢enin
vizualnym porovnanim vzoriek s referenc¢nou
databazou [4]. Okrem toho, tdto metodika je Ca-
sovo narocna a interpretacia vysledkov sa stava
zlozitejSou, pretoze vzorky nie su Cisté kvapa-
liny, ale obsahuju velké mnozstvo materialov.

Problémy suvisiace s interpretaciou dat su
napriklad: zvetravanie, mikrobiologicka akti-
vita alebo interferujuce zliCeniny . Okrem toho
je komplikované klasifikovat’ vzorky aj kvoli
pritomnosti inych prchavych zlucenin pocha-
dzajucich zo substratu, produktov spalovania
alebo pyrolyzy [2].

Ciel'om prispevku je popis viacrozmernych
Statistickych metod a ich aplikacia na analyzu
vzoriek z poziariska.

2 Progres v analyze vzoriek z poZiariska

Podrla americkej narodnej Stadie [6], sa od-
poruca a kladie sa doraz na pouzitie Statistic-
kych metdéd vo forénznych vedach. Viacroz-
merné Statistické analyzy moézu zjednodusit’
spracovanie a interpretaciu dat ziskanych z ana-
lytickych technik [2]. Pouzitie chemometric-
kych nastrojov analyzy sa v poslednych rokoch
zvysilo.

Waddell et al. [5] uviedli, Ze jeden
z aspektov stazenej detekcie akceleratorov
moéze byt spdsobeny porovnanim udajov z
chromatogramu, konkrétne TIC. Na druhej
strane, celkové ionovoveé spektrum (TIS) po-
skytuje alternativny pristup k analyze udajov
[11]. TIS je totozny s priemernym hmotnost-
nym spektrom pokryvajiucim cely chromatogra-
ficky rozsah.

Napriek tomu vicsina forénznych laboraté-
rii vykonava analyzu vzoriek z poziariska pro-
strednictvom GC-MS. Viaceri autori pracuju na
alternativnych metodikach, ktoré mozu doplnit
alebo sa mozu stat’ alternativou k tradi¢nym
metédam najmai z dovodu ich vyhod.
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In this sense, Ferreiro-Gonzalez et al. [7] suc-
cessfully optimized an electronic nose based on
mass spectrometry (HS-MS eNose).

The HS-MS eNose was also applied for
analysis of fire debris samples without any pre-
treatment [8] and the results were validated by
reference method [9].

The alternative HS—MS eNose proved to be
useful in the analysis of fire debris with the
same discrimination power as GC-MS.

3 Chemometrics

Chemometrics (multivariate statistical anal-
ysis) can be used to interpret results of forensic
analyses, especially those involving pattern
recognition. By using multivariate statistical
methods, the statistical significance of the dif-
ferences in these patterns can be established.
When using multivariate statistical techniques,
replicate sample measurements should be made
to allow for experimental uncertainty and deter-
mine the significance of between-sample differ-
ences [12,13].

Fortunately, the use of multivariate statisti-
cal analysis is a growing practice in forensic
chemistry. Forensic scientists often have to
identify patterns and interpret differences in
data. Chemometrics makes this task more accu-
rate, objective, and manageable. It is especially
useful when the scientist is presented with large
quantities of data. For example, comparing hun-
dreds of spectra, chromatograms, etc. by inspec-
tion was never a valid scientific technique, but
was widely used (and sometimes still is) until
the adoption of multivariate statistical tech-
niques by increasing numbers of forensic chem-
ists. Multivariate statistics has been used on
many types of forensic trace evidence, includ-
ing accelerants, inks, fibers, smokeless powder,
glass, and paint [13,14].

In general, a chemometric approach to a
large data set follows a number of distinct steps:
Acquire data of the highest quality possible.
= Carry out data preprocessing to remove any

systematic (and unimportant) differences be-

tween samples.
= Utilize unsupervised (pattern recognition)
chemometric methods to visualize
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V tomto zmysle Ferreiro-Gonzalez et al. [7] us-
peSne optimalizovali analytickll techniku -
elektronicky nos s headspace a hmotnostnou
spektrometriou (HSMS eNose) za ucelom de-
tekcie zvySkov horlavych kvapalin.

HS-MS eNose bola uspesne aplikovana pri
tepelnej desorpcii zvyskov horlavych kvapalin
ako alternativa k pouzitiu CS2 rozpustadla [8].
Tato metoda bola tispesne aplikovana aj na ana-
lyzu simulovanych vzoriek z poziariska bez
akejkol'vek predpripravy [9].

3 Chemometria

Chemometria (viacrozmerné Statistické me-
tody) moze byt pouzitd na interpretaciu vysled-
kov z forénznych analyz, najma tych, ktoré za-
hfiiajii rozpoznavanie Specifickych profilov /
vzorov. Pouzitim chemometrie je mozné stano-
vit' Statistickll vyznamnost’ premennych a ich
rozdielov v studovanych modeloch. Pri pouziti
chemometrie by sa mali vykonat' opakované
merania vzoriek s cielom umoznit’ experimen-
talne odchylky a urc¢it’ ich vyznam medzi jed-
notlivymi vzorkami [12,13].

Nast’astie pouzitie chemometrickych metod
narastd v praxi forénznej chémie. Forenzni
vedci musia ¢asto identifikovat’ $pecifické pro-
fily a interpretovat’ ich rozdiely v ramci ziska-
nych tdajov. Chemometria robi tato Glohu pres-
nejSou a objektivnejSou. Tieto metody st ob-
zvlast uzitoéné, ak je vedec vystaveny vel-
kému mnozstvu tdajov, napriklad pri analyzo-
vani chromatografickych udajov, spektier, a
pod. Vizualne porovnavanie chromatogramov
nebolo nikdy platnou vedeckou metodikou, ale
bolo siroko pouzivané (a niekde stale je) az do
implementacie viacrozmernych Statistickych
metod.

Viacnasobna $tatistika sa pouziva na objas-
nenie mnohych typov sudnych dokazov vratane
akceleratorov, atramentov, vlakien, farbiv, bez-
dymového prasku, skla a farby [13,14].

Vseobecne plati, Ze chemometricky pristup
k velkej mnozine idajov pozostava z viacerych
krokov:
= Ziskanie udajov najvyssej moznej kvality.
= Predbezné spracovanie udajov na odstrane-

nie vSetkych systematickych (a nedolezi-

tych) rozdielov medzi vzorkami.



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
12(1): 82 — 90, 2018
DOI: 10.17423/delta.2018.12.1.38

= The underlying structure of the data (e.g., the
number of classes).
= Utilize supervised (pattern recognition)
chemometric techniques to predict the class
membership of unknown samples [13,15].
In order to make data interpretation less sub-
jective and avoid masking the presence of ILRs,
in recent years chemometric tools and multivar-
iate statistical analysis have been successfully
applied to fire debris analysis [16]. In this sense,
Hierarchical Custer Analysis (HCA), Principal
Component Analysis (PCA), Linear Discrimi-
nant Analysis (LDA), as well as Soft Independ-
ent Modelling of Class Analogies (SIMCA)
have been applied to unburned and to burned ig-
nitable liquid samples [17,18] and Artificial
neural networks (ANN) has been applied to gas-
oline classification due to near-infrared data
[19]. Tan et al. [17] were successful in classify-
ing 51 liquids into classification system pro-
vided by ASTM. Baerncopf et al. [20] investi-
gated light and heavy conditions of burn on
carpet with six different ignitable liquids. By
applying PCA and Pearson product moment
correlation (PPMC) coefficients the authors
were able to associated with neat ILs.

4 Cluster Analysis

Cluster analysis is considered an unsupervi-
sed method in that the algorithm does not rely
on any inputs from the user, so no prior know-
ledge of groupings is known. The purpose of
cluster analysis is to determine whether indivi-
dual samples fall into groupings and what those
groupings might be [21].

Hierarchical clustering methods produce a
set of nested clusters organized in a hierarchy
tree (Fig. 1). The cluster hierarchy is typically
visualized using dendrograms. Such approaches
are applied either to provide multiresolution
data organization or to alleviate computational
challenges when clustering big data sets. In ge-
neral, two approaches are applied to build ne-
sted clusters:
= The divisive approach starts with the entire

data as one cluster, and then iteratively split

clusters until a stopping criterion (e.g., k

clusters or tight enough clusters) is sa-

tisfied.
= The agglomerative approach starts with
small tight clusters, or even with single-

Delta 2018, 12(1):82-90.

85

= Aplikacia Statistickych metod (bez prvot-
ného urcenia kategorii) na vizualizaciu za-
kladnej struktary tidajov (napr. pocet tried).
= Aplikacia metdd na rozpoznavanie vzorov

a na predpovedanie Clenstva v triedach ne-

znamych vzoriek [13,15].

Aby sa interpretacia udajov stala menej sub-
jektivnou a aby sa zabranilo maskovaniu pri-
tomnosti zvySkov horlavych kvapalin, %
poslednych rokoch doslo k uspesnej aplikacii
chemometrickych nastrojov a viacrozmernych
Statistickych analyz v ramci interpretacie dat zo
vzoriek z poziariska [16].V tomto zmysle boli
na spalené a nespalené vzorky horlavych kva-
palin aplikované analyzy: Hierarchickd zhlu-
kova analyza (HCA), Analyza hlavnych kom-
ponentov (PCA), Linearna diskriminacna ana-
lyza (LDA) a SIMCA (Soft Independent Mode-
ling Class Analogie) [17,18]. Umelé neurénové
siete (ANN) sa pouzili na klasifikaciu benzinu
prostrednictvom dat pochadzajtcich z infracer-
venych udajov [19] Tan et al. [17] boli Gspesni
pri klasifikacii 51 horlavych kvapalin do klasi-
fika¢nych tried urcenych ASTM. Baerncopf et
al. [20] skamali spaleny koberec so Siestimi roz-
nymi horlavymi kvapalinami. Pouzitim PCA a
Pearsonovych koeficientov korelacie momentu
produktu (PPMC) sa autorom podarilo prepojit
spalené¢ zvysky horlavych kvapalin sich Cis-
tymi podobami.

4 Zhlukova analyza

Zhlukova analyza sa povazuje za metddu
,bez dozoru“ pretoze algoritmus nezavisi od
ziadnych vstupnych informacii, takze nie st
zname  ziadne  predchadzajuce  znalosti
0 klastroch (skupin). Ciel'om zhlukovej analyzy
je urcit, ¢i jednotlivé vzorky spadaju do Klas-
trov a aké su tieto zoskupenia [21].

Metody zhlukovej analyzy vytvaraji stbor
klastrov usporiadanych v hierarchickom strome
(obrazok 1). Hierarchia klastra sa zvycCajne
vizualizuje pomocou dendrogramov. Takyto
pristup sa uplatiluje pri organizovani dat s
viacerymi  rieSeniami  alebo na  pri
zhromazd’ovani velkych datovych stiborov. Vo
vSeobecnosti sa na budovanie klastrovych
zoskupeni pouzivaju dva pristupy:
= Rozdel'ovaci pristup zacina celym tidajom

ako jeden klaster a potom sa iteracne

prerozdel'uju klastre, az kym nie je splnené
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point clusters, and then iteratively merge
close clusters until only a single one remains
[22].

kritérium zastavenia (napr. k pocet klastrov
alebo tesné usporiadanie klastrov).

= Aglomerativny pristup zac¢ina malymi
tesnymi  klastrami, alebo dokonca s
jednobodovymi klastrami, a potom Ssa

iteratne zhlukuju blizke Kklastre, kym
zostane len jeden [22].
Zhlukovy dendrogram
Cluster dendrogram
0 -
- ©
= 5
Q
I« - C
B —
o Lo N 7
< w
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Fig. 1 Hierarchical clustering organized in a hierarchy tree
Obr. 1 Hierarchické zoskupenie zorganizované do hierarchického stromu

5 Principal component analysis

Principal component analysis (PCA) is a
mathematical ~ algorithm  that  reduces
the dimensionality of the data while retaining
most of the variation in the data set [23].

In general terms, PCA uses a vector space
transform to reduce the dimensionality
of large data sets (Fig. 2). Using mathematical
projection, the original data set, which may
have involved many variables, can often be in-
terpreted in just a few variables (the principal
components) by their linear combinations. It is
therefore often the case that an examination of
the reduced dimension data set will allow the
user to spot trends, patterns and outliers in the
data, far more easily than would have been pos-
sible without performing the principal compo-
nent analysis [24,25].

The first principal component is the di-
rection along which the samples show the lar-
gest variation. The second principal component
is the direction uncorrelated to the first compo-
nent along which the samples show the second
largest variation. Each component
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5 Analyza hlavnych komponentov

Analyza hlavnych komponentov (PCA) je
matematicky algoritmus, ktory znizuje rozmer-
nost’ udajov pri zachovani vacSiny variacii v st-
bore udajov [23].

Vo vSeobecnosti sa PCA vyuziva na trans-
forméciu vektorového priestoru a zmensenie
rozmerov velkych datovych stborov (Obr. 2).
Pomocou matematickej projekcie moze byt
povodny set 1udajov obsahujucich vela
premennych, interpretovand len niekolkymi
premennymi (hlavnymi zlozkami) a ich
linearnymi  kombinaciami. Z toho ddévodu
preskimanie suboru udajov VvV zmenSenom
rozmere umozni pouzivatelovi zistit' trendy,
vzory a odchylky v udajoch ovel'a l'ahsie, nez
by bolo mozné bez vykonania analyzy hlavnych
zloziek [24,25].

Prvou hlavnou zlozkou je smer pozdiz
Druhou hlavnou zloZkou je smer nekorelovany
k prvému komponentu, pozdiz ktorého vzorky

.....

zlozka moze byt interpretovana ako smer,
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can then be interpreted as the direction, uncorre-
lated to previous components, which maximizes
the variance of the samples when projected onto
the component [26].

Povodny sibor udajov
Original data space

Premenna 3
Gene 3

Premenna 1
Genel

Premenna 2
Gene 2

ktory nie je v koreSpondencii s predchadza-
jucimi komponentmi, ¢o maximalizuje od-
chylky vzoriek pri projektovani na komponent
[26].

Interval komponentov
Component space
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Fig. 2 Dimension reduction from original data set to principal components
Obr. 2 Eliminacia dimenzii z p6vodného suboru dat do hlavnych komponentov

6 Discriminant analysis
Discriminant analysis (DA) as a whole is
concerned with the relationship between a cate-
gorical variable and a set of interrelated variab-
les. In discriminant analysis, the existence of the
groups is known a priori. An entity of interest is
assumed to belong to one (and only one) of the
groups.
Discriminant analysis is widely used also in
the field of pattern recognition [27][28]. There
are several purposes for discriminant analysis
(Fig. 3):
= To classify cases into groups using a discri-
minant prediction equation.

= To test theory by observing whether cases
are classified as predicted.

= To investigate differences between or
among groups.

= To determine the most parsimonious way to
distinguish among groups.

= To assess the relative importance of the in-
dependent  variables in  classifying
the dependent variable.

= Todiscard variables which are little related
to group distinctions [29].

Delta 2018, 12(1):82-90.

87

6 Diskriminacna analyza
Diskrimina¢na analyza (DA) sa ako celok
zaobera vztahom medzi kategorickou premen-
nou a suborom vzajomne suvisiacich
premennych. V diskriminacnej analyze je ex-
istencia skupin znama. Predpokladd sa, ze
skimana jednotka patri k jednej (a iba jednej)
skupine.
Diskrimina¢né analyza je Siroko pouzivana
aj v oblasti rozpoznavania vzorov / profilov
[27][28]. Existuje niekol'ko ucelov diskrimi-
nacnej analyzy (Obr. 3):
= Zatriedenie dat do skupin pomocou diskri-
minacnej predikcnej rovnice.
= Testovanie tedrie tak, ze analyzujete, ¢i st
data klasifikované ta ako boli predpove-
dané.

= Preskimanie rozdielov medzi skupinami
alebo v ramci nich.

= Urcenie najrelevantnejSicho spdsobu urce-
nia rozdielov medzi skupinami.

= Zhodnotenie relativnej dolezitosti nezavis-
lych premennych pri klasifikacii zavislej
premennej.

= Qdstranenie premennych, ktoré maju maly
vztah k skupinovym rozdielom [29].
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Gene y

Premenna x
Gene x

Fig. 3 Axis that maximize the distance among the means for the three categories
Obr. 3 Osi ktoré maximalizuji vzdialenosti medzi stredmi troch skupin

Discriminant analysis has basic two steps:
(1) an F test (Wilks' lambda) is used to test
if the discriminant model as a whole is signi-
ficant, and (2) if the F test shows significance,
then the individual independent variables are as-
sessed to see which differ significantly in mean
by group and these are used to classify the
dependent variable.

7 Conclusion

The paper deals with a brief description of mul-
tivariate statistical analysis and specify chemo-
metric approach to a data set.

Aplication of chemometrics to fire debris seems
to be a promising tool in data interpretation and
determination of ignitable liquid residues, as it
is more objective and accurate.
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Abstract

The methodology of laboratory-controlled experiments widely used to study the direct effects of forest fires re-
garding the both, the organic matter and the forest soil, should be expanded by studying the spatial-temporal
framework of transformation processes, that are conditioned driven by the interactions of between the ash with
and the forest-modified modified forest soil that will start in the forest environment immediately after the fire.
Based on this knowledge, it will be possible to manage implement effective adaptation and remediation measures

measurement in the areas affected by forest fires.

Keywords: forest fire; soil; the laboratory-controlled experiments

1 Introduction

The results of expertise carried out on cli-
mate change impacts in the conditions of Slo-
vakia (The 6-th National Communication SVK
on Climate Change 2013) show that in the fu-
ture, the most important abiotic natural origin
harmful agents in this country will include land
and forest fires and landslides. These assump-
tions have also been confirmed by the Report
issued by the Intergovernmental Panel on Cli-
mate Change [1]. Consequently, there may be
expected serious commercial losses, mainly in
the Central and Eastern Europe [2-4].

These risks will cause negative impacts on
the quality, health condition, resistance and
overall fitness of forest ecosystems, which will
reduce their hydric, production and eco-
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1 Uvod

Podl'a expertnej analyzy dopadov zmeny
klimy v podmienkach Slovenska (6. Narodna
sprava 0 zmene klimy 2013), k najvyznam-
nej$im abiotickych ~ prirodnym  Skodlivym
¢initel'om budu v budicnosti patrit’ okrem inych
aj krajinné a lesné poziare a zosuvy pody. Tieto
predpoklady boli potvrdené aj spravou
medzinarodného panelu pre klimaticki zmenu
[1], na zaklade ¢oho mozno predpokladat’ vznik
vyznamnych hospodarskych skod, najma v
strednej a vychodnej Europe [2-4].

Désledkami tychto rizik buda negativne do-
pady na kvalitu, zdravotny stav, rezistenciu a
celkovu  konstituciu lesnych ekosystémov
veducich k znizeniu hydrickych, produkénych,
ako aj ekostabilizacnych schopnosti lesnych
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stabilisation potential — resulting in yields de-
creasing, costs increasing and shortening the
optimum rotation period [5, 6].

For these reasons, it is necessary not only to an-
alyse the forest ecosystems vulnerability by the
specific natural disasters [7], but also to recog-
nise the potential negative impacts of such dis-
asters on forest ecosystems, including problems
related to the effective management of the fire-
devastated land. Solving of these problems re-
quires innovation of the commonly used re-
search methods and complementing them with
research in laboratory—controlled experiments.

2 Problems review and Discussion

The impacts of fires on physical-chemical
and biological parameters of soils depend on the
intensity and duration of the heat transfer into
soil [8]. Biological changes in the soil are initi-
ated in the upper soil horizons just at low tem-
peratures from 40-121 °C [9], while the soil
surface temperature accompanying forest fires
ranges within 200-300 °C [10], in shrubby ar-
eas 500-700 °C, in meadows and pastures 200—
300 °C [9]. The fire-induced soil modifications
depend on the temperature and time.

The identification of the maximum fire tem-
perature is necessary not only for recognising
the direct fire impact on the surrounding ecosys-
tem, but also for effective management of the
fire-devastated land [11]. The fire impact on soil
is complex, consequently, the study of this im-
pacts needs comprise all the key soil properties
(organic matter content, soil material repel-
lence, grain size structure), along with the act-
ing factors (fire intensity and type); as omitting
a single one can cause misinterpretation of the
results obtained [12]. Today, it becomes obvi-
ous that the best-fitting methods for investigat-
ing the fire impacts on forest soil are the meth-
ods used in laboratory-controlled conditions.
These methods are the only ones allowing to
control the temperature and time influencing the
processes running in soils [13], and to compare
the results obtained in this way with the results
obtained at field works in forest-fire-affected
forest ecosystems [12]. The methods applied in
laboratory-controlled experiments on forest
fires impacts on forest soils are based on analys-
ing heat processes accompanying the organic
matter (mainly litter-fall) combustion at temper-
atures 150, 200, 250, 300, 350, 400, 450,
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ekosystémov, ¢o bude viest’ k znizovaniu vyno-
sov, zvySovaniu nakladov a skracovaniu opti-
malnej rubnej doby [5, 6].

Z uvedenych dovodov je potrebné nielen
analyzovat’ zranitelnost’ lesnych ekosystémov
jednotlivymi prirodnymi Zzivlami [7], ale aj
spoznat’ negativne dosledky ich potencidlnych
vplyvov na lesné ekosystémy, vratane otazok
efektivneho manazmentu poziarom devasto-
vanych uzemi. RieSenie takejto problematiky
vyzaduje aktualizovat doposiall zavedené
postupy vyskumu a tieto rozsirit’ aj o problemat-
iku vyskumu v laboratornych podmienkach.

2 Prehlad problematiky a diskusia

Vplyv poziarov na fyzikalno-chemické a bi-
ologické parameter pod je determinovany in-
tenzitou a diZkou trvania transferu tepla do pody
[8]. Biologické zmeny v pode sa spustaju pri
nizkych teplotach a v najvrchnejSich pddnych
horizontoch v intervale 40-121 °C [9], pricom
teploty dosahované na povrchu pdd pri lesnych
poziaroch st v rozmedzi 200-300 °C [10], v
krovinatom tzemi 500-700 °C, zatial’ ¢o na
ltkach a pasienkoch v rozsahu 200-300 °C [9].
Zmeny v pddach sposobené poziarom zavisia
od dosiahnutej teploty a ¢asovej dizky jej pdso-
benia.

Urcenie maximalnej teploty poziaru je po-
trebné nielen z pohladu poznania jej priameho
vplyvu na okolity ekosystém, ale rovnako
dolezité je aj pre efektivny manazment krajiny
postihnutej poziarom [11]. Nakolko vplyv
poziaru na podu je komplexny, $tidium jeho
poOsobenia na pddu sa musi zamerat’ na vsetky
klicové pddne vlastnosti (napr. obsah organ-
ickej hmoty, repelenciu podneho materialu,
zrnitostné zlozenia), ruka v ruke s posobiacimi
faktormi (napr. intenzita a druh poziaru),
nakol’ko opomenutie niektorych z nich méze
viest k chybnej interpreticii ziskanych
vysledkov [12]. V sucasnosti sa ukazuje, Ze naj-
lepSou metodolégiou vyskumu vplyvov pozia-
rov na podu je vyskum uskutoctovany v la-
boratornych podmienkach, nakol’ko iba v tomto
pripade je mozné  kontrolovat teplotné a
casové vplyvy na priebeh procesov v pddach
[13], a takto ziskané udaje konfrontovat’ s
vysledkami ziskanymi pri terénnych pracach v
poziarom postihnutych lesnych ekosystémoch
[12]. Aplikované¢ metody laboratorneho
vyskumu vplyvov poZziarov na pddu st
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500 and 550 °C, which result in study of per-
centage changes in the weight of the combusted
material, ash colour changes, CaCOs concentra-
tion, Ph values, electric conductivity (EC) val-
ues and nutrient elements (Ca2+, Mg2+, K+ a
Na+) contents in ash leachates [14] obtained by
combusting qualitatively various litter-fall
types from various tree species. Processing of
these data will provide information of how the
litter-fall combustion can affect the forest soil
threats by erosion, how ash substances can in-
fluence the soil aggregates stability and on the
maximum temperature of organic material
(OM) combustion [15].

Much more intricate is study of the fire im-
pacts on the soil itself, as the research results
obtained at low fire intensities or during specific
fire types (crown fire) manifest that there have
been no significant changes to the soil proper-
ties [8]. On the other hand, there have been doc-
umented several cases showing that the temper-
ature changes induced by fire-heat improved
stability of soil aggregates, such as due to ther-
mal fusion of soil particles or due to re-crystal-
lisation of the soil mineral components, partic-
ularly clay minerals [16]. Another possible con-
tributing factor is the condensation of hydro-
phobic substances into bigger aggregates [17].
It is, however, necessary to note that in most
cases, certain soil properties related to the soil
particles aggregation are directly influenced by
heat released during fires. In case of OH con-
tent, there has been found [18] that the soils with
OH as the principal compaction material for soil
aggregates creation manifested improved ag-
gregates stability under heating until 170 °C,
followed by a decrease starting from 220 °C.

Soil water repellence (WR) is also sensitive
to the heat released at fires [19]. The research
[20] has confirmed an increase in WR values
over a temperature interval of 175-200 °C, and
conversely a WR decrease over 270-300 °C.
There has also been identified certain soil pa-
rameters, such as clay fraction content and spe-
cific mineral composition of hygrophilous soil,
suspect to back up the repellence values un-
changed during fires [21, 22].
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zalozené na analyzovani teplotnych procesov
pri spal’ovani organickej hmoty (hlavne opadu)
pri teplotach 150, 200, 250, 300, 350, 400, 450,
500 a 550 °C, vysledkom ktorych je studium %
zmien v hmotnosti spalovaného materialu,
zmena farby popoloviny, zmena koncentracie
CaCOs, pH, elektrickej vodivosti (EC) a nu-
tricnych prvkov (Ca2+, Mg2+, K+ a Nat) vo
vyluhoch z popoloviny [14] ziskanej zo spal’o-
vania kvalitativne rozdielnych druhov opadu z
roznych drevin. Spracovanim takto dostupnych
udajov mozno ziskat' informacie o vplyve
spalovania opadu na ohrozenost’ lesnych pod
eréziou, vplyve popolovin na stabilitu pddnych
agregatov, ako aj o maximalnej teplote spal’o-
vania OH [15].

Znacne komplikovanejSia je Stadia vplyvu
poziarov na samotnt pddu, nakol’ko na zaklade
terénnych pozorovani pri slabej intenzite
poziaru, resp. pri Specifickych druhoch poziaru
(napr. korunovy poziar) Casto nedochadza k
vyznamnym zmenam podnych vlastnosti [8].
Na strane druhej existuje viacero zdokumento-
vanych pripadov, kedy teplotné zmeny vyvo-
lané poziarom spdsobujii zvySenu stabilitu
podnych agregatov, napr. v dosledku teplotne;j
fuzie pddnych Ciastociek, ako aj rekrystalizacie
minerdlneho podielu pod, osobitne pre-
dovSetkym ilovych mineralov [16]. Na
uvedenych skuto¢nostiach sa moze podielat’ aj
kondenzacia hydrofébnych substancii do
vacsich agregatov [17]. Avsak, je potrebné zdo-
raznit, Ze vo vicsine pripadov niektoré podne
vlastnosti suvisiace so spajanim podnych ¢ias-
tociek su priamo ovplyvnené teplom uvoliiova-
nym pri poZziaroch. V pripade obsahu OH bolo
zistené [18], Ze v podach, v ktorych je OH hlav-
nym cementa¢nym materialom pddnych agre-
gatov, zahrievanie pod do cca  170°C
zvySovalo stabilitu agregatov, kym pri teplotach
nad 220 °C dochadzalo naopak k poklesu tohto
ukazovatela.

Repelencia pod je taktiez citliva na teplotu
uvolfiovant pri poziari [19]. Vyskum [20] pot-
vrdil, Zze v teplotnom intervale 175-200 °C
dochadzalo k néarastu hodnot WR, kym naopak,
jej pokles nastaval pri 270-300 °C. Taktiez sa
zistilo, Ze niektoré podne parametre, ako napr.
obsah ilovej frakcie a Specifické mineralogické
zloZenie hydrofilnych p6d moézu byt zodpov-
edné za skuto¢nost’, Ze u takychto pdd nedocha-
dza pri poziaroch k zmene repelencie [21, 22].
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Remarkable is a positive correlation between
the soil water repellence and the soil aggregates
stability [12, 19, 21, 23], due to release and sub-
sequent condensation of hydrophobic sub-
stances on the soil aggregates surface.

The fire-induced soil mineral transformation
takes place at gibbsites at about 200 °C [24] in
case of goethite, at about 300 °C in case of hem-
atite [25] and from 500 to 700 °C in case of ka-
olinite [26]. The fire-induced soil aggregation
leading to improving the soil aggregations sta-
bility is frequently caused by the decomposition
od clay materials [16] and at temperature > 500—
600 °C, these processes can induce changes to
the soil grain structure [27, 28].

The analysis of the results obtained in labor-
atory-controlled experiments with fires on for-
est soils indicates existence (Table 1) of a “void
space” in this area, concerning two substantial
issues:

e Combustion processes relating to organic
matter from organic horizons of forest soils,
comprising, unlike the homogenised litter-
fall material, also the material from the un-
derstorey and grassy material of varied spe-
cies composition and different humification
grades,

e Leachates of ash substances interacting
with mineral fractions from the fire-modi-
fied soils, which can modify substantially
the soil properties caused by the direct fire
impact.

It becomes evident, however, that the “per —
partes” analysis of the litter-fall combustion
processes and the heat-induced transformation
processes running in soil can only provide the
knowledge base for recognising the immediate
and direct fire-induced effects on soils and OM;
nevertheless, such analysis does not provide so-
lutions for problems connected with the subse-
quent “post-processing” soil modifications — in-
teractions between the leachates from the ash
materials and the fire-affected soil. This is the
only possible way how to assess the fire impacts
on forest ecosystems over longer time periods
and how to optimize remediation measures, if
any, for restoring the complete functionality of
forest ecosystems.

Delta 2018, 12(1):91-98.

94

Pozoruhodné je zistenie o pozitivnej kore-
lacii medzi repelenciou pod a stabilitou
pddnych agregatov [12, 19, 21, 23] sposobené
uvolfiovanim a naslednym kondenzovanim hy-
drofobnych substancii na povrchu pddnych
agregatov.

Mineralna transformacia pdd vplyvom pozi-
arov prebicha pri gibbsite pri cca 200 °C [24] u
goethite transformdacia na hematite sa odohrava
pri cca 300 °C [25] kaolinite v rozmedzi 500 az
700 °C [26]. Agregacie pdd pri poziaroch
vedica k rastu stability pddnych agregatov je
Casto zapri¢inena dekompoziciou ilovych
mineralov [16] pri¢om tieto procesy moZu ¢asto
viest’ pri teplotach > 500 - 600 °C k zmene zrni-
tostného zlozenia pod [27, 28].

Analyza vysledkov prac laboratorneho
vyskumu poziarov na lesnych podach naznacuje
(Tab. 1), ze v sti¢asnosti existuje v tejto oblasti
“biele izemie”, ktoré sa dotyka dvoch zasad-
nych oblasti:

e Problematiky procesov spalovania organic-
kej hmoty z organickych horizontov les-
nych pod, ktoré na rozdiel od spalovania
materialovo homogénneho opadu pozosta-
vaju aj z materidlu podrastu a travovin roz-
neho zloZenia v réznom stupni humunifika-
cie,

e Problematiky interakcie vyluhov z popolo-
vin s mineralnym podielom poziarom po-
zmenenych pod, ktoré moézu v zasadnej
miere modifikovat’ pddne vlastnosti pod-
mienené priamym posobenim poziaru.

Ukazuje sa totiz, ze “per—partes” analyza
procesov spalovania opadu a transformacnych
procesov Vv pode, podmienenych poziarom ve-
die len k poznaniu okamzitych a priamych efek-
tov poziarov na OH a pddu, ale neriesi otazky
suvisiace s dalSimi “post-procesingovymi”
zmenami v podach - interakciou vyluhov z po-
polovin s poziarom postihnutou pddou. Je
zrejmé, ze jedine takymto sposobom je mozné
zhodnotit’ vplyv poziarov na lesny ekosystém v
dlh§om c¢asovom ramci a optimalizovat’ pri-
padné remediacné opatrenia na obnovu plnej
funkcionality lesnych ekosystémov.



12(1): 91 — 98, 2018

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2018.12.1.42

3 Conclusion

The causal link fire — forest ecosystem needs

parallel solving of the problem concerning the
prevention of fire outbreaks in forest environ-
ment and the problem of immediate and delayed
impacts of the fire on the forest ecosystems —
based on the interactions between the leachates
from ash substances and the fire-affected soil.
Considerable promises have been offered
thanks to the methodology used in the labora-
tory — controlled experiments.
Implementation of these approaches will enable
to recognize the temporal-spatial dimensions of
transformation processes causing the changes in
the hydro-physical, hydrological and soil-chem-
ical parameters of the fire-affected forest soils,
influencing the land vulnerability against ero-
sion and this land hydrologic regimen over the
affected area. Only such knowledge will enable
an effective control of adaptation and remedia-
tion measures implemented in forest-fire-af-
fected areas.
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3 Zaver

V kauzalnom retazci poziar-lesny ekosys-
tém je potrebné subezne rieSit’ problematiku
prevencie vzniku poziarov v lesnom prostredi
s problematikou priameho, ako aj nasledného
vplyvu poziarov na lesny ekosystém podmiene-
ného interakciou vyluhu z popolovin s pozia-
rom postihnutou pédou. Vel’ké moznosti v tejto
oblasti pontika zavedena metodologia labora-
torne kontrolovanych experimentov. Aplika-
ciou takychto postupov bude mozné poznat’ ¢a-
SOVO-priestorovy rozmer transformacnych pro-
cesov zmien hydrofyzikalnych, hydrologickych
a pedochemickych parametrov lesnych pod za-
siahnutych poziarom, ovplyvilujicich zranitel-
nost’ uzemi voéi pdsobeniu erdzie a hydrolo-
gicky rezim v takomto izemi. Az na zaklade
takto ziskanych poznatkov bude mozné efek-
tivne riadit’ adaptacné a remedia¢né opatrenia
v uzemiach zasiahnutych lesnymi poziarmi.
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The conference “Earth in Trap? 2018 was
held in Salamandra Hotel, Horny Hodrussky
tajch, Hodrusa-Hamre, Slovak Republic, on 23"
— 25" May, 2018.

The conference “Earth in Trap?” began writ-
ing its history in 2006 with the main theme
“Analysis of components of environment®. The
aim of the conference was to create a forum for
the exchange of knowledge and discussion of
experts in the field of environment contamina-
tion solution. The event found a positive re-
sponse in the scientific community, both in re-
search and practice.

Each year of the conference brought presen-
tations of quality scientific work, stimulated
discussion, opened new possibilities for prob-
lem solving, new contacts were established, and
cooperation started on projects.

The year 2016 opened new era of the confer-
ence direction. Applications of analytical meth-
ods in environmental engineering expanded
also to fire engineering. Quality analysis is a
basic element of identifying and defining the
problem and the basis of its solution. Protection
of the environment, fire protection of persons
and property, fire and

Delta 2018, 12(1):99-100.
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Konferencia,, Zem v pasci? 2018 ““ sa konala
v hoteli Salamander, Horny Hodrussky tajch,
Hodrusa-Hamre, Slovenska republika, v diioch
23. —25. maja 2018.

Konferencia ,,Zem v pasci? zacala pisat’
svoju historiu v roku 2006 s hlavnou témou
»Analyza zloziek zivotného prostredia“. Cie-
Pom konferencie bolo vytvorit' forum pre vy-
menu poznatkov a diskusiu expertov v oblasti
rieSenia kontaminacie Zzivotného prostredia.
Konferencia nasla pozitivhu odozvu vo vedec-
kej komunite, a to vo vyskume i praxi.

Kazdy rok konania konferencie priniesol
prezentacie kvalitnej vedeckej prace, podnietil
diskusiu, otvoril nové moznosti rieSenia problé-
mov, nadviazali sa nové kontakty a zacala sa
spolupraca na projektoch.

Rok 2016 otvoril novu éru smeru konferen-
cie. Aplikacie analytickych metdd v environ-
mentalnom inzinierstve sa rozsirili aj o poziarne
inZinierstvo. Analyza kvality je zakladnym prv-
kom identifikacie a vymedzenia problému a za-
kladom jeho riesenia. Ochrana zivotného pro-
stredia, protipoZiarna ochrana osdb a majetku,
zistovanie poziarov a nehdd, testovanie novych
materialov, ktorych dynamicky vyvoj a pouzi-
vanie sa rozsiruje do vsetkych sfér l'udského zi-
vota, si oblastami, kde je potreba
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accident investigation, testing of new materials
whose dynamic development and use extends to
all spheres of human life are areas where the
need for quality analytical methods is becoming
more and more striking.

The aim of the conference in 2018 was to
provide a space for scientific and professional
community to present new knowledge and dis-
cussion on the use of modern analytical meth-
ods in fire and environmental sciences, to point
out to problems in developing new methods, in-
novation of classical methods to satisfy the
needs of science and practice. There was pub-
lished a Book of Proceedings consisting of sci-
entific papers of authors from five countries. It
presents the latest state of the knowledge at the
area of applications of analytical methods in fire
and environmental engineering.

Delta 2018, 12(1):99-100.
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aplikacie kvalitnych analytickych metod Coraz
vyraznej$ia.

Cielom konferencie v roku 2018 bolo po-
skytnut’ priestor vedeckej a profesijnej komu-
nite na prezentaciu novych poznatkov a disku-
siu o pouzivani modernych analytickych met6d
Vv oblasti poziarnych a environmentalnych vied,
s cielom poukazat’ na problémy pri vyvoji no-
vych metddy, inovacii klasickych metdéd na
uspokojenie potrieb vedy a praxe. Publikovany
bol ,,Book of Proceedings®, t. j. konferencny
zbornik, obsahujuci vedecké prace autorov z
piatich krajin. Prezentuje najnovsi stav poznat-
kov v oblasti aplikacie analytickych metod v
poziarnom a environmentalnom inzinierstve.
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The influence of modification of spruce wooden sawdust on heavy metal
absorption
Magdalena Balintova= — Stefan Demcak=

8Technical University of Kosice, Faculty of Civil Engineering, Institute of Environmental Engineering, Vysokoskolska 4, 042 00 Kosice,
Slovakia

Abstract

The contamination of wastewater by heavy metal is a world-wide environmental problem. For these purposes low-cost
adsorbents obtained from plant wastes or semi-products of various industries as a replacement of costly conventional
methods as precipitation, ion exchange, and adsorption are also applied. The removal of heavy metals by adsorption onto
low-cost waste materials has recently become the subject of considerable interest. Natural materials that are available in
large quantities, or certain waste products from industrial or agricultural operations, can be used as inexpensive adsor-
bents. The aim of this article is a study of absorption properties of natural and modified spruce wooden sawdust. Modifi-
cation of spruce sawdust was carried out by sodium hydroxide and potassium hydroxide. The efficiency of heavy metals
removal was tested on the model solutions with concentration of 10 mg.L"* cooper, zinc, and iron, respectively. Changes
of the functional groups of sorbents was analysed by infrared spectrometry. Absorption properties of spruce wood sawdust
and their two modifications were studied by colorimetric method. Changes of pH values in solutions after the absorption
experiments were determined too.

Keywords: Biosorption; alkaline treatment; heavy metals removal.

Changes of expanded polystyrenes macromolecular characteristics
at thermal degradation
Martin Bednar* — Tatiana Bubenikova? — Danica Kacikova® — FrantiSek Kacika®

8Faculty of Wood Sciences and Technology, Technical University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovakia

bFaCulty of Forestry and Wood Sciences, Czech University of Life Sciences in Prague, Kamycka 1176, Praha 6 - Suchdol, 16521 Czech
Republic

Abstract

The study of expanded polystyrenes degradation is important because of their possible deterioration at higher temperatures.
The influence of thermal loading in the temperature range from 140 °C to 200 °C on the expanded polystyrenes EPS 100F
and EPS-Grey Wall (EPS GW) molecular weight changes was investigated. Size exclusion chromatography (SEC) with two
PLgel MIXED B columns and tetrahydrofuran as a mobile phase were used for determination of molecular weights, degree
of polymerisation (DP), polydispersity index (PDI) and molecular weight distribution (MWD). The degree of polymerisation
(DP) decreases at the temperature above 140 °C in EPS 100F, polystyrene EPS GW has relatively good stability up to
temperature of 180 °C, then its DP value rapidly drops. At 200 °C, molecular weight dropped by 90% for EPS 100F, and
by 73% for EPS GW, respectively. At lower temperatures the polystyrene depolymerisation is slow and chain-end reaction
prevails, at higher temperatures (140 °C for EPS 100F, and 180 °C for EPS GW, respectively) the drop of molecular weight
is rapid and random cleavage of bonds is dominant.

Keywords: SEC; polystyrene.
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Examination of Fuels of Selected Cellulose Materials on the Basis of Deter-
mination the Flash Point Ignition Temperature and Self-ignition
Temperature
Iveta Coneva>

8Department of Fire Engineering, Faculty of Security Engineering, University of Zilina, Str. 1. mdja 32, 026 01 Zilina, Slovak Republic

Abstract

of fires and their consequences, and even in different categories of buildings such as: industrial, manufacturing and techno-
logical buildings, warehouses and others. In the technologies of production and processing of cellulosic materials, e.g.:
paper - namely tissue paper from basic raw materials, associated with treatment and disposal of unwanted printing dyes
belongs, to the most-risky in terms of fire. During bleaching process contact of flammable input raw materials (e.g. waste
paper, cellulose) with strong oxidizing agent — hydrogen peroxide takes place. Hydrogen peroxide itself is not flammable
but significantly supports burning process and thus increases fire danger in pulping operation at pulp cellulose preparing
and in technological process of production tissue paper products: hygienic toilet paper, hygienic napkins and handkerchiefs.
Used bleaching agent, hydrogen peroxide, is possible to substitute by other more suitable and more fire safety substance in
practice. This substance is an enzyme that causes more effective enzymatic bleaching of waste paper input raw material.
The goal of experimental investigation was verification and comparison of effect of bleaching agents (hydrogen peroxide
and enzyme) on cellulose material inflammability. Subjects of tests were input raw material samples — waste paper, wood
pulp and intermediary product — tissue paper. Namely, following fire technical parameters: flash ignition temperature and
self-ignition temperature of selected cellulose materials were determined and compared by method in STN 1SO 871:1999
Plastics. Determination of ignition temperature using a hot-air furnace. Theoretical and practical investigations based on
experiments concerning combustion of cellulose materials bring new knowledge.

Keywords: burning of cellulose materials; waste paper; tissue paper; flash ignition temperature; self-ignition temperature.

Influence of the temperature on the load-bearing capacity of timber
connections with steel fasteners
Tomasz Domanski® — Kamil Kmiecik:

@Cracow University of Technology, The Faculty of Engineering, ul. Warszawska 24, Cracow 31-155, Poland

Abstract

This paper presents a summary of results from numerical studies on the fire behaviour of timber connections with steel
members. The finite element software ANSYS was used to make a three-dimensional thermal model of the connections.
Then the FE model was used to analyse the heat flow within the connections under standard 1SO-fire exposure. To estimate
the load-bearing capacity of the connections exposed to the standard fire, the failure modes from the literature were used.
The calculations take into account the reduction of the cross-section caused by charring and the reduction of steel strength
at elevated temperatures.

Keywords: fire safety; timber joints; thermal analysis; steel plates; fastener.

The impact of the exterior wall surface finish on the separation distance
Katarina Dubravska? — Jaroslava Stefkova®

& Department of fire protection, Technical University in Zvolen, T. G. Masaryka 24, Zvolen, Slovakia
b Institute of foreign languages, Technical University in Zvolen, T. G. Masaryka 24, Zvolen, Slovakia

Abstract

Surface finish of the outer side of an external wall is not considered at its classification as a con-struction member, however
it is considered at demining clearances. It is considered when separa-tion distances are determined. It is also taken into
account when the size of the partially fire open exterior wall area is determined in case if there is more than 100 MJ heat
released from 1 m2. The paper discusses the impact of the surface finish of an external wall on the final separa-tion distance.
The comparison of five alternatives was evaluated — mineral wool insulating sys-tem, 120 mm polystyrene insulation sys-
tem, 200 mm polystyrene insulation system, exterior siding - wooden and stone veneer placed on a part of the exterior wall.
The procedure of deter-mination of separation distances is described in STN 920 0201-4. The standard states that sepa-
ration distance from the fire compartment is determined on the base of a length and height of the exterior wall due to the
fire compartment, the type of construction member, the ratio of the fire open exterior walls and fire risk. It is clear that the
lowest values of separation distance were achieved by the alternatives whose surface finish was formed from non-combus-
tible materials (insulation system with mineral wool, exterior cladding from artificial stone). In case of the al-ternatives
where polystyrene was used, the separation distances vary. This insulation material suggests that beside the kind of material
used for surface finish, it is necessary to look at its thickness, density, calorific value and heat release per unit area
(HRRPUA).

Keywords: surface finish; separation distance; heat release per unit area; partial fire open exterior area.
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Investigation of zones of fatigue failure of screws
K. Epifantsev®” — T. Mishura?

8 st. Petershurg State University Aerospace Instrumentation 190000, St. Petersburg, Russia. Bolshaya Morskaya Street 67

Abstract

In recycling technology screw - the main working element for processing waste machines - extruders. From the quality of
its production depends the productivity of the shop and the integrity of the machine body. When refining a multicomponent
raw material, which is Refuse Derived Fuel - this is the general name for alternative fuels obtained from recycling. As raw
material, almost any organic material is used: cellulose, rubber, plastic, leather, its substitutes. The study used an example
based on work with RDF-raw materials of the Janino Refuse Processing Plant. Leningrad region. It is when working with
such highly abrasive waste that it becomes necessary to increase the service life of screw augmentedly by using new pro-
cessing technologies, since metal components and hard-to-break silicates can occur in the composition of this raw material.
It research very important, because the priority project of the Russian Government, will be implemented from 2017 to 2025
with the key aim of reducing the environmental footprint from municipal solid waste disposal and mitigating environmental
risks of an accumulated environ-mental damage [4]. The priority project involves the construction of five environment-
friendly facilities for the thermal processing of municipal solid waste (waste incineration plants), four of them to be built in
the Moscow Region and one facility to be built in the Republic of Tatarstan. An alternative to waste incineration is municipal
waste recycling by moulding in extrusion ma-chines to make pellets to be further used in the fuel or construction industries.
The profitability of a waste recycling facility is dependent on a sound choice of extrusion equipment with the best value for
money [5].

Keywords: fatigue failure; screw; refuse processing; deflected mode; mode of deformation.

Thermal analysis as a useful analytical tool in environmental and civil
engineering
Adriana Estokova®*

& Technical University of Kosice, Faculty of Civil Engineering, Institute of Environmental Engineeering,

Abstract

Thermal analysis is a set of methods that are used for various purposes in a whole range of areas. Recently, its importance
and practical application also increase in environmental engineering. This contribution aims to highlight the use of these
techniques for research purposes on selected issues in the field of environmental science. The paper presents an application
of thermal analysis to study the durability of concrete in aggressive environments, to examine hemp fibers prior to their
application to light composites, or to analyze the resistance of polystyrene boards to thermal stress. The results confirm that
thermal analysis could be also used in non-traditional areas of research.

Keywords: concrete; DSC; TGA; DTA; building materials; durability.

Compositions of volatile organic compounds emitted from natural
and synthetic polymers
Ale§ Haz¥"— Michal Jablonsky?— Anton Lisy?

Department of Wood, Pulp and Paper, Institute of Natural and Synthetic Polymers, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava, Radlinského 9, Bratislava 812 37, Slovakia,

Abstract

Analysis of volatile organic compounds (VOCs) is an important method for understanding the chemical processes involved
in polymer degradation and for the identification of materials. Many times is this type of analysis closely connected with
thermal degradation during processing or during unwanted conditions. VOCs emitted during thermal treatment of plastics
were ana-lyzed to indicate compounds which can caused unpleasant odor. In this work were compared different techniques
for analyzing VOCs from ligning and lignin composite. Identification was focused on comparison emitted sulphuric com-
pounds. Screening analysis were made at 80, 160 and 200°C by different atmospheres. To confirm which compounds are
emitted from samples, experiments were conducted and volatile organic compounds (VOCs) emitted from samples were
trapped by Tenax/Carbograph adsorption tubes and analyzed by TD-GC/MS or directly analyzed by py-GC/MS. In the
present study rubber, lignin/PLA/PHB composite and lignin were tested.

Keywords: TD-GC/MS; VOC; polymers; thermal desorption.
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Comparison of Forces and Means at the Fire of Selected Petroleum
Large-Capacity Tanks
Jan Horvath=* — Jaroslava Stefkova® — Martin Zachare

& Technical University in Zvolen, Department of Fire Protection, T. G. Masaryka 24, 960 53 Zvolen, Slovakia
b Technical University in Zvolen, Institute of Foreign Languages, T. G. Masaryka 24, 960 53 Zvolen, Slovakia

Abstract

Fires of petroleum in large-capacity storage tanks belong to the most demanding fire interventions from the viewpoint of
deploying the sufficient amount of forces and means. The article deals with forces and means necessary for a successful
suppression of such fires for three real bulk storage tanks. The selected tanks are of a similar make but of different dimen-
sions. The forces and means are calculated for the two most complicated scenarios. The calculations were performed ac-
cording to the Regulation of the President of the Fire and Rescue Corps of the SR No. 39/2003. The results given in the
table show that the necessary amount of forces and means grows directly with the dimensions of the tanks. In the present, it
is not possible to exclude the risk of a real fire; therefore, it is necessary to consider the necessary deployment of the forces
and means already at the beginning of its construction and/or installation.

Keywords: fire scenarios; fire suppression; large-capacity storage tank.

Input factor analysis for the use of special LKT for the transport of water
to a forest fire area
Ivan Chromek® — Richard Hnilica® — Michaela Hnilicova® — Jaroslav Matej? —
Valéria Messingerova®

& Department of Fire Protection, Faculty of Wood Sciences and Technology, Technical University in Zvolen, T. G. Masaryka 24, 960 53
Zvolen, Slovak Republic

b Department of Manufacturing Technology and Quality Management, Faculty of Environmental and manufacturing Technology, Technical
University in Zvolen, Studentskd 26, 960 53 Zvolen, Slovak Republic

€ Department of Forest Harvesting, Logistics and Ameliorations, Technical University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak

Republic

d Department of Mechanics, Mechanical Engineering and Design, Faculty of Environmental and Manufacturing Technology, Technical

University in Zvolen, Studentska 26, 960 53 Zvolen, Slovak Republic,

Abstract

The forest wheeled skidder has been developed from its beginnings as a single-purpose machine for the needs of skidding
in the forest. The paper deals with the analysis of input factors that predispose this type of construction to ensure the transport
of water supply in case of fire brigades in forest fires. The input factors for the use of LKT mainly include analysis of the
terrain, which is capable of this type of equipment to move, analyze the appropriateness of placing the adapter for the
transport of water, the selection of appropriate materials, design and construction solutions. The aim of these analytical
procedures is to conservation the original features and to extend the target use of special machines.

Keywords: forest wheeled skidder; adapter; duty of water; forest; forest fire fighting.

Reduction of fire risk indicators at oil and gas industry companies by use
modified water-gel compositions for thermal protection of oil products
tanks

Alexey Ivanove — Farid Daliz — Valeria Mikhaylova: — Alexey Smirnov?
— Grigory Ivakhnyuk=

& University of State Fire Service of Emercom, Moskovskiy Avenue,149, Saint-Petersburg, 196105, Russia

Abstract

There are represented the researching physical properties of modified hydrogel, prepared by polymers of acrylic acid marked
«Carbopol ETD 2020», in conditions of thermal and electro-physical modification by the variable frequency modulated
potential (VFMP). Data on changes of hydrogels density was came into the procession of gelling agent concentration, ther-
mal and electrophysical modification by VFMP. Determined, that comparative time of modified hydro-gels heating in-
creases with increasing gel agent concentration in conditions of VFMP, also the comparative time of heating increases with
thermal influence for modified hydrogels near the critical temperature value 4 °C. Concluded, that modified hydrogels may
be used to improve the efficiency of the thermal protection of oil products tanks.

Keywords: hydrogel; electrophysical and thermal modification; thermal protection; variable frequency modulated potential;
oil products fires scenarios; fire suppression; large-capacity storage tank.
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Environmentally Sustainable Access: Research Developments with a Focus
on Softwood Bark Waste/By-products

Michal Jablonsky= — Ales Hazz— Jozef Jablonsky®— Nikola Chupacova:

8 Department of Wood, Pulp, and Paper, Institute of Natural and Synthetic Polymers, Slovak University of Technology, Radlinského 9,
812 37 Bratislava, Slovak Republic
b Central Military Hospital SNP Ruzomberok - Teaching Hospital, Gen. MiloSa Vesela 21, 03426 Ruzomberok, Slovak Republic

Abstract

In recent times, focus on waste bark research has increased all over the world and a large number of evidence has collected
to show immense potential of bark waste used in various pharmacological, food or protection systems. Over the last few
years, researchers have aimed at identifying metabolic plant-derived substances which can be used as drugs or as leads for
drug discovery. Phytochemical compounds, particularly polyphenols, are the most active compounds that are naturally pre-
sent in softwood barks and show a unique combination of chemical, biological, and physiological, antioxidant, antibacterial,
antiinflammation, and cytotoxic activities.

Keywords: bark; softwood; waste; by-product.

Effect of aging on reaction-to-fire of fibreboards
Juraj Jancik*— Linda Makovicka Osvaldova?

& University of Zilina, Faculty of Security Engineering, ul. 1.mdja 32, 010 26 Zilina, Slovakia

Abstract

This paper theoretically describes the observation process of changes in reaction-to-fire of fi-breboards as insulation mate-
rials exposed under natural conditions of buildings. Samples are modified with flame retardant "Ohtostop", that have proved
to enhance their reaction-to-fire. Research focuses on monitoring the ability to preserve this attribute in time.

Keywords: Fiberboards; Aging; Insulation; Reaction-to-fire; Flame-retarding.

Tropical wood facing material under fire conditions
Patricia Kadlicova® — Linda Makovicka Osvaldova?

& University of Zilina, Faculty of Security Engineering, ul. 1.mdja 32, 010 26 Zilina, Slovakia

Abstract

This article describes the flammability of selected tropical wood. Data required for analysis are outputs of laboratory tested
small wood samples. Experimental equipment was non-standardized laboratory equipment using a flame source of higher
intensity (flame burner - propane-butane) affecting the test sample in an open environment. The above-mentioned laboratory
outputs are presented by numerous clear graphs. Statistical analysis of dependence of important parameters and use of an
appropriate analytical method reveals important parameters in assessing the flammability of the test sample.

Keywords: tropical wood,; relative burning rate; flammability; analyze of dependence.

Portable Multifunctional Equipment for Control of the Employees Working
Activity
Gennady Korshunove — Anatoly Romanov2 — Andrei Nikulin2 — Iliya Dolzhikovz —
Qiang Xup

a Saint-Petersburg Mining University, Saint Petersburg, Russian Federation
b Nanjing University of Science and Technology, China

Abstract

The article presents the results of the review of a workplace-related mortality record provided by the International Labour
Organisation. More than 240,000 fatalities have been found to be caused by human error. The article contains examples of
managerial and engineering solutions aimed at increasing the employee's accountability in the work process and describes
the algorithms of interaction between portable multifunctional equipment and various personal protective equipment types
used by employees. A universal structure has been determined for the equipment designed to control the use of personal
protective equipment with 17 indicators that characterise the possibility of using and implementing a communication system
based on portable multifunctional equipment for control of the employees' working activity.

Keywords: working activity; PPE; ILO; equipment; working conditions; arrangement of working time; statistics; labour.
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Kettle thermal damage monitoring by thermovision
Ivan Kubovsky*— Peter Lacny?

& Technical University in Zvolen, Faculty of Wood Sciences and Technology, T.G.Masaryka 24, Zvolen 960 53, Slovak Republic

Abstract

The paper deals with monitoring the temperature of the plastic kettle. The simulated fault has been induced on the kettle
thermostat, which has led to its gradual overheating to the state of thermal degradation of its vessel. Non-contact temperature
fields measurement and their visualization were performed using the FLIR i7 thermal camera. Monitoring has lasted 17
minutes. The maximum pot surface temperature reached approximately 154 °C.

Keywords: Kettle; temperature; thermal camera; thermal degradation.

Current trends in flame-retardant treatment of selected polymers
—areview
Andrea Majlingova* — Danica Kacikova* — Qiang Xu® — Cong Jin®

& Technical University in Zvolen, T.G. Masaryka 24, 960 53 Zvolen, Slovakia
b Nanjing University of Science and Technology, 200 Xiao Ling Wei, Nanjing 210014, P.R. China

Abstract

Polymer based materials are used as in industry as in households. They are rapidly developing. Due to their cost, they often
replace the traditional materials. The disadvantage of its use, both natural and synthetic polymers, is their sensitivity to flame
because of their main constitute element, i.e. carbon. In general, the flammability of polymer materials depends on their
chemical composition. Their flammability can be reduced by interfering the combustion process at any stage. A common
approach to improve the flame-retardant properties of polymers is to apply the flame retardants. Those are used to prevent,
minimize, suppress or stop the combustion process of polymer materials. They act to break the self-sustaining polymer
combustion cycle and consequently reduce the burning rate or extinguish the flame in several ways. This paper compiles
current research findings and results related to wood and wood composites, fabrics and PU/PUR foams flammability reduc-
tion, applying the flame-retardant treatment.

Keywords: fabrics; flammability; flame retardant; PU/PUR foam; wood; wood composite.

Specification of a representative value for fire load density accumulated in
building compartment

Mariusz Maslak®— Michal Pazdanowski?

& Cracow University of Technology, Warszawska 24, 31-155 Cracow, Poland

Abstract

Two alternative approaches to the specification of fire load density representative for the considered fire zone are considered
in this paper. The first approach is based on the direct inventory of combustible materials stockpiled in the fire zone. Here
the nominal value obtained by direct measurements constitutes the measure of sought density. The possible inventory taking
methods and the interpretation of results obtained are described in detail. The second approach is based on the statistically
justified characteristic value. This measure seems to be more universal in application, though not so individualized as the
first one. It is calculated as the appropriate quantile of the fire load density probability distribution, treated as the random
variable. Procedure of this type takes into account the statistical variation of densities determined in zones used in the same
manner. Thus, the obtained value is interpreted as authoritative for fire zone of particular type, instead of being associated
with analyzed zone in a specific building.

Keywords: building compartment; fire load density; inventory of combustible materials; nominal value; random variable;
probability distribution; quantile; characteristic value.
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Alternative approaches to critical temperature evaluation for axially
compressed steel column exposed to fire

Mariusz Maslak? — Michat Pazdanowski* — Maciej Suchodota?

& Cracow University of Technology, Warszawska 24, 31-155 Cracow, Poland

Abstract

Four alternative procedures used to estimate the critical temperature of axially compressed steel column exposed to the
direct action of a fully developed fire with equalized temperature of combustion gases in the nearest vicinity of this column
are presented and compared in detail. The first two procedures are based on the recommendations of the code EN 1993-1-2
with ap-plication of the so-called degree of utilization, computed for the accidental load combination rule. The difference
between the first and the second method lies in the fact, that the critical temperature is determined without and with appli-
cation of an iterative algorithm. The third procedure, applied by the authors to verify the results obtained by the analytical
approaches presented above is based upon the application of nonlinear numerical analysis performed within the ANSYS
computational environment for a column model discretized with 3D finite elements. In the last approach a purely bar model
of the column is analyzed, but the conventional stability analysis is replaced by a second order bearing capacity analysis
conducted for an imperfect element and taking into account the amplification of initially assumed bow imperfections.
Keywords: Axially compressed steel column; fully developed fire; critical temperature; degree of utilization; iterative
procedure; numerical analysis; bow imperfection; second-order bearing capacity analysis.

Evaluation of the TETRA K board for the fire protection and safety needs
Iveta Mitterova? — Vaclav Kasan?

@ Technical University in Zvolen, Faculty of Wood Sciences and Technology, T.G.Masaryka 24, Zvolen 960 53, Slovak Republic

Abstract

The process of waste reuse also leads to a significant saving of natural resources, energy and, finally, efforts to ensure a
clean environment. An interesting solution in this regard is the recycling and processing of Tetra Pak (beverage cartons) for
products that find use in the construction of tile boards, or so-called dry construction products. It is precisely the type of
product that has become our study object, to find out what properties of the Tetra Pak boards, such as the Tetra K standard
board, have in terms of fire. For this purpose, experiments were carried out, where samples of the material were subjected
both to the ignition testing according to STN EN ISO 11925-2 and evaluated for their ability to spread a flame on their
surface, as well as a non-standard testing method for the detection of mass loss and ignition time. The work methodology
and the results achieved are the content of the paper. When, on the basis of the same evaluation criteria (mass loss, ignition
time, flame propagation) and constant testing conditions, we mutually compare the Tetra K boards with e.g. OSB boards,
having a similar use, we can say that both materials at the same time of thermal loading have the relative mass loss: Tetra
K board of 70.3 £ 6.9 % and OSB board of 67.7 £ 5.6% on average; average ignition time: Tetra K of 81 + 14 s and OSB
of 63 £ 11 s. The both materials, according to STN EN 13501-1 + A1, met reaction to fire classification criterion Fs < 150
mm in 60 s. This means that the two materials do not differ significantly from the point of view of the comparison of the
fire properties. The advantage of the Tetra K board is probably a lower price.

Keywords: Flame spreading; mass loss; one-flame source; radiant source; recycling; Tetra Pak boards.

Comparison of synthetic and natural sorbents in engine oil spills
Miroslav Mojzi§* — Miriama Sulekova®: — Martin Zachar: — Danica Kacikova?

& Technical University in Zvolen, Slovak Republic

Abstract

The leak of petroleum substances has harmful effects and negative impact on the ecosystem. The most frequent petroleum
pollutants with a small range (up to 1 dm3.h-1) or spills which do not exceed 1 m2 and thickness of 1mm, include leakage
due to various accidents or negligence. Prevention or intervention that employs sorbents to handle oil leakage situations.
The paper is focused on sorbents in bulk state and on their quantitative use by leakage of petroleum sub-stances, especially
in traffic accidents on roads. Bulk sorbents were chosen based on their origin: natural and synthetic. Synthetic sorbents
include Absodan plus, PeWas Sorb, Sorp Reo and Spilkleen Plus. Sawdust, leaves residues, needles and mosses were used
as natural sorbents. Sorbents were tested for sorption capacity according to standardized method ASTM F 726. Sorbent
samples were tested for engine oil 10W 40, which is the most commonly used oil in motor vehicles. According to the
sorption properties due to the standard, sorption capacity of adsorbents were measured in the short term. Based on the
obtained results, it was found that synthetic sorbents have better sorbtive capacity represented by Sorbtive Grass Reo with
a value of 14.98 g/g. Among natural sorbents, leaves residues of 7.43 g/g have better capacity. In the accordance of obtained
results, synthetic sorbents have higher sorption capacity than natural sorbents as they are manufactured for sorption pur-
poses.

Keywords: oil spills; natural sorbents; synthetic sorbents; ecosystem.
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Evaluation of selected food dusts from the standpoint of fire safety
Eva Mrackova® — Emilia Orémusova? — Michal Danek?

& Technical University in Zvolen, T.G.Masaryka 24, Zvolen 960 53, Slovak Republic

Abstract

The article deals with dust — air mixtures of selected food dusts and the determination of their selected fire — technical
characteristics. The aim of this thesis is to experimentally determine the lower explosive limit of food powder samples
consisting of smooth flour, powdered sugar and cocoa using the VK 100 explosion chamber and the gross calorific value
measurement using the IKA C5000 calorimeter according to the methodology given in STN ISO 1928. State exams be-long
analytical methods used in fire and safety engineering. By conducting experiments and evaluating samples, it was concluded
that all samples of food dusts examined are explosive and present a high risk of explosion and fire in technologies. The test
sample of cocoa showed the most reactive, with the lowest lower explosive limit and the highest gross calorific value. Gross
calorific value values contribute to the spread of fire, therefore the manufacturing operations of food products must be
assured by the design elements of the explosion protection.

Keywords: dust explosion; lower explosion limit; explosion chamber; gross calorific value; calorimetric apparatus.

A scientific approach to determination of the cause of fire
Miroslava Nejtkova*

@ Ministry of the Inteiror — Directorate General Fire Rescue Service Czech republic, Population Protection Institute, Czech republic

Abstract

The paper deals with a scientific approach to determination of the cause of fire. It focuses on one of the most important tasks
— collection of veritable information relevant to proposing versions of the causes of fire. The first part of the paper deals
with the tools for documentation and digitization of the fire scene. The second part of the paper focuses on sampling, labor-
atory investigation and subsequent elaboration of a Fire-Technical Expertise. The also paper mentions non-destructive X-
ray testing, which is a great contribution in investigations.

Keywords: cause of fire; analysis; documentation; fire scene; sample; investigation.

Testing of Alginite as a sorbent of heavy metals from soil and above —
ground biomass of plants
Jana Oravcova? — Martin Drab? — Hana Ollerova® — FrantiSek Kacikac

& Technical University in Zvolen, Faculty of Wood Sciences and Technology, Zvolen, Slovakia
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Abstract

The aim of the thesis is to determine the content of mercury in soil and in plants grown in contaminated soil with the addition
of Alginite. Samples of soil contaminated with mercury were taken from locality of Malachov and then mixed with Alginite
inal:3and 1: 1ratio. In these substrates, we performed an experiment with Brassica napus L. var. napus. (rape). Plant and
soil samples were analyzed on a dedicated spectrophotometer - AMA 254. In the samples of substrates used for growing
rape we found a mercury content from 0.0929 mg.kg to 2.9085 mg.kg*. The mercury content in the above — rape biomass
from 0.0425 mg.kg™* to 03302 mg.kg*. The sorption properties of Alginite were most pronounced in the above — mentioned
rape biomass when a drop-in mercury content of 0.2005 mg.kg-1 was recorded. We compared the resulting values with the
limit values that were exceeded in many cases. From the values we have found, we can say that Alginite has confirmed its
sorption properties, which can be further used in the treatment of the physical — chemical properties of lighter soils, the
decontamination of soils devastated by anthropogenic activity.

Keywords: mercury; Alginite; Brassica napus L. var. napus; AMA 254.
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Assessment of biological degradability of agricultural substrates
Juraj Ponist* —Dagmar SameSova™
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Abstract

This work focuses on research of the biological degradation of the agricultural substrates, name-ly the cattle manure and the
corn silage. We evaluated the suitability and on the contrary unsuitability of the selected substrates in the process of the
biodegradability. Research methods used activated sludge from the wastewater plant to evaluate the potential of selected
substrates in the process of the biodegradability. The significant indicators, which include Oz, CO2, BODs and CODCr were
used for analysis on biological degradability of agricultural substrates. The corn substrate achieved the highest decomposi-
tion rate. Used tests and deviations between them, con-firmed the requirements for a combination of the different tests of
biodegradation. It was problematic to have only respirometric assays that showed a very similar pattern, although the per-
centage of biodegradation was different. According to determination of selected indicators, corn silage and cattle manure
can be defined as average biodegradable substrates. Addition of the active sludge made degradation faster of both samples.
Keywords: manure; anaerobic digestion; biodegradability; corn silage.

Preliminary results of “Environmental biomonitoring by bees” network
at University of Sopron
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CForestexpert Ltd, Jokai 7. Bajna, 2525, Hungary

Abstract

Activity of Honey bees (Apis mellifera) has many beneficial properties, which make them particularly suitable for environ-
mental biomonitoring. Examination of vital signs, chemical analysis of collected and stored materials, such as pollen, honey,
propolis and wax provide us lots of information for evaluation of environmental status. For this purpose, University of
Sopron start-ed a new project in 2015. We are developing an environmental monitoring system based on bee families. Our
target is to establish the basic parameters and methods of a novel monitoring net-work, which is appropriate for fast, reliable
indication and detection of contaminants with relatively low costs. Concerning the forgoing results Polycyclic Aromatic
Hydrocarbons (PAH) were correlated with the pollution originated from waste combustion, while in case of metal content
significant effects of road traffic were found. Our future plans include installation and development of “smart bechives”
equipped different measuring instruments in order to implement real-time environmental biomonitoring.

Keywords: biomonitoring; bee; honey; propolis; wax; heavy metal content.

Automatic Control of Using Safety Helmets by Workers

Anatoly Romanove — Andrei Nikulinz— Dmitry Ikonnikove— Iliya Dolzhikov?
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8 St. Petershurg Mining University, St. Petershurg, Russian Federation

Abstract

The article addresses ways to automate the process of controlling compliance with the rules for safety helmet use to improve
the safety of employees working in harmful or hazardous conditions. Authors have proposed to consider the employee/safety
helmet system as a physical object/biotechnical system. It has been shown that in cases when only the information that
characterises a physical object is controlled, the information can be imitated by unprincipled workers. It has been resolved
that the process should be complemented with the information that characterises the employee's activity (as a biological
object). A suggestion has been made that proposed information spaces should be combined to improve the reliability of a
control result. The article offers a method to generate a decision rule that integrates the assessment obtained based on the
review of information from different sources. A structure of information process interaction has been developed to solve the
task. The scope and purpose of main hardware that implement long-term automatic control over compliance with the rules
for safety helmet use have been deter-mined.

Keywords: occupational safety; Industrial safety helmets; smart PPE; safer equipment; health; safety.
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Abstract

This paper deals with air emissions modeling of exhaust gases associated with a standard parking house during its operation.
The dispersion study evaluates the immission load from the mobile sources of air pollution and from stationary sources of
air pollution (operating air-conditioning). The pollutants were evaluated as CO, NO2, SOz, PM1o and benzene. The authors
also point to the possible side effects associated with ototoxicity of CO and NO: (as a part of a group of asphyxiants within
ototoxic substances) and benzene (as part of solvent group within ototoxic substances). Outputs of the modeling software
did not detect the exceedance of the limit values under the legislation on human health protection.

Keywords: exhaust gases; emissions modeling; MODIM; ototoxicity; parking house.

Human thermal comfort in miner’s overalls
Ilya F. Sidakov2— Andrei Nikulin®— Lyudmila V. Stepanova®
— Nikulina Anni Yulievna®

8 Kovcheg-Ural LLC, 29-1 Timiryazeva Str., Chelyabinsk 454091, Russian Federation
bgt. Petersburg Mining University, St. Petersburg, Russian Federation

Abstract

The article presents the results of the experimental surveys of the thermal conductivity of two types of fabrics used to make
special clothes for mine workers (miner's overalls) depending on the degree of clothes contamination with coal dust. Ther-
mographs of the cooling process have been obtained and a thermal conductivity factor has been calculated for each sample.
The impact of miner's overall contamination on the miners' thermal comfort has been reviewed.

Keywords: human resources; Arctic; special clothes; safety; corporate social responsibility coal dust; thermal comfort;
fabric thermal conductivity.

Comparison of the Gross Caloric Value of the Selected Wood Species
Nikoleta Szirmaiova® — Danica Kacikova: — Martin Lieskovsky®

a Faculty of Wood Sciences and Technology, Technical University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak Republic
b Faculty of Forestry, Technical University in Zvolen, T.G. Masaryka 24, 960 53 Zvolen, Slovak Republic

Abstract

The article deals with the defining of the parameter influencing the ignition and the speed of the fire spreading in the wood-
land area. The aim of this paper is to experimentally define gross caloric value using the calorimeter IKA C200. The proce-
dures of measurements were carried out according to the STN ISO 1928. Spruce wood and beech wood was used for the
experiment. Samples from selected tree species were extracted in the area of Zvolen. Roots, trunks and branches were
examined. The representative samples were dried at the temperature 103 = 2 ° C before the testing to ensure humidity 0 %.
The highest gross caloric values were observed with spruce wood branches (21 150 J/g), spruce wood roots (20 939 J/g),
and a spruce wood trunk (20 386 J/g). The representative samples of beech wood (root, trunk and branches) showed lower
gross caloric values than spruce samples. The results confirm that soft wood (like spruce) shows remarkably higher gross
caloric values than hard wood. Based on obtained results, it can be said that spruce wood is easily combustible and shows
higher values of gross caloric value and thus more dangerous according to forest fires than beech wood.

Keywords: Beech; Forest fires; Gross caloric value; Spruce.
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Reaction to fire of facade heat insulating materials
LCudmila Teretiové® — Emilia Orémusova®

& Department of Fire Protection, Faculty of Wood Sciences and Technology, Technical university in Zvolen, T. G. Masaryka 24, 960 53
Zvolen, Slovak Republic

Abstract

Nowadays the most important requirements for construction of buildings are energy economics and heat saving. The market
offers many thermal insulation materials used in the external thermal insulation composite systems of buildings which also
need to comply with the requirements of the fire safety. In the paper are evaluated two samples of the insulation cork boards
and boards from the expanded polystyrene (EPS) from the point of view of the reaction to fire. The reaction to fire is the
basic coefficient of their possible use in the external thermal insulation composite systems of renewed buildings. For both
thermal insulation materials were used the testing method for evaluation of ignitability according to the standard STN EN
11925-2 and for the determination of the gross calorific value according to the standard STN EN 1716. Based on the results
of the test of ignition were both materials ranked in the class of reaction to fire E. With the expanded polystyrene EPS
sample appeared extensive deformation of shape. Higher or in other words less favourable values of the gross calorific value
were detected with the samples from EPS. Cork insulation boards reached from the overall evaluation of their reaction to
fire more favourable results than the boards from the expanded polystyrene. The cork boards had better results also in the
regard of the gross calorific value evaluation. The average rate of the gross calorific value of two different cork boards in
the reference state i.e. considering actual humidity varied from 25 711 J/g to 29 248 J/g. Meanwhile, the EPS samples had
markedly higher average rates of gross calorific value namely from 40 673 J/g to 40 839 J/g.

Keywords: reaction to fire, cork boards, expanded polystyrene, ignitability, gross calorific value, external thermal insulation
composite systems.

Effective Prevention of Hazardous Waste Industrial Dusts
Ivana Turekova: — Eva Mrackova™

& Constantine the Philosopher University in Nitra, Tr. A. Hlinku 1, 949 74 Nitra, Slovakia
b Technical University in Zvolen, Masaryka 24, 960 53 Zvolen, Slovakia

Abstract

Development of new technologies along with the use of new materials also requires new approaches to risk assessment. In
practice, it means that by processing new materials, particular types of waste with characteristics involving environmental,
as well as health and safety risks emerge. This paper deals with technologies related to the occurrence of abrasive dusts from
pro-cessing of plastics related to the environmental protection, health protection of workers and ex-plosion protection. These
seemingly different fields require common and complex approach to protection solutions. It is proven that only by testing
of dust characteristics and by determining their most significant hazards which have shown to be explosion characteristics
as well, it is possible to suggest effective technological measures.

Keywords: dust clouds; plastic; hazard; safety characteristics.

METAL flammable dust as dangerous substances
Miroslava Vandlickova?

8 University of Zilina, Faculty of Security Engineering, 1st May Street 32, 010 01, Zilina, Slovak Republic

Abstract

A number of industrial technologies are accompanied by the presence of flammable metal dust, which can occur in the
seated or whirled state. From the point of view of occupational safety, their fire-technical characteristics, their impact on
workers' health and the environment must be taken into account. This article deals with the properties of chosen flammable
industrial metal dusts, especially from the point of view of fire safety, anti-explosion protection and environ-mental risk.
The group of toxicological properties of metallic dusts is also included in the article as mankind is also an inseparable part
of the environment. The conclusion of this article deals with preventive measures to prevent fire and explosion of such
flammable metal dusts as effectively as possible, and also to prevent acute and chronic diseases caused by human exposure
to metal dust in factories or at another possible space.

Keywords: metal; flammable dust; environmental hazard; fire; explosion; occupational safety; dangerous substances.
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Safecast bGeigie Nano as a tool for teaching students to understand
monitoring environmental radioactivity
Jozef Salva: — Miroslav Vanek: — Marian Schwarz: — Miroslav Dado®

& Technical University in Zvolen, Faculty of Ecology and Environment, Department of Environmental Engineering, T.G. Masaryka 24,
960 53 Zvolen, Slovakia

Abstract

Safecast is a volunteered geographic information project based on the public participation in data collection and upload to
a publicly available online database. This paper provides brief introduction to the Safecast database and bGeigie Nano
device, with the detailed information available in the relevant references. While the main purpose of the Safecast database
and bGei-gie Nano is to provide publicly available data on the environmental radioactivity, we believe, that this concept is
also a valuable tool for teaching university students to understand the com-plex aspects of environmental radioactivity mon-
itoring, through unique personal experience. Proposed activities have a potential to become a part of the education process
for the course of Radioecology. We intend to provide the opportunity for students to use the bGeigie Nano device to collect
data and participate in the worldwide environmental radioactivity monitoring network. This experience itself would be a
valuable asset, besides the obvious benefit of contributing to the database with our own new data.

Keywords: Safecast; bGeigie Nano; environmental radioactivity.

Study of forest fire behaviour under the meteorological conditions changed
Rastislav Vel'as® — Andrea Majlingova? — Danica Kacikova?

& Technical University in Zvolen, Faculty of Wood Sciences and Technology, T.G.Masaryka 24, Zvolen 960 53, Slovak Republic

Abstract

In recent years, the forest fires issue has been addressed by many experts, who contributed a development of knowledge on
forest fire behaviour. For forest fire behaviour modelling, it is especially important to have the information on meteorolog-
ical conditions, weather conditions and the influence of fuel and topography. The main objective of this work is to describe
and evaluate the effect of selected meteorological and weather conditions on the area of the fire site. For modelling and
simulation, we used the data on forest fire that occurred in the Ko¢ locality, situated in the National Park Slovensky raj, in
2007. In the FARSITE programme, the input data related to the air temperature, wind speed, precipitations totals were
changed to study the effect of the increasing values of meteorological factors studied. The forest fire behaviour was modelled
for the first 24 h of its duration. The computer modelling results and analyses of the courses of fire site area growth showed
that with the increasing wind speed the fire site area grows. However, wind speed had the most significant influence on the
development of the fire during the day. During the night the area of fire site was growing very slowly (only few m2/h),
probably because the fire intensity significantly decreased. There was almost no effect of change in air temperature on forest
fire behaviour. When studying the effect of precipitations totals on forest fire spreading, we also considered the impact of
the time of precipitations occurrence, either from 5.00 a.m. to 7.00 a.m. or from 12.00 p.m. to 14.00 p.m., before the fire
ignition, except the precipitations totals. Larger fire site area occurred in the case of precipitations totals of 0 mm/m?/h than
3 mm/m?/h and when the precipitations occurred before the fire initiation, i.e. from 12.00 p.m. to 2.00 p.m. When consider-
ing the precipitation totals of 8 and 40 mm mm/m?/h, the fire was not initiated in FARSITE programme, due to the high
moisture content of forest fuel available in the study area. We also performed a correlation analyses between wind speed
(precipitations totals) and fire site area to statistically confirm the dependency between the meteorological factors change
and the fire site area growth. The results showed the very tight dependence between all the meteorological factors considered
and the fire site area growth.

Keywords: forest fire; modelling; FARSITE; fire behaviour; meteorological conditions.

Assessing the adsorbents suitability for removing of solid surface

oil pollution
Veronika Vel'kova* — Tatiana Bubenikova® — Patrik Tajnai:

& Technical University in Zvolen, Faculty of Wood Sciences and Technology, T.G.Masaryka 24, Zvolen 960 53, Slovak Republic

Abstract

The article is dealing with the assessment of the effectiveness of selected adsorbents to remove oil pollution. In the experi-
ment was simulated leakage of diesel oil and engine oil on a solid surface. On the oil compounds were three kinds of
adsorbents (Cansorb, Josyp Plus and Experlit) applicate. Application of selected adsorbents determines the effect of kine-
matic viscosity on the efficiency of adsorption. The influence of the origin of the adsorbent was also confirmed. It was the
most effective adsorbent of organic origin CANSORB applied at leakage of engine oil and even diesel. Adsorbent of natural
origin JOSYP PLUS with an efficiency of 55.86% not recommended for use to remove escaped diesel from a solid surface.
Keywords: adsorbent; engine oil; diesel oil; solid surface; oil pollution.
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Impact of foaming agents on vegetation
Veronika Velkova® — Danica Kaéikova® — Viera Spurekova

& Technical University in Zvolen, Department of Fire Protection

Abstract

In the article, we have reported about experimental monitoring of the effects of foaming agents on plant organisms. Three
kinds of foaming concentrates (protein, synthetic and AFFF) were used for low-expansion foam production. Prepared lowex-
pansion foam was applicate on grass samples. Visual changes in grass samples and changes that have led to grass samples
drying have been observed. The seasonal effects of meteorological factors were also observed in the experiment. We deter-
mined massive differences between foam stability of AFFF foam in the summer and winter time (foam was compact in
December 20 times longer than in August). Also the impact of AFFF foam on the grass samples was influenced by the
surrounding temperature conditions (extinction of grass after 2 days in summertime and 6 days in wintertime)

Keywords: aqueos film forming foaming agent; protein foaming agent, synthetic foaming agent, low-expansion foam,
grass.

Research of fabric air permeability for miner’s overalls
Oksana A. Vigelina: — Irina V. Andreeva: — Andrei Nikulin® —
Lyudmila V. Stepanova® — Anni Yu. Nikulina®

a st. Petersburg State University of Industrial Technologies and Design, 18, Bolshaya Morskaya Str., St. Petersburg 191186,
Russian Federation
bgt, Petersburg Mining University, St. Petersburg, Russian Federation

Abstract

The article describes an algorithm of fabric contamination with coal dust and presents the results of the experimental surveys
of the air permeability of two types of fabrics used to make special clothes for mine workers depending on the degree of
clothes contamination. The peculiarities of coal dust particle distribution in material fibres have been identified and the
impact of contamination on fabric physical and hygiene properties has been evaluated.

Keywords: human resources; safety; Arctic; corporate social responsibility; PPE; coal dust; fabric air permeability; fabric;
OHSAS; labour.

Agroforestry as a tool for sustainable land use in Central European
countries

Andrea Vityi*— Nora Kiss Szigetic — Tamas Rétfalvi® — Emes Dominké® — Bohdan
Lojkac — Radim Kotrbade— Jaroslav Jankovi¢f — Michal Pastor’ — Robert Boreke

@ University of Sopron, Faculty for Forestry, Institute of Forest and Environmental Techniques,, Bajcsy-Zs. 4. Sopron, 9400, Hungary
b University of Sopron, Faculty for Forestry, Institute of Chemistry, Bajcsy-Zs. 4. Sopron, 9400, Hungary
€ Czech University of Life Sciences Prague, Faculty of Tropical AgriSciences, Department of Crop Sciences and Agroforestry, Kamycka 129,
Praha 6, 165 00, Prague, Czech Republic
dCzech University of Life Sciences Prague, Faculty of Tropical AgriSciences, Department of Animal Science and Food Processing, Kamycka
129, Praha 6- Suchdol, 165 00, Prague, Czech Republic
€ Institute of Animal Science, Department of Ethology, Pratelstvi 815, Praha- Uhrineves, 104 00, Prague, Czech Republic
fNational Forest Centre, Forest Research Institute in Zvolen, Department of Silviculture and Forest Production, T. G. Masaryka 22, 960 92
Zvolen, Slovak Republic
Y Institute of Soil Science and Plant Cultivation, State Research Institute, ul. Czartoryskich 8 , 24-100 Pulawy, Poland
Abstract
Agroforestry systems can increase resource efficiency, enhance productivity, and improve the overall resilience of agroe-
cosystems. Agroforestry has a long tradition, however their widespread use has been interrupted by introduction of industrial
agriculture and in some countries by political changes connected with collectivization and land consolidation. As reflection
to unsustainable use of land by post-communist co-operations/enterprises, agroforestry has become a rediscovered practice
of mainly family farmers in the countries of Central Europe in the last years. Traditional agroforestry systems in this region
represent traditional land use systems with a high environmental and cultural value. This region also has a high potential for
establishment of modern agroforestry systems which could be a great source of inspiration to learn about interactions, sym-
bioses, biodiversity and agroforestry strategies and practices in such multifunctional systems under adaptation to climate
change. The paper gives a general overlook of the role of agroforestry in Hungary, Slovak Republic, Czech Republic and
Poland with special regard on the following issues:
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- the main reasons that make it necessary to investigate the potential of modern agroforestry practices and
- technologies to alleviate/mitigate the environmental problems in the Central European region

- the new initiatives with the aim of preserving traditional and establishing modern agroforestry systems
- main drivers and barriers regarding the adaptability and legalisation of agroforestry systems

- the potential of agroforestry practices in sustainable land management.

Keywords: agroforestry; sustainable land use; efficiency, productivity.

Study of thermal degradation of selected materials using ATR-FTIR
spectroscopy

Eva Vybohova* — Veronika Velkova®

a Department of Chemistry and Chemical Technologies, Technical University in Zvolen, T.G. Masaryka 24, 960 53 Zvolen, Slovakia
b Department of Fire Protection, Technical University in Zvolen, T.G. Masaryka 24, 960 53 Zvolen, Slovakia

Abstract

This paper focuses on the possibility to use attenuated total reflectance - Fourier transform infra-red (ATR-FTIR) spectros-
copy in fire engineering. The key advantages and limitations of this technique are discussed. As examples, the study of
thermal degradation of PUR foam, and wood are used. The assignment of characteristic absorption bands in the investigated
materials is presented. Additionally, the changes in spectra due to thermal degradation of examined materials were dis-
cussed. In the case of PUR foam, the degradation of NCO, formation of new carbonyl groups, loss of CH2 groups, and the
loss of aromatic rings were observed. In samples of wood the structural changes in lignin macromolecule as well as the
degradation of polysaccharides, mainly hemicelluloses were occurred.

Keywords: ATR-FTIR spectroscopy; thermal degradation; PUR foam; wood.

Assessment of possible environmental risks of old dumps

Ivana Knapcova: — Dagmar SameSova?

a Department of Environmental Eingennering, Faculty of Ecology and Environmental Sciences, Technical University in Zvolen, T. G.
Masaryka 24, 960 53 Zvolen

Abstract

The environmental risk study of the gudron’s dump. The technological stream, which is the most environmentally harmful
during the refinery production, are wastes from acid refining - gudrons. Gudrons are produced in the processing plant at the
treatment and pretreatment of crude oil by the use of sulphonation technologies. In the past, gudrons have been landfilled
without security, and the problem of contamination remains as an environmental burden. The risk of contamination spread-
ing has some migration pathways in general: land, surface runoff, groundwater, air. The aim of the paper is to assess the
potential risk of dumps by means of ecotoxicological tests (acute toxicity test on daphnias - Daphnia magna and the growth
inhibition test of the root of the higher cultural crops - Sinapis alba) of the aqueous and solid waste phases. There was
evaluated the dependence of inhibition and immobilization on the concentration of the oil which was defined as unpolar
extractable oil content (NEL). The results show that the waste is toxic to both aquatic and terrestrial organisms. In terrestrial
tests, 50% inhibition was confirmed at NEL values of 79 mg.L™ for the solid phase and 0.2 mg.I-1 for the aqueous phase.
In the agua test, 50% immobilization was confirmed at NEL concentrations of 5.4 mg.L™* (solid phase) and 0.1 mg.L™*
(aqueous phase).

Keywords: ecotoxicity, dump, environmental risks.
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