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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, s1, 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,
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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-resus-
citation department and intensive care unit).
An important source of combustion products in
these areas are electrical cables.
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vedeckych prac [1-4] st produkty horenia pri-
¢inou vacsiny (50 az 90 %) obeti poziaru.

Produkty horenia predstavuju  vysoké
riziko najma v priestoroch s vysokou hustotou
obsadenia osobami (najmid zhromazdovacie
priestory aunikové cesty), v priestoroch
svyskytom deti (hlavne jasle a Skolky)
a Vzdravotnickych zariadeniach (najma
anesteziologicko-resuscita¢né oddelenia a jed-
notky intenzivnej starostlivosti). Vyznamnym
zdrojom produktov horenia v tychto priesto-
roch 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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Technickd norma STN 92 0203:2013 [5] vyza-
duje vo vicsine priestorov s vysokym poziar-
nym rizikom pre Zivoty a zdravie 0sdb pouZzi-
vanie elektrickych kablov s triedou reakcie na
ohefi minimalne B2, s1, dl, al. Rovnako
technicky predpis TP 13/2015 [6] vyzaduje
takmer pre vSetky elektrické kable v tuneloch
triedu reakcie na ohett minimalne B2, S1, d1,
al.Elektrické kable s triedu reakcie na oheni
B2.,, sl1, dl, al si teda v stCasnosti
v Slovenskej  republike  najpouzivanejSie
v priestoroch s vysokym poziarnym rizikom
pre osoby. Sucasne sa podla [7] pripravuje
novelizacia federalnych Statnych 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 optickl 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 ohen stavebnych vyrobkov je po-
drobnejsie opisana vo vedeckej praci [8]. Trie-
da reakcie na ohen a rovnako doplnkové klasi-
fikacie vSak Zziadnym sposobom nehodnotia
toxicitu produktov horenia. Doteraz nebola
publikovana vedecka praca skimajuca toxicitu
produktov  horenia  elektrickych  kablov
s triedou reakcie na ohefi B2¢,, 51, d1, al. Uda-
je otoxicite produktov horenia si dolezité
najmi pre poziarne inzinierstvo (predovsetkym
pre vypocet toxicity produktov horenia
v priestore acasu dostupného na evakuaciu
0soOb). Tato problematika je podrobne opisana
vo vedeckych pracach [9-12].

Toxicita produktov horenia sa vyjadruje
frak¢nou efektivnou davkou (FED). Frakéna
efektivna davka zavisi od koncentracie hlav-
nych produktov horenia (predovsetkym oxid
uhol'naty, kyanovodik, zli¢eniny vodika s ha-
logénmi, oxid uhli¢ity a pokles koncentracie
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in their structure are counted as sum of FED of
carbon monoxide (FEDco) and FED of oxygen
products of combustion from materials that do
not contain nitrogen and halogens concentra-
tion decrease (FEDo2). FEDco is calculated
according to equation (1) ISO 13571: 2012
[13] and FEDo: is calculated according to
equation (2) that is stated e.g. in verification
method C/VM2: 2013 with commentary [14].

t, [CO]
FEDco = (Zto 35000

w)ew (52) ©

At

kyslika). FED produktov horenia z materialov,
ktoré neobsahuji vo svojej Strukture dusik
a halogény sa pocita ako sucet FED oxidu
uhol'natého (FEDco) a FED poklesu koncen-
tracie kyslika (FEDo2). FEDco sa pocita podla
rovnice (1), ktort uvadza napr. ISO
13571:2012 [13] a FEDo; sa pocita podla rov-
nice (2), ktort uvadza napr. verifikatna metéda
C/VM2:2013 s komentarom [14].

1)

FED,, =

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

At: time increment (min)

CO.: average concentration of CO; (vol. %)
FEDo2: 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, CO2 and O2. 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
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Zt (exp(8.13-0

54(20,9-[0]))

() )

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

Al: Casovy prirastok (min)

COy: priemerna koncentracia CO> (0bj. %)
FEDoy: frakéna efektivna davka O, (-)

O2: priemerna koncentracia O (0bj. %)

Priemerna koncentracia COz sa V rovnici
(1) zohladnuje len v pripade, ak je vyssia, ako
2 obj. %.

Hodnota FED = 1 znamena, ze 50 % o0s6b
exponovanych produktmi horenia strati vedo-
mie. Strata vedomia ma vySSiu vypovednu
hodnotu, ako tmrtie, nakol’ko osoba ktora stra-
tila vedomie sa uz nedokaze sama dostat’
Z ohrozeného priestoru. Verifikatnd 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 a2) je koncentracia CO, CO, a O,. Koncen-
tracie CO, CO a Oz nezavisia len od rychlosti
ich uvolfiovania z horiaceho materialu do prie-
storu, ale aj od objemu do ktorého sa produkty
horenia rozptylia. Objem do ktorého sa pro-
dukty horenia rozptylia je determinovany
geometriou a odvetranim priestoru
arychlostou uvolnovania 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, dl1, 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
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moznosti aplikacie 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 rdzne
pomery plochy alebo diZky horiaceho materi-
lu (vyrobku) a objemu do ktorého sa produkty
horenia (uvolfiované z tejto jednotkovej dizky
alebo plochy horiaceho materialu) rozptylené.

Cielom predlozenej vedeckej préace 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 a1:2 m.m a nasledne stanovit’ kri-
ticky pomer pri ktorom frakéna efektivna dév-
ka dosiahne hodnotu 0,3 pocas 1 800 s.

2 Material a metody

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

Kable CHKE-R a CHKE-V pozostavaju
ztroch izolovanych medenych vodi¢ov
s prierezom 1,5 mm? plasta a vypliového
materialu  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 kébel na pevné ulozenie
urCeny na napajanie elektrickych zariadeni.
Kabel CHKE-V je odolny voci sireniu plamena
po zvédzku elektrickych kablov a zachovava
svoju funk¢nost’ v podmienkach poziaru mini-
malne pocas 180 mintt. 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, COz
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 deter-
mined as the ratio at which the FED did not
reach critical value even after 1,800 seconds.

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=3are 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.m3. 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 frakénej 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 kéablov 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 Statistické za-
vislosti FED od ¢asu spolu s prislu$nymi 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 vicsie, ako 0,97. Ziska-
né mocninové Statistické zavislosti su teda
vel'mi silné.

Ziskané mocninové zavislosti najdu 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¢-
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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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nej efektivnej davky 0,3. Uvedeny cas je dole
zitym vstupnym udajom pre vypocet bezpec-
ného tunikového ¢asu. 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 popisand vo
vedeckych pracach [18-19]) anarast teploty
Vv priestore (postup podrobne rieSia vedecké
prace [20-21]). Vypocet bezpecného unikové-
ho ¢asu 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 avelkej 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
(izolécia, vypli 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 vedeckej 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  kablov
s podobnymi vlastnostami ako mali skiimané
kable.
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electrical cables have been studied by scientific
works [22-25]. Comparison of the data ob-
tained 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 m3.
Tab. 1 Koncentracie CO, CO; a O; v produktoch horenia zo skumanych elektrickych kablov roz-
ptylenych v 1 m3,

Time / Cas (s)

Electrical cable / Elektricky kabel (-)

CHKE-R CHKE-V J-H(StH)H

(6{0] CO, O CO CO, O CO CO, O

(ppm) (%) (%) (ppm) (%) (%)  (ppm) (%) (%)
0 0 0 2095 0 0 2095 0 0 20.95
300 62 0.56 20.02 88 0.69 19.80 74 0.50 20.09
600 158 1.19 18.97 159 1.25 18.87 207 1.03 19.19
900 355 197 17.62 311 1.89 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 1.85 17.84
1800 920 2.63 16,55 1310 3.10 15.71 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,
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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 ca-
bles (no flame spreading power cord, maintain-
ing 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 determinovand 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 funk¢nosti za podmie-
nok poziaru pocas 180 min, napdjaci kabel
nesiriaci plamen po povrchu a ovladaci kabel
nesiriaci plamenn 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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