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Abstract

The article deals with the effect of flammable substances on the combustion of the selected types of protective
clothing in a car repair shop. The experiment measured and evaluated flame spread rate on vertically placed
samples of selected types of working clothing used in garages which meet flammable liquids. Five types of
flammable/operating fluids - petrol, diesel, engine oil, brake fluid and hydraulic oil - were applied onto the test
samples using a paintbrush, 2 ml per each liquid. The average flame spread rate of clean test samples was 0.033
m/s. This flame spread rate was a default value. Other flame spread rate are as follows: gas samples 0.074 m/s,
diesel samples 0.063 m/s, engine oil samples 0.035 m/s, brake fluid samples 0.045 m/s and hydraulic fluid samples
0.042 m/s. The highest flame spread rate was reached for gas samples, which was twice as much as the average

flame spread rate for clean samples.
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1 Introduction

The article deals with the effect of
flammable substances on the combustion of the
selected types of protective clothing in a car
repair shop. The experiment measured and
evaluated flame spread rate on vertically placed
samples of selected types of working clothing
used in garages which meet flammable liquids
according to STN EN ISO 6941: 2004
Flammability. Measuring the flame spread rate
on vertically placed samples. [1] The most
frequently used flammable liquids in a car
repair shop include petrol, diesel, engine oil,
brake fluid and hydraulic fluid. The experiment
evaluates the flame spread rate on vertically
placed samples - trousers.
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1 Uvod

Clanok sa zaoberd problematikou vplyvu
horlavych latok na horenie vybranych
ochrannych odevov v autoservise. Cielom
experimentu bolo namerat’ a vyhodnotit’
rychlost  Sirenia  plamena na  zvisle

umiestnenych vzorkach vybranych pracovnych
odevov pouzivanych v autoservisoch
s horl'avou kvapalinou podl'a normy STN EN
ISO 6941: 2004. Textilie. Horlavost. Meranie
rychlosti  Siremia  plamefia  na  zvisle
umiestnenych vzorkdch. Medzi najcastejSie
vyuzivané horlavé kvapaliny v autoservisoch
patri benzin, nafta, motorovy olej, brzdova
kvapalina a hydraulicka kvapalina. Vykonanim
experimentu na skasobnych vzorkach pracov-
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2 Material and Methods

A pair of trousers, which a mechanic uses as
a part of his working clothes, was used for the
experiment. The trousers are 100 % cotton.
Before the experiment itself, sewed joints and
pockets had to be removed to make the
experiment as accurate as possible and to make
each test sample identical. The dimensions of
the test samples for the experiment - 560 x 170
mm - are stipulated by the standard. For our
experiment, three clean test samples and three
test samples for each type of fluid were
prepared. At the same time, one extra sample
was needed for each type of fluid. The samples
for the experiment were as follows: clean
sample - M1, M2, M3, petrol samples - M4, M5,
M6, diesel samples - M7, M8, M9, engine oil
samples - M10, M11, M12, brake fluid samples
- M 13, M14, M15, hydraulic fluid samples -
M16, M17, M18. [2].

The measurement was carried out according
to STN EN ISO 6941: 2004 Flammability.
Measuring the flame spread rate on vertically
placed samples. The standard specifies the
laboratory conditions in which the experiment
can be carried out. i.e. relative humidity of the
air in the room, which must range between 15%
and 80%, and the air temperature which must
range between 10 °C and 30 °C [1, 2]. The air
humidity in the room was 30 % and the air
temperature was 21 °C during the experiment.

Five types of flammable/operating fluids -
petrol, diesel, engine oil, brake fluid and
hydraulic oil [3] - were applied onto the test
samples using a paintbrush, 2 ml per each
liquid. This quantity was applied onto the test
sample until there was no fluid left. It was
crucial to apply the liquid onto the same spot.
The spot was delimited by marking threads
which can be seen in Figure 1.

Each sample is individually lit using a flame,
which was put to the sample for 10 seconds - the
time representing the ignition time of the
sample and its subsequent combustion. The
samples were then observed and the time (in
seconds) from applying the flame until it
reached the first, second and third marking
thread was measured.
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nych nohavic sme vyhodnotili rychlost Sirenia
plameiia na zvisle umiestnenych vzorkach.

2 Material a metédy

Vzorky pre experiment si z pracovnych
nohavic, ktoré zamestnanci autoservisu
vyuzivaju ako sucast pracovného odevu.
Pracovné nohavice su zlozené z materialu (100
% bavlna). Pri priprave vzoriek sme si museli
z pracovnych nohavic odstranit’ presité spoje
avreckd na to, aby bol experiment Cco
najpresnejsi, a aby kazda sktiSobna vzorka bola
identickd. Velkost skuSobnych vzoriek pre
experiment je stanoveny normou ato o0
rozmeroch 560 x 170 mm. Pre nd$ experiment
sme si pripravili tri Cisté skuSobné vzorky
a potom tri skuSobné vzorky na kazda jednu
prevadzkovi kvapalinu. Zaroven na kazdl
prevadzkova kvapalinu sme potrebovali jednu
rezervni  vzorku. OznaCenie vzoriek pre
experiment bolo nasledovné: ¢ista vzorka — M1,
M2, M3, vzorky s benzinom — M4, M5, M6,
vzorky snaftou — M7, M8, M9, vzorky
s motorovym olejom — M10, M11, M12, vzorky
s brzdovou kvapalinou — M 13, M14, M15,
vzorky s hydraulickou kvapalinou — M16, M17,
M18. [2].

Meranie sme vykonali podl'a normy STN EN
ISO 6941: 2004 Textilie. Horlavost. Meranie
rychlosti plamenia  na  zvisle
umiestnenych  vzorkach. ~ Norma  presne
stanovuje laboratorne podmienky pri akych sa
modze experiment vykonat. Konkrétne je to
relativna vlhkost’ vzduchu v miestnosti, ktora
musi byt’ v rozpéti od 15 % az do 80 % a teplota
ovzdusia, ktora musi byt v rozpéti od 10 °C do
30 °C [1, 2]. V case experimentu vlhkost
vzduchu v miestnosti bola 30 % ateplota
ovzdusia v miestnosti bola 21 °C.

Na jednotlivé skuSobné vzorky sme

Sirenia

nanaSali pomocou Stetca pdt druhov
horlavych kvapalin - benzin, naftu,
motorovy  olej, brzdova  kvapalinu

a hydraulicky olej [3]. MnozZstvo horl'avej
latky, ktort sme nanaSali bolo 2 ml z kazde;j
kvapaliny. Toto mnozstvo sa nanasalo na
skuSobnu vzorku, kym sa neminula.
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To calculate the flame spread rate, the
distance between each marking thread was
recorded - see Table 1. To make the calculations
more accurate, we created all combinations of
distances that may occur between the first,
second and third marking thread.

Tab. 1 Distances between the marking threads

Tab. 1 Vzdialenosti znad¢kovacich niti

Kazda vzorku zapalujeme samostatne
pomocou plameiia, ktory sa prilozil na 10
sekind - je to cas, ktory predstavuje cCas
zapalenia vzorky a jej nasledné horenie. Vzorky
sme nasledne sledovali amerali cas
v sekundach od priloZenia skiSobného plamernia

po prehorenie po prva, druht a tretiu
znackovaciu nit’.

Pre potrebny vypocCet rychlosti Sirenia
plameiia sme zaznamenali vzdialenosti

jednotlivych znackovacich niti - vid’ tabul’ka 1.
Pre spresnenie vypoctov sme si vytvorili vSetky
kombinacie vzdialenosti, ktoré mohli nastat’
medzi prvou, druhou atretou znackovacou
nit'ou.

First to second thread/

Prva az druha nit’

Second to third thread/
Druha az tretia nit’

First to third thread/
Prva az tretia nit’

Track/Draha [m] 0.15

0.3 0.15

3 Results and Discussion

The average flame spread rate for all the test
samples was calculated using the ratio of
distance between the marking threads and the
difference in time when the marking threads
burnt through. The average flame spread rate is
the arithmetic mean of all flame spread rates,
which was calculated for each fluid separately.
Table 2 shows the average flame spread rates
calculated using the burning times between the
marking threads. The results were compared
with the flame spread rate of the clean test
specimens M1, M2, and M3 which is 0.033
m/s.

We can say that the other spread rates
measured and calculated in the experiment are
higher than for the clean sample, and therefore
we can say that all flammable liquids used in an
experiment contribute to the spread of flame.
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3 Vysledky a diskusia

Priemerné rychlosti Sirenia plamena na
vsetkych skusobnych vzorkach sme vypocitali

podielom drahy  medzi  jednotlivymi
znackovacimi nitami a rozdielom casu medzi
prehorenim znackovacich niti. Priemernt
rychlost  Sirenia plamena sme ziskali

z aritmetického priemeru vSetkych rychlosti
Sirenia plamena, ktoré sme vypocitali pre kazda
jednu kvapalinu samostatne. V tabulke 2 su
zobrazené priemerné rychlosti Sirenia plamenia,
ktoré sme ziskali z nameranych casov horenia
medzi jednotlivymi zna¢kovacimi nitami.

Ako porovnavaciu rychlost’ Sirenia plamena
sme si uréili rychlost’, ktord bola namerana
a vypocitana pri Cistych skuSobnych vzorkach
M1, M2 aM3 ato je rychlost 0.033 m/s.
Mobzeme konStatovat, Zze ostatné rychlosti
namerané a vypocitané v experimente st vyssie
ako vzorova rychlost’, a aj preto mdzeme tvrdit’,
ze vSetky horlavé kvapaliny vyuzité pri
experimente prispievaju  k rychlosti Sirenia
plamena.



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 46-50, 2019
DOI: 10.17423/delta.2019.13.2.67

Tab. 2 Average flame spread rates for all the test samples

Tab. 2 Priemerné rychlosti $irenia plamena na vsetkych skisobnych vzorkach

Type of fluid/
Druh pouzitej kvapaliny

Average flame spread rate
Priemerné rychlosti Sirenia plamena [m/s]

Clean sample/ Cista vzorka (M1-M3)
Petrol/Benzin (M4-M6)

Diesel/Nafta (M7-M9)

Engine Oil/Motorovy olej (M10-M12)
Brake Fluid/Brzdova kvapalina (M13-M15)

Hydraulic fluid/Hydraulicka kvapalina (M16-M18)

0.033
0.074
0.063
0.035
0.045
0.042

The highest flame spread rate was recorded
for petrol - 0.074 m/s - which is more than twice
the flame spread rate of the clean sample, and
therefore petrol is the most dangerous
flammable substance used in the experiment. It
was followed by diesel - 0.063 m/s which is
twice the amount of the clean sample. Flame
spread rate for diesel was a bit lower than for
petrol, but we can conclude that it is a
substance, which significantly contributes to
combustion. Third and fourth flame spread rates
were evaluated simultaneously, as the values
are nearly the same. The flame spread rate for
brake fluid was 0.045 m/s, which is only 0.012
m/s more compared to the clean test sample.
The flame spread rate for hydraulic fluid was
0.042 m/s, which is only 0.09 m/s more
compared to the clean test sample. These
flammable liquids have similar physical and
chemical characteristics and therefore they
achieved almost identical results. The resultant
flame spread rate of the two flammable
substances do not put mechanics in such danger
in comparison with petrol or diesel, even though
they increase the flame spread rate. We can then
conclude that brake fluid and hydraulic fluid
promote burning and thus increase the flame
spread rate. The lowest flame spread rate was
recorded for engine oil, where the rate was
0.035 m/s, which is only 0.002 m/s more
compared to the clean test sample.
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Najvicésiu rychlost’ Sirenia plamenia dosiahol
benzin a to rychlost’ 0.074 m/s, ¢o predstavuje
viac ako dvojnasobnu rychlost’ Sirenia plamena,
apreto moézeme tvrdit, ze benzin je
najnebezpecnejsiu horlavou latkou, ktorti sme
pouzili pri experimente. Druht najvacsiu
rychlost’ Sirenia plamena dosiahla nafta a bola
to rychlost 0.063 m/s, c¢o predstavuje
dvojnasobnti  rychlost’ Sirenia plamenia ako
u ¢istej vzorky. Nafta dosiahla sice 0 nieco
mensiu rychlost’ §irenia plamena ako benzin, ale
mobzeme 0 nej rovnako tvrdit, Ze je to latka,
ktora vyrazne prispieva Kk horeniu. Tretiu
a Stvrtu najvacsiu rychlost’ Sirenia plamena sme
vyhodnotili suc¢asne, ked’ze ide o skoro rovnaké
rychlosti $irenia plamena. Brzdova kvapalina
mala to rychlost’ Sirenia plamena 0.045 m/s, ¢o
je iba 0 0.012 m/s viac ako u Cistej skusobne;j
vzorky. Hydraulicka kvapalina, mala rychlost’
Sirenia plamena 0.042 m/s, ¢o je iba 0 0.009 m/s
viac ako u Cistej skuSobnej vzorky. Tieto
horlavé kvapaliny maja podobné fyzikalno-
chemické vlastnosti, a aj preto dosiahli skoro
rovnaké vysledky. Vysledné rychlosti Sirenia
plamena tychto dvoch horlavych latok
nepredstavuju  také nebezpeCenstvo  pre
zamestnanca autoservisu ako benzin ¢i nafta, no
stale predstavuja zvySenu rychlost’ Sirenia
plamena, aaj preto tvrdime, Ze brzdova
kvapalina a hydraulicka kvapalina prispievaju
k horeniu a tym zvySuju rychlost Sirenia
plamenia.
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4 Conclusions

The average flame spread rate of clean test
samples was 0.033 m/s. This flame spread rate
was a default value. Other flame spread rate are
as follows: gas samples 0.074 m/s, diesel
samples 0.063 m/s, engine oil samples 0.035
m/s, brake fluid samples 0.045 m/s and
hydraulic fluid samples 0.042 m/s. The highest
flame spread rate was reached for gas samples,
which was twice as much as the average flame
spread rate for clean samples. The lowest flame
spread rate was reached for engine oil samples
which was higher by only 0.002 m/s compared
to the clean samples. It can be thus concluded
that, in the case of fire and its spread, the riskiest
situation for a mechanic wearing working
clothes is being stained with petrol. In such a
situation the flame spread rate doubles
compared to clean working clothes.
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skasobnych vzoriek je 0.033 m/s. Tuto rychlost’
Sirenia plamena sme pokladali za vzorovi.
Ostatné rychlosti S§irenia plameiia su: pri
skasobnych vzorkach s benzinom 0.074 m/s, pri
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