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Changes in Expanded Polystyrene EPS 100F under a Thermal
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Abstract

Polystyrene belongs to the category of widely used materials, mainly as building insulation and packing material,
for its excellent thermo-insulating properties and low price. The aim of our work was to characterize the behavior
of expanded polystyrene EPS 100F under a thermal load ranging between 20 °C to 200 °C. Changes in weight,
volume, degree of polymerization (by Size Exclusion Chromatography - SEC) and formation of volatile products
(by Headspace Gas Chromatography — Mass Spectrometry — HS-GC-MS) were investigated. The decrease in vol-
ume occurred at temperatures above 80 °C, the degree of polymerization decreased at temperatures above 120 °C.
In volatile products, mainly styrene, toluene, ethylbenzene and xylenes were identified. At the temperature of 200

°C the main degradation product was styrene (81 mg-kg™?).

Keywords: polystyrene; thermal degradation; GC-MS; size exclusion chromatography

1 Introduction

The importance of plastic substances and
their use in everyday life has steadily increased
in recent years. Polymer products are generally
complex materials which consist of polymers or
copolymers supplemented with additives of var-
ying volatility [1]. Expanded polystyrene (EPS)
has become recently very widespread and has
become the most widely used plastic material in
several countries. Due to its low density and ex-
cellent mechanical properties, it is used as pack-
aging material, in the furniture industry and in
production of home appliances [2]. Due to its
characteristic thermal insulating properties,
moisture resistance, minimum weight, excellent
mechanical properties and a favorable price, EPS

Delta 2018, 12(2):5-16.

1 Uvod

Vyznam plastickych hmot a ich pouzitie v kaz-
dodennom zivote v poslednych rokoch neustale
narasta. Vyrobky z polymérov st zvycajne kom-
plexné materialy, ktoré sa skladaji z polymérov,
alebo kopolymérov, doplnenych aditivami s roz-
nou prchavostou [1]. Expandovany polystyrén
(EPS) je v poslednej dobe vel'mi rozsireny a v nie-
kolkych krajinach sa stal najpouzivanejsim plasto-
vym materidlom. Vd’aka jeho nizkej hustote a vy-
bornym mechanickym vlastnostiam sa pouziva
ako obalovy material, v nabytkarskom priemysle a
pri vyrobe domacich potrieb [2]. EPS vd’aka svo-
jim charakteristickym tepelno-izolaénym vlastnos-
tiam, odolnosti vo¢i vlhkosti, minimalnej hmot-
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is one of the most frequently used thermal insu-
lators. It is used for thermal insulation of build-
ing claddings; it is used for different purposes in
industrial buildings, in insulation of ceilings,
partitions, roofs, as well as floors with reduced
load bearing capacity. More than 30 countries
have signed an international agreement to max-
imize its reuse and recycling [3, 4].

EPS products are obtained by polymerizing
the styrene monomer with the addition of pen-
tane as a blowing agent [3]. A very common ma-
terial used to enhance the energy efficiency of
buildings is polystyrene EPS 100F. The cur-
rently relevant topic is the modification of poly-
styrene to increase its the long-term thermal
load, its lifetime, to improve its fire characteris-
tics and to use more efficient flame retardants
with less impact on the environment.

Generally, polystyrene is non-toxic. Never-
theless, it may cause mechanical irritation, its in-
halation poses a certain danger, in particular that
of powdered dispersants [5]. However, less at-
tention is paid to the release of volatile products
in course of its long-term use. Residual styrene
can be gradually released from polystyrene,
where it can be found in trace amounts in the fi-
nal product, even at relatively low temperatures
and also under thermal degradation of polysty-
renes together with other products [5,6]. Styrene
is toxic, carcinogenic and mutagenic. The Inter-
national Agency for Research on Cancer (IARC)
placed it in the 2B category, among possible car-
cinogens [7]. It also causes burning of the skin
and eyes, it is tear inducing. It is harmful to in-
hale and ingest it, as is its absorption through
skin, and long-term exposure may affect the cen-
tral nervous system [6].

Knowledge of changes taking place in mate-
rials during aging, photo-oxidation, thermal
loading and burning are important from a safety
and health point of view as well as from the point
of view of fire protection. The aim of this work
was to detect the changes in the properties of
EPS 100F facade polystyrene at temperatures
starting with the one stated by the manufacturer
for long-term thermal load up to 200 °C, focus-
ing on the changes in weight, volume, molar
weight, and especially the formation and compo-
sition of volatile degradation products, as these
data are missing in available scientific literature.

nosti, vybornym mechanickym vlastnostiam a vy-
hovujucej cene, patri medzi €asto pouzivani te-
pelni izolaciu. Pouziva sa na tepelnu izolaciu ob-
vodovych plastov budov, ma rozne ucely pouzitia
v priemyselnych objektoch, na izolaciu stropov,
priecok, striech, ako aj podlédh so znizenym zata-
zenim. Viac ako 30 krajin podpisalo medzinarodnti
dohodu pre maximalizdciu jeho opatovného pouzi-
tia a recyklacie EPS-1A [3, 4, 23].

EPS produkty sa ziskavaju polymerizaciou mo-
noméru styrénu s pridavkom pentanu ako nadu-
vadla [3]. Vel'mi ¢astym materialom pouZzivanym
na znizenie energetickej naro¢nosti budov je po-
lystyrén EPS 100F. Aktualnou témou je modifika-
cia polystyrénu za ucelom zvysenia dlhodobej te-
pelnej zat'azitel'nosti, Zivotnosti, zlepSenie proti-
poziarnych charakteristik, ako aj pouzivanie ucin-
nejSich retardérov horenia s mensimi vplyvmi na
zivotné prostredie.

Polystyrén sa vo v§eobecnosti povazuje za ne-
toxicky. Moze sposobit’ mechanické podrazdenie a
urc¢ité nebezpecenstvo predstavuje aj jeho vdych-
nutie, najmé zloziek dispergovanych v praskovej
forme [5]. MenSia pozornost’ je v8ak venovana
uvolnovaniu prchavych produktov pri dlhodobom
pouzivani. Z polystyrénu moze prchat’ zvyskovy
styrén nachadzajici sa v stopovych mnozstvach vo
vyslednom produkte aj pri relativne nizkych teplo-
tach a tvori sa aj pri tepelnej degradacii polystyré-
nov spolu s inymi produktmi [5, 6]. Styrén je to-
xicky, karcinogénny a mutagénny. Bol zaradeny
medzinarodnou agentlirou pre vyskum rakoviny
(IARC) do kategoérie 2B, moznych karcinogénov
[7]. Sposobuje tiez popalenie koZe a oci, je slzo-
tvorny. Skodlivé je jeho inhalacia, poZitie aj vstre-
bavanie kozou a dlhodoba expozicia moze posobit’
na centralnu nervovu sustavu [6].

Poznatky o zmenach materialov pri starnuti, fo-
tooxidacii, tepelnom zat'azeni a horeni, su z hla-
diska pohl'adu poziarnej ochrany délezité. Ciel'om
nasej prace bolo zistit’ zmeny vlastnosti fasadneho
polystyrénu EPS 100F pri teplotach od vyrobcom
udavanej teploty pre dlhodobu tepelnu zat'azitel’-
nost’ az po teplotu 200 °C, so zameranim sa na
zmenu hmotnosti, objemu, moélovej hmotnosti a
hlavne na tvorbu a zlozenie prchavych degradac-
nych produktov, ked’Ze tieto udaje chybaja v do-
stupnej vedeckej literatire.
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2 Material and Methods

A 50 mm EPS 100F facade polystyrene from
Isover (Saint-Gobain Construction Products) in
self-extinguishing rendering with a polymer-
based retarder, designated especially for outside
systems of thermal insulation (ETICS) with en-
hanced insulating capability, was tested. The
gualitative and quantitative analyses of volatile
organic compounds were performed on an Ag-
ilent 7890A GC / 5975C MSD system with an
Agilent Headspace Autosampler 7697A. Anal-
yses were performed on 0.1 g polystyrene sam-
ples. Samples were placed in a 20 mL headspace
vial and the vials were tightly closed with an alu-
minum crimp cap with PTFE / silicone septum.
Vials with samples were thermal loading in the
temperature range from 80 °C to 200 °C and
compared with the sample treated at the temper-
ature of 20 °C. The long-term heat resistance of
EPS 100F has been established by technical letter
of producer to be at 80 °C, therefore we chose
this temperature as the lower limit.

The experimental GC-MS conditions: Head-
space: Carrier gas — He, pressure 7.5 psi, oven
temperature — seven experiments with increasing
incubation temperature from 80 to 200 °C in 20
°C increments, i.e. 80, 100, 120, 140, 160, 180,
and 200 °C, loop temperature 10°C more than
oven, transfer line temperature 10°C more above
loop, vial equilibration time 60 min. GC condi-
tions: column - HP-5MS (30 m x 0.250 mm x
0.25 pm), carrier gas: Helium (constant flow 1.0
ml min't), temperature program: 40 °C (1 min) to
220 °C at 6 °C min, 220 °C (5 min) to 270 °C
(15 °C min?), injection — headspace (150 °C,
split 10:1), transfer line 280 °C. The substances
were identified by comparing the measured spec-
tra with the NISTO5 mass spectra library and the
retention times of standards from the reference
material Aromatic VOC-MIX 3 (Dr. Ehren-
storfer GmbH).

Changes in weight and volume, were investi-
gated, after thermal loading. Density was deter-
mined by immersion into the liquid and conse-
guently by calculation.

Molar weights, polydispersity and molecular
weight distribution of polystyrene samples were
analysed by size exclusion chromatography
(SEC) using Agilent 1200 series equipment with
two PLgel 10 um MIXED B, 300 x 7.5 mm col-
umns preceded PLgel 10um Guard column 50 x
7.5 mm (Agilent), mobile phase tetrahydrofuran

2 Material a metody

Testoval sa fasadny polystyrén EPS 100F
hriubky 50 mm od firmy Isover (Saint-Gobain Con-
struction Products) v samozhasavej Giprave s retar-
dérom na baze polyméru, ktory je ur€eny najma pre
vonkajSie tepelnoizolacné systémy (ETICS) so
zvySenou izola¢nou schopnostou. Kvalitativna
a kvantitativna analyza zlozenia prchavych orga-
nickych zlucenin prebiehala v zariadeni Agilent
7890A GC /5975C MSD s Agilent Headspace Au-
tosampler 7697A. Vzorky s hmotnostou 0,1 g sa
navazovali do 20 mL Headspace vialiek, uzatvore-
nych jednorazovym PTFE / silikbnovym septom.
Vialky so vzorkami boli tepelne zatazené v teplot-
nom rozsahu 80 °C az 200 °C a porovnané s refe-
ren¢nou vzorkou zatazenou pri 20 °C. Dlhodoba
tepelna odolnost” EPS 100F je podla technického
listu vyrobcu stanovena na 80 °C, preto tato teplota
bola zvolena ako dolna hranica.

Podmienky GC-MS experimentu: Headspace:
nosny plyn — He, tlak 7,5 psi, teplota zat'azenia —
bolo vykonanych 7 experimentov v teplotnom roz-
medzi 80 °C — 200 °C s rozdielom 20 °C, ¢ize: 80,
100, 120, 140, 160, 180, 200 °C; teplota na slucke
0 10 °C viac ako teplota zat'azenia, transfer 0 10 °C
viac ako na slucke. Vzorky sa pri danej teplote za-
tazovali 60 min. Podmienky GC: kolona - HP-5MS
(30 m x 0.250 mm x 0.25 pm), nosny plyn: Hélium
(konStantny prietok 1.0 ml-min
1, teplotny program: 40 °C (1 min) do 220 °C (6
°C-min?) 220 °C (5 min) do 270 °C (15 °C-min?),
teplota injektora 150 °C, split 10:1, transfer 280 °C.
Jednotlivé latky boli identifikované porovnavanim
nameranych hmotnostnych spektier s kniznicou
hmotnostnych spektier NISTOS a retenénymi ¢asmi
Standardov z referen¢ného materialu Aromatic
VOC-MIX 3 (Dr. Ehrenstorfer GmbH).

Po tepelnom zatazeni sa zistili zmeny hmot-
nosti, objem ponorenim do kvapaliny a hustota vy-
poctom.

Modlové hmotnosti, polydisperzita a distribacia
molekulovych hmotnosti polystyrénovych vzoriek
sa analyzovali rozmerovo vylu¢ovacou chromato-
grafiou (SEC) na zariadeni Agilent 1200 s dvoma
PLgel 10 um MIXED B, 300 x 7,5 mm kolonami,
s PLgel 10 um Guard 50 x 7,5 mm predkolonou
(Agilent), mobilna faza tetrahydrofuran (prietok 1
ml-min?), teplota 35 °C, DAD detektor. Systém
bol kalibrovany polystyrénovymi §tandardmi s mo-
lovou hmotnost'ou od 500 do 1 110 000 g-mol™ [8].
Kazdé meranie bolo vykonané dvakrat.
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(flow rate 1 mL-min), temperature 35 °C, DAD
detector. System was calibrated with polystyrene
standards with molar weights from 500 to 1 110
000 g-mol* [8]. Measurements were performed
in duplicate.

3 Results and discussion

No volumetric or structural changes are seen
in samples loaded at 20 °C and 80 °C (Fig. 1).
Visible shrinkage, loss of volume and reduction
of the "ball" structure occurs at temperatures
above 100 °C. Kan and Demirboga [9] found out
the highest rate of change in EPS volume at 107
°C, while our measurements showed the fastest
rate of change in EPS 100F between 100°C and
120°C, which is a very good agreement. At 160
°C and 180 °C, not only the volume, but also the
color (from white to yellowish) and the structure
have changed, the latter significantly. At 200 °C,
the structure of expanded polystyrene is com-
pletely lost, and, after cooling, it is changed to a
solid substance of yellowish color. The density
was practically unchanged at temperatures up to
100 °C, above this temperature, the density sub-
stantially increased (Tab. 1). Kan and Demirboga
[9] found that the EPS density continued to in-
crease up to the temperature of 140 °C and with
further increase in temperature, it did not change
again. This difference can be due to different
method of exposure of sample (15 min).

Thermal degradation of most polymers passes
through the classic radical chain mechanism [10].

3 Vysledky a diskusia

Medzi vzorkami zatazenymi pri teplotach 20
°C a 80 °C nie st viditelné objemové ani Struk-
tarne zmeny (Obr. 1). ViditeI'né zmrStenie, strata
objemu a zmensenie ,,gulickovej* Struktury nas-
tava pri teplotach nad 100 °C. Kan and Demirboga
[9] zistili najvacsiu rychlost’ zmeny objemu EPS
pri teplote 107 °C, pricom nase merania preukazali
najvacsiu rychlost’ zmeny objemu EPS 100F medzi
teplotami 100 °C az 120 °C, ¢o je vel'mi dobra
zhoda. Pri teplotach 160 °C a 180 °C sa zmenil nie-
len objem, farba (z bielej na Zltkastu), ale vyrazne
aj Struktara. Pri teplote 200 °C sa tplne straca
Struktira expandovaného polystyrénu a po ochla-
deni ju nahradza tuha latka zltkastej farby. Hustota
sa prakticky nemenila pri teplotach do 100 °C, nad
touto teplotou dochadza k jej vyraznému narastu
(Tab. 1). Kan a Demirboga [9] zistili, Ze hustota
EPS vzrastala do teploty 140 °C a pri d’alSom zvy-
Sovani teploty sa uz nemenila. Tento rozdiel mbéze
byt sposobeny rozdielnou metodikou zat'azovania
vzorky (15 min.).

Tepelna degradécia vacsiny polymérov precha-
dza klasickym radikalovym retazovym mechaniz-
mom [10].

Hlavnym prchavym produktom tepelného roz-
kladu polystyrénu za r6znych podmienok je styrén.
Dalsie ¢asto identifikované produkty su oligoméry
styrénu, toluén, benzén, etylbenzén, a-metylstyrén
a benzaldehyd [11].

B T ¥ -

lrw L8 : ® “_w O ) y_mi . ‘_ﬂ - _‘ﬂ
% -
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Fig. 1 EPS 100F samples after loading at particular temperature. (left to right: original sample, 20, 80,
100, 120, 140, 160, 180, 200 °C)

Obr. 1 Vzorky EPS 100F po tepelnom zat'azeni pri konkrétnych teplotach (zl'ava doprava: pévodna
vzorka, 20, 80, 100, 120, 140, 160, 180, 200 °C)
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Tab. 1 Change of mass, volume and density of EPS 100F after thermal load
Tab. 1 Zmena hmotnosti, objemu a hustoty EPS 100F po tepelnom zatazeni

Temperature (°C)
Characteristics
20 80 100 120 140 160 180 200
Am (%) 0.49 7.81 8.8 10.60 8.35 10.08 9.71 11.45
AV (%) 0 1.82 52.73 87.27 89.09 90.91 92.73 94.55
Density (kg-m3) 18.64 18.80 38.65 141.00 168.33 198.00 248.75 324.67

The main volatile product of thermal decom-
position of polystyrene under various conditions
is styrene. Other frequently identified products re
styrene oligomers, toluene, benzene, ethylben-
zene, a-methylstyrene and benzaldehyde [11]

The formation and composition of degrada-
tion products depends on temperature and also on
the presence of a flame retardant, which causes
changes in combustion products such as a reduc-
tion in styrene, benzaldehyde and an increase in
phenol content [12]. Although volumetric
changes of the EPS 100F under thermal load are
visible only after the temperature exceeds 100
°C, gaseous volatile products form at lower tem-
peratures already (Tab. 2). The blowing agent
(pentane) is released from EPS 100F already at
the temperature of 20 °C. Although the producer
states long-term heat stability at 80 °C, at this
temperature, the degradation products contained
not only styrene, but also toluene, ethylbenzene,
xylenes, cyclopropylbenzene, alpha-methylsty-
rene, and even fewer oxidizing products such as
benzaldehyde and acetophenone. With increas-
ing temperature, additional volatile products
such as 1-propenylbenzene, (1-methylenepro-
pyl)- benzene were detected, and at temperatures
above 140 °C, the presence of oxidation products
such as benzoic acid, benzeneacetaldehyde, phe-
nol and other increases rapidly, which points to
accelerated thermal degradation at higher tem-
peratures and to the onset of oxidation processes.

Chen and Vyazovkin [13] reported differ-
ences in the mechanism of polystyrene degrada-
tion in an inert and oxidative atmosphere. In oxi-
dative atmosphere, polystyryl radicals react with
oxygen to form peroxide radicals, whose thermal
degradation generates various oxidative degrada-
tion products such as benzaldehyde, acetophe-
none, phenol, styrene oxide, and the like. At the
highest temperature exposure, styrene dimers
were also identified in degradation products.

Tvorba azloZzenie degrada¢nych produktov
zavisi od teploty atiez od pritomnosti retardéra
horenia, ktory sposobuje zmeny produktov horenia
ako napriklad znizenie obsahu  styrénu,
benzaldehydu a zvysSenie obsahu fenolu [12]. Aj
ked” viditeIné objemové zmeny pri tepelnom
zat'azeni EPS 100F st az pri teplotach nad 100 °C,
plynné prchavé produkty sa tvorili uz pri nizSich
teplotach (Tab. 2). Pri 20 °C sa z EPS 100F
uvolfiuje hlavne naduvadlo (pentian). Napriek
tomu, ze vyrobca udéva dlhodobu tepelnu stalost’
pri 80 °C, pri tejto teplote sa v degrada¢nych
produktoch stanovil nielen styrén, ale aj toluén,
etylbenzén, xylény, cyklopropylbenzén, a-
metylstyrén a dokonca sa tvorili v mensej miere aj
oxida¢né produkty ako benzaldehyd a acetofenon.
So stapajucou teplotou tepelného zatazenia
pribudaju d’alsie prchavé produkty ako napriklad 1-
propenylbenzén, (1-metylénpropyl)-benzén a pri
teplotach nad 140 °C vyrazne pribudaju oxidacné
produkty ako kyselina benzoova,
benzénacetaldehyd, fenol a d’alsie, ¢o poukazuje na
zintenzivnenie degradacie pri vysSich teplotach
a nastup oxidac¢nych procesov.

Chen and Vyazovkin [13] zistili rozdiely v
mechanizme degradacie polystyrénu v inertnej a
oxidacnej atmosfére. Polystyrénové radikaly v
oxidacnej atmosfére reaguju s kyslikom za vzniku
peroxidovych radikalov, z ktorych tepelnou
degradaciou vznikaju rézne oxida¢né degradacné
produkty, prave ako benzaldehyd, acetofenon,
fenol, styrénoxid a d’alSie. Pri najvyssej teplote
posobenia boli v degradaénych produktoch
identifikované aj diméry styrénu. Podobné
zlozenie prchavych produktov pri tepelnej
degradacii, pripadne pyrolyze polystyrénu,
uvadzaju aj [10, 11, 14].

Kusch a Knupp [15] zistili, Ze pri teplotach 60 a
80 °C sa u EPS uvoltiovali podobné latky ako v
nasom experimente, napr. pentan, toluén, xylény,
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Similar composition of volatile products in ther-  etylbenzén, acetofenon, benzaldehyd ap. Pri poso-
mal degradation or pyrolysis of polystyrene is  beni tepla na EPS poc¢as 30 min zistili uz pri teplote
also cited by [10, 11, 14]. 55 °C v prchavych produktoch styrén, etylbenzén,
Kusch a Knupp [15] found that at tempera-  benzaldehyd, izokumén ap. [16].

tures of 60 and 80 °C, EPS released similar sub-

stances as were released in our experiment, e.g.

pentane, toluene, xylenes, ethylbenzene, aceto-

phenone, benzaldehyde, etc. In course of 30 min

of the EPS thermal exposure, styrene, ethylben-

zene, benzaldehyde, isocumene, etc. were identi-

fied in volatile products already at 55 °C [16].

Tab. 2 Volatile gaseous products identified at the thermal loading of EPS 100F.
Tab. 2 Prchavé plynné produkty identifikované pri tepelnom zat'azeni EPS 100F

Rt MW Temperature (°C)

Compound
(min) | (g-mol?) 20 80 100 [120 [140 [160 [ 180 [ 200
1.67 72.15 Pentane + + + + + + + +
2.38 78.05 Benzene + + +
3.53 | 92.06 Toluene + + + + + + +
5.19 106.08 Ethylbenzene + + + + + + +
5.36 106.08 Xylenes + + + + + + +
572 | 11410 3-Heptanone + + + +
5.83 | 104.06 Styrene + + + + + + +
7.07 | 118.08 Benzene, cyclopropyl- + + + + + + +
7.50 | 106.04 Benzaldehyde + + + + + + +
8.19 118.08 Benzene, 1-propenyl- + + +
8.24 | 94.04 Phenol + +
9.14 130.14 1-Hexanol, 2-ethyl- + + + + + + +
9.42 108.06 Benzyl Alcohol +
9.49 120.06 Benzeneacetaldehyde + + +
oo 1 a‘irg:tr;@lenepropyl)- * * * * +
10.09 | 120.06 Acetophenone + + + + + + +
10.56 | 118.08 alpha-Methylstyrene + + + + + + +
10.65 | 150.10 Benzene, (1-methoxy-

1-methylethyl)- R I
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Tab.2 continue
Tab. 2 pokracovanie

Rt MW
Compound Temperature (°C)
(min) | (g-mol?)
20 | 80 100 120 140 160 | 180 | 200
10.96 | 134.07 Benzeneacetaldehyde, + + + + +
alpha-methyl-
11.60 | 134.07 Benzyl methyl ketone +
12.47 | 134.07 1-Propanone, 1-phenyl- + + +
12,56 | 148.05 1,2-Propanedione,
+
1-phenyl-
13.65 | 122.04 Benzenecarboxylic acid + + + +
14.11 | 134.07 Benzeneethanol, beta- + + + +
methylene-
14.97 | 132.06 2-Propenal, 3-phenyl- +
2291 | 196.13 Benzene, 1,1'-(1,3-pro-
. . + +
panediyl)bis-
23.09 | 198.07 Benzoic acid, phenyl +
ester
23.81 | 222.14 Benzene,  1,1'-[1-(2-
propenyl)-1,2- +
ethanediyl]bis-
26.25 | 210.07 Ethanedione, diphenyl- +
27.07 | 210.10 beta-Phenylpropiophe- +
none
27.42 | 224.12 3-Phenylbutyrophe- +
none
30.19 | 208.09 2-Propen-1-one, 1,3-di- +
phenyl-
30.56 | 222.10 2-Buten-1-one, 1,3-di- +
phenyl-

Increasing temperature causes higher concen-
trations of selected degradation products, espe-
cially styrene (Fig. 2). Ethylbenzene significantly
increases at temperatures up to 160 °C (28.9
mg-kgt). At higher temperatures, its content in
degradation products does not grow significantly
unlike that of benzene, which may be due to
ethylbenzene degradation. At 200 °C, we found
81.1 mg-kg* of styrene in degradation products.

11

Vzrastajlca teplota sposobuje vac¢sie koncentra-
cie vybranych degradacnych produktov, najmé sty-
rénu (Obr. 2). Etylbenzén vyrazne narasta pri tep-
lotach do 160 °C (28,9 mg-kg?). Pri vyssich teplo-
tach jeho obsah v degradaénych produktoch uz vy-
razne nerastie, ale narastd obsah benzénu, ktory
moze vznikat jeho degradaciou. Pri 200 °C sa v
degradaénych produktoch stanovilo 81,1 mg-kg™
styrénu.
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Fig. 2 Amount of selected volatile degradation products produced at individual temperatures of ther-
mal exposure

Obr. 2Mnozstvo vybranych prchavych degrada¢nych produktov vzniknutych pri zataZeni jednotli-
vymi teplotami

Tab. 3 Changes of molar weights (MW) (M, number-average MW; M,, weight-average MW; M, z-
average MW, M;.1 z+1 MW), polydispersity index (PDI=Mw/Mn), and degree of polymerization

(DP=Mw/Mw styrene)

Tab. 3 Zmeny moélovych hmotnosti (MW) (M, ¢iselna MW, My, hmotnostna MW, M, zetovd MW, M1
z+1 MW), (PDI=Mw/Mn) index polydisperzity a (DP=Mw/Mw styrénu) stupeni polymerizacie

Mn M M. Mzt
T (°C) PDI DP
(g:mol™) (g:mol™) (g:mol™) (g:mol™)
20 77 283 190 234 371634 585 829 2.46 1829
(2 076) (1 087) (251) (3 678) (0.05) (10)
80 74958 186 761 371256 597 834 2.49 1795
(226) (374) (630) (328) (0.01) (@)
100 71892 183156 368 960 606 855 2.55 1761
(669) (931) (5599) (20 283) (0.04) 9)

12
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Tab. 3 continue
Tab. 3 pokracovanie

Mn Mu M, Mz
T (°C) PDI DP
(g-mol ™) (g'mol™) (g'mol™) (g-mol ™)
120 73911 179 694 348 346 549 220 2.43 1727
(1 169) (1 347) (8402) (3 008) (0.02) (13)
140 61 422 155 733 302 536 478 324 2.55 1497
(7672) (4 871) (3263) (6 255) (0.24) 47)
160 36 705 86 377 156 860 242 601 2.35 830
(101) (943) (4997) (16 628) (0.02) )
180 17 319 44 257 86 270 138 853 2.56 426
(13) (247) (739) (2 470) (0.01) @)
200 6931 18 563 38173 60 828 2.68 178
(389) (309) (240) (236) (0.11) 3)

Note: Data in brackets represent standard deviation.

Poznamka: Déta v zatvorke znazoriiuji smerodajni odchylku.

In contrast to the formation of volatile prod-
ucts that are produced already at 80 °C, more pro-
nounced changes in EPS 100F polystyrene molar
weights occur only at temperatures above 120 °C
(Fig. 3). Molar weight of the original sample is
193 000 g-mol?, which is consistent with data
published for EPS 100 polystyrene, in the range
of 150 000 to 300 000 g-mol?[17]. At 200 °C,
this weight dropped to about 18,500 g-mol™, i.e.
it changed by 90% (Tab. 3). Reduction in the pol-
ystyrene molar weight has been observed by sev-
eral authors, whereas the changes depended on
its initial molar weight and thermal exposure
(temperature, time). Because of random cleavage
of bonds, polystyrene degradation is initially
rapid, slowing down as it progresses, with the
monomers cleaving off of the ends of the chain
predominating [18, 19, 20, 21, 22]. This agree
with results of molar weight determination and
concentrations of volatile products in our work.
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Na rozdiel od tvorby prchavych produktov,
ktoré vznikaju uz pri teplote 80 °C, vyraznejSie
zmeny v molovych hmotnostiach polystyrénu EPS
100 F nastavaju az pri teplotach vyssich ako 120
°C. Molova hmotnost’ pévodnej vzorky je 193 000
g-mol?, ¢o je v stlade s publikovanymi tidajmi pre
polystyrén EPS 100, ktoré sa pohybuju v rozsahu
150 000 az 300 000 g-mol* [17] a pri teplote 200
°C klesla na hodnotu cca 18 500 g-mol?, ¢o je
zmena 0 90% (Tab. 3). Pokles moélovych hmotnosti
polystyrénu pozorovali viaceri autori, pricom
zmeny zaviseli od jeho pociatoénej molovej hmot-
nosti a podmienok posobenia (teplota, ¢as). Degra-
dacia polystyrénu je spociatku rychla v dosledku
nahodného Stiepenia vizieb, neskor sa spomal’uje a
prevlada odstiepovanie monomérov z koncov re-
tazca [18, 19, 20, 21, 22]. Uvedené je v stlade
s vysledkami stanovenia molovych hmotnosti
a koncentracii prchavych produktov v nasej praci.
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Fig. 3 Influence of thermal loading on molar weight distribution of EPS 100F

Obr. 3 Vplyv tepelného zat'aZenia na distribiciu mélovych hmotnosti EPS 100F

5 Conclusions

The EPS 100F expanded polystyrene was ex-
posed to temperatures of 20, 80, 100, 120, 160,
180 and 200 °C for 1 hour in oxidative atmos-
phere.

The results show that changes in volume, den-
sity, weight, degree of polymerization occur at
temperatures of 80 °C or, alternatively above 100
°C. Due to thermal degradation of polystyrene,
volatile products are released as early as 80 °C
temperature is reached, many of which are harm-
ful to the human organism, e.g. styrene, toluene,
ethylbenzene, xylenes, etc. Analysis of volatile
organic compounds can therefore be considered
as the most suitable method for monitoring the
degradation of expanded polystyrene in course of
thermal degradation. From the health protection
point of view, it is advisable to minimize the use
of polystyrene in environments with elevated
temperature.
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5 Zaver

Expandovany polystyrén EPS 100 F bol tepelne
zat'azeny v oxida¢nej atmosfére pocas 1h pri teplo-
tach 20, 80, 100, 120, 160, 180 a 200 °C.

Z vysledkov vyplyva, Ze zmeny objemu, hus-
toty, hmotnosti, polymerizaéného stupiia nastavaja
uz pri teplotach 80 °C, resp. 100 °C, Pri teplote 80
°C dochadza v dosledku tepelnej degradacie polys-
tyrénu k uvolnovaniu prchavych produktov, z kto-
rych viaceré su skodlivé pre l'udsky organizmus,
napr. styrén, toluén, etylbenzén, xylény ap. Ana-
lyzu prchavych organickych zlucenin mozno teda
povazovat’ za najvhodnejSiu metdédu na sledovanie
degradacie expandovaného polystyrénu pri tepel-
nom zatazeni. Z hladiska ochrany zdravia je
vhodné minimalizovat” pouzivanie polystyrénu v
prostredi so zvysenou teplotou.
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Abstract

Specific risks, associated with firefighting in a large traffic underground structure, moves requirements for tech-
nical equipment of the firefighting and rescue corps to level of mobile fire-extinguishing robotic systems deploy-
ment. Development of modular construction, functionality, controlling system and control mode of the robotic
system is based on the sets of requirements of which the main is elimination of risks that threaten rescuers. The
paper describes the design, parameters and purpose of the pair of devices that are the result of the project solved
by IPM ENGINEERING s.r.o Zvolen in cooperation with FME UZ Zilina.

Keywords: mobile robotic system, modular construction, firefight subsystem, technological subsystem

1 Introduction

Development of telemeter-controlled fire-
fighting equipment and technology is taking
place in the world to streamline fire-fighting ac-
tivities, but in particular, minimize the risk of
direct involvement of interceptors in places with
a very high risk. The most appropriate solution
to reduce this risk is to exclude the direct entry
of persons into such environment and to back up
them with a special fire-fighting technique, the
mode of control of which allows to carry out
some activities in autonomous mode or telemet-
ric control by a person located in a low or zero
risk zone. The most suitable solution, it is cur-
rently preferred to deploy special mobile service
robots equipped with the necessary technical
means for fire intervention.

The analysis of the current state of the exist-
ing mobile service robots’ solutions and special
remote-controlled mobile technology highlights
the possibilities of extending their use also
for fire interventions in extremely

Delta 2018 12(2):17-26.
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1 Uvod

Celosvetovo prebieha vyvoj telemetricky
ovladanych hasi¢skych zariadeni a techniky s
cielom zefektivnenia ¢innosti spojenych s pro-
tipoziarnym zasahom, ale najmi minimalizacie
rizika spojeného s priamou ucastou zasahuju-
cich 0sdb v miestach s prostredim s vel'mi vy-
sokou mierou rizika. NajvhodnejSim rieSenim
ako docielit’ znizenie tohto rizika, je vylucenie
priameho vstupu 0sdb do takéhoto prostredia a
ich zastipenie Specidlnou hasi¢skou technikou,
ktorej sposob ovladania umoziiuje vykonavanie
niektorych ¢innosti v autondémnom rezime, re-
spektive telemetrické riadenie osobou (operato-
rom) lokalizovanou v zéne s nizkou alebo nulo-
vou mierou rizika. Ako najvhodnejSie rieSenie
je v sucasnosti preferované nasadenie Special-
nych mobilnych servisnych robotov vybave-
nych potrebnymi technickymi prostriedkami
pre protipoziarny zasah.

Analyza sucasného stavu existujucich rie-
Seni mobilnych servisnych robotov a $pe-
cialnej dialkovo ovladanej mobilnej
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dangerous situations and areas. This category
includes fires in the underground spaces of road
tunnels and large-scale garages. This special
mobile technology needs to be supplemented by
technologies and equipment for environmental
monitoring and orientation in this environment,
location of the focus and application of fire-
fighting water-based substances and fire-extin-
guishing. Special mobile technology is further
used for support activities such as handling of
objects threatened by fire and removal of obsta-
cles on the access route [1][2][3][4].

2 Material and Methods

One of the first and most frequent applica-
tions of remote-controlled systems that have
been the focus of attention in recent years have
been their deployment in locating and disposing
of explosive devices and unexploded ammuni-
tion. The incidence of terrorist attacks and mil-
itary conflicts around the world confirms that
the number of people ready to commit violence
at any level and in any place is growing. This
also increases the demands for protection and
intervention personnel and the risk they have to
face in order to eliminate the threat. One solu-
tion is to keep the intervening persons at a safe
distance and the intervention itself to be carried
out by a specialized robotic system, which can
be categorized according to the purpose of de-
ployment into the following groups:

¢ military robots

o robots for security services

o robots for handling radioactive substances

e robots for handling the chemical sub-

stances

¢ robotic fire-fighting systems
The composition of these robotic systems is
usually built on a modular design. The basis is
a suitable wheeled or tracked chassis ensuring
real-time mobility of the system. A dedicated
sensor body, equipped with a combination of
various sensors and a camera system currently
built mostly on the intelligent stereo camera, is
a module for workspace orientation, environ-
mental monitoring and position sensing. Ac-
cording to the purpose of the deployment it
handles bodies with gripping mechanisms, or to
transport objects specialized platforms. Com-
bining the modules, the robot can fulfill multi-
ple roles. These mobile robot systems work in
fully automated - autonomous mode or are re-
motely controlled by the operator.

18

techniky poukazuje na moznosti rozsirenia ich
vyuZitia aj pre protipoziarne zasahy v extrémne
rizikovych situaciach a priestoroch. Do tejto ka-
tegorie spadaju poziare v podzemnych priesto-
roch cestnych tunelov a vel'kokapacitnych ga-
razi. Tato Specidlnu mobilnt techniku je po-
trebné doplnit’ o technologie a zariadenia pre
monitorovanie prostredia a orientaciu v tomto
prostredi, lokalizaciu ohniska a aplikéaciu hasia-
cich latok na baze vody pre potlacanie a likvi-
daciu poziaru. Specidlna mobilna technika je
d’alej vyuzivanéa pre podporné ¢innosti ako su
manipulécia s objektmi ohrozenymi poziarom a
odstranovanie prekazok na pristupovej trase

[11[2][3][4].
2 Material a metédy

Jednou z prvych a najcastejSich aplikacii
dial’kovo riadenych systémov na ktoru je zame-
rana vel'kd pozornost’ najmé v poslednych ro-
koch, je ich nasadenie pri lokalizacii a zneskod-
novani nastraznych vybusnych zariadeni a ne-
vybuchnutej municie. Vyskyt teroristickych
utokov a vojenskych konfliktov po celom svete
potvrdzuje, Ze pocet l'udi pripravenych k pacha-
niu nasilia na akejkol'vek urovni a na akomkol’-
vek mieste stale rastie. To tiez zvySuje naroky
na ochranny a zasahujuci personal a riziko ktoré
musi pri likvidacii hrozby podstapit’. Jednym z
rieSeni je udrzat’ zasahujlice osoby v bezpecnej
vzdialenosti a samotny zdsah realizovat’ Specia-
lizovanym robotickym systémom, ktory podla
ucelu nasadenia je mozné kategorizovat’ do na-
sledujucich skupin:

e Vojenské roboty,

e roboty pre bezpecnostné sluzby,

e roboty pre manipulaciu s radioaktivnymi
latkami,

e roboty pre manipulaciu s chemickymi lat-
kami,

o robotické hasi¢ské systémy.

Skladba tychto robotickych systémov je zvy-
¢ajne postavend na moduldrnom prevedeni. Za-
kladom je vhodny kolesovy alebo pasovy pod-
vozok zabezpecujuci mobilitu systému v real-
nom ¢ase. Specializovana senzorova nadstavba
vybavena kombinaciou rdéznych senzorov, sni-
macov a kamerovym systémom V sucasnosti
postavenom zvacsa na vyuziti prehl'adovej inte-
ligentnej stereo kamery tvoria
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Robotic firefighting systems are used dan-
gerous situations which may arise in a fire acci-
dent, and in the areas of industrial and chemical
plants, large-capacity underground car parks,
roads, railways and underground tunnels where
the temperature can be as high as 1400 °C. Ex-
tinguishing such fires involves specific risks
such as fuel tanks, chemical tanks or industrial
gas pressure vessels, and the like. In such situa-
tions, first, it is necessary to recognize the envi-
ronment using a survey robot that is designed to
move around the terrain and to overcome vari-
ous types of obstacles such as stairways. After
finding information about the environment un-
der investigation by means of a thermal camera
or specific sensors, the operational fire brigade
decides on the next procedure, with fire extin-
guishers or robots, to rescue persons in danger.
This set of activities can no longer be secured
with one type of mobile robotic system. That is
why a new phenomenon, the so-called robotic
fire teams [4], is becoming part of the special
intervention units. European’s solutions of the
early described systems are machines like LUF
[8], DOK-ING [9], MARIGUS AIRCORE
TAF35 [10]. THERMITE RS1-T3 a RS2-T3
[11] has been developed and produced in USA.
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modul sliziaci na orientaciu v pracovnom pries-
tore, monitorovanie prostredia a snimanie po-
lohy. Podl'a G¢elu nasadenia systému je tento
doplneny d’al§imi modulmi napr. pre manipu-
laciu s telesami slizia manipulatory s uchopo-
vymi mechanizmami, alebo na prepravu objek-
tov $pecializované ploSiny. Kombinacia modu-
lov dava robotom moznost’ plnenia réznoro-
dych uloh. Tieto mobilné robotické systémy
pracuju v plne automatizovanom — autonoém-
nom rezime, alebo su dial’kovo ovladané opera-
torom.

Robotické hasicské systémy sa vyuzivaja v
zvlast' rizikovych situaciach aké mozu nastat
pri likvidacii poziarov a havarii v priestoroch
priemyselnych a chemickych zavodov, velko-
kapacitnych podzemnych garazi, cestnych, ze-
lezni¢nych tunelov a metra, kde teplota pozia-
roviska dosahuje az 1 400 °C. Pri haseni ta-
kychto poziarov sa vyskytuju $pecifické rizika,
ktoré predstavuju napriklad palivové nadrze,
cisterny s chemickymi latkami alebo tlakové na-
doby s priemyselnymi plynmi a pod. V takychto
situaciach je potrebna najskor rekognoskacia
prostredia s pouzitim robota uréeného pre prie-
skum, ktory je konsStruovany tak, aby sa dokazal
pohybovat’ po Clenitom teréne a prekonavat
rozne druhy prekazok, napriklad aj schodiska.
Po zisteni informacii o skimanom prostredi po-
mocou termoviznej kamery alebo Specifickych
senzorov operativny hasi¢sky tim rozhoduje o
d’alSom postupe, pricom s uz nasadzované sa-
motné hasiace roboty, respektive roboty na za-
chranu ohrozenych o0sob. Tento subor aktivit uz
nie je mozné zabezpeéit’ jednym typom mobil-
ného robotického systému. Preto sa zacina
uplatnovat’ novy fenomén, tzv. robotické hasic-
ské timy [4], ako suc¢ast’ vybavenia §pecialnych
zasahovych jednotiek. Medzi najznamejsie rie-
Senia vys$Sie opisanych systémov v europskom
regione je mozné zaradit’ zariadenia ako LUF
[8], DOK-ING [9], MARIGUS AIRCORE
TAF35 [10]. V USA boli vyvinuté a vyrobené
zariadenia THERMITE RS1-T3 a RS2-T3 [11].
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3 Results and Discussion

The subsystem carrier as one of the develop-
ment results is a mobile telemetrically con-
trolled or autonomous device designed for the
operational displacement of a specific subsys-
tem. It is based on the concept of a crew-free
vehicle designed to move in difficult-to-reach
and off-road terrain and dangerous environ-
ments (fires in forests, industrial agglomera-
tions, tunnels and other underground spaces) on
unsuspended wheel chassis. Hybrid power
driven chassis was chosen based on familiariza-
tion with the issues and possibilities of using
different types of chassis of mobile machinery
as carriers of the fire-fighting robotic systems.
The base carrier consists of the hybrid undercar-
riage itself, the application of which is indispen-
sable in the case of rescue vehicle propulsion
vehicles operating in hazardous oxygen-scarce
environments and with a survey and guidance
system. Several concepts variants of the subsys-
tem carrier were considered, and an alternative
of 8x8 was also considered.

The base subsystem carrier was finally de-
signed as a six-wheeled (6x6) skid driven chas-
sis (Fig. 1). With its maximum external dimen-
sions, it can use direct lateral elevated walkways
in tunnels as its operational corridor from the
point of departure of the steering position to the
epicenter of fire that needs to be localized and
then destroyed. The base chassis uses hydro-
static transmission of power from the engine to
the wheels. The Kubota VV3800DI-T-E3B diesel
engine is the primary power source. G36 Mag-
net Motor powered by a Li-lon battery should
serve as a secondary source for an emergency
evacuation of the system from an environment
where a diesel engine is not capable of operat-

ing.
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3 Vysledky a diskusia

Nosi¢ subsystému ako jeden z vysledkov vy-
voja je mobilné telemetricky ovladané alebo au-
tonomne zariadenie, uréené na operativne pre-
miestiovanie Specifického subsystému. Vycha-
dza z konceptu bez posadkového vozidla urce-
ného na pohyb v t'azko dostupnom, ¢lenitom te-
réne a nebezpeénom prostredi (poziare v lesoch,
priemyselnych aglomeraciach, tuneloch a inych
podzemnych priestoroch) na neodpruzenom ko-
lesovom podvozku. Podvozok pohanany hyb-
ridnym pohonom a riadeny pribrzd’'ovanim ko-
lies bol zvoleny na zaklade oboznamenia sa s
problematikou a moznostami vyuzitia r6znych
typov podvozkov mobilnych strojov ako nosi-
¢ov hasi¢skych robotickych systémov. Bazovy
nosi¢ pozostava zo samotného podvozku s hyb-
ridnym pohonom, ktorého aplikacia je nezastu-
pitel'na v pripadoch pohonov zachrannych vozi-
diel pracujucich aj v rizikovych prostrediach s
nedostatkom kyslika a modulom s prieskum-
nym a navadzacim systémom. Uvazovalo sa s
réznymi koncepciami variant nosica subsysté-
mov do uvahy prichadzala aj alternativa 8x8.

Bazovy nosi¢ subsystémov bol nakoniec na-
vrhnuty ako Sest” kolesovy (6x6) Smykom ria-
deny podvozok (Obr. 1). Svojimi maximalnymi
vonkaj$imi rozmermi dokaze pre priamy zasah
vyuzit' bocné vyvysené chodniky v tuneloch
ako svoj operacny koridor od miesta opustenia
riadiaceho stanoviska az k epicentru poZiaru,
ktory je potrebné lokalizovat’ a nasledne zlikvi-
dovat’. Bazovy podvozok vyuziva hydrostaticky
prenos vykonu z motora na kolesd. Ako pri-
marny zdroj vykonu je navrhnuty naftovy motor
Kubota V3800DI-T-E3B. Ako sekundarny
zdroj, pre pripad ntidzového odsunu systému z
prostredia v ktorom nie je mozna ¢innost’ nafto-
vého motora (prostredie s nedostatkom vzdu-
chu), by mal sluzit’ elektromotor G36 Magnet
Motor napajany z z Li-lon batérie.
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4500 mm

1400 mm

1600 mm

Fig 1. Subsystems base-support dimensions.

Obr. 1 Rozmery bazového nosica subsystémov.

The exploration and guidance module of the
carrier consists of devices that allow monitoring
of the hazardous environment, orientation and
movement in such environment:

thermal camera

camera

distance sensors

GPS receiver

accelerometer / gyroscope / compass
accelerometer (3-axis) / magnetometer (3-
axis)

angular speed sensor

piezoelectric vibration sensor
humidity sensor

optical detector

atmospheric pressure sensor

All subsystem sensors and devices support
the possibility of linking to the control system
in which the scanned data is processed and eval-
uated.
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Prieskumny a navadzaci modul nosica je

tvoreny zariadeniami, ktoré umoziujuci moni-
torovanie rizikového prostredia, orientaciu a
pohyb v takomto prostredi:

termokamera

kamera

senzory vzdialenosti

GPS prijimac

akcelerometer / gyroskop / kompas
akcelerometer (3 osi) / magnetometer (3
0si)

snimac uhlovej rychlosti
piezovibracny snimac

senzor vlhkosti

opticky detektor

snimac atmosférického tlaku

Vsetky snimale a zariadenia subsystému

podporuju moznost’ prepojenia s riadiacim sys-
témom v ktorom sa uskuto¢nuje spracovavanie
a vyhodnocovanie snimanych dat.
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Subsystem carrier has the following param-
eters:

e gross vehicle weight 6000 kg

e maximum speed 36 km/ht
e track width 2000 mm
¢ vehicle width 2400 mm
e wheelbase 1600 mm
¢ vehicle length 4500 mm
¢ vehicle height 1400 mm

Development of the carrier chassis design
was based on defined boundary conditions -
technical parameters of the carrier as well as re-
quirements of specialists from the fire brigade
for autonomous or remote-controlled fire inter-
vention in a defined environment. Therefore,
the base carrier itself is supplemented by other
subsystems [5]. The base carrier has been spe-
cially designed for underground traffic and gar-
age spaces but can be alternated according to
specified criteria, resulting in several real vari-
ants without a crew land vehicle.

By adding a fire extinguishing subsystem to
a base carrier, a fire extinguisher subsystem
(Fig. 2) was created with a new modular struc-
ture (Fig. 3). The fire extinguishing subsystem
consists of a set of devices specially designed
and selected for fire extinguishing in traffic tun-
nels and large capacity garages:

e devices for fire extinguishing application -
monitor - with remote control.

o devices for connection to the stationary fire
extinguishing system in tunnel and garage,
or a mobile firefighting equipment.

e extinguishing agent equipment - Extin-
guishing additive tank.

o devices for pumping, regulating the flow
and pressure parameters of the extinguish-
ing agent - pump, remote controlled valves.

e devices for fire extinguishing: fixed pipe-
lines, fittings, flexible piping — hoses.

Nosic¢ subsystémov disponuje nasledujiicimi
parametrami:
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e celkova hmotnost vozidla 6000 kg
e maximalna rychlost’ 36 km.h*

e rozchod kolies 2000 mm

e Sirka vozidla 2400 mm

e razvor osi kolies 1600 mm

e dizka vozidla 4500 mm

o vyska vozidla 1400 mm

Pri vyvojovych pracach na navrhu podvozku
nosic¢a sa vychadzalo zo stanovenych okrajo-
vych podmienok — technickych parametrov no-
siCa, ako aj poziadaviek Specialistov z HaZZ na
autonémny alebo dialkovo riadeny protipo-
ziarny zasah v definovanom prostredi. Preto je
samotny bazovy nosi¢ doplneny o d’alSie sub-
systémy [5]. Bazovy nosi¢ bol navrhnuty Spe-
cidlne pre podzemné priestory dopravnych sta-
vieb a garazi, ale je mozné ho na zaklade kon-
kretizovanych kritérii alternovat, ¢im mozu
vzniknut’ viaceré redlne varianty bez posadko-
vého pozemného vozidla.

Doplnenim modulu hasiaceho subsystémom
na bazovy nosi¢ vznikol nosi¢ hasiaceho sub-
systému (Obr. 2) s novou modularnou Strukti-
rou (Obr. 3). Modul hasiaceho subsystému je
tvoreny sustavou zariadeni Specialne navrhnu-
tych a vybranych pre hasenie poziarov v pries-
toroch dopravnych tunelov a velkokapacitnych
garazi:

e zariadenia pre aplikaciu hasiacej latky —
monitor — s dial’kovym riadenim.

e zariadenia pre pripojenie na stacionarny
hasiaci systém tunela alebo garaze, resp.
mobilnej hasicskej techniky.

e zariadenie pre tvorbu zasoby hasiacej latky
— nadrz pre hasiace aditiva.

e zariadenia pre Cerpanie, regulaciu paramet-
rov prietoku a tlaku hasiacej latky — ¢erpa-
dlo, dial’kovo riadené ventily.

o zariadenia pre rozvod hasiacej latky: pevné
potrubia, armatury, pruzné potrubie — ha-
dice.
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Fig 2 Extinguishing Subsystem Carrier

Obr. 2 Nosi¢ hasiaceho subsystému

Nosi¢ hasiaceho
subsystému/Extinguishing
Subsystem Carrier

Hasiaci systém/Fire Riadiaci
Podvozok/Chassis Extinguishing systém/Control
System system

Fig 3 Basic modular structure of the fire extinguishing subsystem carrier

Obr. 3 Zakladna modularna Strukttira nosica hasiaceho subsystému

The carrier of the technological and inter-
vention subsystem (Fig. 4) is based on an iden-
tical base chassis as the extinguishing subsys-
tem carrier with the same survey and guidance
subsystem. The difference is in the technology
subsystem module designed as a superstructure
that is mounted in the front of the base carrier
hull. The superstructure consists of a winding
drum with a hose storage device and a device
for automatically or manually connecting the
distribution systems and the application of a fire
extinguisher between the two carriers. The car-
rier also allows connecting to stationary or mo-
bile sources of fire-extinguishing medium and
supporting its transport over longer distances

[6] [7]
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Nosi¢ technologického a zdsahového sub-
systému (Obr. 4) vychadza z identického bazo-
vého podvozku ako nosi¢ hasiaceho subsystému
s rovnakym modulom prieskumného a navadza-
cieho subsystému. Rozdiel je v module techno-
logického subsystému rieSeného ako nadstavba,
ktora je upevnena v prednej Casti korby bazo-
vého nosica. Nadstavbu tvori navijaci bubon s
ukladacim zariadenim pre hadicu a zariadenie
pre automatické alebo manualne prepojenie sys-
témov rozvodu a aplikacie hasiacej latky medzi
obidvomi nosi¢mi. Nosi¢ tiez umoziuje pripo-
jenie na stacionarne alebo mobilné zdroje hasia-
cej latky a podporu jej prepravy na vacésie vzdia-
lenosti [6] [7].
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Fig 4 Technological and intervention subsystem carrier

Obr. 4 Nosi¢ technologického a zasahového subsystému

The management system for both carriers
was developed in the framework of the project
solution in cooperation with the Departments of
the Faculty of Mechanical Engineering and the
Faculty of Management of the University of
Zilina. The control system provides a user envi-
ronment for 3D visualization of the environ-
ment and 2D data visualization of the environ-
mental parameters in which the fire extinguisher
subsystem and the carrier of the technological
and intervention subsystem move. It also pro-
vides logic for controlling individual functional
units and components such as fire extinguishing
system, cooling systems, hydraulics, hybrid
drive, combustion engine. It also ensures the
functional interconnection of individual sys-
tems, or systems and performs a control func-
tion for individual functional units. The remote
control provides vehicle control, hybrid drive
control and fire control. It also provides the
transmission of information about the func-
tional status (operational data, critical data) of
the individual components.

The control system is compatible with Win-
dows and Linux operating systems. Provides the
possibility of programming modules in C ++.
Design and testing - simulation of various crisis
situations in a virtual environment with the abil-
ity to create custom physical modules and create
a virtual environment with the ability to simu-
late control software and sensor systems.
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Riadiaci systém pre obidva nosi¢e bol vyvi-
nuty v ramci rieSenia projektu v spolupraci s
pracoviskami Katedier Strojnickej fakulty a Fa-
kulty riadenia Zilinskej univerzity. Riadiaci
systém poskytuje uzivateI'ské prostredie umoz-
nujuce 3D vizualizacii okolia a 2D vizualizaciu
dat parametrov prostredia v ktorom sa nosic¢ ha-
siaceho subsystému a nosi¢ technologického a
zésahového subsystému pohybuje. Dalej zabez-
pecuje logiku ovladania jednotlivych funk-
¢nych celkov a komponentov, ako hasiaca si-
stava, chladiace sustavy, hydraulika, hybridny
pohon, motor spalovaci. Taktiez zabezpecuje
funkéna previazanost’ jednotlivych systémov,
resp. sustav a plni tiez kontrolnti funkciu pre
jednotlivé funkéné celky. Prostrednictvom dial’-
kového ovladania sa zabezpecuje ovladanie po-
jazdu vozidla, ovladanie funkcii hybridného po-
honu a ovladanie hasiacej sustavy. Taktiez za-
bezpecuje prenos informacii o funkénom stave
(prevadzkové tudaje, kritické udaje) jednotli-
vych komponentov.

Riadiaci systém je kompatibilny s operac-
nymi systémami na platforme Windows a Li-
nux. Poskytuje moznost’ programovania modu-
lov v jazyku C++. MozZnost’ navrhu a testovanie
— simulécii najroznejsich krizovych situacii vo
virtudlnom prostredi s moznostou vytvarania
vlastnych fyzikalnych modulov a vytvorenie
virtualneho prostredia s moznostou simulacie
riadiaceho softvéru a senzorovych systémov.
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4 Conclusions

The development of a modern company of-
fers a huge number of challenges, but also pos-
sibilities for the technical systems to cooperate
with humans. Scientific and development teams
around the world are constantly delivering re-
sults in new facilities equipped with intelligent
technologies to completely replace human ac-
tivity in many cases. Applying elements in the
field of artificial intelligence shortens the time
of introducing new knowledge into practice.
One such area is also the use of computer-aided
design - in this case remote-controlled robotic
systems or mobile devices.

Developing activities have been able to de-
sign a fire extinguishing robotic system to re-
place fire brigade teams in fire localization and
destruction in tunnels, underground garages and
closed premises. It is possible to shorten the pe-
riod of intervention by quickly locating and lo-
cating a fire outbreak that greatly reduces the
risk of spreading fire to other properties, thereby
reducing damage, preventing the destruction of
buildings and their decommissioning for a
longer period.
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Abstract

The decisive factor in reducing the forest fires extent is an early detection of fires, along with prompt extinguishing
of fires. The paper focuses on the importance of early fire detection systems implementation, as the proven efficient
fire preventive measure. To support the decision to deploy them, the authors used the fire statistic data coming as
from Russia, especially Peterburg region, as from Slovakia. As a result of the early fire detection systems launch-
ing, the extent of fires in the monitored regions has sharply decreased. It is evident mostly from the Peterburg fire
statistic data, because the early fire detection systems have been launched already in 2009, while in Slovakia only
in 2017. Nowadays, the average area of a fire does not exceed 1 ha and fires are extinguished in one day. In general,
the cost-effectiveness of implementing these systems increases every year. When compared the data on fire number
and fire burned area in Russia and in Slovakia, we found that the number of fires in Slovakia, as a rule, is less than
in Russia and especially in the Peterburg region. The average fire area in Slovakia is also less than in Russia and
in the Peterburg region. The extent of coniferous forests in the Peterburg Region and Slovakia are respectively
27.7 and 9.4 ha respectively. Thus, the area where mostly coniferous forests burn in Slovakia is three times smaller
than in the Peterburg region. Taking into consideration the fact that the fire detection and control were in Slovakia
and the Peterburg Region at about the same level in the period under review, the fire indicators of coniferous
forests in Slovakia should be three times lower. However, the number of forest fires in Slovakia turned out to be
only half as much as in the Russian region. At the same time, the area of fires was on average 26 times smaller,
and the average area of a fire was 12 times smaller than in the Peterburg region.

Keywords: forest fires, early fire detection, forests fire statistics

1 Introduction 1 BBenenue

The number of forest fires in Russia remains T'opumocts necoB B Poccum ocraercs
extremely high, despite the measures taken by YpEe3BbIYAMHO  BBICOKOH,  HECMOTps  Ha
the Government. The reasons are well known: npunuMaemble  I[lpaBuTenscTBOM  MeEpBL.

HpI/I‘II/IHLI 06HI€I/13BCCTHLII TpOMaiHBIC
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the extensive areas of coniferous forests in Si-
beria and the Far East, weather anomalies, care-
less handling of fire in the forest and agricul-
tural fires (anthropogenic factor), lightning
strikes. In recent years, the number of fires in
forests in Russia has increased. The total and
average area of a single fire increased especially
sharply, see Tab. 1. It is known that early detec-
tion of fires along with the operational extin-
guishing of forest fires are decisive factors in
reducing the extent of forest fires.

TEPPUTOPUHN XBOWHBIX JIecoB B CHOMpH u Ha
Jampaem BocToke, mNOTrogHBIE aHOMAIIHH,
HEOCTOPOXKHOE OOpallleHHe C OTHEM B JIECYy U
CEJIbCKOXO3SIICTBEHHBIC TTAJTBI (anTporio-
TEeHHBIM  akTop), pa3psapl MoONHHHA. B
MOCJICHUE TOABl TOPUMOCTH JiecoB B Poccuum
Bo3pactaeT. OCOOEHHO pE3KO YBEITUYMIKCH
oOmmast ¥ cpemHsist TUIOIMIAh OHOTO ToXKapa —

Tab6. 1. Hs3BecTHO, H|TO PEIIAOIIAME
(hakTOpaMu  CHWKCHHUS TOPUMOCTU  JIECOB
SIBIISIIOTCSL ~ CBOEBPEMEHHOE  OOHapy)KeHUe

BO3TOpaHU HAPSAY C OTIEPATHBHBIM TYIIIEHHEM
0YaroB JIECHBIX MOKapOB.

Tab. 1 Dynamics of the forest fires occurrence in Russia in recent years [2,5,6]
Ta6. 1 lunamuka ropuMocTH JecoB B Poccuu 3a nocneaaue rojsi [2,5,6]

Indicators/ITokazarenu Year/Ton

2012 2013 2014 2015 2016 2017
Number of fires

19,320 | 9991 | 16865 | 12,337 | 11,025 | 18376
KonunuecTtBo moxapon
Burnt area, mil. ha 23 1.4 37 25 2.4 9.3
HpOI/IZ[eHO OIHEM, MJIH. I'a
Average fire extent, ha 119.0 140.1 219.4 202.6 217.7 506.1
CpeI[HSM Jiomaab HO)Kapa, ra

Note: For 2018, the results have not yet been summarized, but, according to experts, the extent of forest fires will

be a record for the last 10 years.

ITpumeuanue: 3a 2018 roa utoru eme He OABEICHBI, HO, TIO OIIEHKAM CIEIMAIMCTOB, TUIONIA b JIECHBIX MOKAPOB

OyneT pexopHoii 3a mocieauaue 10 ner.

In 2017 and 2018, the sharp increase in the
extent and number of fires in Russia is largely
due to the anomalously hot, long and windy we-
ather in Eastern Siberia and the Far East. Here,
fires are detected by aircraft and spacecraft. But
the rapid growth of fires is due to the lack of
quick delivery of intervention teams and fire ex-
tinguishing equipment to remote, deserted areas
of taiga. Therefore, in the foreseeable future, it
remains to rely only on natural obstacles to the
movement of fires, primarily large rivers, and
on changes in weather conditions (long and he-
avy rains).

In the European part of Russia, the situation
with the detection and elimination of fires is ra-
dically different. Here, almost the entire terri-
tory (with the exception of the extreme north
and northeast of the taiga of European Russia)
it is quite possible to create a system for the ra-
pid detection and elimination of fire sites.
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B 2017 u 2018 ronmax pe3koe yBeIMUCHUE
TJIOMIAN U KOJIMYECTBA MmoxkapoB B Poccun BO
MHOTOM OOBSCHSIETCSI aHOMAalbHO >KapKOi,
NPOJOJDKUTEIBHON U BETPEHOM NOroJod B
Bocrtounoit Cubupu u na ansHem Bocroke.
3neck moxapel OOHApY)XKMBAIOT C TTOMOIIBIO
aBUalMM W KOCMHYECKMX ammaparoB. Ho
CTPEMUTENBHOE paspacranue 04YaroB
BO3TOPAaHUS TIPOUCXOIUT W3-32 OTCYTCTBHUS
OBICTPOM  JTOCTaBKM KOMaHJ, ¥ CpEJICTB
MTO’KapOTYIIEHUSI B OTHalleHHbIE OE3JI0IHBIC
paiionsl Ttairu. Ilostomy B 0003puMOM
OymymieM ocTaeTcs HaAesaThCs JIWIIbL Ha
€CTECTBEHHBIC TPerpajsl Ha IyTH JABMXKCHUS
M0KapoB, MPEXKIEC BCEro KPYIHBIE PEKH, U HA
U3MEHEHUE TIOTOTHBIX YCIIOBHIA
(IpoIOIKUTENHHBIC U OOWITBLHBIC JOXK/IN).

Ha eBponeiickoii yactu Poccun o0cTtaHoBKa
¢ oOHapyXeHHWeM ¥ JUKBHIAIMCH OYaroB
II0’KapOB KapIUHAIILHO Jpyras. 37eCh NOYTH Ha
BCEU TEPPUTOPHU (32 HCKITIOYCHHEM KpaitHero
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2 Review and discussion on fire situation in
Russia

In July-August 2010, anomalous heat oc-
curred throughout the European part of the
country due to the sedentary anticyclone, a rec-
ord for more than 130-year history of meteoro-
logical observations. In many regions of the
Russian Federation, the air temperature ap-
proached the 40 °C mark or exceeded it. Due to
the extreme heat, the ecological situation has
worsened, peat and forest fires have intensified
- a total of 34,812 fires with a total area of about
two million hectares were recorded, including
more than one thousand peat ones. Moreover,
these statistics almost completely reflect the sit-
uation in the European part of Russia. In Siberia
and the Far East, there were few fires this year,
which allowed to transfer considerable fire bri-
gades to the west.

According to the EMERCOM of Russia,
only 17 regions suffered from fires and smog
caused by them, more than 2,500 families were
left homeless, more than 60 people died in the
fire and from poisoning by combustion prod-
ucts. According to the report of the Minister of
Health and Social Development, the abnormal
weather conditions in July and August 2010
(heat, smog due to peat fires) affected the over-
all mortality rate in Russia. In 2010, the number
of deaths increased by 20,000 people compared
with 2009.

In addition to weather anomalies, one of the
causes of the disaster in 2010 was the elimina-
tion of forest guards and fire protection/stop-
ping features in the country because of the in-
troduction of the new Forest Code [3,4].

In the Peterburg region, the first TV cameras
situated on masts for detecting the forest fires
began to be set up in the late 1990s. In the early
2000s, their number gradually increased, the de-
sign was improved, but the entire or almost the
entire territory of the region was covered by
them only by 2009. At the same time, work to
prevent the occurrence of forest fires (propaga-
tion, organizational and control measures) was
strengthened.

The data on the number and extent of fires in
the region are presented by the Regional Dis-
patch Control Office (RDCO) of the Peterburg
Regional State Institution "Forest Management
of the Peterburg Region", see Fig. 1-5.
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CeBepa U CEBEPO-BOCTOKA TalT'M €BPONEUCKOMN
Poccun) BIommHe BO3MOXHO CO3/IaHUE CHCTEMBI

OBICTPOTO  OOHApYXKEHUS W  JIMKBUAAIUN
OYaros.
2 O030p mnpobaemMbl U  00Cy:XKIeHUE

noxxapHou curyauun B Poccun

B wurone-aBrycre 2010 roma Ha Bceit
TEPPUTOPUH EBPOMEHCKOW YacTH CTPaHbl H3-
3aMaJIONIOABHKHOTO AHTUIUKJIOHA
yCTaHOBWJIACH aHOMaJIbHAS JKapa, PeKOpAHas 3a
Oonee yeM 130-netHio10 HCTOPHIO
MeTeoHaOmoaeHnid. Bo MHOTMX pernoHax P®
TeMIeparypa Bo3ayxa mnpuOmmxkanack k 40-
IpaJyCHOH OTMETKE WJIH TIPEBBICHIIA 3TOT
nokaszatenb. [3-3a 3KCTpeMalbHOW  Kaphbl
YXyOIIWIAach  9KOJIOTHYECKass  0OCTaHOBKa,
AKTUBH3HPOBAIHCh TOp(QsHBIE U  JIECHBIC
HoXapbl — BCero ObLI0 3aUKCUpOBaHoO 34 ThIC.
812 ouaroB NPUPOAHBIX TIOXKAPOB OOIIEH
IUIOIIAABIO OKOJIO 2 MIJIH. Ta, B TOM 4HcIie Oojee
1 TBIC. TOpdsHBIX. [Ipryem s3Ta craTUCTHKA
MOYTH TIOJIHOCTBIO OTPaXaeT OOCTaHOBKY B
eBporeiickoit yactun Poccun. B Cubupm u Ha
JlanbHeM BocToke B ATOT Troj MoKapoB OBLIO
MaJo, YTO MI03BOJIUIIO nepedpoCUTh
3HAYUTENIbHBIE CHJIBI JIECHBIX IIOXKAapHBIX Ha
3ama.

I[Io pgamaeiMm MUC Poccuu, Bcero ot
MOKapOB W BBI3BAHHOI'O UMM  CMOTIa
noctpaganu 17 peruoHos, Oomee 2,5 THIC.
cemeit octanuch 0e3 Kposa, Oosiee 60 yeroBeK
NOTHOJIM B OTHE U OT OTPABJICHUS NIPOTYKTaMHU
ropenus. Kak cienoBano u3 1okiiasa MUHUCTPA
3[[PpaBOOXPAHEHUS] W COIMAIBHOTO PAa3BUTHS,
aHOMAaJlbHBIE TIOTOJHBIE YCIOBUS HIONS W
asrycta 2010 roma (kapa, cMmor wus-3a
TOp(MSHBIX MOXKapOB) TOBIHUSIIA Ha OOIIHIA
nmokasarens cMepTHOCTH B Poccun. 3a 2010 rox
KOJIMYECTBO YMEpHIMX BbIpociio Ha 20 TbIC.
YyesnoBek 1o cpaBHeHuto ¢ 2009 romom.

Kpome moronHeix aHoMaluii, OJHOW U3
npuanH  Karactpoder 2010 roma  Obuia
JMKBUIALMS JIECHOW OXPaHBI U JIECOMIOKAPHBIX
dbopMmHpoBaHUiI B CTpaHe B pe3yibTare
BBeAeHUS HOBOTO JlecHOro Komekca [3,4].

B IlerepOyprckoii  oGiacTd  mepBble
TeJIeKaMepbl Ha MayTax Juidl OOHapy>KeHHs
JIECHBIX TI0KapPOB HAYaJM YCTAHABJIMBATH €IIIE B
koHue 1990-x romos. B mauame 2000-x ux
KOJIMYECTBO  TOCTENIEHHO  YBEJIMYHBAJIOCH,
KOHCTPYKITUSI COBEPIIIEHCTBOBAIACH, HO BCS
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Number of forest fires/Koau4ecrso
JIECHBIX n(mcapon

WJTH TIOYTH BCS TEPPUTOPHS 00J1acTH ObLIIa MU
mokpeiTa aumb K 2009 roxy. Bmecte ¢ atuMm
Obula ycuieHa paboTa TO NpodUIaKTHKE
BO3HUKHOBEHHS JIECHBIX MOXapoB
(TpomaraHANCTCKUE, OpraHW3alMOHHBIE U
KOHTPOJIbHBIE MEPOTIPHUATHS).

JlaHHBIE O KOTMYECTBE M TUIOIAAN TI0XKapOB
B 00JacTH MPEACTAaBICHBl PernoHalbHBIM
IIYHKTOM JMCIIETIEPCKOTO YIIpaBJICHUS
(PILY) [etepOyprckoro 00JIaCTHOTO
TOCY/IapCTBEHHOTO ~ Ka3€HHOTO  yUPEKICHUS
"YmpaBnenue JecaMu [lerepOyprexoit
obmactu", cmotpu Pucynku 1-5.

Puc. 1 JlunamMuka KOJTMYECTBA JIECHBIX OXapoB B IleTepOyprckoii obnactu o rogam

The years of increased forest burning in the
region in terms of the number of fires: 1992,
2002, 2006, and, especially, 1999. High fire rate
according to this indicator is associated with ab-
normal weather conditions of fire-hazardous pe-
riods of the specified years and high attendance
of forests by the population in hot summer time.

Immediately, it should be noted that the ca-
tastrophic year 2010 in the area of fire for the
whole of European Russia was quite calm in the
number of fires - a ban was imposed not only on
setting up the fires in the forests, but also on vi-
siting them for a long time.
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l'ogpl MOBBIIIEHHONH TOPUMOCTH JIECOB B
00J1aCTH 1O KOJUYECTBY moxapos: 1992, 2002,
2006, wu, 1999 rox. Bricokas
TOPUMOCTh TI0 3TOMY TOKa3aTelllo CBs3aHa C

0COOEHHO,

AHOMAJIbHBIMH IIOI'OJHBIMHA YCIIOBUAMUA
MOKapOOMNACHBIX MEPHOJIOB YKA3aHHBIX JIET W
BBICOKOM MOCEIIAaEMOCTHIO JIECOB HACEIICHUEM B
KapKoe JIeTHEe BpeMmsl.
Cpazy ke ciemyer

KatacTpo(UUYECKHii B IMOYKAPHOM OTHOIICHHUU

OTMETUTH, YTO
st Bcelt eBponedickoir Poccun 2010 rox, B
obOmacth OB CIIOKOWHBIM  IIO

KOJIMYECTBY TOXKapOB — OBLT BBEICH 3alPET HE

BIIOJIHE

TOJIBKO Ha pa3BCACHUC KOCTPOB B JICCax, HO U
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According to the total extent of fires in the re-
gion, the following years were dangerous, too:
1999, 2002, 2006, and especially 1992, see Fig.
2.
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Fig. 2 Dynamics of the forest fire area extent in the Peterburg region by years

1991
1992
1993

TEeUCHUE
MIPOJOJKUTEIILHOTO [lo oOmeit
ITOMIATN TI0’KAPOB B OOJIACTH BEBIACISIOTCS TE
ske rogel: 1999, 2002, 2006 roasl, ¥, 0COOEHHO,
1992, cmoTpu PucyHOK 2.

Ha ux IIOCCHICHUEC B

BpPEMEHH.

Puc. 2 Jlunamuka 1uIoiau JecHbIX moxapos B [leTepOyprckoit 00acTu 1o rojgam

The extent of fires in the region sharply dec-
reased after 2009, despite the extremely hot and
dry summer in 2010 and 2018. This is due to the
early detection of fires in forests and their
prompt elimination by mobile teams of fire and
chemical stations situated in forest areas. Even
if the fire could grow to several hectares, its ex-
tinguishing by a well-equipped team was finis-
hed, as a rule, within one day.

The average extent of a fire area is consis-
tent with the total extent of fires, and to a lesser
extent - with their number, see Fig. 3.

31

[Tnomanp moxapoB B 00JacTH  Pe3KO
cam3mnack mocine 2009 roma, HecMOTps Ha
KpaiiHe xapkoe U 3acyuuidBoe jieto B 2010 u
2018 romax. 310 0OBSICHIETCS] CBOEBPEMEHHBIM
OoOHapy>XeHHEM BO3TOpaHHi B Jiecax M UX

ONEPAaTUBHOM  JHUKBUAALMEH MOOMJIBHBIMU
rpynamMy HOXapHO-XUMHUYECKUX CTAaHIIUN MPH
jaecHudecTBax. Jlaxke ecnu moxap cMoOT
pa3pacTHCh [0 HECKOJbKUX I€KTapoB, €ro
TYLICHHE YCUIICHHOU KOMaHJI0H1
3aKaH4YMBAJOCh, KaK MpPaBWJIO, B TEUCHHE
OJIHOT'O JIHSI.

Cpennsiss  mIom@aab  OAHOTO  IOXKapa

coryiacyercs ¢ o0mieH MmIomaabio NoXapoB, U B
MEHbBIIIEH CTENeHH — € HMX KOJIUYECTBOM,
cmoTpH PucyHok 3.
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Fig. 3 Average value of a fire area extent in the Peterburg region by years

Puc. 3 CpenHsis mioraas 0JHOro JIeCHOro noxapa B [letepOyprckoli 001acT 1o rogam

Let consider in more detail two periods from
all 30 years: before and after the mass installa-
tion of TV cameras in the region.

In the first period (1989-2008), the fire-fig-
hting was delayed, their areas were increasing
every day. One of the main reasons is the late
detection of fires, when a separate fire could
grow to tens, and sometimes to hundreds of
hectares. In addition, the equipment of fire and
chemical stations (FCS) in the area and staffing
them left much to be desired. Insufficient pre-
ventive work was carried out, including work
with the public. From Fig. 4, it follows that du-
ring abnormal weather conditions fire-hazar-
dous periods, with the number of fires of 2,500-
3,000 in the region, their total extent reached
unpredictable sizes: 12,000-20,000 ha. Such un-
predictability is typical for the regions of Russia
with the lack of means of rapid fire detection
and early delivery of fire groups to the fire sites.
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Paccmotpum Gonee moapoOHO 1Ba meproaa
u3 Bcex 30-Tm JeT: 10 W Tocie MaccoBOM
YCTAHOBKH TeJIeKaMep Ha TePPUTOPHUU 00IaCTH.

B nepBom nieproze (1989-2008 rr.) 6oprda
C TOoXapaMH Bellach C 3allO3JaHHeM, WX
TUTOIIA U BO3PACTANIN € KaKIbIM qHeM. O1Ha U3
[JIABHBIX TIPUYUH — TIO3[HEe OOHapyKEeHHE
BO3TOpaHHiA, KOTJa OT/AEIBHBIN MOXKap yCIeBal
paspacTarbcsi 10 AECATKOB, & HHOTJa 10 COTeH
rekTapoB. Kpome Toro, ocHalieHue moxapHO-
xumudeckux cranmuit (IIXC) B obmactn u
YKOMIUIEKTOBAHHOCTh 17 MEPCOHAIOM
OCTaBISLIM Kenarh Jydniero. HegoctatouHo
MMPOBOAMIIACH TpOQIIIaKTH4eCKass paboTa, B
ToM ymcie paboTa ¢ HaceneHueM. M3 Pucynka
4 cnenyer, 4TO B aHOMAaJIbHBIE MO TOTOJAHBIM
YCIIOBUSIM  TIOKApPOOIACHBIE TIEPUOJIBI, TIPH
KOJIMYECTBE TI0XKAPOB B 00J1aCTH 2,5-3 THIC., UX
cyMMapHas TUTOIA/Ib JocTurana
HeMpeacKa3yeMbIx pasmepoB: 12-20 TrIc. ra.
[lonoGHast Hempencka3zyeMOCTh XapaKTepHa
JUIsl pernoHOB Poccru ¢ OTCYTCTBHEM CPEJICTB
OBICTpOTO ~ OOHApy)XEHHS  TOXapoB U
CBOEGBPEMEHHOH  JIOCTaBKM K  ouaram
BO3TOpaHUH MOXKAPHBIX TPYIII.
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Fig. 4 Relationship between the number and total extent of forest fires in the Peterburg region in the
period 1989-2008
Puc. 4 Cpsi3p KOMTM4ecTBa M OOIIEH IUIOMAAN JIECHBIX TT0XapoB B IleTepOyprckoii o01acTu B Iepro
1989-2008 rr.

The situation is changing dramatically with
the massive introduction of tele-installations,
better equipment of FCS, the increasing atten-
tion of the leadership of the Peterburg region to
the situation with forest fires. Over the past 10
years, almost all fires have been eliminated du-
ring the first day, the average area of a single
fire does not exceed, as a rule, one hectare (see
Fig 3). A direct close relationship between the
number of fires and their total area (correlation
coefficient R = 0.938) indicates the stability of
the RDCO and forest fire services in this de-
cade, see Fig. 5.
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KaptuHa pe3ko MeHsSeTCs € MacCOBBIM

BHEJPEHUEM TeJIeyCTaHOBOK, JTYYIINM
ocHamennem [IXC, ycuneHueM BHUMAaHHUS
pykoBoactBa IletepOyprckoit  oOmactu K

CUTYAaLIMH C JIECHBIMU NokapaMu. B teuenue 10
MOCTIEIHUX JIET NMPAKTHUYECKH BCE BO3TOPAHUs
JUKBUIUPYIOTCS B TEUYEHHE NEPBBIX CYTOK,
CpedHss IUIOMAAb OIHOTO IOXKapa He
MPEBHIIIAET, KaK MMPaBHIIO, OJJHOTO TeKTapa (CM.
Pucynoxk 3). [Ipsimast TecHasi CBS3b KOJUYECTBA
MoXKapoB ¢ WX  o0mel  IUIOMAAbIO
(ko3 punment KOPpEJISIUU R=0,938)
CBUJICTENILCTBYET O CTaOMIBHOCTH PadOThI
PIIAY wu JnecomoxapHbIX CIy)X0 B 3TO
JeCSITUIIETHE, CMOTPH PUCYHOK 5.
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Fig. 5 Relationship between the number and extent of forest fires in the Peterburg Region in the period
1989-2008
Puc. 5 Cpsi3p KoIM4ecTBa U ILIOLIAIU JICCHBIX ToxapoB B [lerepOyprckoii o01actu B iepuo 1989-
2008 rr.

It should be emphasized once again that in
the extremely dry years 2010 and 2018 neither
the number nor the extent of forest fires in the
Peterburg region exceeded the usual level for
the last 10 years.

Another major reason for reducing the extent
of forest fires in the region is saving in forestry,
in the context of the introduction of a new For-
est Code (2007-2008), as well as a system of fire
and chemical stations equipped with modern
fire-fighting equipment and headed by experi-
enced forestry specialists.

The regional dispatch control office (RDCO)
of the Peterburg region operates all-the-year-
round, and for the fire-dangerous period it is
transferred to the round-the-clock operation
mode. In the region, there are currently installed
156 video cameras covering the entire territory
of the region.

The above achievements in the fight against
forest fires in the Peterburg region became pos-
sible by the use of modern technologies and ad-
vanced systems that enable early detection of a
fire in the forest, avoid critical situations, to re-
duce the damage caused by fires and reduce the
cost of their extinguishing.
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Crnenyer eme pa3 MOMYEPKHYTh, HYTO B
kpaine 3acynumBble 2010 u 2018 romgsl HE
KOJIMYECTBO, HU IJIOMIAb JIECHBIX TOXAPOB B
[TerepOyprckoii  00MacTM HE  NPEBBICHIH
OOBIUHBIH 1)1 TocaeaHuX 10 JeT ypoBeHb.

Hpyrasi BakHeWnass NPUYMHA CHIKCHHS
TOPUMOCTH JIECOB 00JIaCTH — cOepexeHHe MpH
JIECHUYECTBAX, B YCJIIOBHSIX BBEJCHUS HOBOTO
Jlecnoro xoxekca (B 2007-2008 rT.), CHCTEMBI
MTO’KapHO-XUMHUIECKHIX CTaHIINH,
00OpYZIOBaHHBIX COBPEMEHHBIMH CPEICTBAMHU

0OprOBI ¢ TmMOXapaMH U BO3TJIABJIIEMBIX
OTIBITHBIMHU CHeLUATUCTAMH JIECHOTO
XO351MCTBA.

PernoHasbHBI  IYHKT  JIHCIIETYEPCKOTO
ynpasnenus (PIIAY) IlerepOyprckoii oGmactu
JelCTBYyeT KPYIJIOTOAUYHO, a Ha

MO’KAPOOIACHBI TIEPUOJT TEPEBOJUTCS Ha
KPYIJIOCYTOUHBIN PeXuM paboThl. B obmactu B
HacTosiiee Bpemsi JeUCTBYIOT 156 Buieokamep,
[IEPEKPHIBAIOIIMX BCIO TEPPUTOPHUIO PETHOHA.

PaccMoTpeHHbIe  BBIIIE  JTOCTHXKCHHS B
Ooppbe  C  JIeCHBIMH  TOXapamMHd B
[TeTepOyprckoii 061acTH CTaH BO3MOXHBIMU B
pe3yJibrate MIPUMEHEHUS COBPEMEHHBIX
TEXHOJIOTHIA W HOBEWIIUX CHUCTEM, KOTOPHIC
MMO3BOJIIIOT ~ CBOEBPEMEHHO  OOHApPY)KHBATh
BO3ropaHusl B Jiecax, n30exKaTh BO3HUKHOBEHHUS
KPUTHYECKHX CHUTYyallMid, COKpaTUTh YIIEpO,
HaHOCHUMEIH MMOKapaMHl U CHHU3HUTH 3aTpaThl Ha
UX JIMKBUAIHIO.
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Until recently, the use of various technical
means was limited due to their high cost and
complexity of operation. Today, the use of
video surveillance for forest monitoring is not
uncommon. From the mid-80s, they began to try
to use video surveillance to solve the problem
of detecting forest fires. The traditional surveil-
lance system using a video camerawas a TV in-
stallation, which included a controlled PTZ
camera (pan, title, zoom - the possibility of pan-
oramic viewing, changing the angle of inclina-
tion and approach of the camera), placed on a
high-rise structure; control panel and television
device located near the mast. The operator
viewed the territory (viewing radius up to 25 km
in clear weather conditions) with the help of
tracking cameras, managed them and analyzed
the incoming video information. Such systems
currently operate, in addition to the Peterburg
region, in several regions of the country.

The costs of such installations were high
enough. In order to acquire and launch an early
fire detection system, huge support was re-
ceived from the government of the Peterburg re-
gion in that time: it was a large-scale and very
expensive project.

However, the economic efficiency of creat-
ing such systems increases every year due to the
following main factors.

The ubiquity of mobile communications, and as
a result, the development of infrastructure
needed for these high-rise structures.

Such high-rise structures, such as the masts
of mobile base stations, are best suited to ac-
commodate video surveillance equipment with
maximum visual coverage (the height of mod-
ern base stations of telecom operators is rarely
below 50 m, and in some cases reaches 80-100
m). The very purpose of such high-rise struc-
tures to accommodate communications equip-
ment involves the deployment of appropriate in-
frastructure: power (the presence of continuous
power), communication (availability of high-
speed communication channels to enable voice
communications and Internet connection (GSM
\ GPRS \ 3G), anti-vandal protection (ensuring
high-rise structures with technical means of
guarding and preventing intrusion.) Besides all
this, high-rise structures used by telecom oper-
ators are constantly located in the tween the
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o HexaBHEro BpeMEHU UCIOJIb30BAHUE
pPa3IMYHBIX ~TEXHUYECKHX CPEICTB  OBLIO
OTPAaHUYCHO M3-32 WX BBICOKOH CTOMMOCTU U
CJI0’)KHOCTH 3KCIUTyaTauuu. Ha ceronHsmHui
JIeHb TPUMEHEHHE BHUACOHAONIONCHUS I
MOHUTOpPHHIA Jieca HE SIBISETCS PEAKOCTBHIO.
Emé c cepemunbl 80-x HaYamud MBITaThCS
HCIIONb30BaTh BHJICOHAOITIO/IEHHUE JUISL
pemeHusl  3aJadd  OOHAPYXKEHHS]  JIECHBIX
M0KapoB. TpaaunronHas cucrema
HaONIIOJIEeHNsI C  TIOMOINBIO  BHIEOKAMEPHI
IpecTaBisiia co00il TeneycTaHOBKY, B COCTaB
KOTOpo#l Bxoawmnu ympasisiemass PTZ-kamepa
(pan, title, zoom — BO3MOXXHOCTH TTAHOPAMHOT'O
OCMOTpa, M3MEHEHHUs yrja HakJIOHA W
npUOIMKEHUST KaMephl), pa3MmelnaecMmas Ha
BBHICOTHOM COOPYKCHHH; IYJIbT yIPABICHUS U
TEJICBU3UOHHOE YCTPOMCTBO, pacloiaraeMble
okono Mautel. Omepatop HOpocMaTpHUBAI
TeppuTOpHi0 (pamuyc o030opa a0 25 KM Ipu
SICHBIX TIOTOJHBIX YCIOBHSX) C IOMOIIBIO

KaMep  CICKEHHs, YOpaBIsl HUMH W
aHAJIM3UPOBAI HOCTYHAIOILYTO
BusieconHpopmanuio. Takue  CHUCTEMBI B
Hacrosimee  Bpems ~— paboTaloT,  Kpome

[TerepOyprckoii obmacTu, eme B HECKOIBKUX
pETHOHAX CTpPaHBI.

CroumocThb MOJOOHBIX YCTaHOBOK
JOCTaTO4YHO Benuka. YToObl mpuodpecTH H
3allyCTUTh B paboTy CcUCTeMy paHHEro
OOHapyXeHHUs M0KAPOB, OTPOMHASI MTOJICPIKKA
B CBOE BpeMs IOJy4eHa OT IIPABUTENILCTBA
[etepOyprekoit o0nacTu: 3TO ObLI
MacIITaOHbBII U OYEHb 3aTPATHBIA MPOECKT.

OpHako 53KOHOMHYECKas 3(PQPEKTHBHOCTH
CO3l1aHMA TOMOOHBIX CHUCTEM BO3PacTaeT C
KaXIIbIM TOJIOM B CBS3H CO CJEAYIOUIMMH
OCHOBHBIMH (haKTOPaMHU.

Toscemecmnoe pacnpocmparnenue MoouIbHOU

ceaA3u, U, KAk  creocmeue,  pazeumue
ungpacmpykmypol HeoOX00UMbIX OISl IMO20
BbLCOMHBIX COOPYIHCEHUIL.

Takue BBICOTHBIC COOPYIKEHHS, KaK MauThl
0a30BBIX CTAHIIUKM MOOMIILHOM CBSI3H, HAHOOJIEe
MIPUCIIOCOOJICHBI JUTSE pa3MenicHus
o0opynoBaHUS BUJICOHAOITIOICHUS c
MaKCHMaJIbHBIM BH3YyaJIbHBIM 0XBAaTOM (BBICOTA
COBPEMEHHBIX 0a30BBIX CTAHIMHA ONEPaTOPOB
CBsi3M penaxo Hmke 50 M, a B HEKOTOPBIX
ciyqasx gocturaer  80-100 wm). Camo
MpeIHa3HAYCHHE TaKUX BBICOTHBIX
COOPYKCHHH JJIs1 pa3MeIeHHsI 000pyI0BaHUS
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back, i.e. it is used for profit therefore con-
stantly maintained in good condition in accord-
ance with all the technical regulations.

The development of the Internet.

Over the past few years, the development of
the Internet in Russia and in other countries of
the world has reached a level whereby high-
speed Internet has become available not only in
large cities, but in almost all locations. This is
facilitated, inter alia, by the program of the in-
ternetization of schools, postal service points
and many other institutions. The Internet is the
lowest-cost and cheapest way to exchange in-
formation over long distances, and it is these
tasks that need to be solved in the case of de-
ploying video surveillance systems over a large
area to ensure continuous monitoring of the for-
est. The cost of high-speed Internet connections
(without traffic restrictions) over the past 5-10
years has decreased by more than 5 times. In ad-
dition to changing the cost, it is necessary to
note a significant improvement in the quality of
Internet communication channels, which allows
us to build systems that are demanding of ser-
vice (quality) on its basis.

The development of video surveillance systems.

In the past few years, there has been a shift
from physical controls to technical means of
monitoring. The main engine of progress in this
direction is the market of security systems and
safety systems, in which there is a massive tran-
sition to video surveillance. Such a transition
makes video surveillance equipment cheaper
and more productive. Only recently, several
technical innovations have appeared on the ci-
vilian video surveillance market that can be
used for forest monitoring tasks (high quality,
remote control, IP connectivity).

Increase of the power and performance of com-
puting.

For effective forest monitoring and detection
of forest fires, it is necessary to develop and im-
plement software systems with broad function-
ality (computer vision, GIS systems, video
streaming, etc.). To perform all these tasks in
real time, computing power is required that has
become available on ordinary PCs only in re-
cent years, namely multiprocessor systems with
a large amount of RAM. In addition, over the
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CBSI3H Mpemnoaaraet pa3BopayuBaHUE
COOTBETCTBYIOIIEH HHYPACTPYKTYPHI: CHIIOBOU
(Hamuwme HEIPEPBIBHOTO MUTaHUS),
KOMMYHHKAIIMOHHOHN (HAaTMYhe KaHAJIOB CBS3U
BBICOKOH  CKOpPOCTH  Aisi  oOecriedeHus
BO3MOXHOCTH rOJIOCOBOM CBSI3U u
TTOIKJTFOYCHHSI B CeTh WHuTepHeT
(TCM\I'TIPC\3I'), aHTHBaHOAIBHON 3aIlUTHI
(obecrreucHue BBICOTHBIX COOpYKeHUH
TEXHUYECKUMH  CPEJCTBAMH  OXpaHbl H

MpeoTBpalieHnss BTopikeHus). Kpome Bcero
3TOTO, BRICOTHBIE COOPYKEHWS, HCIIOJIb3yeMbIe
OmepaTopaMu CBSI3U, MOCTOSHHO HAXOJSATCS B
XO3AHCTBEHHOM 000pOTE, T.€. WCIONB3YIOTCS
JUTST M3BJCUEHUS MPHOBLIN, CIEIOBaTENBHO,
MOCTOSIHHO TIOJICPKUBAIOTCSI B MCIPAaBHOM
COCTOSSHUM B COOTBETCTBUM CO  BCEMH
TEXHUYECKUMU PETIaMeHTaMH.

Paszsumue cemu Unmepnem.

3a mocieHue HECKOJIBKO JIET pa3BUTHE CETH
HNHureprer B Poccun U B Apyrux cTpaHax Mupa
BBIIUIO HA  YpPOBEHb, MpPU  KOTOPOM
BBICOKOCKOPOCTHOM WHTEpHET cTail JOCTyNneH
HE TOJIBKO B KPYIIHBIX F'OPOAAX, HO U IIOYTH BO
BCEX HAaCEJICHHBIX MyHKTaX. Otomy
CrocoOCTBYyeT, B TOM 4YHCIE, MPOrpaMMa
WHTEPHETU3ALMN IIKOJ, IYHKTOB IIOYTOBOM
CBSI3U M MHOTUX JApYTrux yupexiaeHuid. Certb

WurepHer SIBJISIETCS HanboIee
HU3KO3aTpaTHbBIM u JACIICBbIM CHOCOGOM
oOMena  wuH(popMaiuedi  Ha  OOJIBIIMX
pacCTOSHUAX, a WMEHHO TakKue 3aJadd
HE00X0IMMO periath B ciydae

pa3BOpayuBaHUs CUCTEM BUICOHAOIIOICHUS Ha
OOJBIION  TEPPUTOPUM IS OOEcIeYeHuUs
HEMPEepPBIBHOIO MOHUTOPHHTA Jieca. CTOMMOCTH
BBICOKOCKOPOCTHBIX TOJAKIIIOUCHUI B CETh
Wnrteprer (0e3 orpanmuenus Tpaduka) 3a
nocneaane 5-10 et ymeHbImiIachk 6osee 4em

B 5 pa3. Kpome wusMeHeHHS CTOMMOCTH,
HCO6XO)II/IMO OTMETUTH u CYIIECTBEHHOC
MOBBIIIICHHE  KAa4eCTBA  KAHAIOB  CBS3H

WuTepHer, 4TO TO3BOJISIET CTPOUTH HA €ro
OCHOBE CHCTEMBI, TpeOOBaTeNbHbBIE K CEPBUCY
(xagecTBy).

Paszeumue cucmem euoeonabaiooenus.

B mocnenane HECKONBKO JIeT HaOIo1aeTCs
TepeXo]] OT CPEACTB PUINIECKOTO KOHTPOIIS K
TEXHUYECKUM  CPEeICTBAM  MOHUTOPHHTA.
OCHOBHBIM JBUTATEIIEM TIpoOrpecca B OTOM
HaIpaBJICHUU CTAHOBUTCS PHIHOK OXPaHHBIX
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past few years, several software technologies
have been created, allowing to develop and im-
plement high-level systems with minimal costs
in a short time.

The opportunities offered by the present
level of development of science and technology,
together with advanced software developments,
allow us to create truly effective systems for
solving problems of forest monitoring and early
detection of forest fires.

3 Overview of the problem and discussion of
the fire situation in Slovakia

First, there is introduced information on forest
fire situation in Slovakia for the period of pre-
vious seventeen years (2001-2017).

In Tab. 2, there are introduced the data on forest
fire dynamics in Slovakia for the period 2001-
2009.

In Tab. 3, there are introduced the data on forest
fire dynamics in Slovakia for the period 2010-
2017.

Forest fire dynamics is introduced based on
three indicators: number of forest fire, total
burnt area (ha) and average fire extent (ha).
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CUCTEM U CHCTEM 66301’[3.CHOCTI/I, B KOTOpOM

HAONIOAeTCS ~ MAacCOBBI  Mepexo]  Ha
BujicoHaOmoenue. Takoil mepexon aenaeT
o0opynoBaHue  BUACOHAOMIOJACHHUS  OoJee
JIenieBbIM W 0oJice  MPOU3BOIUTEILHBIM.
Tonpko B TOCHeAHEe BpeMs Ha PbIHKE
TPOKIAHCKUX ~ CHCTEM  BH/ICOHAOIFOICHHUS

TOSIBUJICST LEIBIN PSIT TEXHUYECKUX HOBHHOK,
KOTOPBIE MOTYT OBITh UCTIOJI30BAHBI IS 3312
MOHUTOpPHHTa Jieca (BBICOKOE KayecTBO,
BO3MOKHOCTh JWCTAHIIMOHHOTO YIIPABICHUS,
BO3MOKHOCTb TIOJIKIIF0OUeHus 110 IP).

Veenuuenue MowHoCmu u
npous’@odumeﬂbnocmu BbIUUCTUMETILHOLL
MEXHUKU.

st apdexTrBHOrO BeACHUS MOHUTOPHHTA
Jeca ®W OOHapy)KEHHUS JIECHBIX MOXapoB
HeoOXoauMo  pa3pabaTeiBaTh W BHEIOPATH
MPOrpaMMHBIE  KOMIUIEKCHI C  IIMPOKOH
(YHKIIMOHANBHOCTBIO (KOMIBIOTEPHOE 3pEHHE,
I'IC-cuctembl, TOTOKOBOE BHAEO W 1p.). Ha
BBITIOTHEHWE BCEX OTHX 33Ja4 B pealbHOM
BPEMCHU HCO6XOI[I/IMBI BBIYUCIIUTCIIbHBIC
MOIIHOCTH, KOTOPBIC CTaJld AOCTYIHbBI Ha
00b1unbIX IIK TOJBKO B IOCIAEIHHME TOABI, a
MMEHHO MHOTOIIPOIIECCOPHBIE CHUCTEMBI C
OoNbmMM O0BEMOM ONEPATUBHOW TaMSITH.
Kpome artoro, 3a mocienHvie HECKONBKO JIET
OBLI CO3MaH DSl MPOTPAMMHBIX TEXHOJIOTHH,
TIO3BOJISTFOIIIIX B KOpOTKHE CPOKH
paSpa6aTbIBaTb 1 BHEAPATH CUCTEMEBI BBICOKOT'O
YPOBHS C MUHUMAIIEHBIMH 3aTPaTaMHU.

Bo03MOXHOCTH, KOTOpBIE TIPEIOCTABISET
COBPEMEHHBIA ypOBEHb PA3BUTUS HAyKH W

TEXHUKH  COBMECTHO  C nepesIoBbIMU
MPOrPaMMHBIMU ~ pa3pabOTKaMH, MO3BOJISIFOT
co3/laBaTh  JCUCTBHTENLHO  I(PQEKTUBHBIC
CHUCTEMBI JUIS pEIICHHUS 3a7a4 MOHHUTOPHHIA
jJeca W paHHEr0 OOHAPY)KEHUS  JIECHBIX
MOXAapOoB.

3 O0630p mnpobaeMbl u  00CyXKIeHUE

noxkapHoi curyauuu B CjaoBakuu

Bo-nepBbiX, BBOAWTCS HWHPOpPMALUS O
JIECHBIX IMOXKapoB cuTyauuu B ClOBakMM UIs
reproa mpeapaymux cemaaamnaru jaet (2001-
2017).

B Ta0. 2 npuBoasTCS JaHHBIE O JTUHAMHUKE
JecHbBIX MoxkapoB B CioBakuu 3a nepuos 2001-
2009 rr.
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B Ta0. 3, TaM BBeIeHbI JaHHBIE O JUHAMUKE
JIeCHBIX TIo’kapoB B CiioBakuu 3a nepuox 2010-
2017 rr.

Tab. 2 Dynamics of the forest fires occurrence in Slovakia in recent years (2001-2009) [7-15]
Ta6. 2 JTlunamuka ropumocty JiecoB B CrioBakuu 3a nocieanune rojsl (2001-2009) [7-15]

Indicators/ TToka3zarenu Year/T'ox

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Number of fires 311 | 570 | 872 | 153 | 253 | 229 | 463 | 182 | 347
KonnuecTtBo noxapon
Burnt area (ha) 305 | 595 | 1567 | 157 | 524 | 280 | 679 | 118 | 510
I[poiigeno oruem (ra)
Average fire extent (ha)
Cpez[Hsm TUIOMIAAb 113 136 146 130 183 - - 065 150
noxapa (ra)

Tab. 3 Dynamics of the forest fires occurrence in Slovakia in recent years [16-23]
Ta6. 3 Jlunamuka ropuMocty jiecoB B CioBakuu 3a mociieanune rojpl [16-23]
Indicators/ITokazarenu Year/Tox
2010 2011 2012 2013 2014 2015 2016 2017

Number of fires 127 | 303 | 517 | 233 | 153 | 242 | 136 | 162
KonnuectBo IMOKapoB
Burnt area (ha) 192 403 | 1,683 | 270 | 192 | 353 | 175 | 295
I[poiigeno oruem (ra)
Average fire extent (ha)
Cpenss oAb nosKapa 160 | 153 | 320 | 113 | 1.36 | 146 | 1.30 | 1.83
(ra)

From the data presented in Tab. 2 and 3, it is
clear that the critical years in terms of the fire
number but also the total area of the forest af-
fected by the fire were 2003 and 2012.

In 2003, there occurred totally 852 forest fi-
res in Slovakia burning a total area of 1,567
hectares. These fires represent 85.9 % of the to-
tal number of forest industry fires in the same
year. Compared with the year 2002 the number
of fires increased of 232 fires.

In fighting the forest fires 6,310 persons of
the Fire and Rescue Service were involved du-
ring 1,071 interventions and the total interven-
tion time lasted 4,352 hours. Total direct mate-
rial damage represented 990,252.60 EUR, while
the saved property value was 13,243,261.60
EUR.
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W3 nauHBIX, IpeACTaBICHHBIX B 1a0. 2 u 3,
BUHO, YTO KPUTHUECKUH T'OA C TOUYKH 3PEHHS
KaK KOJIMYeCTBa, TaK U O0IIEH MJIO0IIa H JEeCOB,
MOCTPaIaBIINX OT Mmokapa, obu1 B 2003 1 2012
IT.

B 2003 roxy B CnioBakuu Npon30ILIO BCETO
852 necHbIX Okapa, 00IIas MIoNIa b KOTOPhIX
coctaBuia 1567 TrekrtapoB. OTH MOXaphl
coCTaBIAIOT 85,9% OT 001Iero yncia moxapon
B JIECHOM CcekTope B ToM ke rogy. llo
cpaaenuto ¢ 2002 TOOOM  KOJUYECTBO
[10’KapoB YBENNYMIIOCH Ha 232 moxapa.

B 0oppbe c recHbIMH mOXapamH OBLIO
3amefictBoBano 6 310 wuenoBek CiryxObI
Mo’KapHOW M cracarenbHOM B Teuenwne 1 071
BMEIIATENIbCTBA, a o01ee BpeMsl
BMeEIIATEeNbCTBA MPO0KaIock 4 352 vaca.
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As shown by the data of the Slovak Hydro-
meteorological Institute for the last few years,
the summer of 2012 was historically the third
worst since 1871, when temperature measure-
ments are taking place. In that year totally 517
forest fires occurred with area of 1,683 ha. Up
to 53% of fires occurred in March and April.
Five injuries and one casualty were also repor-
ted during the 2012 fire season.

There was no fatal accident; five people
were injured.

Further, we introduce the comparison of the
forest fire situation in Slovakia and the
Peterburg region (Tab. 4). The territory, forest
cover and the share of conifers of the Peterburg
region are comparable to these indicators in
Slovakia (83.9 and 49.0 thousand sg. km,
respectively, 56.0 and 40.8%, 59 and 47%). In
the comparison, there were considered data on
the last 5 - 10 years of the 20th century [1].

Tab. 4 Number of forest fires (1990-2000) [1]

Ta6. 4 KonuvecTBo JecHbIx mokapos (1990-2000) [1]

OO0muit  mpsAMOW  MaTepuaidbHBIA  yIiepO
coctaBun  990,252,60 eBpo, a CTOMMOCTH
COXpaHEHHOW HeaBrkuMocT - 13 243 261,60
€Bpo.

Kaxk moxazamm  mamHple  CloBamkoro
THIPOMETEOPOJIOTHYECKOTO  MHCTUTYTa 32
nocneanuii mepuox, Jyieto 2012 roma ObLIO
HACTOPHYECKH TPETHHUM CaMBIM TeIIbIM ¢ 1871
roga, KOrjla  TPOUCXOAAT  W3MEpEeHHS
TEMIIEPaTyphl. MPOU30IILIO OJTHOE 517 IeCHBIX
mokapoB ¢ twromanesio 1 683 ra. o 53%
[T0’KapoB MPOU3O0ILIO B MapTe U ampene. [T
TPaBM U OJIVH MOCTPAJAABIIUHN TAKKE COOOIIUIT
BO BpeMs MokapoonacHoro ce3ona 2012. Tam
He OBUI0 HHKAaKOW HECYaCTHBIM Ciyd4aldl co
CMCPTCJILHBIM HCX0J0M; IIATHh YCJIOBCK
MOJIyYUIN PaHEHUS.

CpaBHUM TropuMOCTb JecoB B CioBakuu U

[TerepOyprekoit obmacTu. Tepputopus,
JECUCTOCTh M JO0JIA  XBOWHBIX  IOPOJ
JlenoGmnactu COIIOCTaBUMBI c STUMH

nokazareisiMid B CJOBaku# (COOTBETCTBEHHO
83,9 u 49,0 TeiC. KB. kM; 56,0 u 40,8%; 59 u
47%). PaccMOTpUM JaHHBIE MO TOCICIHEMY
10-neruro 20-ro Beka [1].

Country/Region Year/Tox

Crpana/Pernon 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Peterburg region/

Herepbyprekas 805 | 239 | 2436 | 422 | 959 | 1065 | 1048 | 2013 | 215 | 3181 | 489
00acTh

Slovakia/CnoBakus - 142 305 674 366 254 662 535 | 1056 | 751 824

The greatest number of fires (Tab. 4):
o Peterburg region - 1992, 1997 and 1999;
o Slovakia-1998, 1999, 2000 (coincidence in

1999).

The number of fires in Slovakia, as a rule, is
less than in the Peterburg region. The exception
is 1993, 1998 and 2000.

Year 1999 was ayear with the highest
number of forest fires for the decade in the
Peterburg region, in Slovakia it was in 3rd
place.

The highest number of forest fires occured in
Slovakia in 1998.
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HawuGosnbiee kommdyectBo mnoxapos (Tao.

4):

o JlemoOmacts — 1992, 1997 u 1999 rT.;

e ChnoBakus — 1998, 1999, 2000 rr.
(coBnmamenwue mo 1999 1.).

KomuuectBo mnoxapoB B CloBakuu, Kak
MpaBWJIO, MeHbIIe, YeM B JleHoOmacTu.
Uckmouenne — 1993, 1998 u 2000 rT.

1999 rox ObLT PEKOPAHBIM 3a ACCATUICTHC
[0 KOJIMYECTBY MokapoB B JleHoOmactu, B
CrnoBakuu oH ObiT Ha 3-M Mecte. Ha mepBom —
1998 rox.
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Tab. 5 Area burnt by forest fire (ha) [1]

Tab. 5 Inommaap, npoiIeHHas JIeCHBIMHU moxapami (ra) [1]

Country/Region Year/Ton

Ctpana/Peruon 1995 1996 1997 1998 1999 2000
Peterburg region/

HeTep6yprCKaﬂ 00/1aCTh 2,422 2,497 3,074 92 13,884 806
Slovakia/CnoBakwust 557 904 305 595 1,567 157

Maximum fire areas (Tab. 5):
o Peterburg region - 1992, 1997 and 1999;
o Slovakia —1996 and 1999 (match in 1999).

The extent of forest fires in Slovakia is in
several years four times less than in the Peter-
burg region. Exception are years 1991 and
1993.

In year 1999, there occurred highest number
of forest fires in the area of fires in the Peterburg
region and in Slovakia.

Average value of a fire area extent (Tab. 6):
o Peterburg region - 1996 and 1999;

o Slovakia — 1996 and 1999 (match)

Tab. 6 Average value of a fire area extent (ha) [1]
Tab. 6 Cpeansis wiomiaap oHOro noxapa (ra) [1]

Makcumanbhble 1omany mnoxapos (Tao.

5):

o JlenoOmacts — 1992,1997 u 1999 rr.;

e CnoBakust —1996 u 1999 rr. (coBnaneHus B
1999 rr.).

IInomane mecHbIX mokapoB B CIIOBakuM B

JecATKA pa3 MeHblne, 4eM B JleHoOmacTw.
Ucknrouenne —1991 u 1993 rr.
1999 rox ObIT peKOPIHBIM 32 AECATUIETHE TI0
miomany nmoxkapos B Jlenobmactu, 1993 rox B
CrnoBakum.

Cpennsist mwiomans moxapa (Tab. 6):

o JlenoOmacts — 1996 1 1999 rr.;
e CnoBakust — 1996 u 1999 rr. (coBnanenue).

Country/Region Year/Ton

Crpana/Peruon 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Peterburg region/

[TetepOyprekast 564 | 148 |19,527| 377 | 1,465 |2,422|2,497|3,074| 92 |13,884| 806
061acTh

Slovakia/Crnoaxus - 233 - 518 96 85 220 35 32 96 105

The average fire area in Slovakia is also less
than in the Peterburg region. Exception is year
1991.

In Year 1992, there was recorded the largest
average fire area in the Peterburg region. In
Slovakia in year 1991.

Based on the territory of Slovakia and the
Peterburg region, the forest cover and the share
of conifers, the area of coniferous forests in the
Peterburg Region and Slovakia are respectively
27.7 and 9.4 hectares. Thus, the area where
mostly coniferous forests burn in Slovakia is
three times less than in the Peterburg region.
When considering the fact that the fire detection
and control in the period under review were in
Slovakia and the Peterburg Region at about the
same level, then the burning indicators of
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Cpenusis 1wiomanp moxapa B CroBakuu
Takke MeHblle, uyem B JleHoOmacru.
Uckmrouenne —1991 ron.

1992 roa ObUT PEKOPAHBIM 33 JIECATHIICTHE
10 CpeHEeH Iomaau mnoxapa B JleHoOmacTu,
1991 rox — B CiioBakuu.

Ucxons w3 tepputopun CloBakHH H
[TeTepOyprckoii 001acTH, JIGCUCTOCTH U JOJH
XBOWHBIX TOPOJI, IJIOIIAJA XBOWHBIX JIECOB B
[lerepOyprckoii  obmactu u  CrioBakum
COOTBETCTBEHHO paBHBI 27,7 m 9,4 ra. Takum
oOpa3oM, TmIom@anp Hanbojee TOPHUMBIX
XBOMHBIX JiecoB B CIIOBaKMHM BTPOE MEHBILIIE,
yeMm B JlenoOmactu. Eciu mpuHSTE YCIOBHO,
4TO oOHapyXeHHE MOXapoB B
paccMmarpuBaeMblii Tiepuoa U 0oprda ¢ HUMHU
obun B CnioBakuu 1 JIeHOOMacTH Ha IPUMEPHO
OJTHOM YpPOBHE, TO TIIOKa3aTeIH TOPUMOCTH
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coniferous forests in Slovakia should be three
times lower.

However, the number of forest fires in
Slovakia turned out to be only half as much as
in the Russian region. At the same time, the area
of fires was on average 26 times smaller, and
the average area of a fire was 12 times smaller
than in the Peterburg region — Tab. 7.

XBOWHBIX J1ecoB B CIIOBAKMHU HOJDKHBEI OBITH
BTPOE MEHBIIINMHU.

OnHaKo KOJMYECTBO JICCHBIX II0XKApOB B
CnoBakuM OKa3alloCh JIUIIb BIBOEC MEHBIIIHNM,
4yeM B POCCHUHCKOM peruoHe. Bmecte ¢ Tem
IJIOIA/Ib TIOKApoB ObLIa B CpeiHEeM B 26 pas
MEHBIIIE, a CPEIHSS TUIOMIAIb OJTHOTO MOXKapa B
12 pa3 MeHbIIIe 10 CpaBHEHHIO ¢ JICHOOIaCTHIO
—Tab. 7.

Tab. 7 Average forest fire indicators values for period 1995-2000 [1]
Ta6. 7 Cpenuue mokasarelid TOpUMOCTH JiecoB 3a 1995-2000 rr. [1]

Country/Region
Crpana/Pernon

Number of forest
fires/KonuuectBo
JIECHBIX TTOXKapOB

Fire area extent
(ha)/Tlnomanp JeCHBIX
noxapos (ra)

Average fire extent
value (ha)/Cpenusis
WIOIIA b mokapa (ra)

Peterburg region/

1,170 4,078 35
ITerepOyprckas 001acTh
Slovakia/CnoBaxust 557 158 0.3
Thus, with a comparable number of fires in Takum  00pa3oMm, TPH  CPaBHHMOM

two territories, the areas of fires differ sharply.
This suggests the same sources of fires in both
Slavic countries (the anthropogenic factor pre-
vails), but in Slovakia both fire detection and
their elimination were significantly better in
these years.

To decrease the number of forest fires, there
are implemented several preventive measures in
the forests of Slovakia. From April to Septem-
ber, there is provided information on the forest
fire index via the internet page of the Slovak
Hydrometeorological institute on daily basis.

When the forest fire index is high, there is
provided the information on fire danger also via
television. In this time, there are also prohibited
any activities in the endangered forest areas.
Every year, there are provided several infor-
mation campaigns.

To detect the forest fire in the first stages of
propagation, there was launched the Automated
stationary detection system (ASDS) in 2019.

This automated stationary detection system
for early forest fire detection is deployed in
three forest sites:

« High Tatras;
o Low Tatras;
e Zahorie.

These sites are among the key areas with sig-
nificant national wealth of the Slovak Republic
in the form of forests and everything that is di-
rectly and indirectly related to forests.
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KOJIMYECTBE IOXKApOB Ha ABYX TEPPUTOPHUSIX,
IUIOIIA M TIOXKApOB PE3KO pPa3NuyarTcs ITO
FOBOPUT 00  OJMHAKOBBIX  HCTOYHHUKAX
BO3rOpaHMii B 00EMX CJIaBAHCKUX CTpaHax
(mpeobnazaeT aHTPOMOTCHHBIA (aKTop), HO B
CnoBakuM KapAWHAJIBHO Jy4llle B 3TH TOIBI
OBUJIO  OpPraHM30BaHO Kak  OOHapyXeHHe
MOKapoB, TaK U WX JUKBUAALIS.

Jnst  yMeHbIIEHUS KOJMYECTBA JIECHBIX
noxkapoB B Jiecax CJOBaKkuM peaqu30BaHbI
HECKOJIbKO HpPeBEHTHUBHBIX Mep. C ampens 1o
CeHTsOpr Ha  WH(QOPMAIIMOHHOM  caiite
CroBanxoro THIPOMETEOPOTIOTHIECKOTO
WHCTUTyTa NpeAcTaBieHa WHPOpPMaLUs O
WH/IEKCE JIECHBIX TI0XKapOB.

Korna wuHaexkc necHBIX MOXKapoB BBICOK,
uHpopMaLMs O  NOXAPHOH  OMAaCHOCTH
MIPENOCTABISIETCS TAaKXKe 10 TeJeBHIACHHIO. B
3TO BpeMs TaKXkKe 3alpelieHbl BCE BHIBI
JESITEeIbHOCTH B HMCYE3AIOIUX  JIECHBIX
paiioHax.

Kaxapl1il ToJ1 Takke MpoBOAATCA HECKOJIBKO
WHPOPMAIMOHHBIX KaMIIaHUH.

Jis oOHapyKeHHs JIECHOTO TIIOXKapa Ha
MIEePBBIX ATanax pacnpoctpanenus B 2019 roxy
Obu1a 3aryIieHa aBTOMAaTU3MPOBAaHHAS
CTalioHapHas CUCTEMA oOHapyXeHus
(ACHC).

OTa aBTOMATH3WPOBAHHAS CTAllMOHAPHAS
cucreMa  OOHapyXeHusi Uil paHHEro
OOHapyXeHHUs JIECHBIX MOKapOB pa3BepHyTa B
TpEeX JIECHBIX YJacTKax:

o Bricokue Tatpsl;
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ASDS is a technology that has been widely used
in the world for over 10 years and has made a
significant contribution to protecting and saving
forests in countries that use it. Under Slovak
conditions, ASDS allows continuous monitor-
ing of defined areas and shortens the fire detec-
tion time, its exact localization using GPS coor-
dinates and localization on a digital map. As a
result, the ASDS significantly reduces the risk
of large forest fires in the monitored areas and
associated significant damage to the fauna and
flora of the Slovak Republic. Implementation of
ASDS created the conditions for setting up an
effective way of informing the components of
the integrated rescue system, especially the Fire
and Rescue Service, as well as a way of early
warning the population endangered by the fire.

While this system has been launched only in
2017, it is not possible to evaluate its assets pre-
cisely. To do it, we need to have fire data for
several years.

4 Conclusions

The massive introduction of teleinstallations
in the Peterburg Region, the preservation of the
system of fire and chemical stations have en-
sured the early detection of fires in the forests
over the past 10 years and their operational
elimination. Even in years of abnormal weather
conditions, almost all fires are eliminated dur-
ing the first day, the average extent of one fire
does not exceed, as a rule, one hectare.

In the European part of Russia, the creation
of such systems for the rapid detection and elim-
ination of fires in forests is quite possible. The
economic efficiency of creating these systems
increase every year due to the following main
factors:

e The ubiquity of mobile communications,
and, as a result, the development of infra-
structure necessary for these high-rise
buildings;

o Development of the Internet and video sur-
veillance systems;

e Increase the power and performance of
computing equipment.

The opportunities offered by the modern
level of development of science and technology,
together with advanced software developments,
allow us to create truly effective systems for
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o  Huskue Tarpsr;

e 3aropse.

OTH OOBEKTHl SBISIIOTCS OOHHMH U3
KIIOYEBBEIX 00JacTe CO  3HAYUTEIHLHBIM
HallMOHAJIbHBIM 0oraTcTBOM CroBalkon

PecnyOnuku B Buze JIecCOB M BCETO, YTO MPSMO
WJIM KOCBEHHO CBSI3aHO C JIECaMH.

ACJIC - 9TO TeXHOIOTHs, KOTOpas YykKe
6oxee 10 neT MMUPOKO UCIIONB3YETCS B MHPE U
BHECIIa 3HAYMTEIbHBIM BKJIAA B 3alIUTy H
COXpaHEHHE JIECOB B CTpaHaxX, KOTOpHIE ce
HCTIONB3YIOT. B croBamkux ycimoBusix ASDS
MO3BOJISIET  OCYIIGCTBIISATh  HENPEPHIBHBIH
MOHUTOPHUHI OIMPECACICHHBIX 30H U COKpAIlacT
BpeMsi  OOHApyXeHHUs  IOKapa, TOYHYIO
JIOKaJHM3aluI0 C WCIOJIb30BAHUEM KOOpAMUHAT
I'TIC u nokanuzanuio Ha nupoBoil kapre. B
pe3yabTate ASDS 3HaUNTENBHO CHXKAET PUCK
KPYIHBIX JICCHBIX TI0’KapOB B KOHTPOJINPYEMBIX
pailoHaX ¥  CONYTCTBYET 3HAYUTEJIbHBIM
noBpexkAeHUsIM ¢ayHbsl U (aopbl CroBarkoi
PecrryOnmku. Breapenme ACJIC  cozmano
YCIIOBHS JUIs co31anust 3 (HEKTHBHOTO criocoda
UHQOPMUPOBAHUS KOMIIOHEHTOB
WHTETPUPOBAHHOM CHACaTENbHOW CHCTEMBI,
0COOCHHO T0)KapHO-CIIACATENBHON CITY»XKOBI, a
TaKXke Ccrnocod paHHEro MNpeaynpekIcHHs
HaceJIeHHs, KOTOPOMY yrpoXaeT Mmoxap.

Xors 9Ta cuctema OblIa 3aIynieHa TOJIbKO B
2017 romy, HEBO3MOXXHO TOYHO OIICHUTH €€
AKTHUBBI. I[J'IH 9TOI0 HaM HYXHO UMETh NJaHHbIC
0 MOXape B TeUEHHE HECKOJILKUX JIET.

4 3aknouenne

MaccoBoe BHEIpEHUE TEJICYCTaHOBOK B
[etepOyprekoit o0nacTu, cOepexeHne
CHUCTEMBl  TOXAPHO-XUMHYECKHX  CTaHIMH
obecrieunn B TeueHue 10 mocrnemHMX JeT
CBOEBpPEMEHHOE  OOHapyKeHHe B  Jecax
BO3TOpaHH U WX ONEPATHBHYIO JIMKBHUJIAIHIO.
Jaxxe B aHOMaJIbHBIE TIO TIOTOJHBIM YCJIOBHSIM
TOJIBI NpakTHYeCKH  BCe BO3TOpaHUS
JVKBUIUPYIOTCS B TEYEHHE TEPBBIX CYTOK,
CpedHss IUIOMAAb OIHOTO TOXKapa He
MIPEBBIIIAET, KaK MPaBHIIO, OHOTO T'eKTapa.

Ha eBponeiickoii uyactu Poccuu BmoJiHe
BO3MOXHO CO3JIaHHE TOJOOHBIX cucTeM
OBICTPOro OOHAPYKEHHS U JTUKBHIALMN 04aroB
BO3rOpaHWid B  Jiecax. OKOHOMHYECKas
3G ()EeKTUBHOCTh  CO3JIAHUS  ITHX  CHUCTEM
BO3pacTaeT C KaXAbIM TOAOM B CBS3U CO
CJICAYIOIIMMHU OCHOBHBIMH (haKTOpaMHu:
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solving problems of forest monitoring and early
detection of forest fires.

According to the information introduced in
the previous chapters it could be concluded that
number of forest fire depends strongly on
weather, i.e. meteorological extremes, that oc-
curred during the spring and summer season.
But the extent of the area affected by a fire
depends on two basic factors: early detection of
fire and rapid arrival and efficiency of the fire
extinguishing activity, which strongly depends
on the consition and number of available sour-
ces and resources. In Peterburg region and also
in Slovakia, there had been launched the early
fire detection stationnary systems to enhance
the situation in forest fire detection and to shor-
ten the time of arrival of fire-fighting personnel
and resources. Present experience with such
systems as in Russia as in Slovakia confirms the
correctness of the decision to deploy them. Ho-
wever, we were not able to control the number
of forest fires, but the early detection helped us
to localise them on time, to inform the relevant
bodies to deploy necessary sources and resour-
ces to fight them promptly. The result is decre-
ased total forest area affected by forest fire and
amount of damage at all.
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e  TIOBCEMECTHOE pacmpocTpaHeHne
MOOWJIBHOW CBSI3M, U, KaK CIEICTBHE,
pa3Butre HHOPACTPYKTYPHI HEOOXOTUMBIX
JUTSL 3TOTO BBICOTHBIX COOPYKCHHIA,

e pa3BuTHE CceTH MHTepHET U CHCTEM
BUIEOHAOIIOICHU,

e  YBCIUYCHUC MOILHOCTH u
MIPOU3BOAUTEILHOCTH  BBIYHCIUTCIILHOM
TEXHHKH.

e WM JpPYyroil Cpok, koraa B CloBaku# ObLTH

TaK)K€ YCTAaHOBJICHBI BUACOKaMEPbI B
Jecax.
BO3MO)KHOCTI/I, KOTOpBIC TMPEAOCTABIIACT

COBPEMCHHBIH ypPOBEHb Pa3BUTHS HAyKH H
TEXHHKA  COBMECTHO  C  TI€PEIOBBIMH
OpOTPaMMHBIMH  pa3pabOTKaMH, MO3BOJISIIOT
co3llaBaTh  JACUCTBHTENFHO  I(PQEKTUBHBIC
CHCTEMBI JUI PEUICHUs 3aJad MOHHTOPHHIA
Jeca M paHHETO OOHApYXCHUS JIECHBIX
MOXAapOB.

CornacHo HHPOPMAIUH, PEACTaBICHHOH B
NpeABIIYIINX TJIaBaX, MOXHO CJEJaTh BBIBOJ,
YTO KOJIMYECTBO JICCHBIX TI0KAPOB CHIIBHO
3aBUCUT oT TIOTOIBI, TO ecTb
METEOPOJIOTHYECKUX IKCTPEMYyMOB, KOTOpBIE
NPOU30LLIM B BECEHHUN U JeTHUM ce30H. Ho
CTETIeHb BO3ACHCTBHS MOXKAapa 3aBUCHT OT JIBYX
OCHOBHBIX (DaKTOpOB: paHHEro OOHAPYKEHHUS
mokapa W OBICTPOTO  TPHUOBITHS |
3¢ (HEKTUBHOCTH JEATEIBHOCTH IO TYIICHHUIO
noxapa, KOTOpas CHJIBHO 3aBUCHT  OT
KOJIMYeCTBA W KOJWYECTBA  MMEIOIIMXCS
UCTOYHUKOB M pecypcoB. B IlerepOyprckoit
obmacty, a tarke B ClioBakuM OBUTH HAYaThI
paHHHE CHCTeMBl OOHapyXeHHs HOXKapa,
HalpaBjeHHbIE HA YIy4IICHWE CHUTYallMHd C
oOHapyXeHUEM JICCHBIX MO’KapoB u
COKpaIlleHHe BPEMEHH MPUOBITUS TIEPCOHANA U
pecypcoB Juis TymIeHHs MOXapoB. ONbIT
paboThl ¢ TakuMH chcTeMaMu, kak B Poccun,
Kak U B CnoBakuu, MOJTBEPKIAET
MPaBHJIBHOCTh PELICHHS O MX Pa3BePTHIBAHUHU.
OmHako MBI HE CMOTIM KOHTPOJIUPOBATH
KOJIMYECTBO JIECHBIX IOXKApOB, HO paHHEe
oOHapyXeHHe MMOMOTJIO HaM CBOEBPEMEHHO UX
JIOKaJIN30BaTh, uH(popMHPOBATH
COOTBETCTBYIOIIME OPraHbl 0 HEOOXOJUMOCTH
pa3BepThIBaHUS HEOOXOJUMBIX HCTOYHHUKOB H
pecypcoB ansi ux OblcTporo pearupoBanus. B
pe3yJibTaTe yMEHbIIaeTcsl oOmasi IUIomaab
JIECOB, 3aTPOHYTHIX JIECHBIM TOXAapoOM W
KOJIMYECTBOM yiepOa BoooOIIIe.
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Abstract

The Arctic zone of the Russian Federation holds significant mineral wealth. However, the development of hy-
drocarbon resources involves natural and industrial harms and hazards such as high air humidity (90%), strong
wind (up to 25 m/s), air temperature of -70°C, as well as fire and explosion hazardous environment, toxic and
harmful substances, increased noise, and vibration. The article addresses workplace conditions for oil and gas
production operators in an oil and gas company located in the Arctic zone. A special focus of such conditions is
on personal protective equipment (PPE). 10% to 15% of all fatalities are the result of lack, failure to use, or tech-
nical faults of PPE. The article addresses organisational and technical solutions aimed at controlling the use of
personal protection for the head, which is a safety helmet by employees. The device helps to record cases of
failure to wear the safety helmet transparently and transmit this information for processing to the dispatcher. The
article reviews ways of adding technical gear to PPE to control employees in various industrial environments to
prevent any safety non-compliance.

Keywords: Occupational Safety and Health; smart PPE; industrial safety helmet; Arctic zone; accident.

1 Introduction 1 Beenenne

The analysis of the meteorological infor- AHanu3 METeOPOIOrHIeCKO MHPOpMALHH
mation on temperatures in Russia's Arctic re- 0 TCMIIEPATypHOM pPEKHUME B pPEruoHax
gions revealed that probable temperature con- ApKkrrdeckoil 30HEI Poccum moKasan, d4To
ditions are as low as -70°C [1]. Other natural BEPOSITHBIMU  TEMIICpaTypamMy MPeObIBaHUS U
and industrial harms and hazards for oil and KHUHCACATCIIBHOCTH ~ HCJIOBCKA  SIBJISIOTCS
gas companies include: high air humidity Temnepatypsl, pocruraet -70°C [1]. ITomumo
(90%), strong wind (up to 25 m/s), fire and 9TOro, OMNACHBIMH W BPCIHBIMH MPUPOIHO-
explosion hazards, as well as toxic and harmful ITPON3BOJCTBEHHBIMH thaxropamu it
substances [2]. Additional issues are caused by He(TEra30BbIX KOMIAHUI SBIISIOTCS: BBICOKAs
icing of equipment external surfaces, floor BIaXHOCTb Bo3nyxa (90 %), cuimbHbIl BeTep
surfaces in the work areas and stairs, noise, (mo 25 Mm/c), MOKapOB3PLIBOOIIACHBIE YCIIOBHS,
vibration of production equipment, and a long TOKCHYHBIC ¥ BPEIHbIC BelecTsa [2].

polar night. Exposure to natural and industrial
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harms and hazards lay ground for occupational
diseases, injuries, and emergencies. The last-
inch protection for employees at oil and gas
companies is personal protective equipment.
However, its use in the Arctic zone is less ef-
fective due to increased discomfort during use.
Let us consider the case of NOVATEK -
Yurkharovneftegaz company, a major subsidi-
ary of PAO NOVATEK. It employs about
1,000 people, including 800 workers. Oil and
gas production operators are most exposed to
industrial risks. The noise exposure during the
operation of compressor units reaches
100 dBA (with the maximum allowable level
(MAL) of 80 dBA). It should be mentioned
that with industrial noise intensity of 85 dBA,
occupational sensorineural hearing loss is di-
agnosed in 5% of employees, while with indus-
trial noise intensity of 90 dBA, 100 dBA, and
110 dBA, this figure is 10%, 12%, and 34%,
respectively [3].

During a work shift, an oil and gas produc-
tion operator exercises remote control of com-
pressor units, moves across the industrial site,
and exercises visual control of equipment op-
eration in  machine halls (Fig. 1).
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JloTIOTHUTENBHBIE TIPOOJIEMBI BBI3BIBAIOTCS
obneneHeHneM (HapyXHBIX TOBEPXHOCTEH
000pyZOBaHMsI, MOBEPXHOCTH IMojia paboumx
30H, JIECTHHUI[), LIYMOM H BHOpaIUsIMH
MIPOU3BOJCTBEHHOTO
000pyIOBaHUS, IPOJIOJKUTEIBHON  ITOJISIPHOM
HOYbI. Bo3neiicTBHe OMAaCHBIX W BPEIHBIX
MPUPOAHO-TIPOU3BOJCTBEHHBIX ¢bakxTopoB
CO3JIaeT MPEANOCHUIKU AJsl BOZHUKHOBEHHS W
pa3BuTHA MNpOodecCHOHANBHBIX 3a00JeBaHUH,
TpaBMaTH3Ma U aBapPUHUHBIX CUTYaIIHH.

[Mocnenquum pyOeskoM 3amuThl paOOTHUKOB
HedTera3zoJ00bIBAIOIINX MpeanpusITHI
SIBJISTFOTCS cpencTaa VHIWBUIYaTbHOM
3amuThl. OJHAKO B YCIOBUSX ApPKTHYECKOM
30HBl HMX TPHUMEHEHHWE CHWXKAeT CBOIO
3¢ (HEeKTUBHOCTH u3-3a MIOBBIIIICHHOTO
muckomdopra npu npuMeHeHur. OmHUM U3
MIPUMEPOB TOJAO0HBIX TPEANPUATHI SBISICTCS
KOMIIaHUS 000 «HOBATOK -
IOpxapoBHedTeras», kKoTopas SBISETCS OTHUM
U3 KPYMHEHIINX AOYEPHUX Ta30700bIBAIOIINX
JOOBIBAIOIINX MPEIIPUATHI
I[TAO «HOBATOK». Ha stom mnpeanpustuu
Tpyasarcs okono 1000 dermoBek, U3 KOTOPHIX
800 Ha paboumx crenuanbHOCTIX. Haubonee
MOJIBEP)KEHHBIM TIPOU3BOJICTBEHHBIM PUCKAM
sBIISieTCsT  mpodeccust  omeparopa  JI0OBIYH
HehTH ¥ raza. [Ipm paboTe KOMIIPECCOPHBIX
YCTAaHOBOK YpPOBEHb IIIYMOBOTO BO3ICHCTBHSA
nocturaer 100 nbA (mpenenbHO—I0ITyCTUMBIH
ypoBenb (ITAY) myma cocraBmsier 80 nbA).
CTOUT OTMETUTh, YTO TNPH HHTEHCUBHOCTH
MIPOU3BOJICTBEHHOTO uryma B 85 nbA
npodeccuoHabHas HelpoceHcopHas
TYTOyXOCTh BBIABISETCS Y 5% paOOTHHUKOB,
mpu 90 — y 10%, opu 100 — y 12%, npu 110
nbA —y 34% [3].

B Teuyenne paboueil CMeHBI oOmepaTop
no0buM  HeTH M Tra3a  OCYIIECTBISET
NYCTAHIIMOHHBIN KOHTpPOJIb paboThI

KOMIIPECCOPHBIX YCTAHOBOK, IEPEIBHUIACTCS
10 TEPPUTOPUH TIPEANPUATHS U OCYLICCTBIISCT
BU3YaJIbHbI KOHTPOJIb pab0Thl 000PYI0BAHHUS
B MalMHHbIX 3aiax (Puc. 1).
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Fig. 1 Workplaces of an oil and gas production operator: a) industrial site, b) operator's room, ¢) ma-
chine hall
Puc. 1 Paboune MecTa omeparopa 100bIYr HEPTH U ra3a: a) TePPUTOPHS IPEATPUATHS, D)
orepaTopHasi, C) MalllMHHBIH 3aJ1

The oil and gas production operator's duties
include equipment inspection every two hours
during a work shift. It means that half of
his/fher work time, the operator stays outside.
The Yurkharovskoye oil, gas, and condensate
field is situated in the Arctic zone where winter
lasts nine months with an average temperature
of - 41°C [4,5]. Sound levels measured in the
oil and gas production operator's workplace in
2016 are summarised in  Tab. 1.

B oOs3anHOCTH omeparopa MO A00bIUE

He(TH W Taza BXOAUT OCMOTP OOOPYAOBaHHS
Kaxaple 2 daca paboueil CMEHBI, TaKUM
o0pa3oMm, TIOJOBHHY pabodero BpeMEHH
MPOXOJIUT BHE TOMEUIEHUM.
IOpxaposckoe HedTera3oKoHIeHCaTHOE
MECTOpPOXKACHHUE PacIonoKeHo B
ApPKTHYECKOH 30HE, TI€ MPOIOKUTETFHOCTD
3UMBI COCTaBIsieT 9 MecsIeB CO CpenHe
temmeparypoii - 41 °C [4,5].

PesynbpraTel U3MepeHUss ypOBHEH 3ByKa Ha
pabouem Mecte omepaTopa M0OBYM HEDTH H
raza, mnpousBeaeHnelie B 2016  rony,
npeacrasieHsl B 1a0. 1.

Tab. 1 Noise level in the oil and gas production operator's workplace
Ta6. 1 YpoBeHb 3ByKka Ha pabodeM MecTe orneparopa J00bIYr HEQTH U ra3a

Workplace / Pagouee mecTo

Sound level (dBA)
/ YpoBeHb 3ByKa,

Exposure time (h) /
Bpems Bo3aeiictBust (1)

(nBA)

Operator's room / OnepatopHast 55 3
Machine hall 1 / Mamuassi 3am1 Nel 98 0.3
Machine hall 2 / MammaHsIit 3am Ne2 100 0.2
Machine hall 3 / Mamunssii 3am Ne3 89 0.2

Industrial site / Teppuropus 85 5

PEANPUATHS

Employees receive such head and hearing
protection as a winter fur cap with ear-flaps, a
safety helmet, headphones, and ear plugs. The
survey of the convenience and effectiveness of
the use of such personal protective equipment
among operators showed that a safety helmet
could be worn with a winter fur cap, but head-
phones had low efficacy in that case. Employ-
ees leave their safety helmets behind
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Jlis  3amuThl  TOJOBBI W OPraHoB CiyXa
pabOTHUKY BBIAIOTCS CIEAYIOIINE CPEICTBa
VHAVBUIYALHOW 3alllUThI: MEXOBas IIarKa-
yIIaHKa,  3allUTHAas  Kacka, TOJIOBHBIC
HayITHUKA " VIIIHEIE BKJIAJIBIIIIH.
[IpoBeneHHslld Ompoc omepaTrop Ha MpPeaMET
ynobctBa ¥ 3(h(HEKTUBHOCTH HCIIONB30BAHUS
IMOI00OHBIX CPEJICTB MHIANBUIYAILHOW 3aIIUATHI
MOKa3aJ, YTO OJHOBPEMEHHOE HCIIOJIb30BaHUE
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when they move across the industrials site
which is non-compliance of occupational
health and safety. When inspecting equipment
in the machine hall, employees take off their
fur winter cap with ear flaps and put on a safe-
ty helmet with protective headphones. But it
should be mentioned that the air temperature in
the machine hall can be as low as -10°C, which
makes it uncomfortable to stay there without
fur winter caps on. Therefore, it can be con-
cluded that the employees of this company
need a better choice of convenient and easy-to-
use personal protective equipment, which use
should be controlled on a regular basis.

The choice of devices to control the use of
head protection, i.e. a safety helmet, is not that
wide. Firstly, it includes visual contact with an
employee who has relevant functions or con-
trol by workmates [6-8]. Very often, we must
rely solely on the conscientiousness and in-
stinct of self-preservation of a employee [9].
But current technologies offer several solutions
and one of them is the use of video surveil-
lance systems and automatic recording of vio-
lations. But both have their faults. For exam-
ple, they miss a significant portion of infor-
mation on offenders as a safety specialist (or
even more than one) cannot be simultaneously
present at all sites where a safety helmet must
be worn [10]. Furthermore, video material
processing, even using computer logics for
video data arrays, is a rather costly and techni-
cally complex process. As a result, some im-
portant information on offenders slips away
[11-13].

Therefore, a very relevant challenge is to
develop a set of organisational and technical
measures aimed at improving work culture,
reducing an injury rate and minimising condi-
tions for occupational diseases of oil and gas
production operators at industrial sites in the
Arctic zone through the proper control of PPE
use.
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3aIIUTHON KAaCKH U IIANKH-YIIaHKA BO3MOXHO,
HO TIpH OSTOM TPHUMCHEHHWE HAYyIIHUKOB
CTaHOBHUTCS Manod(pGeKTHBHBIM. PaboTHUKH
CTaparoTCsl He OZEBaTh 3ALIUTHYIO KacKy HpH
MIePE/IBIKCHNH 110 TEPPUTOPUH TPEIIPHUITHS,
YeM HapyIIaloT HpaBHWia OXpaHbl Tpyna. [Ipu
ocMOTpe 00OpyIOBaHUS B MAIIMHHOM LiEXe
OHM CHHMMAIOT INANKy-yIIaHKy W OJEBAlOT
KacKy C 3alIMTHBIMH HayIIHHKamu. OmHaKo
CTOUT OTMETUTbh, YTO TEeMIIepaTypa BO3IyXa B
MAIlIMHHOM II€Xe MOXET oIyckaThes 110 -10°C,
9T0  JenmaeT  KpailHe  JAUCKOM(OPTHBIM
HAXOXKICHUS B TAKOM MOMEIICHUN 0e3 IIamKu
ymaHki. Takum o0pa3oM, MOXKHO cIenaTh

BBIBOJ, YTO JJs pPaOOTHUKOB JIAHHOTO.
TIPEAMTPHUSTHS HEOOXOANMO Oonee
BHUMATEJILHO  NOJA00paTh  yAOOHBIE B

UCTIONB30BAaHUU  CPEICTBA WHIVBHIYAJIHHOM
TOJIOBBI M O0ECIeynTh  KOHTPOJb  HX
NPUMEHEHUS.

CymiecTByeT He TaKk MHOTO CPEICTB st
KOHTPOJISI HOLIIEHHSI CPE/ICTB 3AIIUTHI TOJIOBBI —
3aIlIMTHOM Kacku. B mepByr odepenp 3TO
BU3yaJbHBIA ~ KOHTakKT ¢  pPaOOTHHUKOM
KOHTPOJHMPYIOIINX CIY)X0 WIH KOHTPOJIb
koyuter [6-8]. YacTo ommpaThCs MPUXOIUTCS
JWIIL HA  CO3HATENLHOCTH W YYBCTBO
camocoxpaneHne y pabornuka [9]. Tak
COBPEMEHHBIC TEXHOJIOTHU TIPEUIararo  psi
pemennii. OAHO W3 HUX — 3TO KOHTPOJIb C
MOMOIIBI0  CHUCTEM  BHICOHAONIOACHUS W
aBTOMaTH4YecKOW (ukcanmy HapymeHus. Ho,
KaK U TepBOE CPEACTBO, TaK U BTOPOE MMEIOT
HEJIOCTaTKH, HarpuMep, yIycKaeTcst
CYIIECTBEHHass  4acTb  uHpopMamuu O
HapYIIUTEISIX B CBS3M C HEBO3MOXKHOCTD
OJTHOBPEMEHHOTO HAaXOXK/ICHHs CIIeUauCTa
(Mmu maxke HECKOJIBKO) TI0 OXpaHe Tpyla BO
BCEX IMOMENICHUSX WM IUIOLIAJKaxX, T
Tpebyetcs nomenne kacku [10]. Kpome Toro,
o0paGoTka BHUjcOMaTepualia, JaXke eClU
HCHONB3YIOTCSI ~ CUCTEMBl  KOMIIBIOTEPHOM
Joruku ans  oOpaOOTKM MaccuBa BHJEO
JAHHBIX BEChMa 3aTPaTHBIH M TEXHUYECKH
CIIOKHBIA  mpomecc. WM Kak  pe3ynbrar
yCKOJNb3aeT  BaHas  uH(popMauus 0
HapymmTessx [11-13].
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2 Material and Methods

To control the use of personal head protec-
tion, which is a safety helmet, it is proposed to
combine it with a system designed to control
its use. When developed, this technical device
will enhance human safety in the workplace
using a transparent intellectual support system.

The review of similar devices shows that
there is no equivalent intellectual personal
protective equipment. We are aware of a safety
helmet design (patent US # 5603117 A, pub-
lished on February 18, 1997) including a safety
helmet with a size-adjustable internal gear
system. It also includes a safety face shield for
users and a communication headset. The head-
set supports communication between users
connected into a system. Structurally, the use
of head protection (safety helmet) can be con-
trolled with an inbuilt headset through verbal
contact.

We know of a system combining a safety
helmet and a communication system (patent It
consists of a safety helmet and an attached
communication system with a headset to con-
nect several users in a network. The system
supports information exchange by users locat-
ed at a significant distance from each other and
in conditions that make communication diffi-
cult.

We know of Nand Logic Smart Helmet, a
"smart" helmet" for people going in for ex-
treme sports. It consists of a safety helmet and
an inbuilt electronic device. The electronic
device contains many modules such as wireless
Bluetooth connection, a GPS receiver, SD-card
slot, stereophonic speakers, a battery, cameras
to record visual environment around the user,
an accelerometer, a gyro sensor, light, tem-
perature, and humidity sensors, as well as
LEDs for information display.

There is a safety helmet with electronic
protection (patent RF # 2438539, published on
January 10, 2012) which contains a shell with
hard outer casing, hard inner casing attached to
the outer casing with a cavity in between, a
structure that absorbs any impact between the
internal casing and the user's head when the
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CreoBaTeIbHO, paszpaboTka
OpPTaHU3AIMOHHO-TEXHUYECKUX MEPOTPHUATHH,
HaIpaBJICHHBIX HA TOBBIINICHUS KYJIBTYPBI
TPyJa, CHUXKCHHS YPOBHS TpaBMaTu3Ma H
CBEJICHHE K MUHIUMYMY YCJIOBUH U pa3BUTHUS
podeCCHOHANTLHBIX 3a00JIeBaHMI omepaTopa
J00buM He()TH U ra3a Ha MPOHU3BOJCTBESHHBIX
00BEKTaX apKTHYECKOW 30HBI ITyTeM KOHTPOIIS
MPUMEHEHUSI  CPEeICTB  WHANBUAYATHbHOU
3alUTHl  SIBISETCS  BECbMa  aKTyallbHOM
3a7a4yei.

2 MaTtepuaJbl U CIOCOOBI

Jnd  KOHTpoJss ~ HOWIEHHUS  CPEACTBa
WHIMBUIYaIbHON 3alIMTHl TOJOBBI — KAaCKU
mpenjaraeTcss OOBEAWHHTH C  CHCTEMOWM
KOHTpoyst e€ Wucmonb3oBaHus. Pa3paborka
TAKOTO TEXHUYECKOTO YCTPOHCTBA IO3BOJHT
MMOBBICUTH ~ O€30MacHOCTh  4YelloBeKa  Ha
MIPOU3BOJICTBE C TIOMOIIBIO TpPaHCHAPEHTHOU
CHUCTEMBl  MHTEJJIEKTYalbHOM  MOAJEPKKH.
O030p aHAJOTHYHBIX YCTPOWCTB TOKAa3bIBACT
OTCYTCTBHE aHaJIoroB B obnactu
VHTEIIEKTYa bHBIX CPEICTB WHANBHUIYAITEHON
3amuThl. M3BecTHA KOHCTPYKITUS KOHCTPYKIIHS
3amuTHON Kacku (mateHT US Ne 5603117 A,
US #5404577 A, published on April 04, 1995).
omy6m. 18.02.1997), xoTopasi BKIIOYaeT camy

KacKy € PperylupyeMoil 1o pa3Mepam
II0JIb30BATEIIS CUCTEMOM BHYTPECHHEH
ocHacTku. Kpome Toro, B  JaHHYIO

KOHCTPYKIIMIO BXOJMWT 3alllUTHasT Macka Jyist
JUIA TOJB30BATENsl U MEPEroBOpHAsl CUCTEMA
TUNA TapHUTypa. [apHUTypa MO3BOJSET
OCYLIECTBIISTh KOMMYHUKAIUIO
[0JIb30BATENEH, COEIUHEHHBIX B CHUCTEMY.
KOHCTpYKTUBHO  KOHTPOJIb  MCIOJIB30BaHUS
II0JIB30BATEJIEM CPEIACTBA 3AIUUTHI I'OJOBBI —
KACKH MOXET OCYIIECTBIIATHCS C IOMOILBIO
BCTPOCHHOW TapHUTYPHI IyTeM BepOaIbHOTO
KOHTaKTa.

U3BecTHa COBMEIICHHAS cucremMa
3aIIUTHOM KacKU U CHCTEMbl KOMMYHUKALIMU
(marent US No5404577 A, omy6m. 04.04.1995).
JlaaHasi cucremMa COCTOMT M3 CaMOM 3aIllUTHOM
KacKM M Kpersencss B €€ KOHCTPYKTHBE
CUCTEMBl KOMMYHHKAIIMH C TapHUTYPOH,
KoTOpad MO3BOJISIET 00BETMHUTE B
KOMMYHUKAITUOHHYIO CE€Th HECKOJIBKO
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safety helmet is on, and an integrated electron-
ic system which contains a microphone and a
loud-speaker in the specified cavity of the sub-
system.

However, the user's safety can be improved,
and technical means of safety helmet use con-
trol can be developed with a design consisting
of a safety helmet and automatic operation
control. The device is attached to the external
backside of the safety helmet. It helps to auto-
matically control compliance with the rules for
safety helmet operation (use) at the industrial
site.

3 Results and Discussion

The safety helmet with automatic operation
control consists of a safety helmet shell 1 (Fig.
2) and additional elements attached thereto.
Internal frontal and side surfaces of the safety
helmet shell (1) are equipped with rigidly fixed
LEDs (6) (Fig. 3). LEDs (6) are connected to
the connector pin (10) on the support assembly
(7) by conductors (5). The connector pin (10)
of the support assembly is connected to the
connector pin (10) of the device (3) to supply
electrical driving voltage to the LEDs (6).
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MOJIb30BaTENCH. Cucrema MMO3BOJISIET
00OMEHUBATHCS WH(pOPMAIIHEH IT0JIb30BaTENISIM,
HaxONAIIMMCS Ha 3HAYUTEIBHOM yJaJCHUHU
JIpYyT OT Apyra ¥ B YCIOBUSX, 3aTPYAHSIIOLIUX
OCYIIECTBJICHUSI KOMMYHHKAIIHH.

Uzsecten «Nand Logic Smart Helmet» -
«YMHBII» LIJIEM [JIs JIOJEH, 3aHUMArOIINXCS
SKCTpEMaJbHBIMH BHIAMHU criopTa. JlanHas

KOHCTPYKIMSI ~ COCTOMT W3  KAaCKH W
YCTAaHOBJICHHBIM B HEH  AIICKTPOHHBIM
YCTPOMCTBOM.  DIEKTPOHHOE  YCTPOMCTBO

COJIEPKUT MHOXKECTBO MOJYJCH, TaKuX Kak
OecripoBogHol cBsa3u  Bluetooth; mpuémuuk
HaBuTamuoHHOM cucteMsl GPS; cior mims SD-

KapThl; cTepeoOHUIECKHUE JTUHAMUKHY;
aKKyMyJIiTOpHas ~ OaTapesi, Kamepbl  Uis
CbEMKHM BU3yaJbHOM OOCTAHOBKH BOKpYT

BJIaJIeIIbIIa, AKCEIIEPOMETP, THPOCKOII, JaTYUKN
OCBEIIEHHOCTH, TEMIIEPATYPhl U BIAXHOCTH, a
TaKXe CPeJCTBEe OTOOpaKeHHs WHPOPMALIUH -
CB€TOAUOAHBIC MHAUKATOPLI.

W3BecTeH wmuieM C 3JI€KTPOHHOM 3alIUTOU
(marent PO Ne 2438539, omy6n. 10.01.2012),
KOTOPBIA  COJOEPKHUT  KOPIYC, HMEIOIIUI
KECTKYI0 HapyXHYI0 OO0OJOYKY, >KECTKYIO
BHYTPCHHIOIO O000JIOUKY, NPUKPEILICHHYIO K
HapY)XHOH 000J104YKe ¢ 00pa30BaHUEM MEKIY
HUMH TIOJIOCTH, W TOTJIOMAIONIYI0 YAaphl
CTPYKTYPY, PacIOIOKEHHYTO MEXTy
BHYTPEHHEH obooukoi u rOJIOBOM
[OJIb30BaTENIL  IPU
HHTETPUPOBAHHYIO

HaJeToM IjieMe, |
ANIEKTPOHHYID  CUCTEMY,
KOTOpas COJIEPIKUT MUKPOQOH u
TPOMKOTOBOPUTEIh ¥  PACIONIOKEHHBIC B
YKa3aHHOMU MOJIOCTH MOJACUCTEMBI.

Oxuako MTOBBIIIIEHUE 0e30ImacHoCTH
MOJIb30BATENsl M CO3JIaHHE TEXHUYECKOTO
CpelncTBa KOHTPOJIA MIPUMEHEHUS
o0OecrieunBaeTcsi CO3/IaHUEM  KOHCTPYKIIVH,
COCTOSIICH M3 caMOM 3allUTHON KacKu H
YCTPOMCTBA  ABTOMATHYECKOTO  KOHTPOJIS
JKCIUTyaTallil.  YCTPOWCTBO KPEMUTCS Ha

TBUILHOM CTOPOHE 3allUTHOM Kacku, C €€
BHEIIHEH CTOPOHBI. YCTPONCTBO ITO3BOJISIET
ABTOMATHYECKH KOHTPOJIMPOBATH COOJIIOCHHE

OpaBWI  JKCIUIyaTauud  (MCIOJIB30BAaHUS)
3alUTHON KAacKHu MOJIB30BATENS Ha
IIPOU3BOJCTBE.
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3 Pe3yabTaThl u 00CyKIeHUE

3amuTHAs Kacka c YCTPOMCTBOM
AaBTOMATHYECKOI0 KOHTPOJS 9IKCIUTyaTaIlln
coctouT u3 kopmyca kacku 1 (Puc. 2) m
JOTIOJTHUTENBHBIX AJIEMEHTOB, 3aKPEIIEHHBIX

Ha JaHHOM Kopnyce. Ha  BHyTpeHHHX
¢poHTanbHOW ¥ OOKOBBIX IOBEPXHOCTSIX
Kopmyca Kackh | JKECTKO  3aKperuIeHBI

ceeromuoasl 6 (Puc. 3). Ceerommombl 6 ¢
IIOMOIIBI0 TIPOBOJHUKOB 5 COENWHEHBI C
KOHTaKTaMu pazbéma 10, KOTOPBII
pacrionoxkeH Ha JoxemeHTe 7. KoHTakTHBIN
passém 10  7okeMeHTa  HAXOAUTCS B
COCIMHCHUH C KOHTaKTHBIM pazbémom 10

ycTpoiicTBa 3, 4ro oOecreuuBaeT IMojaady

ANEKTPUIECKOTO YIPABISIONIETO HAPSIKSHHS
Ha CBETOOUOILI 6.

Puc. 2 OOmuuii BUJI 3aIMTHOM KaCKH C YCTPOHCTBOM aBTOMAaTHYECKOT0 KOHTPOJIsi. Bua cOoky.

Fig. 3 General view of the safety helmet with automatic control. Top view.

Puc. 3 O0muii Buj 3aIMTHON KacKH ¢ YCTPOWCTBOM aBTOMAaTH4ECKOro KOHTpousl. Bun ceepxy.

The support assembly (7) for quick mount-
ing and fixation of the device (3) is rigidly
secured to the external backside of the safety
helmet shell. The support assembly (7) and the
body of the device (3) are made of durable
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Ha xopmyce Kkacku, C TbUIBHOM BHEIIHEH
CTOPOHBI, >KECTKO 3aKpeIUIeH JIOXKEMEHT 7,
o0ecreYnBalOINK ONEPaTUBHYIO YCTaHOBKY U
¢ukcanuio ycrpoiictBa 3. JloxemeHT 7 u
KOpIlyC ycTpoiicTBa 3  HM3TOTOBJICHBI U3
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plastic. The body of the device (3), shell of the
safety helmet (1) and support assembly (7)
have matching access holes to output light
from the LEDs (6) to the photoelectric receiver
(4).

The device functions as follows. The first
sensor group consists of optoelectronic sensors
and controls whether the user's head is in the
safety helmet. The second sensor group pre-
vents the user from falsifying the use of his/her
safety helmet and is a motion sensor, an accel-
erometer.

During operation, the device records tempo-
rary parameters for safety helmet use and ena-
bles to identify a user disregarding the rules.
Whenever necessary, the device can be
equipped with additional modules to expand its
functions.

This design is easy to manufacture on a
large-scale as a universal free-standing unit
mounted on the external surface of a safety
helmet of any design with a support assembly
combining the safety helmet and automatic
control device into a single system.

4 Conclusions

According to statistics, 10% to 15% of all
fatalities in Russia are the result of lack of, to
use, or technical faults of personal protective
equipment. Incorrect choice and misuse of PPE
cause 30% of all chronic occupational diseases
[14].

One of the ways to improve current PPE
provision and use controls is to install sensors
to record the period and nature of use. The
focus is on monitoring the use by employees of
personal head protection, namely a safety hel-
met.

The practical value of this solution for facil-
ities in the Arctic zone is improved occupa-
tional health and safety, reduced injury and
occupational disease rate.
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MPOYHOTO TUIACTHKAa. B Koprycax ycTpoiicTBa
3, Kacku 1 W B JOKEMEHTE 7 BBITIOJHCHBI
TEXHOJIOTHYSCKUE OTBEPCTHSI  COBIAAIOIINEC
Ipyr € APYroM M OO0ECHEeYMBAIOIIUE JOCTYII
CBETOBOI'O IOTOKA OT CBETOJUOJOB 6 K
(hotonpuéMHuUKy 4.

YcTpoicTBO paboraer CIEAYOLINM
obOpaszom. llepBas rpymma [gaTYNKOB —
ONTORJIEKTPOHHBIE JATYHKH, KOHTPOIHPYET

HAJIMYME TOJOBBl IONB30BATENII B Kacke.
Bropas rpymma [1aTYMKOB HE TO3BOJISET
MOJIH30BATEIIO (hanbcudunpoBats eé
NPUMEHEHUS] U TPEACTaBIsET COOOH AaT4nK
JBUraTeJIbHON aKTUBHOCTH — aKCEJIEPOMETD.

B nmponecce 3kcmyaTanuu  yCTPOMCTBO
3aIIUCHIBACT BpPEMEHHBIE napameTpel
[IPUMEHEHHUS KacKu u MO3BOJISET
UICHTH(PUIUPOBATH MOJIb30BaTENsA —
HapymwuTens. B HeEoOXOIUMBIX  Cllydasx
YCTPOHCTBO  MOXeT ObITh  00OpYyI0BaHO
JOTIONTHUTENEHBIMU ~ MOIYJSIMH  C  LIEJBIO
pacimpenus ero QyHKIui.

JanHas KOHCTPYKIIUSA JIETKO
BOCIIPOM3BOIUMA B MPOMBIILITIEHHOM
MPOM3BOACTBE B (OpME YHHUBEPCAIBHOTO
ABTOHOMHOT'O OJIOKa, YCTaHaBJIMBAEMOTO Ha
Hapy>XHOM TOBEPXHOCTH 3alllUTHOM KacKu

pPa3nUYHON  KOHCTPYKIMHM C  TIOMOUIBIO
JOKEMEHTa,  OOBEAMHSIONIET0  KAacky H
YCTPOWCTBO ~ AaBTOMATHYECKOTO  KOHTPOJIA

OKCILTyaTalli KaCKH B €IUHYIO CUCTEMY.

4 JakiroueHue

CornmacHO CTaTUCTHYECKUM JIaHHBIM B
Poccun or 10 mo 15% Bcex TpaBM coO
CMEPTEIBHBIM HCXOJIOM, IPOUCXOIUT U3-3a

OTCYTCTBHUS, HEMIPUMEHEHUS 150)07
TEXHUYECKOTO  HECOBEPILIEHCTBA  CPEJICTB
WHJMBUAYaJIbHOW 3amuThl. HenpaBuiabHbIN

BbIOOp M MpHUMEHEHHE cpeAcTB 3amuThl B 30%
CIIy4aeB SIBJIAIOTCS MPUYHHON BO3HUKHOBEHHS
XpoHHYecKuX rpod3adoneBanmii [14].
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OnauM W3 TyTed COBEPIICHCTBOBAHHS
COBPEMEHHOW CHUCTEMBbl KOHTPOJIA BBIJAUU U
npumenenuss CHU3  sBisieTcss TEXHHYECKOE
OCHAIlICHWE  JaT4YUKaMHu, (PUKCHUPYIOIIUMU
IeproZ, W XapakTep WX HCHOJIb30BAHMUS.
Ocoboe MEeCTO 3aHUMACT KOHTPOITb
MIPUMEHEHUS paboTHHUKAMHU CpEeICTB
WHAVNBUAYATbHOW  3al[UTHl  TOJNIOBBI  —
3aIIUTHOMN KaCKH.

[IpakTideckas eHHOCTH JAHHOTO PEIICHUS

JUIST 00BEKTOB APKTHICCKOM 30HBI
3aKJIIOYACTCSl B TMOBBIIICHUU YPOBHS OXPaHbI
TpyAa, COKpaIeHue qpcia CIIyJaeB

TpaBMaTU3Ma U Ipo¢h3a00ICBaHUIA.
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UccnenoBanne (uHaHCUPOBATIOCH
Poccuiickum HayuHbIM (OHAOM, MPOEKTOM No
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pBIYary a1 MOOMIIM3AIUH JIFOJCKUX PECYpCOB
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denepaunny».
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Abstract

The work is devoted to the means of information and navigation support vehicles and mobile control posts of The
Ministry of Emergency Situations (EMERCOM) of Russia in the course of different emergencies and
extinguishing fires which is based on the positioning systems of fire and rescue units. In the work, the main
problem of the gas and smoke protection service is investigated in situations which are implied by suppression of
large fires and rescuing victims of transport infrastructure. Particular attention is paid to the decreasing of visibility
in conditions of heavy smoke. Considering the possible ways of solving the problem of control and orientation of
gas and smoke protection service units with the help of thermal imaging systems.

Keywords: information and navigation support; underground structure; gas and smoke protection service; fire

hazards; thermal imager

1 Introduction

The present stage of development of society
sets the task of complex development of system
of prevention and elimination of consequences
of emergencies and improvement of
management of this system [1]. One of the most
important condition of quality improvement of
management of fire extinguishing and

revention of human losses and material
osses is availability of timely

Delta 2018, 12(2):56-64.
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1 Beeaenue

CoBpeMeHHBI 3Tanm pa3BUTHS 00IIEeCTBa
MMOCTaBWJI 3aJady KOMIUIEKCHOTO Pa3BUTHS
CUCTEMBbl TPEJOTBPALLICHUS U JUKBUAALMUU
nociencteuii YC U COBEpIICHCTBOBAHUS
ympasieHus 31oit cuctemoit [1]. Omnum wu3
Ba)XHEWIIIUX YCIIOBUM TOBBIIIEHHS KadyecTBa
YIpaBlICHUA TYLICHUEM noxkapa u
MPEAOTBPAIICHUSI YEJIOBEUSCKUX JKEPTB U
MaTepUATBHBIX TIOTEPh SIBIICTCS HAIMYUE
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information on forces, means, conditions and
object of fire extinguishing. The situation with
fires in Russian Federation continues being
troublesome and having a negative impact on
economic and social spheres of society.
EMERCOM of Russia takes measures for
stabilization of a situation with fires, makes
changes in the normative documents regulating
fire extinguishing and directes on improvement
of tactics of firefighting. Thus, the special
attention is paid to special equipment of
emergency operations centers based on the
mobile control post intended for ensuring of
response group operating in the zone of
emergency. The analysis of actions of rescue
and fire-fighting divisions allows to allocate the
typical mistakes arising in the process of
firefighting. Such mistakes: inefficient use of
fire-fighting equipment — about 22,3%, an
incorrect choice of decisive direction of
operational actions — 18,6% and poor carried
out reconnaissance — 14,2%. Hefty percentage
of mistakes in actions of the head of fire
extinguishing, arises because of poor carried out
the analysis of reconnaissance results in the
process of which are collected data about the
fire for assessment of the situation. Correctly
organized reconnaissance gives the chance to
give timely help to people, to get forces and
means on the decisive direction and to provide
success of fire extinguishing. During fire
extinguishing the staff solves a set of the
problems directed to timely concentration of
forces and resources and their balance. Practice
shows that without the accurate organization of
management of forces and means on the fire the
successful extinguishing is impossible as for
suppression a significant amount of staff is
attracted. At the same time can be involved
from 20 to 60 of smoke divers on the fire area
in tens of thousands of square meters that
demands to get many " firefighting hoses on
suppression”.

On the management of forces on fire it is
necessary to understand process of purposeful
impact of the head of fire extinguishing (HFE)
of operational staff on the fire divisions and
other services for the purpose of successful
conduct operations connected with direct fire
extinguishing and carrying out the related
primary emergency-rescue works. Process of
influence is understood as giving of orders to
the staff which arrived to the fire. Decision-
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CBOEBpPEMEHHON uHpoOpManmuu O  Cuiax,
CpeACTBax, cpele U 00BEKTE MOXKAPOTYILICHHS.
ObcranoBka ¢ moxkapamu B Poccuiickoit
denepanyu MPOIOIKAET ocTaBaTbCs
HanpsDKEHHOW W OKa3blBaTh  HETaTHBHOE
BIMSIHUE HAa 3KOHOMHYECKYI0 M COLUAIBHYIO
ctepor obmecrsa. MUC Poccun mpuHumaet
MEphl 10 CTaOWIM3allMd OOCTAaHOBKH C
[I0’KapaMH, BHOCUT U3MEHEHHUSI B HOPMaTHBHbIE
JOKYMEHTHI, periaMeHTHUpYIoIne
MOKapOTYIICHWE W  HalpaBJeHHbIE  Ha
COBEPLICHCTBOBAHUE  TAKTUKU  TYyLICHUS
noxkapoB. Ilpm »ToMm, ocoboe BHHMaHHE
yIeNseTcs CHEIUAIEHOMY OCHAIIIEHUIO
OlepaTHBHBIX MTa00B Ha 0a3e IMMOABIKHBIX
IIyHKTOB YIPaBJICHUs, MPEIHA3HAYCHHBIX VIS
oOecrieyeHust (yHKIIMOHUPOBAHUS
ONEPAaTUBHOM  TIPYINIBl  TEPPUTOPUATBHOIO
oprana MYC Poccuu B 30He nukBunanuu YC u
TYyIIEHUH  TOXapoB. AHanmu3  JeicTBuid
MOXapHO-CIIACaTEIbHBIX noJipasieieHAN
MO3BOJISIET BBLACIWTH THUIMYHBIE OIIMOKH,

BO3HHUKAIOLIHE B nporiecce BEJICHUS
ONEPAaTUBHBIX  JEUCTBUM IO  TYLIEHUIO
mokapoB. K TakuMm ommOKaM OTHOCSTCS:
Hed(p(EeKTUBHOE WCIOIB30BAHUE TIOXKAPHOU
TEXHUKH — OKoJI0 22,3%, HEeBEpHBIH BHIOOD
pelIalomero  HalpaBlIEHHS  ONEePaTUBHBIX
nmevicteuii — 18,6% W HekayeCTBEHHO
MIPOBEICHHAS pa3Beaka — 14,2%.

3HAYHUTENBLHBINA MPOIEHT OMNOOK B JEHCTBUIX
PYKOBOAMTENS TYLIEHHS TIOXkKapa, BOSHUKAET 110
MIPUYUHE HEKAYECTBEHHO IIPOBEACHHOIO WM
aHaJu3a pe3yJibTaTOB PAa3BEIKH, B IPOLECCE
KOTOpOH ocymecTBisieTcss cOOp CBEACHUH O
no>kape Ui OLEeHKH oOcTaHoBKH. lIpaBuiibHO
OpraHU30BaHHAs PAa3BEJKA JACT BO3MOXHOCTb
CBOEBPEMEHHO OKa3aTb IIOMOLIb JIFOASM,
BBECTH CWJIBI M CpEACTBA Ha pEIIAroIIEeM
HaIlpaBJICHUM  OIEPATUBHBIX JIEUCTBUM WU
o0ecreynTh ycrex TYIIeHUs Mmoxkapa. B xome
TYWIEHUs MOXapa JIMYHBIA COCTaB pEIIAeT ep
MHOXKECTBO  337ady,  HANpaBIEHHBIX  Ha
CBOEBPEMEHHOE  COCPENOTOYEHUE CHI U
CPEZCTB U UX PACCTaHOBKY. DTO U oOecrieueHne
HEOOXOIUMBIM KOJIMYECTBOM OTHETYILAIINX
CPENCTB, U BBEJECHUE CHJI U CPEACTB Ha TeX
HampaBleHUsIX, T/Ie OHM MOTYT O00eCHedHTh
o0mui ycmex TymeHus noxkapa. [Ipaktuka
[TOKa3bIBaeT, 4TO 0O€3 YEeTKOW OpraHu3aIud
YIPABJICHUS CUJIAMM U CPEACTBAMU HA II0Kape
HEBO3MOKHO YCIIEHIHOE TYILICHHE [10Kapa, TaK
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making of HFE on giving orders is carried out
proceeding from an assessment of the situation
which developed on the fire. Objectivity of the
situation assessment on the fire and correctness
of decision-making depends from: professional
qualifications of HFE, quality of carrying out
reconnaissance of fire, ability to predict fire
process. Quality of fire extinguishing depends
not only on tactical preparation of staff, but also
on the firefighting equipment necessary to fire
divisions. Experience of extinguishing of big
and difficult fires at the petrochemical
enterprises shows that the success of operations
depends on level of Gas and Smoke Protection
Service (GSPS) organization, degree of
technical equipment of GSPS, level of staff
preparation for working in irrespirable
environment. Competently work of GSPS
allows to reduce considerably time of fire
extinguishing, to reduce a loss from them, and,
above all, to give necessary help to people in
time.

For performance of fire-fighting task and
safety ensuring of the work GSPS team includes
a necessary minimum of fire and technical
equipment which provides communications
tools (radio station or intercom) and lighting
(collective lamp - one for team and individual
light on each smoke diver) [2]. Thus, during the
work on fires GSPS teams remain actually
"blind" and have poor spatial awareness in the
developed situation. For effective work of
GSPS teams it is necessary to use thermal-
imaging equipment and thermal-imaging map
for an assessment of situation and coordination
of actions of rescuers. Fire-fighting in strongly
filled with smoke buildings can become more
effective due to use of thermal viewer. Using of
video recording system with possibility of
wireless  data  transmission increases
controllability of rescuers actions. Using of
thermal viewers is necessary to decide the
problem of recognition of objects in the filled
with smoke environment. Thermal radiation
goes down when passing through the
atmosphere owing to absorption by gas
molecules, aerosols, rainfall, and also a smoke,
fog, a smog etc.

Thus, the purpose of the work is to reveal the
capabilities of the information and navigation
system in case of emergency response.
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KaK JIJIsl TYIICHUS PUBJIEKAETCS 3HAUNTEIIbHOE
KOJIMYECTBO JIMYHOTO COCTaBA.

OnHOBpPEMEHHO MOTYT OBITDH
3a/ICCTBOBAHBI oT 20 hi(s) 60
ra30/IbIMO3aIITHAKOB Ha TUIOIIAIN T0Xapa B
JIECSATKU THICSY KBaApaTHBIX METPOB, YTO
TpeOyeT momayu  OOJIBIIIOTO  KOJIHYECTBA
«cTBOJIOB Ha TymieHuey. [lon ep ympasiennem
moApasfiefieHus M ~ Ha  TOXape  CilemyeT
MOHUMAaTh  MpOIecC  IEJICHANPABICHHOTO
BO3JICUCTBUS PYKOBOJIUTENS TYIIEHUS MOXKapa
(PTII) onmeparuBHOTO ImITabda MOXKAPOTYIICHHUS
Ha JIMYHBIN COCTaB MOXKAPHBIX MOAPa3ICICHUI
U JPYTUX CIYKO C IENIBI0 YCICIIHOTO BEJACHUS
00€eBBIX JIEHCTBHH, CBSI3aHHBIX C
HETMOCPEJICTBEHHBIM TYIICHHEM TIIoXKapa W
MIPOBEICHHE CBSI3aHHBIX c HUM
MIEPBOOYEPETHBIX aBapHUHO-CIIACATENFHBIX
pabor. Ilog  mpomeccom  BO3IEHCTBHS
MTOHUMAETCS oTnaya MIpUKa3aHHMA v
MMOCTAHOBKOW KOHKPETHBIX 3aJad JINYHOMY
cocTaBy, MpUOBIBIIEMY Ha Toxap. llpunsTne
pemenus  PTII Ha ormady mnpukasaHus
OCYIIECTBIISIETCS HCXOIS u3 OIICHKH
00CTaHOBKH, CIIOXKHBIIEHCS Ha  IOXape.
OOBEeKTUBHOCTh OIIEHKH OOCTaHOBKM Ha
MOKape M MPaBWIBHOCTh MPUHATHS PEIICHUS
3aBUCHT OT: VYPOBHS TPOQPECCHOHAIBLHOM
noarotoBku PTII, kadectBa mpoBeAeHUs
pa3BeaKu mo’xapa, CIIOCOOHOCTH
MPOTHO3UPOBATh  XOJI  Pa3BUTHUS  TIOXKapa.
KauecTBO TymieHHs TOXXapoB 3aBUCUT HE
TOJIEKO OT TaKTHYECKOH TOJTOTOBKH JIMYHOTO
cocraba ITIC, HO ¥ OT OCHAIIEHHOCTH
HE0OXO0TUMBIM MTO’KapPHO-TEXHUYECKUM
BOOpY)KEHHEM  TOJpa3/ie]IeHH  TOXapHOM
oxpanbl. ONBIT TYIICHUS KPYITHBIX ¥ CJIOKHBIX
M0’KapOB HA HEPTCXUMHUUCCKUX MPEATPUATHIX
[MOKa3bIBAeT, 4YTO YCIEX BeICHHS OOEBHIX
JIEUCTBUH 3aBUCHUT OT: YPOBHS OpPraHU3ALMH
I'3JIC, cTeneHn TEXHWYECKOM OCHAIIEHHOCTH
I'3J1C, ypoBHSI MOATOTOBKH JIMYHOT'O COCTaBA K
paboTe B HENPUTOMHOMN IS NIBIXaHUS Cpele.
I'pamotHo  moctpoennass  pabora [3/IC
[O3BOJIIET 3HAYUTEIHHO COKPATUTh BpeMs
TYIIEHUS TIOXKAPOB, YMEHBIIUTH YOBITOK OT
HHX, a TJaBHOEe, BOBpPEMs  OKa3aTh
HEOOXOAMMYFO TIOMOIIIH JIFOTSIM.

s BBIMOJTHEHHS ©OOEBOH 3agaydl M
obecrieyeHusi 0€30MaCHOCTH CBOEH PadOTHI
3seHo  ['JI3C  Bkmouaer  HEOOXOIWMBIN
MUHUMYM MOKapPHO-TEXHUYECKOT O
BOOPYKEHUS, KOTOPBIN MPEyCMaTpUBaeT
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2 Material and Methods

In the paper there is shown the possible ways
of solution of the problem of control and
orientation of gas and smoke protective service
teams by means of thermovision systems. There
is provided to use thermal-imaging maps of
object that allows to coordinate the rescuer
actions and to carry out reconnaissance more
successful. Positioning data of GSPS team are
obtained based on use of transmitter of global
positioning system. For communication with
GSPS team and ensuring its work indoors it’s
offered to use system pseudo-satellites
involving.

We will consider as importance of substance
which absorb infrared radiation in wide strips
with centres corresponding to the specified
lengths of waves in Tab. 1.

Apart weakening in solid disperse medium,
the molecular absorption is the main reason of
weakening of radiation. Most strongly radiation
is absorbed by water vapours, carbon dioxide
and ozone. In the lower layers of atmosphere
absorption by nitrous oxide and carbon
monoxide can be neglected. Thus, it is possible
to define the provision of two transparent
windows: 3.55 — microns and 8 — 15 microns
[4]. In practice the existence of "windows" of
transparency means that all thermal imagers
must work in the specified short-wave or long-
wave ranges.

Short-wave (3 — 5 microns) range is more
characteristic for the cooled thermal imagers,
long-wave (8 — 15 microns) — for not cooled
Fig. 1.

Development of thermal-imaging map of
object would allow to coordinate actions of
rescuers and to carry out better reconnaissance
on operational place.

Thermal-imaging map (TIM) — graphical
representation of information on object on
which there was an emergency. TIM includes
the plan of object, thermal zones indicating the
possible seat of fire, open flame, heated designs,
and people. Data based on which it is created
TIM turn out based on the images transferred
from the mobile thermal imagers processed by
the special software. The schematic diagram of
obtaining the thermo-imaging map of object is
given in Fig. 2.
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cpencTBa  CBA3M  (pamMOCTaHIMS WA
[IEPETOBOPHOE  YCTPOICTBO) U CpencTBa
ocBeleHus: (rpynmnoBoi (oHaph - OIUH Ha
3BCHO ¥ MHUBUIYAJIbHBIN (DOHAPH HA KAXK]IO0TO
rasogsiMo3amuTaiKa)[2]. Takum 06pazom, mpu
pabore Ha mokapax 3BeHbs 1 /[3C ocrarorcs
(hakTHuecKu «CTICTIBIMUY) u cinabo
OPUEHTHPYIOTCA B CIOXHBIIEHCS 0OCTaHOBKE.
s sddextuBHoit padborer 3BeHBEB [/13C
HEOOXOIMMO HCIIOJIb30BaTh TENECBU3NOHHYIO
TEXHUKY W TEJICBU3UOHHYIO KapTy IS OIICHKH
OOCTaHOBKM W  KOOPIWHAIMHA  JEeHCTBHUH
cnacateneil. boprba ¢ moxapamu B CHIBHO
3abIMIIEHHBIX 3JaHUSIX MOXET CTaTh 0OoJiee
a¢exTuBHOM Omaromaps MIPUMEHEHUIO
TENEeBU30pOB.  VCMONmb30BaHME  CHCTEMBI
BUJICO3AMKCH C BO3MOXXHOCTBIO OECTIPOBOIHON
repelayrl JaHHBIX TOBBIIIAET YIPABIIEMOCTh
JedcTBUAMH  cmacaTeneid.  Mcnosb3oBaHUs
TEJIEBU30POB TPEIONAraeT pelleHue 3aJa4u
pacmo3HaBaHusi OOBEKTOB B 3aJBIMIICHHOM
cpene. TermoBoe M3ny4eHrne ociadisieTcs npu
NPOXOXKACHUM uepe3 aTMocdepy BCIEICTBHE
MOTJIONICHUST MOJIEKYJIaMH Ta3a, a’dpO30JISIMH,
OcaJIKkaMH, a TaKkKe IIMOM, TYMaHOM, CMOTOM
U T.IL.

2 MaTepuaJibl M CIOCOOBI

B pabote paccmaTpuBarOTCS BO3MOXKHBIC
CIOCOOBI pemieHus] MPOOJIeMbl YIPaBICHUS U
OpUEHTAIINM  3BEHBEB  Ta30bIMO3AIIUTHON
CITY>KOBI C TOMOIIBIO TETNIOBU3UOHHBIX CHCTEM.
[IpemioskeHO MCTONB30BaTh TEIUIOBH3HMOHHEIC
KapThl ~ OOBEKTa,  KOTOPBIE  ITO3BOJISIFOT
KOOPJMHHUPOBATh JIEHCTBHS cHacaTened w
NPOBOJMTH OOJIee KAaYeCTBEHHYIO Pa3BelIKy Ha
MecTe paboThl. JlaHHBIE O MECTOMOIOXKEHHUU
3geHa [JI3C  momydaroT Ha  OCHOBE
UCIIOJIb30BaHUsL  TiepellaTiika  [II00aIbHON
CHCTEMBbl TO3UIMOHMpOoBaHUs. [l CBsI3U CO
3BEHOM, M o0ecreueHuss ero paboTel B
3aKpBITOM MOMEIICHUH npejiaraeTcs
WCTOJIB30BaHNE CHUCTEMbI, HCIOJB3YIONIHE B
CBOEM COCTaBE€ IICEBAOCITYyTHHKH.

Paccmotpum B mopsiake  BaXKHOCTH
BellecTBa, KoTopele  morjomjator  HMK-
U3Iy4YeHUE B IIMPOKUX IOJIOCAX C LIEHTPaMH,
COOTBETCTBYIOIIMMH YKa3aHHBIM JUIMHAM BOJIH
Tab. 1.



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
12(2): 56-64, 2018
DOI: 10.17423/delta.2018.12.2.52

Tab. 1 Range of absorption of infrared radiation
Ta6. 1 Inanazon nornomenus MK- uznyaenus

. Wave-length, mkm (um) /
Materials / Bemectna
JnuHa BOJTHBI, MKM
Atmosphere / Atmocdepa 2.7 3.2 6.3
Water / Bona 2.7 4.3 15
Carbon dioxide / Yrnekucislii ra3 4.8 9.6 14.2
Ozon / O3on 4.7 7.8 -
Nitrogen oxide / Okucsk azota 4.8 - -
Carbon monoxide / Yrapusiii ra3 3.2 7.8 -
Communication is provided by means of the He cumras ocnabimeHus B ILIOTHBIX
most available and inexpensive type of a JIMCTICPCHBIX cpenax, MOJIEKYJISIPHOE

wireless communication — the Wi-fi technology
according to the IEEE 802.11b and IEEE
802.11g standards. In the Wi-fi standard the
data transmission is made at the frequency of
2.4 ~ 2.5 GHz with speed up to 108 Mbit/s at
distance to 30 km. Exact data on location of
GSPS team can be obtained based on use of the
transmitter of global system of positioning. For
communication with GSPS team and ensuring
its work indoors it’s offered to use system with
the pseudo-satellites - Fig. 3. The GSPS teams
working at fire and equipped with mobile
thermal imagers in helmets continuously
transfer data of their location and operational
situation on fire to the command post by
wireless communication.

The thermograms received from GSPS
teams are displayed in Fig. 4. As a result of
processing of these data the thermo-imaging
map of object (Fig. 5) comes out. Received TIM
is updated several times in a minute, thanks to
the high speed of data transmission on means of
the Wi-fi technology. It means that the operator
who is at the computer in a mobile post of fire
extinguishing can give help to GSPS team,
pointing to the noticed sources of thermal
radiation passed by the fire-fighter's look and in
time to report about it on a radio
communication.

3 Results and Discussion

The system of thermovision control will
provide the dynamic tracking of fire
development.
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MOTJIOLIEHUE SBJSIETCA TJaBHOW MPUYUHOMN
ocnmabneHus uinydeHus. Hambomeeep cuibHO
M3ITydeHNe TOTJIONIAETCS  IMapamMu  BOJBI,
YTJICKUCJIBIM I'a30M U O30HOM. B HmxHUX closx
aTMocdepsl MOTJOUICHHEM 3aKHCBIO a30Ta U
OKHCBIO YTIIEpOAa MOXKHO MpeHeOpeys. Takum
00pa3oM, MOXKHO OIIPEICIIUTh MTOJIOKEHHUE JIBYX
OKOH TNPO3pavyHOCTH: 3,55 -MkM u 8 - 15 MKkM

[4]. Ha npakTuke  HamH4YHe  «OKOH»
MPO3paYHOCTH  O3HAa4YaeT TO, YTO  BCE
TEIJIOBM30PbI JOJDKHBI paboTaTh B yKa3aHHBIX
KOPOTKOBOJTHOBOM ~ WJIM  JUIMHHOBOJIHOBOM
JIana3oHax.

KopoTtkoBonHoBsI# (3 - 5 MKM) nuamna3oH
0ojee  XapakTepeH JUI1  OXJIAXKIaeMbIX

TETUIOBU30POB, JNTMHHOBOHOBBIH (8 - 15 MKM)
- UIs HeoxJIaXKmaeMbIx Puc. 1.

PazpaboTka  TEMJIOBU3MOHHOW  KapThI
o0ObeKTa TO3BONMMIA OBl  KOOPIAMHHPOBATH
NelcTBHsl crnacareleil W TPOBOAWTH Oolee
Ka4eCTBECHHYIO Pa3BelIKy Ha MecTe paboThI.

TemmoBusnonHas kapta oobekra (TKO) —
rpaduyeckoe mpeacTaBiieHne nHGpopManuu ep
00 o0bekTe, Ha KoTopoM mpousonuia YC. TKO
BKJIIOYaCT B ce0sf IUTaH-CXeMy OOBEKTa,
TEIJIOBBIE 30HBI, 00O3HAYAIOLINE BO3MOXKHBIN
oyar TMo)Kapa, OTKPBITOE IUIaMsi, HarpeTble
KOHCTPYKIMH, a Tarke Jroneu. JlaHHble, Ha
ocHOBe KoTopbix co3naercss TKO nomyuarorcs
Ha OCHOBE H300paXECHUH, MEepedaHHBIX ¢
MOOWJIBHBIX TEIJIOBU30POB, 00pabOTaHHBIXED
CHECIUAILHBIM TIPOTPAMMHBIM 00ECIIEYCHUEM.
[punnunuansHas cxema MOy YeHUS
TETIOBU3UOHHOM KapThl 00bEKTa IPUBE/IcHA Ha
puc. 2.
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3 — 5 mkm

8 — 15 mkm

Fig. 1 «Windows» of transparency of atmosphere
Puc. 1 «OkHa» npo3padHocTu aTMochepsbl

Use of this system will reduce number of
victims, will allow to control effectively a
condition of the firefighter, timely to make the
decision on rendering the help to it and to
prevent possible accidents.

At the same time, in modern conditions the
requirements to the indicators defining
efficiency of management process raise. Time
of registration and information processing for
preparation and implementation of decision,
guantity of the spent resources for preparation
of decision, reliability of the received
information — essential indicators of efficiency
of management process [2, 3].

In total, the specified features define need of
wide use of automation equipment at stages of
collecting, processing and transfer of
information.

Thus, quality of the made decision will be
determined not only by the level of professional
preparation of HFE, but also quality of means
of automated management, completeness,
reliability and timeliness of initial information,
and restrictions by time for decision-making.
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CBsi3p  OCYIIECTBISIETCS 10  CpEICTBaM
CaMoro JOCTYIIHOTO W HEIOpPOTroro BHIA
6ecripoBoaHO# cBs3u — Texunomorun Wi-Fi B
cootBeTcTBHH co ctanaapramu |IEEE 802.11b u
IEEE 802.11g. B cranmapre Wi-Fi nepenaua
JIAaHHBIX MPOU3BOIUTCS Ha 4yacTtoTe 2.4~2.5 ep
ITu co ckopocthto g0 108 Mout/c Ha
paccrossauu 10 30 kM. TouHble naHHBIE O
MectomonoxkeHnn 3BeHa [JI3C moryT OBITH
MIOJIy4YCHBIL Ha OCHOBC HCIIOJIB30BaHUA
nepenaTynka rI00aNbHON CHCTEMBI
MO3UIIMOHUPOBaHUS. /711 CBS3M CO 3BEHOM, H
obecriedeHusi ero paboTbl B 3aKPBITOM
MOMEIIEHUHEp MpeJiaraeTcsi MCIOIb30BaHHe
CHCTEMBI, HCIOJB3YIONIHNE B CBOEM COCTaBe
nceBpocmyTHUkH puc. 3. 3Bennst [J13C,
paboraromue Ha ToXape ¥ 00OpYJOBaHHEIC
MOOWIBHBIME  TeruioBuzopamu  «lllnem-
Kamepa», HENpPEephIBHO TEPEAaloT IaHHBIE O
CBOEM MECTONOJIOKEHHH W  OMEPaTUBHYIO
O00OCTaHOBKY B IITa0 TyHIEHHS MOXapa IO
cpencTBaM OecIpOBOIHOMN CBSI3H.

TepMOFpaMMLI, MOJIY4YC€HHBIE OT 3BCHLCB
I'’I3C orobOpaxensl Ha puc. 4. B pesynbrare
00pa®OTKM  3THX  JaHHBIX  IIOJy4aeTcs
TeTIOBU3HOHHAs KapTa oOobekta TKO puc. 5.
[Tomryuennas TKO oGHOBIISETCS HECKOJIBKO pa3
B MHHYTY, Oyarojaps BBICOKOH CKOPOCTH
nepeaayd AaHHBIX MO CPEICTBAM TEXHOJIOTHH
Wi-fi. Dro o3Hagaer, YTO  OIEpaTOp,
HaxOJSAIIANCSA 32 KOMITBIOTEPOM B MOOMIIEHOM
mrabe MOXapOTYIIEHHS MOXET OKa3bIBaTb

momomb  3Beny ['JI3C, yka3eBas Ha
3aMEYCHHbBIC HACTOYHHUKH TETIOBOTO
H3IIy4YEHHUS, MIPOIYIICHHbIE B3IJISIOM

MOKapHOT0, X BOBPEMS COOOLIUTH 00 3TOM MO
PaANOCBS3H.
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IGSPS team with special |

' Processing of images, their| |
ithermal viewer

'

i

transformation and
1 conclusion to  the plan| |
i

!GSPS team with special! : s‘;h;me?]f?b”":l in fhe foem
! thermal viewer ' I —

IIGSPS team with spccial'
! thermal viewer ' ,

EGSPS teams operating oné images received from iComputcr with spcciali
i the place of fire | mobile | software

Fig. 2 Schematic diagram of receiving TIM
Puc. 2 [Ipunnunuanshas cxema nomydenus TKO

Fig. 3 The simplified structure of the system using pseudo-satellites
Puc. 3 YopomieHHas CTpyKTypa CUCTEMBI, UCIIOIB3YIOMICH IICEBIOCITY THUKH

The seat of fire
found by

thermal imager .

GSPS team No 1

GSPS team Ne 2

Fig. 4 Visual display from the place of work of GSPS
Puc. 4 BuzyansHoe otobpaxenue ¢ mecta padotst I'/[3C
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The seat of fire
found by thermal
imager

Fig. 5 Thermal-imaging map of the object
Puc. 5 TeroBusnoHHas kapTa 00beKTa

4 Conclusion

Thus, thermovision system can become one
of important elements of information support of
GSPS. With using the transfer of data on an
operational situation on a place of the fire or an
emergency, identification of objects, search and
data processing is carried out naibly reliable and
in due time. Use of thermovision systems will
allow to increase management efficiency, will
provide higher level of safety and will allow to
reduce decision-making time at suppression of
the fires and elimination of consequences of an
emergency.
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3 Pe3yabTaThl u 00CYyKIEHUS

Cucrema
obecneyur
pa3BuTHEM
CHCTEMBI
[TOCTPaIaBIINX,
KOHTPOJIMPOBAThH

TETJIOBU3HOHHOTO  KOHTPOJIS
JUHAMHYECKOE  CIIeKEHHe 32
noxapa. IIpumenenue aToM
COKPATHUT KOJITYECTBO

MTO3BOJTUT a¢dhekTuBHO

COCTOSIHHE  IOXAPHOTO,
CBOCBPEMEHHO TNPHUHUMATh  pelieHue 00
OKa3aHUH eMy TIOMOIIIH, 3HAYUT,
npeaoTBpamaTb BO3MOKHBIC HECYAaCTHbIC
cllydau.

Bmecte ¢ TeM, B COBPEMEHHBIX YCIOBHUSX
MOBBIIIAIOTCS TPEOOBaHUS K TIOKa3aTelsiM,
onpenessomuM 3 (GEKTHBHOCTh  Mpolecca
yrnpasieHus. Bpems perucrpanuu u 00padoTKH

uHpOpMaLMK  JJIi  TIOATOTOBKM €p H
peanuzanuu peleHus, KOJIMYECTBO
3aTpadyeHHBIX pECypcoB sl  MOATOTOBKH
peleHus, JOCTOBEPHOCTh MOJY4YEeHHON
WHPOPMALIMM — CYNICCTBEHHBIC ITOKa3aTelH

a¢hekTUBHOCTH Tpoliecca ynpasienus [2, 3].
B coBokymHOCTH, YKazaHHBIE OCOOEHHOCTH
ONPENENIIIOT ~ HEOOXOOUMOCTh  ILIMPOKOTO
WCTIOJNIB30BaHMs CPEJICTB aBTOMATH3AIMK Ha
stamax cbOopa, o00pabOTKM H Tepeaayu
nHPOPMALIUH.

Takum 00pa3oM, KauecTBO MPHUHAMAEMOTO
pemieHuss OyJneT ONpEeNeNsaThCsi HE TOJBKO
YPOBHEM  MpPOQECCHOHANBHOW  MOATOTOBKH
PTII, wHO eme © KayecTBOM CpEACTB
ABTOMATH3UPOBAHHOTO yIIpaBIICHUS,
MIOJTHOTOH, JIOCTOBEPHOCTHIO u
CBOEBPEMEHHOCTBIO UCXOTHOM HH(pOpMaLuy, a
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TaKXX€ OrpaHHYCHHUAMH 110 BpPEMCHM Ha
OPpUHATUC PCIICHUA.

4 3aknouenne

BoiBompl: TakuM  00pa3oM,  HMMEHHO
TETUIOBU3UOHHAS CHCTEMa MOXKET CTaTh OJHHM
W3 BAXHBIX JJEMEHTOB WH(POPMAIIMOHHOTO
obecrieuenust ['JI3C. C e€ momoripio mepeaava
cBeleHU 00 omepaTHBHOM 0OCTaHOBKE Ha
Mmecte moxapa wm YC, wumeHTHDUKAITIN
00BEKTOB, TIOMCKAa ¥ O0OpabOTKM TaHHBIX
OCyIIECTBIsieTCsl Haubjee [TOCTOBEPHO U
cBOeBpeMeHHO. [[puMeHeHne TeTTOBU3UOHHBIX
CHUCTEM TIIO3BOJIUT TOBBICUTH 3(P(HEKTHBHOCTD
yhnpasieHus, obecneuyutr Oonee  BBICOKHM
YPOBEHBb 0€30MACHOCTH W MO3BOJIUT COKPATUTH
BpeMsl TPHUHATHS pENICHHH TpH TYIICHUU
MOXKapoB U JIUKBuAAuu nocieacteuit UC.
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Abstract

The design of wooden load-bearing elements for the effects of fire is a necessity when designing timber structures.
Therefore, ongoing research focusing on the behavior of wooden elements in fire conditions in this area is still
important. The paper focuses on the study of a carbonized layer of wood beams differing in geometric cross-
section shapes: square cross-section, square cross-section with cut edges and round cross section (log). The
carbonized layer was evaluated by the calculation according to STN EN 1995-1-2 [1] and at the same time, by a
medium-scale test, in which the samples were unilaterally loaded with radiant heat source. The obtained results
were supplemented by results of computer simulation in Ansys 18.1 program, the result of which is the graphical
depiction of the degree of wood beams carbonization in time of 30 min. The depth of the carbonized layer formed
during the experiment corresponded to the calculated value for the square cross-section and the square cross-
section with the cut edges. In the experiment, the round cross-section showed the highest depth of carbonization,
which was also confirmed by the results of computer simulation. The results showed that thermal degradation and
carbonization proceeds faster in the beams of the log. This must be considered in their static design for the effects
of fire.

Keywords: wood beam, radiant heat source, medium-scale test, carbonized layer, computer simulation

1 Introduction 1 Uvod

When wood is burning, there occurs the Pri horeni dreva dochadza k termickému
thermal degradation of bindings of its basic rozkladu vazieb jeho zikladnych komponentov
components and the change of their chemical a zmene ich chemického zloZenia za vzniku
composition leads to the formation of many mnohych produktov [2]. Podl'a Kucera a kol.
products [2]. According to Kucera et al. [3], [3], Osvald [4], Leéko a Lopusniak [5]3
Osvald [4], LeSko and LopuSniak [5], Vavruskova aLokaj [6], Kuklik [7], pri
Vavruskova and Lokaj [6], Kuklik [7], a tepelnom namahani sa na povrchu dre\{a vytvara
carbonized layer is formed on the surface of the zuholnatena vrstva. Tato vrstva brani pristupu
wood. This layer prevents air from entering the vzduchu do vnutornych Casti prierezu prvku,
internal parts of the element cross-section, tlmi horenie ama dobré tepelnoizolacné
diminishes the burning and has good thermal vlastnosti.  Stefko akol. [8], VavruSkova
insulation properties. Stefko et al. [8], a Lokaj [6], Kozelouh [9], Blass [12] uvadzaju,
Vavruskova and Lokaj [6], KoZelouh [9], Blass ze tepelna vodivost’ zuhol'natenej vrstvy je asi
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[12] indicate that the thermal conductivity of the
carbonized layer is about 1/6 of the thermal
conductivity of the wood. As a result, the
residual cross-section temperature of the
element remains unchanged at small distances
[7]. The structure of a wood cross-section,
which is exposed to fire (see Fig. 1), also briefly
described by Vavruskova and Lokaj [6]:

e  Carbonized layer - the inner surface of
the carbonized layer has a temperature of about
300°C,

e Layer of wood affected by the
temperature - a part of the layer with a
temperature above 200 ° C is called the
pyrolysis layer because it involves intensive
thermal decomposition associated with gas
release and is characterized by color change and

weight loss,
e Residual cross-section - virtually
unaffected by the temperature that is

diminishing in time with the progressive fire.
According to Kucera et al. [3], Konig [11],

Osvald [4], the position of the carbonizing range

corresponds to the isotherm position of 300 ° C.

1/6 z tepelnej vodivosti dreva. V dosledku toho
zostava teplota zostatkového prierezu prvku uz
v malych vzdialenostiach nezmenena [7].
Skladbu dreveného prierezu, ktory je vystaveny
ucinkom poziaru (vid’ Obr. 1), struéne popisali
aj Vavruskova a Lokaj [6]:

e zuholnatena vrstva — vnutorny povrch
zuhol'natenej vrstvy ma teplotu okolo 300 °C,

e vrstva dreva ovplyvneného teplotou —
Cast’ tejto vrstvy steplotou nad 200 °C sa
nazyva vrstva pyrolyzy, pretoze v nej dochadza
k intenzivnemu tepelnému rozkladu, spojenému
Suvolfiovanim plynov a vyznacujicim sa
zmenou farby a stratou hmotnosti,

e zostatkovy prierez —
neovplyvneny teplotou, ktory
S postupujucim poZziarom zmensuje.

Podla Kuceru akol. [3], Koniga [I11],
Osvalda [4] poloha hranice zuhol'natenia
zodpoveda polohe izotermy 300 °C.

Z vyssie uvedeného vyplyva, Ze na povrchu

prakticky

sa v Case

drevenej  konStrukcie  nechrdnenej pred
ucinkami  poziaru  dochadza  ktvorbe
zuhol'natenej vrstvy. AvSak uz v malych

vzdialenostiach od povrchu exponovanej strany

char layer / zuhol'natena vrstva

char base / hranica uhol'natenia

pyrolysis zone / vrstva pyrolyzy
pyrolysis zone base / hranica pyrolyzy

normal wood / neposkodené drevo

Fig. 1 Wood cross-section during fire exposure [6]
Obr. 1 Dreveny prierez vystaveny uc¢inkom poziaru [6]

It follows from the above that the surface of
the wooden structure, which is not protected
from the effects of fire, produces a carbonized
layer. However, the temperatures are
unchanged at a small distance from the surface
of the exposed side. According to Buchanan
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su teploty nezmenené. Drevené konStrukcie si
podl'a Buchanana [12] vo vnutri svojho prierezu
zachovavaji svoje mechanické vlastnosti bez
podstatnych zmien a poziarnu odolnost’
konstruk¢ného prvku je mozné urcit’ na zaklade
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[12], the timber structures maintain their
mechanical properties within their cross-section
without any significant changes, and the fire
resistance of the structural element can be
determined on the basis of the residual cross-
section. Therefore, it is necessary to dimension
the structure in order to maintain its load
capacity even in case of fire. The rules for the
design of structures made of wood or wood-
based materials for fire effects are summarized
in STN EN 1995-1-2 [1]. It is possible to design
a wooden structure for the effects of fire,
according to Kuklik [7], Teretiova [13] in
several ways, but in this case the most efficient
method is the effective cross-section method, i.
e. by reducing the cross-section exposed to the
fire.

The aim of the medium-scale test was to
determine whether the geometric shape of the
cross-section of wood horizontal beams
exposed to the radiant heat source for 30
minutes affected the depth of the carbonized
layer, and whether the carbonized layer found
would correspond to the carbonized layer
calculated by the effective cross-section method
according to STN EN 1995-1 -2 [1].

Another objective was to simulate the
formation of the carbonized layer on the given
samples under the same conditions of thermal
loading using the Ansys 18.1 program and to
compare the results obtained.

2 Methodology

Medium-scale test method

The test samples, represented by horizontal
beams with different geometric cross-sectional
shape, have undergone experiments. Based on
the results obtained through the medium-scale
test, we determined the depth of the carbonized
layer formed on the tested samples. The samples
were loaded with a radiant heat source for 30
minutes using a ceramic radiation panel. The
heat source characterizes the following data:
dimensions of the radiant surface - 480 x 280
mm, maximum power of radiant surface - 50.5
KW / m?, radiant surface temperature - 935 ° C.
We placed the heat source 30 cm away from the
sample to produce as much radiation to sample
as possible. The device was connected to the gas
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zostatkového prierezu. Preto je potrebné
konstrukciu nadimenzovat’ tak, aby si zachovala
nosnost’ aj v pripade poziaru. Pravidla pre navrh
konstrukcii vyhotovenych z dreva alebo z
materidlov na baze dreva na Gcinky poziaru st
zhrnut¢ v STN EN 1995-1-2 [1]. Navrhnat
dreven1 konstrukciu na U¢inky poziaru je
mozné podla Kuklika [7], Teretovej [13]
viacerymi sposobmi, avSak v tomto pripade je
najvhodnejsia metoda ucinného prierezu, t.].
redukciou prierezu namahaného poziarom.

Cielom vykonaného strednorozmerového
testu bolo zistit', ¢i geometricky tvar prierezu
vzoriek drevenych vodorovnych nosnikov,
vystavenych salavému zdroju tepla po dobu 30
minat, ma vplyv na hibku zuholnatenej vrstvy
aci zistend zuholnatend vrstva bude
zodpovedat’ zuholnatenej vrstve vypocitanej
metddou ucinného prierezu podla STN EN
1995-1-2 [1]. Dal§im ciel'om bolo za rovnakych
podmienok tepelného zatazenia nasimulovat’
vznik zuhol'natenej vrstvy na danych vzorkach
pomocou  programu Ansys 18.1. a ziskané
vysledky navzajom porovnat’.

2 Metodika
Metodika strednorozmerového testu

Experimentu sme podrobili skuSobné
vzorky, ktoré predstavovali vodorovné nosniky
Sroznym geometrickym tvarom prierezu.
Prostrednictvom vysledkov ziskanych
strednorozmerovym testom sme zistovali hibku
zuholnatenej vrstvy, ktord sa vytvorila na
skusobnych vzorkach. Vzorky boli zat'azované
salavym zdrojom tepla po dobu 30 min
prostrednictvom  keramického  radia¢ného
panelu.  Tepelny  zdroj  charakterizuju
nasledovné udaje: rozmer radiacnej plochy —
480 x 280 mm, max. vykon radiacnej plochy —
50,5 KW/m?, dosahovana teplota radia¢nej
plochy — 935 °C. Zdroj tepla sme umiestnili 30
cm od vzorky tak, aby na vzorku posobilo ¢o
najviac ziarenia. Zariadenie sme zapojili na
plyn cez prietokomer tak, aby sme mohli
redukovat’ prietok a aby bol pri kazdej vzorke
rovnaky. Prietok sme nastavili na 13 I/h. Tento
prietok bol konstantny pri kazdom merani, aby
sme dosiahli rovnaké teploty salavého tepla.
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through the flowmeter so that we can reduce the
flow rate and to assure to be the same for each
sample. We set the flow rate to 13 | / h. This
flow rate was constant for each measurement to
achieve the same radiant heat temperatures.

The fire loading tests have undergone the
following prisms of spruce wood:

e 3 samples of square cross-section with
dimensions of 60 x 60 mm,

e 3 samples of square cross-section with
cut edges with dimensions of 60 x 60
mm and

e 3 samples of a round cross-section with
diameter of 60 mm.

We chose the dimensions in a 1:4 scale
compared to the real 240 mm dimension, which
is the standard diameter of the load bearing
elements with round cross-section in practice.
The sample length was of 1.2 m. The test
samples are shown in Fig. 2. The overall
diagram of the device for performing the
medium-scale test is shown in Fig. 3.

Zatazovym  skiskam  sme  podrobili
nasledovné hranoly zo smrekového dreva:

e 3 vzorky §tvorcového prierezu 60 x 60
mm,

e 3 vzorky Stvorcového prierezu so
zrezanymi hranami 60 x 60 mm a

e 3 vzorky okruhleho prierezu priemeru

60 mm.
Dané rozmery sme zvolili zmenSené
vpomere 1 : 4 vporovnani so skuto¢nym

rozmerom 240 mm, ktory je Standardnym
priemerom nosnych prvkov okrahleho prierezu
v praxi. Dizka vzoriek bola 1,2 m. Skusobné
vzorky su zndzornené na Obr. 2. Celkova
schéma  zariadenia  pre  uskutocnenie

strednorozmerového testu je zobrazena na
Obr. 3.

Fig. 3 Test samples
Obr. 2 Skusobné vzorky

Fig. 2 Devices arrangement
Obr. 3 Usporiadanie zariadeni
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Effective cross-section method

The effective cross-section should be
calculated by reducing the original cross-
section by the original cross-section by the
effective depth of carbonized layer (der), see Fig.
4:

def ::d

Where:

dchar Designed depth of carbonization for

unidirectional carbonization,

ko Coefficient which modifies the thickness of
the zero strength layer do depending on the
duration of the fire (ko = 1.0, according to
Table 4.1 of EN 1995-1-2 [1] for t > 20
min.),

do 7 mm (for a fire lasting > 20 min: do=7 mm,
according to EN 1995-1-2 [15]).

char

Metoda ucinného prierezu

Ucinny prierez sa ma vypocitat’ redukciou

povodného prierezu 0 ucinn hibku
zuhol'natenia det (vid'. Obr. 4):
+k,.d, (1)
Kde:
dehar navrhova  hlbka  zuholnatenia  pre
jednosmerné uhol'natenie,
ko sucinitel’, ktorym sa upravuje hriibka vrstvy

nulovej pevnosti do V zavislosti na dobe
trvania poziaru (ko = 1,0 podl'a tab. 4.1 STN
EN 1995-1-2 [1] pre t > 20 min.),

do 7 mm (pri poziari trvajicom > 20 min. je do
=7 mm podl'a STN EN 1995-1-2 [15]).

Fig. 4 Definition of effective cross-section [1]
Obr. 4 Definicia efektivneho prierezu [1]

Carbonized layer depth calculation

Carbonization rate for unidirectional
carbonization according to STN EN 1995-1-2
[1] should be taken as constant in time. The
design depth of carbonization (dcharo) is
calculated according to:

Vypoéet hibky zuhoPnatenej vrstvy

Rychlost uholnatenia pre jednosmerné
uhol'natenie v zmysle STN EN 1995-1-2 [1] sa
ma brat’ ako konstantna v Gase. Navrhova hibka
zuhol'natenia sa vypocita podl'a vztahu:

dchar,O = ﬁo-t 2

Where: Kde:

Po Design rate of unidirectional carbonization Bo navrhova rychlost jednosmerného
when exposed to the normalized fire uhol'natenia pri vystaveni
(according to the Tab.1) normalizovanému poziaru (Tab. 1),

t Fire exposure time. t ¢as vystavenia poziaru.

69



FIRE PROTECTION & SAFETY Scientific Journal
A@ eé% 12(2): 65-81, 2018
DOI: 10.17423/delta.2018.12.2.53

Tab. 1 Design rates of carbonization (f) of wood, laminated veneer lumber (LVL), wood panels, and

wood-based panels [1]

Tab. 1 Navrhové rychlosti uhol'natenia (fo) dreva, vrstveného dyhového dreva (LVL), drevenych dosiek

a dosiek na baze dreva [1]

B
(mm/min)

a) Softwood and European beech / Mikké drevo a buk
Glued laminated wood with a characteristic bulk density > 290 kg / m? 0,65
Lepené lamelové drevo s charakteristickou objemovou hmotnost'ou > 290 kg/m?®
Raw wood with a characteristic bulk density ~ >290 kg / m® 0.65
Rastené drevo s charakteristickou objemovou hmotnost'ou > 290 kg/m?®
b) Hardwood / Tvrdé drevo
Raw or glued laminated wood with characteristic bulk density of 290 kg / m® 0.65
Rastené alebo lepené lamelové drevo s charakteristickou objemovou hmotnost'ou ’
290 kg/m?
Raw or glued laminated wood with characteristic bulk density > 450 kg / m® 0.50
Rastené alebo lepené lamelové drevo s charakteristickou objemovou hmotnostou >
450 kg/m?®
¢) Laminated veneer lumber (LVL) / Vrstvené dyhové drevo
with characteristic bulk density > 480 kg / m? 0,65
s charakteristickou objemovou hmotnost'ou > 480 kg/m?
d) Panels / Dosky
Wooden panels )
Drevené dosky 0,9
Plywood
Preglejky 1,0°
Wood-based panels other than plywood 09

Dosky na baze dreva iné ako preglejky

2 The values are valid for the characteristic bulk density of 450 kg / m® and a thickness of 20 mm.
a Hodnoty platia pri charakteristickej objemovej hmotnosti 450 kg/m?® a hribke 20 mm.

For other characteristic bulk densities (o) and
panel thicknesses (hy) less than 20 mm, which
are introduced in Tab. 1, the rate of
carbonization must be calculated according to:

Pri inych charakteristickych objemovych
hmotnostiach px a hrubkach dosiek h, mensich
ako 20 mm, ktoré su uvedené v tab. 1, sa ma
rychlost’ uhol'natenia vypocitat’ podla vzt'ahu:

ﬁO,p,t :ﬂO'kp'kh (3)

(4)
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Where:

So Design rate of carbonization according to Tab. 1,
pk Characteristic bulk density (kg/m?),

hp Panel thickness (mm).

Simulation methodology

When studying the behavior of wood beams
exposed to thermal loading, the finite element
model in Ansys 18.1 program were used. The
change in material properties was set in the
simulation according to the requirements of
STN EN 1995-1-2 [1]. Thermal loading
consisted of two components: radiant heat, the
source of which was the radiation panel and the
flame that was formed after ignition of the
released gases generated by thermal
degradation of the wood beam. The radiation
panel was set to a power of 50.5 KW / m?,
corresponding to a temperature of 935 © C. The
total emissivity was set to value of 0.9. As a
consequence of the enclosed room, only natural
air flow resulted from the difference in
temperature of the heated gases and
surroundings. The heat transfer between the
wood beam and the air varies depending on the
temperature. The aim of the computer
simulation was to reproduce the conditions of
the medium-scale tests and to compare the
obtained results with the results of the computer
simulation.

Geometry and discretization

Each simulation consisted of a transient
thermal analysis. In the simulation, the
following types of elements, available in Ansys
18.1: SOLID90 and SURF152, were used as
thermal elements used to simulate heat transfer.
SOLID90 is a 20 noel thermal element
providing conduction, while the SURF152 is a
4 node element providing [18]. SURF152
covers SOLID90 to simulate convection and
radiation from the area of heat loading. The
beam model was meshed by an Ansys program
to a number of approximately 10,000 nodes.
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Kde:

po navrhova rychlost’ uhol'natenia podl'a Tab. 1,
pk je charakteristickd objemova hmotnost’ kg/m?®,
hp je hrabka dosky v mm.

Metodika simulacie

Pri skimani spravania sa drevenych
nosnikov vystavenych tepelnému namahaniu
bol vyuzity model kone¢nych prvkov
S pouzitim programu Ansys 18.1. Zmena
materidlovych vlastnosti bola v simulécii
nastavena v zmysle poziadaviek STN EN 1995-
1-2 [1]. Tepelné namahanie pozostavalo
Zdvoch zloziek, salavého tepla, ktorého
zdrojom bol radiacny panel a plamena, ktory
vznikol po zapaleni uvolnenych plynov
vzniknutych pri tepelnej degradacii dreveného
nosnika. Radia¢ny panel bol nastaveny na
vykon 50,5 KW/m?, ¢omu zodpovedala teplota
935°C. Celkova emisivita bola nastavena na
hodnotu 0,9. V dosledku uzavretej miestnosti
dochadzalo len k prirodzenému pradeniu
vzduchu  dosledkom rozdielnej  teploty
ohriatych plynov a okolia. Prestup tepla medzi
drevenym nosnikom a vzduchom sa v zavislosti
od teploty menil. Ciel'om pocitacovej simulacie
bolo napodobnit’ podmienky
strednorozmerovych testov a porovnat’ z nich
ziskané vysledky s vysledkami z pocitacovej
simulacie.

Geometria a diskretizacia

Kazda simulacia pozostavala z dynamickej
termickej analyzy. Pri simulacii boli pouzité
nasledovné¢  typy elementov, dostupné
v programe Ansys 18.1: SOLID90 a SURF152,
ako termalne elementy sluziace na simulaciu
prenosu tepla. SOLID90 je 20 uzlovy termalny
element zabezpecujuci kondukciu, zatial' o
SURF152 je 4 uzlovy element zabezpecujuci
simulaciu kondukcie, konvekcie a radiacie
(ANSYS Mechanical APDL Thermal Analysis
Guide). SURF152 pokryva SOLID90 pre
simulaciu konvekcie a radiacie z priestoru
tepelného namahania. Model nosnika bol
nasietovany programom Ansys na pocet
priblizne 10000 uzlov.



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 12(2): 65-81, 2018
DOI: 10.17423/delta.2018.12.2.53

3 Results

Carbonized layer calculation

Thermal stability of wood is affected by the
density and chemical composition of wood. The
density of tested samples was in range of p =
380 + 8,4 kg/m?.

For this wood density value we calculated
the design rates od carbonization fo, ,, : using the
equation (3) and further the depth of
carbonization layer dcaro:

Lo, p,1 = 0,40 mm/min; deparo = 12 mm, (fo = 0,65
z Tab. 1).

Based on the results, we can state that the
depth of the carbonized layer should be less than
12 mm.

Medium-scale test results

The measured depth values of the
carbonized layer are shown in Tab. 2, with two
measurements being made for each of the nine
samples. The resulting values of the depth of the
carbonized layer are the average values of these
two measurements. The graphical
representation of the results is shown in Fig. 5.

Tab. 2 Measured values of the carbonized layer depth
Tab. 2 Namerané hodnoty hlbky zuhol'natenej vrstvy

3 Vysledky

Vypocet zuhol’'natenej vrstvy

Termicka stabilita dreva je ovplyvnena
hustotou dreviny a chemickym zlozenim [14].
Hustota testovanych vzoriek bola v rozmedzi
p =380+ 8,4 kg/m?®.

Pre uvedenu hustotu dreva sme navrhovu
rychlost’ uholnatenia fo, , ¢ vypocitali podla
rovnice (3) anasledne hibku zuholnatene;
VIStvy dcharo podl’a rovnice (2):

Lo, p,t = 0,40 mm/min; denaro = 12 mm, (fo = 0,65
z Tab. 1).

Ztychto  vysledkov vyplyva, e hibka
zuhol'natenej vrstvy by sa mala pohybovat’ do
hodnoty12 mm.

Vyhodnotenie strednorozmerového testu

Namerané hodnoty hibky zuholInatenej
vrstvy su uvedené v nasledujucej Tab. 2, pricom
pre kazdu z deviatich vzoriek sme urobili 2
merania. Vysledné hodnoty hibky zuhoI'natenej
vrstvy s priemerné hodnoty z tychto dvoch
merani. Grafické znazornenie vysledkov vidime
na Obr. 5.

Sample number and cross-
section shape / Cislo vzorky a
tvar prierezu

Depth of carbonized Depth of carbonized  Average value
layer 1 (mm) / Hibka ]
zuhoPnatenej vrstvy  Hlbka zuholP’natene;j

layer 2 (mm) / (mm)/
Priemerna

1 (mm) vrstvy 2 (mm) hodnota (mm)
1 square cross-section 9 9 90
1 Stvorcovy prierez '
2 Vsquare CI"OSS.-SECIIOI'] 7 8 75
2 $tvorcovy prierez
3 Vsquare C[’OSS'-SECtIOH 6 8 70
3 §tvorcovy prierez
1 cut edges cross-section 11 9 10.0
1 zrezané hrany
2 cut edges cross-section 17 16 16.5
2 zrezané hrany
3 cut edges cross-section 8 9 8.5

3 zrezané hrany
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Tab. 2 Measured values of the carbonized layer depth (continue)
Tab. 2 Namerané hodnoty hlbky zuhol'natenej vrstvy (pokra¢ovanie)

sample number and cross-  PePth of carbonized Depth of carbonized  Average value
P - layer 1 (mm) / Hibka layer 2 (mm) / Hibka (mm)/
section shape / Cislo vzorky " . R . . .
a tvar prierezu zuhol'natenej vrstvy 1 ~ zuhoP’natenej vrstvy 2 Priemerna
P (mm) (mm) hodnota (mm)
1 Round cross-section
10kruhly prierez 19 18 18.5
2 Round cross-section
2 Okruhly prierez 20 19 19.5
3 Round cross-section
3 Okrthly prierez 15 15 15.0
20
g’g 18 2.
EE 16
5 2
E ? 14
g7 12 1
c e 10 £ 2
O = )
s — 3.
g5 °
5% 6
S s
22 4
=
= 2
0 L~
OSquare cross-section / §tvorcovy prierez
OCut edges cross-section / zrezané hrany
B Round cross-section / okruhly prierez

Fig. 5 Graphic depiction of the depth of the carbonized layer
Obr. 5 Grafické znazornenie hibky zuhol'natenej vrstvy

In the calculations according to STN EN Vo vypoctoch podla STN EN 1995-1-2 [15]
1995-1-2 [15] we found that the depth of the sme zistili, e hibka zuholnatenej vrstvy je 12
carbonized layer is 12 mm. These values were mm. Tieto hodnoty boli jednozna¢ne
clearly exceeded in case of round cross-section prekrocené u vzoriek okruhleho prierezu
samples with diameter of 55 mm. The v priemere 05,5 mm. ZvySené zuholnatenie
increased carbonization rate was also observed sme zaznamenali aj pri vzorke €. 2 so zrezanymi
in case of sample no. 2 with cut edges. hranami, ¢o vSak bolo spésobené vzniknutou
However, this was caused by the crack in the prasklinou pri hréi vo vzorke. Na Obr. 6 je
sample. Fig. 6 shows the carbonized layer of znazornena zuholnatend vrstva jednotlivych
individual samples. vzoriek.

73



FIRE PROTECTION & SAFETY Scientific Journal
A@ m 12(2): 65-81, 2018
DOI: 10.17423/delta.2018.12.2.53

Fig. 6 Carbonized layer a) round cross-section, b) cut edges cross-section, ) square cross-section
Obr. 6 Zuhol'natena vrstva a) guliae, b) zrezané hrany, c¢) §tvorcovy prierez

Simulation results

The result of the simulation is the graphical
depiction of the degree of carbonization of
wood beams over 30 minutes. In Fig. 7 are
shown the simulated beams without a layer of
carbonized wood, the area shown in the middle
of the samples represents the range of the
carbonized layer.

Vysledky simulécie

Vysledkom simulacie je znazornenie miery
zuholnatenia drevenych nosnikov Vv ¢ase 30
min. Na Obr. 7 su zobrazené simulované
nosniky bez vrstvy zuhol'nateného dreva, oblast’
znazornena v strede vzoriek predstavuje
hranicu zuhol'natenej vrstvy.

125,00

250,00 500,00 (ram)

375.00

Fig. 7 Beams carbonization range
Obr. 7 Hranica zuhol'natenia nosnikov
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The length of the carbonized layer in the z-
axis direction is almost the same in all three
cases, reaching about 500 mm. However, the
depth of the carbonized layer in the "x"
direction is different. For a square cross-section,
the average depth of carbonization was of 9.4
mm, for the square cross-section with cut edges
of 8.8 mm and 10.1 mm for the round cross-
section. In Fig. 8 is shown a profile of the beams
and their carbonization in 30 min at a distance
of 600 mm from their edge.

Square cross-section
Stvorcovy prierez

D: Timbers
Temperature 2
Type: Temperature
Unit: *C

Time: 1800
11/12/2018 2033

345.86
281.63
2174

1537

24.713 Min

25,00

Cut edges cross-section
Prierez so zrezanymi hranami

Dizka zuhoPnatenej vrstvy Vsmere osi
2 je vo vSetkych troch pripadoch takmer
rovnaka, dosahujuca rozmery okolo 500 mm.
Hibka zuholnatenej vrstvy v smere osi ,.x“ je
vSak rozdielna. Pre S§tvorcovy prierez bola
priemerna hibka zuholnatenia 9,4 mm, pre
Stvorcovy prierez so zrezanymi hranami 8,8 mm
a pre okruhly prierez 10,1 mm. Na obr. 8 je
znazorneny profil nosnikov a ich zuholnatenie
v ¢ase 30 min. vo vzdialenosti 600 mm od ich
okraja.

Round cross-section
Okrahly prierez

2503

Fig. 8 Beams profile and their carbonization
Obr. 8 Profil nosnikov a ich zuholI'natenie

The outer part on the right side of the cross
section of the beams (Fig. 8) is a carbonized
layer, the shape of which is different in each
beam. Colored fields divide the beam exposed
to the effects of fire into the following layers:
the green color (number 3 in Fig. 8) shows the
carbonized layer and the boundary of
carbonization, the light blue color (number 2 in
Fig. 8) shows the layer of pyrolysis, the dark
blue color (number 1 in Fig. 8) shows thermally
undamaged wood.

The degree of carbonization adversely
affects the value of fire resistance of beams. In
Tab. 3, there are shown the areas of the
carbonized and non-degraded wood layer of the
tested wood beams. An important indicator is
the ratio of non-degraded and total cross-
section area of the wood beam as it represents

VonkajSia Gast’ z pravej strany prieéneho
prierezu nosnikov na Obr. 8 predstavuje
zuholnatenti vrstvu, ktorej tvar je v kazdom
nosniku odlisny. Farebné polia rozdel'uju
nosnik namahany ucinkami poziaru do
nasledujucich vrstiev: zelenou farbou (Eislo 3 na
Obr. 8) je znazornena zuholnatena vrstva
a hranica uholnatenia, svetlomodrou farbou
(Cislo 2 na Obr. 8) je znazornena vrstva
pyrolyzy, tmavomodrou farbou (¢islo 1 na Obr.
8) je znazornené termicky nepoSkodené drevo.

Miera zuholnatenia negativne vplyva na
hodnotu poZziarnej odolnosti nosnikov. V Tab. 3
su uvedené plochy zuhol'natene;j
a nedegradovanej vrstvy dreva skumanych
drevenych nosnikov. Délezitym ukazovatel'om
je pomer nedegradovanej a celkovej plochy
prierezu dreveného nosnika, pretoze znazoriuje
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the area of the beam in a cross-section that is
fully capable of transmitting the loading.
According to the simulation, the beams with a
square cross-section and with cut edges showed
almost the same results. Significant difference
was achieved mainly in comparison of the
beams with square and round cross-section,
where the rate of degradation and carbonization
of the logs is higher.

plochu nosnika v priereze, ktora je v plnej miere
schopna prenaSat’ zatazenie. Podl'a simulacie
nosniky so Stvorcovym prierezom a SO
zrezanymi hranami obstali takmer rovnako.
Signifikantny rozdiel je hlavne v porovnani
Stvorcového profilu a gulatiny, kde rychlost’
degradacie a zuholnatenia gul'atiny je vyssia.

Tab. 3 Surface dimensions of non-degraded and carbonized wood layers
Tab. 3 Plosné rozmery vrstiev nedegradovaného a zuhol'nateného dreva
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Square cross-section 3,600 565 2173 60.36

Stvorcovy prierez

Square cross-section

With cut edges 3,505 530 2,084 59.46

Stvorcovy prierez so

zrezanymi hranami

Round cross-section 2.827 606 1,357 48.00

Okruahly prierez

The cross-section area of the non-degraded
wood affects its bearing capacity and the fire
resistance value. It is because the wood losses
its mechanical properties in process of its
thermal degradation. Based on the results, we
can state that the round shape cross-section
losses its mechanical properties in the cross-
section more rapidly than the square cross-
section. It is because of the mass loss in the non-
degraded part of the wood.

4 Discussion

Based on the results of the medium scale
test, we can state that the depth of the
carbonization increased depending on the shape
of the sample cross-section. In the case of the
square cross-section, it ranged from 7 to 9 mm
in diameter. The depth of carbonization of
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Plocha nedegradovaného dreva v priereze
ma vplyv na jeho nosnost’ a hodnotu poZiarnej
odolnosti, a to vdosledku toho, ze drevo
vplyvom tepelnej degradacie straca svoje
mechanické vlastnosti. Z vysledkov sa da
vyvodit, ze okruhly profil straca v dosledku
ubytku nedegradovanej Casti dreva v priereze
svoje mechanické vlastnosti v porovnani SO
Stvorcovym prierezom rychlejsie.

4 Diskusia

Na zaklade vysledkov strednorozmerového
testu moZeme konStatovat, Ze hibka
zuhol'natenia sa zvd¢Sovala v zavislosti na tvare
prierezu vzorky. Pri §tvorcovom priereze Sa
pohybovala v priemere od 7 — 9 mm,
pri priereze so zrezanymi hranami v priemere
od 85-10 mm (ak neuvazujeme chybnu
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cross-section with cut edges ranged in interval
of 8.5 to 10 mm on average (if we do not
consider the wrong sample 2) and in case of the
round cross-section we recorded an average
depth of carbonization in range of 15 to 19.5
mm. The depth of the carbonization layer of the
square cross-section and the cross-section with
the cut edges experimentally determined
corresponded with the depth of carbonization
dehar, 0= 12 mm calculated according to STN EN
1995-1-2 [1].

The geometric shape of the material
significantly influences the possibility of
ignition, the rate and intensity of the burning
process [15]. In the case of a rounded cross-
section, in case of flame burning, the flame
occurred on the opposite side of the sample
from the radiation panel. For samples with cut
edges cross-section, the carbonized layer was
formed at rounds at the top and bottom of the
sample (Fig. 6 b). For samples with sharp edges
(square cross-section) we noticed flame burning
and formation of the carbonized layer only on
the side facing the radiation panel (Fig. 6 c). The
differences in carbonization in individual
samples were due to the fact that the extent of
the loaded area was different in case of tested
sample cross-sections, depending on their
geometrical shape, while the intensity and area
of radiation of the radiant heat source was not
changed. The samples with rounded cross-
section and the cut edges cross-section showed
more intense flame burning and thus a greater
depth of the carbonization layer.

The issue of the depth of the carbonized
layer was also focused by Martinka et al. [16],
but for its determination the authors applied
different methodology. They tested the wood
samples of Norway spruce and Scotch with
dimensions of 100 x 100 x 50 mm. The loading
of the test samples was performed with a conical
calorimeter for 10, 20 and 30 min. After a
predetermined time of heat loading, the test
sample was extinguished and placed in a water
container. The test samples were dried and cut
in the center.. The depth of the carbonization the
authors calculated as the difference between the
original cross-sectional width and the width of
the residual cross-section. The authors obtained
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vzorku ¢&. 2) apriokrihlom priereze sme
zaznamenali priemernt hibku zuhoP'natenia od
15 — 19,5 mm. Hibka zuholnatenej vrstvy
Stvorcového prierezu a prierezu so zrezanymi
hranami zistend experimentalne je v zhode
s vypo¢itanou hibkou zuholnatenia deharo = 12
mm podl'a STN EN 1995-1-2 [1].

Geometricky tvar materidlu podstatne
vplyva na moznost zapdlenia, rychlost
a intenzitu procesu horenia [15]. Pri okradhlom
priereze sa pri plameiiovom horeni vyskytol
plamenl aj na odvratenej strane vzorky od
radiacného panela. Pri vzorkach so zrezanymi
hranami sa zuholnatena vrstva vytvarala pri
zaobleniach na hornej aj spodnej strane vzorky
(Obr. 6 b). Privzorkach s ostrymi hranami
(Stvorcovy  prierez) sme  zaznamenali
plameiiové horenie a tvorbu zuhol'natenej
vrstvy iba na strane otocenej k radiacnému
panelu (Obr. 6 ¢). Uvedené rozdiely
v uholnateni boli pri jednotlivych vzorkach
sposobené tym, Ze velkost’ namahanej plochy
bola pri jednotlivych prierezoch vzoriek
rozdielna, v zavislosti od ich geometrického
tvaru, pricom intenzita a plocha vyzarovania
salavého zdroja tepla sa nemenila. Pri okrtthlom
priereze a zaoblenych hranach vzoriek tym
dochadzalo k intenzivnejSiemu plamenovému
horeniu atym aj ku vzniku vicsej hibky
zuhol'natenej vrstvy.

Hibkou zuholPnatenej vrstvy sa zaoberali aj
Martinka a kol. [16], avSak pre jej stanovenie
autori zvolili ini metodiku. Experimentu sa
podrobili skusobné vzorky smreka obycajného
a borovice lesnej rozmerov 100 x 100 x 50 mm.
Zat'azenie skuSobnych vzoriek sa vykonavalo
konickym kalorimetrom po dobu 10, 20 a 30
min. Po vopred stanovenom case tepelného
namdhania bola skasobnd vzorka uhasena
a vlozena do nadoby s vodou. Skiisobné vzorky
boli vysuSené avstrede prerezané. Hibku
zuhol'natenia autori dostali ako rozdiel medzi
povodnou Sirkou prierezu a Sirkou zostatkového
prierezu.  Autori  dospeli Kk nasledovnym
vysledkom pre skiiSobnt vzorku zo smrekového
dreva (vysledky po 30 min):

e pri tepelnom toku 20 kW/m?bola
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the following results for the Norway spruce
wood samples (results after 30 min):

e At a thermal flow of 20 kW / m? the
depth of carbonization was of 22 mm,

e At a thermal flow of 30 kW / m? the
depth of carbonization was of 28 mm,

e At a thermal flow of 40 kW / m? the
depth of carbonization was of 33 mm,

e At a thermal flow of 50 kW / m? the
depth of carbonization was of 36 mm.

In this test [16] and our test, the same type of
wood was used, the geometric shape of the test
specimen, the loading time of the test sample
and the heat flow (50 KW / m?). In our test, the
depth of the carbonized layer for the square
cross-section test sample was in range of 6 and
9 mm. Martinka et al. [16] reached the
carbonized layer depth of 36 mm after 30 min.
Differences in the results obtained are due to the
different thermal loading of the test samples and
the methods used.

The results obtained by simulation of the
medium-scale test confirmed the results
achieved in the experiment. Although the depth
of carbonization in case of the round cross-
section reached lower value (10.1 mm)
compared to the depth of carbonization
achieved by the test (15 - 19.5 mm), the share of
the non-degraded and the total cross-section
profile area of the round cross-section was 48%,
i.e. the lowest value of the tested samples.

Fonseca and Barreira [17] assessed the depth
of carbonization by experimental and numerical
methods. For the numerical method, they chose
the Ansys program, which they described as a
program for analyzing the behavior of wooden
elements that are loaded by high temperatures.
In the experimental method, 9 samples had
undergone the thermal loading. During the
experiment, the temperature course was
measured at five points of the test sample (10,
20, 30, 50 and 250 mm far from the exposed
side). The authors divided the samples into the
zone of the carbonized layer, the pyrolysis zone
and the non-degraded wood, and came to the
following conclusions:

e At a distance of 10 mm from the
exposed side, after 33 min, a carbonized
layer is formed with a characteristic
temperature of 700-800 ° C (until the
experiment is completed),

e At a distance of 20 mm from the
exposed side, a carbonized layer is
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hibka zuholnatenia 22 mm;

e pri tepelnom toku 30 KW/m? bola hibka
zuhol'natenia 28 mm;

e pri tepelnom toku 40 kW/m? bola hibka
zuhol'natenia 33 mm;

e pri tepelnom toku 50 kW/m? bola hibka
zuhol'natenia 36 mm.

Pri tomto teste [16] anaSom teste bol
totozny druh dreviny, geometricky tvar
skuSobnej vzorky, doba namahania skuSobnej
vzorky a tepelny tok (50 kW/m?). V naSom teste
bola hibka zuholnatenej vrstvy pre skigobnu
vzorku s ostrymi hranami medzi 6 — 9 mm.
Martinka a kol. [16] dosiahli po 30 min. hibku
zuholnatenej vrstvy az 36 mm. Diferencie
v dosiahnutych  vysledkoch st v dosledku
rozdielneho tepelného namahania skuSobnej
vzorky a v pouzitych metodikach.

Vysledky dosiahnuté simulaciou
strednorozmerového testu potvrdili vysledky
dosiahnuté experimentom. Aj ked hibka
zuholnatenia pri okrithlom priereze dosiahla
simulaciou nizSiu hodnotu (10,1 mm)
v porovnani s hibkou zuholI'natenia dosiahnutou
testovanim (15 - 19,5 mm), podiel
nedegradovanej a celkovej plochy prie¢neho
profilu okruhleho prierezu bol 48 %, cize
najniz$ia hodnota z testovanych vzoriek.

Fonseca a Barreira [17] posudzovali hibku
zuhol'natenia prostrednictvom experimentalnej
a numerickej metoédy. Pre numerickil metodu
zvolili program Ansys, ktory popisali ako
program pre analyzu spravania sa drevenych
prvkov, ktoré su naméahané vysokymi teplotami.
Pri experimentalnej metéde sa 9 skuSobnych
vzoriek podrobilo tepelnému namahaniu.
V priebehu experimentu sa sledovali teplotné
priebehy v piatich bodoch skusobnej vzorky
(10, 20, 30, 50 a250 mm od exponovanej
strany). Autori rozdelili jednotlivé vzorky do
zony zuholnatenej vrstvy, zony pyrolyzy
a neporusen¢ho dreva a dospeli k nasledovnym
zaverom:

e vo vzdialenosti 10 mm od exponovanej
strany sa po 33 min vytvori
zuholnatena vrstva aje pre nu
charakteristicka teplota 700-800 °C (az
do ukoncenia experimentu),

e Vo0 vzdialenosti 20 mm od exponovanej
strany sa po 42 min vytvara
zuholnatena vrstva, pricom teplota
v tomto mieste po 60 min. je 400-600
OC,
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formed after 42 min, a carbonized layer
is formed, while the temperature in this
place id in range of 400 — 600 ° C after
60 min,

e At a distance of 30 mm from the
exposed side, there is no carbonized
layer formed, the temperature is less
than 300 ° C,

e At a distance of 250 mm from the
exposed side, there is the thermally
non-degraded wood. The temperature
in this place is 16 ° C after 60 min.

These results correspond to the results

introduced in Fig. 8, according to which the
temperature at a distance of 30 mm from the
exposed side of the square cross-section and the
cross-section with the cut edges was in range of
24.7° Cto 88.9 ° C. In case of the round cross-
section the temperature was of
153.17°C-281°C.

Conclusions

The results of the measurements and
calculations confirmed that the geometric shape
of the cross-section of the wooden bearing
elements (beams, bearers, ceilings) affects the
depth of the carbonized layer. The carbonized
layer detected by the medium-scale test for the
individual cross-section shapes of the wood
beams corresponded to the calculated values
according to STN EN 1995-1-2 [1], with the
exception of the round cross-section, where the
depth of carbonization was about 5.5 mm higher
on average. These results were also confirmed
by simulation of the medium-scale test in the
Ansys 18.1 program. The carbonized layer of
the beam with square cross-section and of beam
with cut edges cross-section had approximately
the same depth. The round cross-section beam
also reached the highest depth of carbonization,
although lower than in the experiment. The fact
that the round cross-section of the wood beams
is the most vulnerable to the formation of the
carbonized layer, also confirmed the results of
the evaluation of the non-degraded and the total
area of the tested samples transverse profile.
According to the simulation, the beams with a
square cross-section and the cut edges cross-
section reached the share of 60%, whiile the
round cross-section of about 12% lower,
indicating that the degradation and
carbonization of the log is faster.
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e vo vzdialenosti 30 mm od exponovanej
strany  nedochadza  k vytvoreniu
zuhol'natenej vrstvy, teplota je pod 300
OC,

e vo vzdialenosti 250 mm od
exponovanej strany je termicky
nedegradované drevo, teplota v tomto
mieste po 60 min. je 16°C.

Uvedené vysledky koresponduju
s vysledkami podl'a Obr. 8, podla ktorého
teplota vo vzdialenosti 30 mm od exponovanej
strany Stvorcového prierezu a prierezu so
zrezanymi hranami sa pohybuje od 24,7 °C —
88,9 °C. Pri okrthlom priereze je to 153,17 °C
—281 °C.

Zaver

Vysledky vykonanych merani a vypoctov
potvrdili, Ze geometricky tvar prierezu
drevenych nosnych prvkov (nosnikov, tramov,
stropnic) ma vplyv na hibku zuholnatene;
vIStvy. Zuhol'natena vrstva zistena
strednorozmerovym testom pre jednotlivé tvary
prierezu drevenych mnosnikov zodpovedala
vypocitanym hodnotam podl'a STN EN 1995-1-
2 [1], svynimkou okruhleho prierezu, pri
ktorom vznikla hibka zuholnatenia v priemere
0 5,5 mm vysSia. Uvedené vysledky sa potvrdili
aj simulaciou strednorozmerového testu
programom Ansys 18.1. Zuholnatena vrstva
nosnika so S§tvorcovym prierezom a SO
zrezanymi hranami mala priblizne rovnaku
hibku, okrthly prierez dosiahol aj v tomto
pripade najvyssiu hibku zuholnatenia, aj ked’
niz§iu ako pri experimente. Skutocnost’, Ze
okrahly prierez drevenych nosnikov je na
tvorbu zuhol'natenej vrstvy najzranitel'nejsi,
potvrdili aj vysledky vyhodnotenia podielu
nedegradovanej a celkovej plochy prie¢neho
profilu skimanych vzoriek. Podl'a simulacie
nosniky so Stvorcovym prierezom aso
zrezanymi hranami dosiahli uvedeny podiel 60
%, pricom okruhly prierez o 12 % nizsi, z coho
vyplyva, ze degradacia a zuhol'natenie gul’atiny
prebieha rychlejsie.

Dosiahnuté¢  vysledky ukazali, ze pri
navrhovani konstrukénych prvkov drevostavieb
na U¢inky poziaru je potrebné klast’ va¢si doraz
na nosné prvky zgulatiny, pretoze su
nachylnejsie na plamenové horenie a na tvorbu
zuhol'natenej vrstvy a tym aj na stratu svojich
mechanickych vlastnosti.
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The results obtained have shown that when
designing structural elements of timber
structures for the effects of fire, greater
emphasis has to be placed on the bearing
elements made of logs because they are more
vulnerable to flame burning and to the
formation of the caronization layer and thus to
the loss of its mechanical properties.
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