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ANALRZA A KOMPARACADANAh CH
UKAZOVATEGO OV PWONTARBSKEJ A
SLOVENSKEJ REPUBLI KE

ANALYSIS AND COMPARATION OF GENERAL FIRE
INDICATORS IN CZECH REPUBLIC AND SLOVAK
REPUBLIC

JCN DVORSKHR, ORI NIHAK

Abstrakt

Pogiar je kapek®dnteadpilodmuae On® horghod§mpr i
na majetku alebo na ¢givotnom prostred??. C
AnalTza ¢gktdpalkoarddws, egok]| in ich wvzniku

ausmrtenlich os'b m§ viznam pre oRpyocat e Ost \
gtatisticke]j met - dy, charakt er i sLteiskkye | Yar c
aSl ovenskej republikaysakpok®&ssielnsaljevdkdyn ar
m:tgu byS poudgit® pre (gtatistick® zisSovan

bezpel nost. obyvlalteieu waed&B8F oo Nl spls.
ng§kladov na vIj azpdo ghiaasriaun szige jrkyajle @ ko tv k Y8 Rk a
ceny z8sahu hasi]| skej jednotky pri pogi ar
z8sahu.

KOv%| ov®rsdlolvB8a, priame gkody, pogiar. ukaz
Abstract

The fire is any unwanted anchicontrolled combustion, which leads to damage to property

or the environment. Damage can be divided into direct and indieatysis of damage

as a result of fires, their causes and the number of injured and killed persons has
importance for the popuian and the Fire and Rescue Service. Using statistical methods,
the characteristics of level indicators Fires in the Czech Republic and Slovakia will try to
identify the causes that are most importdrite results can be used for statistics and

comments onthe strategy to enhance public safelty it said possible method of
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determining the cost @it fire brigadefire for the calendar yean Slovakia analsothe

intervention offire brigadein case of fire taking into accounfactors affecting the

intervention.

Keywords: Analysis, direct damage, fire, indicatorsstof fire exit.

bvoD
Sgl ob8&8l nym swep®pvany mpj¥d,a rkeotad me e t
materi 8§l rmeargkygdywadh giPwd2as pogi adeuf ommBe i @

anarugeniu stavebnlchmkeehagprokoktpvvhbdoko

avzduchu. Pri hasen? pogiarov |je potrebn
pogiariska proti mogn®mu rozg2reniu sa. S
koordil§ c izualme zpel eni e | innost?2 akThnais ene eproiheRs

podOa vopred Ypi¢amefnotma klt i & yritetpretujepme i ami m
z8kl adn® ukazov 8Slovenskej republigesa8rsd veadsntoiu kW ompar 8§
z8kl adnit ov atwekdani plog s lae jo v aseqmsidireji kapitole V

uvedi eme vzorec na vipolet n8kladov na | ec

rok.

ANALhZA POGI ARQEGCKEISLONENSKEJ REPUBLIKE

Na Yiemke,] republ i ky,20031a2018, vaikdlodokopy® o b d
163516 pogi ar ov. Cel kov® priame gkody, sptlso
663,4 mil. eur. Pri tlchto pofearachnbalo
osemn§sobne vygg?2 ako popelitusmriaeehdélch A
os®b. Nsad oWwzeenns?k e | republ i kyl2012aznkld dolbpyv an ® ¢
96 897 pogiarov. Cel kov® priame gkody, sp?
327,4 mil. eur. Pri tTchdo! poolajeitardrcain ebnoll co
gtvorn8sobne vygg2 ako polet usmrtenlch.
oslb. Z8kl adn® uk azemsvkaetje lae Spl oodvieaprdakved srtieip Uwb
rokoch, akimi je polet pogdglicahpoa et przirame nt

0s?! bzn 8z rnnaesnl® dvul. acej t ab.
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Tab. 1 Z8kl adn® ukakey lk8lggdnakej pmuiglikeaza obdolies200201%
Tab. 1 General fire indicators in Czech and Slovak republic in 20052012
Pol et Priame gk{Pol et wusrn Polet zr
Rok pogi ar g [ 0] osth osth
SR L R SR L R SR L R SR L R
2005 11294 | 20183 | 27 003 084| 59 472 769 64 139 166 914
2006 10260 | 20262 | 27 121 208| 70 375 594 49 144 185 919
2007 14 366 | 22394 | 46 921 954| 78 544 966 53 130 234 1023
2008 11045 | 20946 | 43493 564| 119 256 843| 68 142 232 1109
2009 11991 | 20177 | 38761 305| 78932724 56 117 245 980
2010 9851 17937 | 69148 435| 71 182 242 41 131 244 1 060
2011 13677 | 21125 | 33561130 81576 365 56 129 267 1152
2012 14 413 | 20492 | 41 394 490| 104 127 495| 44 125 232 1286
Zdr o] vliastn® spracovani e HaZaSRa
Pri gtatisti c kaonmalviyzheo dpnoogci oavraonv? opsake
hasilov akbyvastepPsevo je dilegit®

charakteristglke pmya rmac o v @@ld dpbord nd h%k a c h

Sl ovenskej

republ i ky.

mi ni mlaxa m&8 | mad]. hodno

Kompar 8ci a

vieskej

Ztabl

gkody,

Vzni

z8kl adnTch
Sl ovenskej
vypl Trvoak,u ¢2e0 Ov8
ktor ®

K1 i

gtatistick®

Medzi ti

republ i ke

et o

char akt

bolleszkaezjn armeemumI® kve
pogideomajopyogie S¢

pogiarom bol irokaz ®mdéneasnk&kw dye pwbl!l i ke

bol i

Porovnani

vyl 2sl en®

ako ol 0 0 %

pogiaroch
0156 %

n&ersketf v @pu mlvinkaa .2
na
n8rast . KeN sa
pre obe krajinyM oku 2008 m! ge me

medzi Slovenskoul e s k o u

pogiaroch bol

naSvgyendKe®j, 2r enp u bl iekua vao

e mi rokud@bsnay i M & lond g wokog KDAQ] idewiacy

I vyl 2slleensBk enjaerdd8BpWb Imgk od g uv |

pozorovas

repamt okookuVsa

Viajni ggej
Yaz e m2rok®20@b\mean) svkyegj § egkel podkhotldi yk yv v
pozriemeenaakiMeg§r ny

fakt

vigky

gtati s

poznar

char ak:
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dvojng8§sobn® vo vigke 119pr imarycheugdk odNsacjhr

krajinamibolvr ok u 2010. Rozdi el predstavoval | en
pol et pogiarov bol zaznameku®B.nJ abkn ¢ m3) e
2006 bola pol et nolsd34 unsanjrviyedkglical Oab 8V ba pr i
zranil o npphit adleas&éEhv v Slpvenskejirepublike bdlonoku

2007 zaznamenanl cho 14386 Rik 2008 wopp h Dadw @d o] t
usmrtemdamem ch os!'!b najtragickejg2 na SI
zranenlch os!'b 142o0|KeéNusanr poernli cbmbo shddZn
kKl esaj Yci trdredkeijt ak e pakiol Slokesske] réepabkke. a | %
Zd hodobejgieho hOadiska je pozit2vne, ge

tendenci u. T8to skut ol nmisdujjYec i kno rzerjgapnoennd ucj
visledkom i mpl emen thoevzapnd |an opsrtenviecnht 2ovpnaytcrhe na?
v predmeth ¢ h krajin8ch ako aj efekt2zvnej gou

z8chrann®ho syst ®mu.

~ 200
£ 139 144 142
= 150 130 L, 181120 15
> 2w

100 -
- 64 68 s SR
" 49 |58 X a0
© 50 - — [ Ay St NY
(@]
& o l B l l B N B N avsiny

2005 2006 2007 2008 2009 2010 2011 2012
S| edovan 005200 bi e

Obr.1 Pol et usmrtenlch os !Stovepskejrepphlikpi ar och v Les
Fig. 1 Mortality during fires in Czech and Slovak republic

Zdl hodob®hav Thvibgdai spkoal t u usmrtenlch ost!hb
bud?%¥%cnporse oa swbhubdt¥osti vyskytovaS ¥mrti a

javom, aklIm je pogiar.

JEDNODUCHE TRIPEOGGE MIREDV PODOSAT I CTKKETHIO ZNAKU
PRELI NA POGI ARU

Z8kl adne ukazovatd&loe j poiol et pogi ar ov, v ]
zranenosmhtanlch d&.t bVIiszn amrd % gwltoBhu pri ana
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je aj pr2linen2vnz sivkvu spioagciearzi8ka adn® ukazov
podOa tohth® @gtnatkiustpiocki®r ovost i nN8m podrc
z8konitosti medgs|l eadmaoviahe®©Ompr at §ci ou z2 :
opogi aroch. Sk¥mani e ich d'sledkov na oby:
mest §, k r ajjpee konapicie 8y r at ®giau zvygovania bez
Hasil skT z8chrannl zbor LR a SR.

VzhOadpomrik b § mMPp\Vsomee kiteudnot |l i v® pr2|iny vzn

do nasl eduf34]i ch skup?2n
1. Yamy s e |
2. det i a chorobomyseOn® osoby,
3. nedbalosS a neopatrnosS dospelTch,
4. porucha, nevyhovuj Y%ci stav vykurovac?zctlt
5 pr ev §dtzekcohvnoi ck ® poruchy,
6. samovznietenie,
7.vibuchy s n8§8slednlTm pogiar om,
8. Nal gi e sl edovan® pr2]iny,
9. neobj asnen® d!vody vzniku pogiaru
Anal Tkampaar §ci a podOar oveésiiny pv zlne skkuopuwo §i a

a Slovenskou republikou
N a

pogiarovosti,

anallTzu pogiarovosti podOa pr2]iny

kpoe ®c B Sldamimemlegs.anWl syl edky p
zaznane n a mM® sV e dabg. Yac e |

Tab.2 Z8kl adn® pogHk ajr o 03It 0 v @ lOa]j
s | e d oobdahie®0052012

Tab. 2 General fire indicators due to causes in Czech and Slovak republic in 2008012

ukazovatele prép

Pol et Priame gk{Pol|l et wusn Polet zr
Pr 2| pogi ar [ 4] osth osth
SR L R SR L R SR L R SR L R
1. 8844 | 28362 | 76 646 568| 106 395 973 16 180 137 975
2. 2037 3952 | 9929219 | 9282501 4 5 51 322
3. 63 136 | 45426 | 48184 595| 135850769, 265 415 834 3258
4, 4222 7138 | 12638076 23618 719 11 16 79 323
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5. 10952 | 48414 | 81617 168| 213014638 29 68 362 1 498

6. 587 2114 | 3650289 | 9485874 0 1 11 61

7. 138 337 | 16194 423| 3619584 5 11 98 126

8. 1782 | 4632 | 9231893 | 14278163 34 228 48 1 049

9. 5139 | 23138 | 69040 094 147 922778 67 133 184 831

Zdroj: vliastn® spracovanie lgadfiSRa gt ati s
Anallza z8kladnTch charakterist2k wukazov
viLeskej republike

Pr2]lina pogi atechbBmpioph®n§dsipwdsodbil.i pri
6052 pogiarov, | oc eplrkeadvs@haoy up @1 20, BAJ izar ov .
nedbahesSatnrnosS dospel Tkcahg dsopnt sroobkiul as | perdioevr
pogiarov, | o predsesthhovPdonw@hyce ep@o/l,t706 mo gi ar
pogiaru 1. Yamy s e | spltsobila priemerne za
zcel kov®ho priemern®ho pol tu pogi arov. P
nedok8geme url i S pr2l|inuceglekoRvp@B® 2 meos nPhed 3
pogiarov za rok. Prv® tri najvliznamnej gi ¢

zcel kov®ho poplrt2up apdoeg i agreovpovgi are sme jedno

do 9 skup2n, podOa pr2liny vzniku pogiaru.

Anal T za z&klaadrkiteelri st2k ukazovateOov pog
v Slovenskej republike

Pr2]lina pogiarneopat mredbl deSpeal T ch sp
vkagdom roku sledovania 7892 pcgi apo®ho |
priemern®ho pdlithia podgiiarae.bhmpck®8pdakovby
priemerne zarok 36 9 pogi ar ov, | oc @lrlkecadws®ao up @ t1u , g
Pr2]ina pogiaru 1. Yamysel sptsobila pri eme
zcel kov®ho pripmgra®bo. pBlttaemernl pol et
nedok8geme wurliS pr2|inwueljkovedhd Ipa ipmed i
pogiarov za rok. Prv® tri najviznamnej gi
zcel kov®ho poplrt2up apdoegisameovpevynadechi m tried
do 9 skup2n, podOa pr2liny vzniku pogiaru.
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Kompar 8§cia z8kladnlTch charakterist2k ukaz

me dzi L Slev&nsekau republikou

Na z8klade ¢gtatitatbicH®Ro pgd &ghatinai raotme cshme
pozorovanaHHa ZS H&RZZA SR. Medzi naj vIi z npaoninCag dgu e
pol etnosti pogi araosvl esdau j jYecu ima  plaoafsikdeanes mdt ,a kt
v Slovenskej republike:

1. Yamyseln® zalogenie pogiaru,

3. nedbabpatSraosS dospelich osthb,

5. pr ewvt8dczhknoivcok ® por uchy.

KeN sa pozrieme na Nalgie z8kl adn® uka:
je skupina pogiarov pri ktorTch neboli zi:
pogi apredmetnej skuping e gtvrtT najvliznamnej g2, :
ausmrtenich os!b jLe swklejnSalnoavie nasgkkevja kroe pru b | i |
rozdi el pol etnost. pogi areoovp ajteg nprsiS p@roXsipien

medzi Slovenskoub e s k o u kau.e pu b | i

> 8000
S
©
= 6000
8,
-y
2 .5 4000
o o
S 2 2000+ I -
O
— 0 . T . T I T T I T T . T ._\
= 2005 2006 2007 2008 2009 2010 2011 2012
{t SR20IYyS 280R206AS HAnN

Obr.2 VIigka priamych ¢ggtddmat pethe noSXovepske fepilsikee j a
Fig. 2 Price of one fire demage in particularyear in Czech and Slovak republic

Ak zoberieme pomer pr i asledpvangnkroka,ytak a p ol
dostaneme vIigku pr i andegn ognk ordoyk un.a N ae dgerna fpi oc
visledkov sme pougi |l igrafgna abt. 2Zvtlisd keld kro& s tvrymjl
ge vzhOadom na polet pogiarov by sme mohl
v Leskej republike budewagdom roku vyggia oprot.i S| o
gtatistick® zisSovankiteorjoem zva wjk2amapvrii armoek @

v Slovenskej republike predstavuje071 9 e ur oprot.i Leskej rep
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pogiodra vyl 28 8& né8urn.a MNaj va | dies k@hode pudl p &
zaznameroka 28 694 eur na rozdi elSloversgkejnaj mer
republike 2391 eur.\r oku 2007 bola vkpgkpinB8chedenopos

Rozdiel tvail len 241 eur.

EKONOMI CKC NCROZG®SHU HABIJ UEPKOTKY PRI
POGI ARI V SR

Okrem vivoja pogi av,ewsdksit in§msa z&lug ¢ enms lau
n8§rolnosS z8sahu hasil skej jednotky pri |
v podmienkach SRZ 8§ s a h hasi| skej jednot kypri pogi
| i ast kod:® etapy |
a) ohl 8senie (pr2jem)negiaducejudal osti (p
b) vyhl 8seni elpapldabtasi 4skej jednotky,
c) presun hasilskej jednotky na miesto pog
d) prieskum] okal ilda &wiia 8xi a pogi ar u,

el odovzdanie miesta z8sahu a presun jedno

) uvedenie hasilskej jednotky do op2tovne
Priemern® n8klady na jeden vijazd hasil sl
m:t geme2vmppoda jednod@7th®ho vzorca

Nvp=(Vrok/Nv)*pvp (1)

kde: Nw Priemern® n8klady na jedepongiwaijuwmzd
kal end8rny r ok,
Vik Cel kov® roln® vidavky na vgetky vije
nn Celkovl polet vgetklch vijazdov za k
ppw Percentu8lny pogiatomlifazkavekdS8rny

TiTmto splsobom dok§8§gathgy oel| j8dpni emgnna @
kal end8rny rok. Potrebn® hodnoty sa pre te
kde sa vgak | asto uvs8§dzaj nepresn® YWidaje
z2skan® Ydaje m!gu |a&dyiiaciami mnsetdwzp Raneid.n oAK ¢
jav2 samotnl spltsob stanovenia hodnoty cel

za kalend8&8rny rok, keNge kagdl vijazd hasi

faktormi ako:
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f druh pougitej techniky,

1T cenai g§peej techni ky, amortiz8cia vozidl a,
1 motohodiny,

f vzdialenosS v km,

T pol et zasahuj %cich pr2slichgmedkov, | as str
f opotrebovanie ochrannich pracovnlich pros
f cena poudgitich hasiacich | 8tok, sorbento

Vkonel nomja! silgedlaa eO pri pougit2 tohto s
Wwdaje poskytnut® HazZZ, keNge n[8eVprez pade®pn
potreby urlenia celkovej ceny z8sahu hasi|
potrebn®niposPgi Sob stanovenia tejto hodnot
vytvori S prepol et ceny z8sahu hasil skej
spomenut® faktory ovplyvRuj “ce cenu z8saht
Prepol et pozost8va z nasleduj %cich |iastkec
aQ pougit8 hasilsk8 technika (druh techni k.

zahRRa amortiz8ciu techniky a tiedg motoh
b) pos§dka vozidla (celkovl polet pr2slugn

mzda pos8dky za 1 pracovn¥%% hodinu),
c) odprace a n 1 | as, cena opotrebovania OOPP a
pr2padne i n®ho materi 8lu (tzv. MTZ),

d pol et najazdenlTch km a prepolet ceny pre

Sv%|l et tTchto pologiek n8&§m d8§va presnejgi

pri konk®t nom pogi ar i ako pri vyggie uvedenom
jeden vijazd za rok. Na nasl eduj acom obr
hasil skej jednotky pri pogiari Vv progr ame
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= Ekonomicka naroénost’ vyjazdu (zasahu) hasiéskej jednotky z
4 hasicskej stanice k poziaru
2 TABULKA 3
7
8
9
10 h tech &as acena MTZ celkovd  cena vyjazdu (zisahu) k poZiaru
super hruba
celkovy mzda cena

be¥nd cena |poéget osdb| posadky za 1 | odpracova cena pouZitych

prevadzky na| (prisludnik | pracovnu ny éasv |opotrebovani| hasiacich poéet prepoéet ceny wysledna
11 druh techniky 1 km (2ur) ov) hodinu hodinach a QoPpP latok kilometrov |prevadzky na x km| suma (eur)
12 CAS 30Iveco T 0,00 EUR 1+2 0,00 EUR o 0,00 EUR 0,00 EUR 0,00 EUR
13 [CAS 32T 815 1+3 0,00 EUR
14 PHA 327815 1+3 0,00 EUR
15 AP 44 Mann 1+1 0,00 EUR
16 AP 27T 815 1+1 0,00 EUR
17 MB Vario 816 D 1+4 0,00 EUR
18 Scania P 94 145 0,00 EUR
19 0,00 EUR
20 0,00 EUR
21 0,00 EUR
22 0,00 EUR
2:

Obr.4 Prepolet ceny z8sahuaribohOialdRk¢ acj edmkt by ypoivphp
cenu z8sahu

Fig. 4 Price and its calculation of fire intervention due to predjudicing factors

Probl ®&m pri zisSovan?2 jednotlivich hodr

pri pologke super hrub8 mzda pos8dky za
mogn® z2skaS zo spr8§vy zo z8sahu pr2padne
mo @ ot hodnotu aspoR spriemerovaS alebo |
Ostatn® pologky je mogn® z2skaS z internl
gtatisticklch prehOadov. Takto vyl 2slen§ hce
napr 2 kpoddi aprrii n8m d&k @maemindk eojb rra&r ool nost i
jednotky a tTm n&m umogn2 potvrdi S dtlegi
rg§gmci prevencie alebo represie. Tieto hodr
zhodnotenie ekoro mi ¢ k e | efekt2vnost. protipogiart
ekonomickTch prn2§rkdsaaddw v s m§j eptot thvTl sa Har

protipogiarnej bezpelnost.i

ZCVER

Pr§ve poznanie z§8Kklukdamriovat e ®av alktodriiast
pom! Zgevylovani u Yrovne bezpelnosti, Zni go\
jednot ky.gtGataitdtsitd k@ =i sSovadnilkepiofyi ahovalk
pri vppioé¢mernich n8§8kladov nanwlljlayd zE«kd iald:
gtatisticklichkahavakeée®oVvspdlKi arovosti mtg
odl i gmejsédnat nosti akor mkapr20Ppa,i kdda krea jgk®
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spltsobligka gper ivamych ¢ kpredmeman rgke mbleskorog® g i ar v

vyg®d ovenskej republike oproti vild@xkejpr.i
republ i ke. Gtatistick8 charakteristika p
vypovedat e Omad%a hby ns & ugntaacthi§sdtziacSk Tveh r o] enk §
SRaLR. p&sl ednej kapitol e rsineemesan ®p nk8%d ialdiy
vijazd hasi |lpokjézarjkeadineontck&r rky r ok pomocou |j

POnNAKOVANI E
AT8to pr8paorbovkbhaS8pédgent Wrou na podporu vl
Zml uvy FO72FAPIV.V
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APLI KALNh POTHENNTALFI KCCI E VZNI
POGI ARUE®HNOLCEGI | ORRACOWREVA

APPLICATION POTENTIA L FOR IDENTIFICATION

OF FIRE CREATION IN WOOD PROCESSING
TECHNOLOGY

EVA MRALKOVC

Abstrakt
LI 8nok sa zaober &8 bezpmbhogBbuopracesani u

as e k und 8 rSioetijPG3 450Pkr el spracovan? pioldlsiylsn ®&m® It d&
jednotlivich syst®moch technol - gi§s) emndgm \
poranen2?m zamestnancov. Uvedens§ [ icmka bol
nN8sl edkovNdIbediE a) amal yzovan8 dedukdl&ree nym s
tree analysigFTA)i st r om ,tawou sac hgt & § | n@r enfeagame i adenl ch
nekontrolovanbehnabbgdaok¥cpohsbeoddalnad tl2z yi d e
jere§8l na mognioas Ss anbejgaadgemnv nych2 marvaivst2me be
technol - gi e, a vliasnim ident irajetokp aken2 m o

aplikalnT potenci 8l tlchto identifik©8ci?2.

KO%| ov® esdln@l - gi a, @mradd owaa rsit & odaueapal,rzlac h
vplyvov por%¥%ch a ich n8sledkov (FMEA)

Abstract

The article deals with process safety in wood processing technology on primary and
secondary line Storti PGS 450. In processing of coniferous wood in the various
subsystems in each technology systémere can occur fires or explosion resulting in
bodily injury of employees. This line was subjected to the analysis of failure impact and
their consequences (FMEA) and was further analyzed by deductive analysis system
Failure tree analysis (FTA)tree ofdisorders, by which all reasonably possible chains
are unmanaged, uncontrolled, logically consecutive events are identified. At the end of
the analysis, there is a real possibility of discovering the already negative effects, ensuring
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technology securityral with timely identifying we protect employees and possession as

the application potential of these identifications.

Keywords: technology, wood processing, Fault Tree Analysis (FTA), the analysis of

failure impact and their consequences (FMEA)

bvoD
Ogr ac%wrmal 1Tzy nebezpel postedaS§vanivih| 8a i

| . 611/ 20@6i Zskl cho zjneedhrrot k&shorvihnhah T pu ed
nebezpel enstva vzni ku pogiaru Spr a-c ¥av a [
podni kateO natz@8klkachg sk®hbodriwmditeOstva |
zboruVi sl edkom anal helyejme |lpeorssidweanivzni Ku po.
al ebo v pri est oryoacfyzickg rofolbym o d rk ie § Eodreabakh
vykonania &hlu na ®éwva k gtkd,wey boasviebniaa mogi ar ne
objektu alebopa st oru pogi arnymidatzmo s taid e nd miej owa Vv «
pogi @aclkhl|l adzovani e. nal e] prinay lasploeha k o ¢ h
pedpokl adan®ho p ergveray u | évd jpaozl dtuo nopsrivliTocvhl ¢ p
hasi|skichojeedbo®amépgbuvhasi amdije IpSHtgk yarrua
na ochl adzovapnoiléesttnav n hm81Ii hgkej jednot ky
zdol ani e predpokl adan®ho p angti earr Fu&l crharkioc k ®j
vybavenie anaj kr at gi eho | asu na vykonanie %l in
pog.i ar.i

Nap os Yadneenbieez pel enstva vzni ku pogiarov v
pr 8§vni cykaefyzickgj ®smyp odni kat eOa, vy udgtiviarke€cv up
vzni ku poe@gijarmi mariadnej udal ost i pougz2var
Giadna zolmewasetd?tkhwodnotenia?hkebazrpeine kgt iuen
produktom url|itej spol ol enskej 0 bkjoevdann&v k y
jednotlivich zaZ§kvahlrf bc iacahh,bolftepkoordalkaj Y% s
vzmysle vyhl 8§gky MV SR |dedaukl/nB0O0metZ.dza. i
iNnduk| n®_ (Mex- - daynktiedi0@Ruj % predv2daS mogn
vpr evsgdzkorveo,m pribl om anallza rizika poukaz
poruchy zapr2|iniS; pom8haj % vyhodnoti S
prevent?2vpeatnoap dazrae nvipd yvov pBMERKAIhU vae diecnh§ n §
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analjlezg ednlhmsz sprewlad¢i ckT ch postupov pre a
50-tych rokov.i a | ¢ ieed usk% nd®( Mex - poksito@m)®y zuj % visledn
a hOadaj % udal osti at o Yjvd ssl torEonA mpakrivace® |

stromom @otrdaceni(ez stcHI®mye pjoedatd )z kl asi ckl
identifik8ciu nebezpelenstva. Je gpeci 8l ne
m! gu vhaevsgd. ikiExi stuje veOa variantov tejt
symbolyprepopsani e pr2lin hav§8rie.

ROZBOR PROBLEMATIKY
AnallTzy vplyvov por%ch a ich n8sledkov (FN

Princ2pom anallzy vplyvov por¥%ch a ich
Kk omponent uz osdypsot v@ndua nai e ot 8zok, vpisuj¥cic
m: gemgonent pogkodi S a | o sa mtge staS, ke
vcel kovej anallze rizika, jej visledky s
formy z8znamu. Zg8verelnim krokom pri tejt
pril om &aja¥% vtyibeerpr 2 pady por %ch, ktor® s¥ n
uvsg§dza t abuOka. Pri kvanti fi kovan? poruc
dtsl edku poruchy pom8ha pri rozhodovan? |

viznamnostigovKaf§didievadok sa klasifikuje
cel kovej funklnosti syst®mu a zohOadRuj e z
por%ch a to pre kagdl prvok zariadeni a. L
podddas| edku,e oldV ,k akiteogr-& ivyj adruje potenci §I
funkci 2 syst®mu, ag po kateg-riu I, ktor
okoliaj e zanedbat eOn®. Pokraluje sa zaraden?
jednotlivich portwceghr adk aslegp® nyee pmiavmZeploau

nzzkou, syseddomou %aovRou pravdepodobnosti
syst ®mur.mwZl §ra tabuOky sa stavy zakreslia
nach8dpal i ach grafu aknash8dm&g sotastr

avysokoupr avdepodobnoksSbualpeboachy. abtomte Rou k
pr2pade mus2me prijaS opatrenia organi zal

zn?2 inloivua zopakuj eme cel ¥% anal Ttzeuc hankool -dgtikia
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AnalTza stromom por¥%ch (FTA)

Met -da anallzy stromom por¥%ch FTA (Fai
poug2van8 ako dedukt2zvna met: - dpoz dméer akd on

mtgu viesS k hav§grii. Strom por ¥ch ma tzv
negiaducou wudal osSou. Vychs8dzaj Y%c z naj v
postupovaS po jednotlivich % ovni amh ag Kk
stromu por %ch. Je mogn® postupovaS vo Viz:
systematick® vizu8§lne zobrazenie, z ktor ®|

prispievaj ¥% jednotliv® z8kladn® prwkKy k pc
systematickl pr2stup, pretoge je potrebn
sl edovan®ho syst®mu.

Hodnot 2 sa Vv strome por ¥Ych, sl edovani e
poruchu syst®mu a urlenie pravdepoidobnos
Ssyst®mu proti poruch8m, overenie nez8vislc
pos¥%deni ei rsfpoarSmois2 ipune| &ni ¢ i dk®gmposkiyckT c
koncepciu zlepgenia existuj Yceho |2t ssvtu.onme
poruchov®hel ggtmavkur okom je identifik8cia
vprevs8dzke (v zarvradlemnl2gyvejktwd® ovsetdiva kTu
vyhOadg8§vanie splsobov por¥%ch jednotlivich
jedot |l i v® pr2liny pAoaMchokompomoeod ostr omu |
prehOadn® a systematkitcokr® hvoi zjue§ | nnae pzrovblr apzoehn
sptsobom prispievaj¥ pedoohbve®tiz8kyatd@®@mu

m: ge ptoaukgi ®a kvalitat2vnu, ako aj kvant i
jednoduch® vyhOadanie Asl ablch nhiCasdifis ksay s
spoOahlivosti. Je osved|lenTim, doobbtagti pr ep!

~

projektovaniaaia peewdodrlbbgvcklch procesov.

EXPERI MENTCLNA LASs
Spracovs8vanl materi §I

Drevo je vlI8knit8 organick8 | 8tka, vytyv

kon8roch a koreRoch. Chemi cky sa drevo
hemicelul -zy, 24 % lign2nu a asi 2 ag 3 %
( bunai )i je hlavnou s¥% asSou rastl2n, ner
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rozp¥%gSadl §ch, ani v miernych chemicklch |

ale nie je st8la. Lign2zn je doteraz m8l o qp
pohnl ob8ch dreva. Triesloviny s% | 8tky, ktoc
rozp¥%gSaj¥% sa vo vode, v alkohole a v acet
50% uhl 2%k &k,ys43 ka a zvygok tvor?2 wvod2zk, dus

Pogiaemdni ck® vlastnosti dreva

Horeni e dr eva predstavuj e termi ck® rc
komponentov a zmenu ich chemick®ho zl ogen
Hemicelul -zy s% naj menej odol n® teplothom t er mi
intervale 172 40 AC. Pri teplote 240 AC bola zi
produktov pri rozkl ade hemicelul -z. Cel ul

Pri256350 AC nast§va intenz2vny termiemklu r o:

vazieb v z8kladnom reSazci podOa radik§I
uvoOnenia rozkladnTch produktov celul -zy |
najodolnejgia zlogka dreva voli ter mick®mlt

pri teplote 3064 00 AC. Rozruguje sa gtrukt%ra mak
produkty. V tuhej f8ze sa vytv8ra gtrukt Y

prchavich produktov je niggia ako pri cel
viastro s t i dr eva, mus2me pri experimentoch zc«
pl amennlT, kombinovanl) a samozrejme aj V|
materi 8l u, hlavne jeho vlIihkosS a hustotu.

Z pohOadu stability drevla matierpio8yi avyk

pomerne dobr ® vl astnosRriégbelpoi esipa §a nomc di ms
ovpl yvRuj % fyzV«%Bll snen owltdiiss mHma ¢ ki mnogstyv
astrojov®ho n8radia, ktorTm dosiahneme vib

Technol ogi ckT proces

Mechani ck@obbs®mpamieoovn]l procesloviprobkt
z2skava ptoag a doomemasn¥s| i sosdtokbye r an 2 mmd ti ergit Il i e k
povrchovej vrstvy pol owlerzonb®huo mesfasiamoton ap o m
premeny mdriesku i €i e Onem obr §bania je daS mat

f unkplrne¥s,nocshSar akteri zovan¥% r oz mer mi a stavc
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Technolbr@ibani a sa r enadri 2zpijey svkolsmjekt ave s

Strojpoug2vanl v at enjambvsbsatc@vzesrny adgeni e pou(
upevnenie a ako pom!ckpr2priawopg8hbham® m&
nazl vicaenmzen ® ,n §chjrekte t echnol opplbtevir®braboks pr ac o

virabok

Proces obr8bania sa realizuje v obl ast:
povicu. V tejto z-ne sa uskutol|l Ruje premena
vliastnost2. Obr8ban2m vzni k8 obroben8 pl oc
Popis technol -gi e

Jednihmj modernej g2ch splsobov prvostupRc
porez na agrzg &thoghe. alueadbmuau i zovan8 | inka
PGS 4500br. ) [3. Ve Okou vihodou tejto modernej t
potreby mani pul $Sagg&l miraboemekawmi s ako a |
najnebezpelnej gDolsiladntuzS tteocbmwdlo- gnogg.n ® au
vhodnTm rozmiestnen2m dopravn2kovich p§s
dosahuje samozrejme nie |len zvigenie bezpe
strane je al e nutenr@ §p otdeocthknnohS ggiea tj8et oo vmeoQia
Agreg8t STORTI PGS 450 je mogn® pdqagi S vI
Aut omati z8cia procesu je zabezpel|l en8 pomc
nap8ja elektrickou ¢e¢rergiectd v@ethkhyl rgrzacip
700 kW.ht. Na obsluhm8aigsleg8tiu @& wngtal ovan®h
potrebniTch od 4 do 10 Outhhog€eVv 8 secophoV;
mogn® zatriedi S do bBelkkeweng2ch technologi ckl
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Obr.1 Bl okov§8 sch®maariddenmhnol ogi ck®h

Fig. 1 Block scheme of technological equipment

STORSTI PGS 450

Prim8rna | inka

Proces spracovania drevnej dOméaghzald2 na dn
apriemerom v rozmedna L60upg%u458&mpu. Oodt i
pomocou dopravn2kovich p8sov, pods¥van® p
z2 str8n omietacej pz2l a. 2Tazkagpivezatiekm®& g derde
bud¥% Nalej spracov¥a®kB8apsekmadpohep| bjBkeE
Po ot slkerf2 em2 na pot r eomietdce] ep@agnkajiozmiesadej pr i z n
p2l e Nal ej Sspracovan®. Po wukon| en? tTcht
rozmerov ,ktor® je muaogatickoudikkbuaRti ZoBito pracése e , a
samozrejme vzni k8 aj odpad, ktorT je za p
p8sov zhromagNovan? na zbernom p8se. Ten

spracovani¢Obr. 2)
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Figure 2 Primary line of wood processing technologj3]

Obr 8zok 2 Prim8rna |linka teg@hnologick®ho op
Sekund8rna | inka
Zagpicaten® odrezky, ktor® vzni kI ug na

pod8vace,] r anjpeyd npaketiad R @ p kv ac e j pz2l e. Vz
odrezky s% Nal ej S proand ;v arc® uc @2 | wodpad/tzand ikwn

je n8sledne spracovanl rovnako ako na prir

Drvil ka
Vget ok odpad so zbern®ho p8§suame pomac o u | d

kde sa drv2z na gtiepku. Ukl adani e gtiepky

Centr8l ne ods8vanie pil?2n

Pomocou ventil 8tordst, osavlikemnepatsiubli8&a ma
auskl adneni e, wvszinliek.ajKeN cthe pmdt2enr ivfelsa sa pr
hromad2 veOk® mnogstvo tepl ®ho vzduchu. Te

do ovzdugia, alebo eexysgpaan@eppiinbice vyl

Zdroj technick®ho vzduchu

Vgetky pohybliv® | ast.i technol - gi e, ktor
uv8&dzan® do |innosti stl alzemivm8waduehom.r e
aodNeOovacie rapmemyghl iaM@ lgzpelzmest n® zar i
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stl alen®ho vzduchu s%% rozveden® po cel ej

jednoduchTch pr2davnich zariaden2 mogn® p
mus2 byS schopolhtveddchw aS ag 230

Obr. 3 Umiestneohe@B)ldr@hirt.kyd wentil 8tor na [Bds8vani e
Fig. 3 Placement technology in the crusher wastf8]  Fig. 4 Vacuum fan for wood waste[3]

VhSLEDKMSKASIA
Definovani & aedleizpe| Eistva vzniku pogiaru

Vrchol ov8 uOhrozeni e zdr apvo gak opdreancioev
vplyvompo gi aru al ebo vibuchi

Popis sledovanej Porez smrekovej ge@aiichy
udalosti: prevg8§dzkovich podmienok.

Neuvagovan@Faj | eraindg paudt8cdormersI m ohRo
Yoamysel n® zap8lenie.

Hr ani ce sys LinkaSTORTIPGS 450

Tab. 1 Syst®movsg§ anallza technol -gie
Tab. 1 System Analysis of technology

Syst ®m Podsyst ®m Pl oha

Agreg8t STORTIprim8rna lijporez guOatiny n4

sekund8r na | porezzbytkovp r i m8r nej
pogadovan® rezivd

Centr8lne odsjods8vacie zzber pil2zn od r ez
filtraln® zodllenenie pil?2n
silo uskl adnenie pil 21
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Zdroj techni cl Kompresor dopORanie z8sob

z8sobn2k s t| uskladnenie vzduchu
vzduchu

Drvil ka - spracovanie odpadu z porezu na
gtiepku

Tab.2 Stanovenie pr2lin negdgiaducich okol |
Tab. 2 Determining the causes of adverse circumstances

Prev8§dzkoyMogn® rizikg§

KalibrgcigVzni k mechanicklch ikier pri nab?2jan
apoi stmatélk na ktorTchkoOvek ilcahs tuvaoci
ansr azom®okovov® | asti ztadd lorkolv-aqii ai, pa

komponentov.

Porez guOgPrehriatie elektrotechni k, el ektr omo
alebo inTch mechanickT chi nlgatsatl2o vsatnr®,]j
alebo vysoko nam8han®, ag na teplotu
okamene, alebo kusy kKawow, Ktitskr®& s¥h!?

elektrostatickou elektrinou, bleskom, alebo skratom.

Ddrgba tedqzZzv8ranie, tepeln® delenie a Nalggie s|
zvS8racie, br asi ace alebo iskriace za

Ohrozenie zdravia pracovnikov

a poskodenie agregitu vplyvom

plamenia, alebo vybuchu

Horlavy sibor Inicidtor Vibuiné
prostredie

<> o <>

Horici povrch Mechanicka Elekirickd iskra
iskra

<> <> <

Obr.5 Strom poruchovlich stavov pre negdgiaducu udal os
STORTI PGS 450
Fig. 5 Fault tree for adverse event "fire or explosion" (FTA) lines STORTI PGS 450
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Hortici povreh

<>
[ ]

I ]

Trenie PretaZenic Neudinné chlad
clektroinitalacie motorov
T
o)
Lozisk Dopravnikovich Pilov{ch Nedodrzanie Nehdinné Nedostatogna Vysok pragnost’
pasov kotigov prev. podmienok || ochranné prvky adrzba prostredia
Obr.6 Strom por¥ch pre inicialnl zdro]j hor Yaceho

Fig. 6 Fault tree for initiating source of hot surface lines STORTI PGS 450

Elektricka iskra

Neiéinné

ochranné prvky
\ [ | |
Mechanické pos. PrefaZenie Porucha Statickd Blesk
elektroniky elektroniky elektroniky elektrina
Obr.7 Strom por¥%ch pre inicialnl zdroj mechani ck

Fig. 7 Fault tree for initiating source of mechanical spark on line STORTI PGS 450

Mechanickid
iskra

Iskry z prac.
néstrojov

OR

S

Unava materialu NedodrZanie Korézia S-,] Kalibracia
prac. pokynov technoldgie

O O O

Porusenie zisad Zviranie 2 |
Obr.8 Strom por¥%ch pre inicialnl zdroj el ektrick

Fig. 8 Fault tree for initiating source of electric spark on line STORTI PGS 450
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Definovanie anallzy FMEA nebezpelenstva Vz
Tab.3 For mul 8§r pr)e |l inku (FMEA
Tab. 3 Form for line (FMEA)
NebezpellD Pr2lina Dt s | Opatrenie Pravdepod. | Br o
kri.
Treni e 1. opotrebovanie pogi mazanie N2 zka 2
Treni e 2.1 | Otupenie pogi vliasn8 v|Vysok§g|2
kot %l ov
22 | hr | rezive pogi kontrola procesu | St r ed n| 2
Trenie 31 {[UvoOneni|pogi pravidel |N2zka 2
dopravn kontrola
p&8§sov
3.2 | blok. drevom pogi Vi zu8l na|Stredn|2
p8§sov
Iskrenie 41 |nespr8vn|pogi dodr gi av|Ve Omi 2
uvoOnen upevnenie vibu postupov
| ast? _
technol |42 |[Ysnava ma|pogi pravivdderlg Ve Omi 3
vibu
Prehriatie 5 preSagen|pogi rev2ziel|VeOmi 4
elektro vibu prvky
e
Prehrievanie 6.1 [vysok8 plpogi pravidel |Stredn|3
elektromotorov prostredia vibu
62 |[porucha |pogi pravidel |VeOmi 3
63 |[preSagen|pogi rev2ziel|Vysok§g|3
vibu prvky
Iskrenie 7 kov zara|pogi kontrola procesu | N2 z ka |2
p2len®h v dreve vibu
bdr gba 8 nedodr galpogi kontrola Stredn|3
hor Yc e PO aBOZP vibu dodr gi av
povrchy)
El ektri (9.1 | blesk pogi hromozvod Ve Omi 3
vibu
92 |[statick8|pogi uzemnenie Ve Omi 2
vibu
9.3 | porucha pogi pravidel |[N2zka |3
elektroniky uch
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Obr.9 Vyhodnotenieanal Tszye Swvom grafe

Pravdepodobnoest poruchy

Vel'mi nizka
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IV
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111 23
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Fig. 9 Evaluation of the analysis in the network graph (FMEA)

Tab. 4

nut n®

Zavedeni e
Tab. 4 Introducing measures for relevant dangers
_ _

vykonaS na |i

opatren?

nke STORTI

pre pr2slugn®

Ne b e znpten| e| ID Pr2]ina Opatrenia Dopl nkov® opatreni1
Prehrievanie 6.1 vysok8 plpravidegZavedenie zariadeni
elektromotorov prostredia Yadr gba |[prachuwvzdpgavadel n®h
technol -gie po kag
6.3 preSagen|revzziadlngtal §cia vhodnTchHh

ao ¢ hr a n| elektromotory.

prvky

bdr gba (il|8 nedodr ¢ al kontrola Poudg2vaS len neiskr
povrchy) BOzP dodr gi dpri nabz2jan2z p21l),
predpisov koncepciu organi zal

zv8rmaeiaci ¢ n®r $ude 4
pr8ce na technol - gi
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El ektrick|{94 mechanic|ingtal §Dopl nenie ug exiewtn
pogdgkoden]|krytov gelezn® mriegky, o
elektroniky
Drevnl pr|10 nefunk| nfpravidelngtal 8cia priwlsowdn
ods 8§8vani | kontrola vstupov na odstraR
dreva.

Tab.5 Prehodnotenie formul 8§ruenpo (FMEAJen2 potr e
Tab. 5 Reassessment of form after introducing necessary measufe$1EA)

NebezpeglD Pr2]ina |D?! sl . | Opatrenie Pravdepod. | Br o
kri.
Prehrievanie | 6.1 vysok8 plpogialpravidel |N2zka 3
elektromotoro prostredia vibuc
v
6.3 preSagen/ pogialrev2ziel/|VeOmi 3
vl buc/|prvky
bdr gba |8 nedodr galpogi a]lkontrola Ve Omi 3
hor Yc e z8§sad POvIibucl|ldodrgiav
povrchy) aBOzP
9.4 mech. pogialingtal §c|VeOmi 3
pogkoden/vibuc
elektroniky
Drevnl |10 nefunk| nfpogi ajpravidel|N2zka |4
ods&vani|vT buc|kontrola

Pravdepodobnost poruchy

Velminizka  Nizka Stredna Vysoka
IV |5 10
10.1
I (42 8 03
2 6.2 94 |61
= 9.1
E 6.3
—_
s I 14l 1 2.2 2.1
z 92 3.1 32
= 7
I

Obr. 10 Prehodnotenies i e Sov®ho grafu po zaveden2? potrebnl
Fig. 10Reassessmentf network graph after introducing necessary measures (FMEA)
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ZCVER )
Kvalitakamtoiut aaa 2vnou anallzou (FTA) [
vyhodnot en® str omami poruchovich stavo
vibuchfA po@ur.i8mdbmnostsi, Eoods Pstm®@me tvechnol
sjednot !l ivTl mi typmi inicialnlTch zdrojov

amechani ck®hioskkrtav.oddt navr hujeme pre prever

elektrick® zari&amestigi prejd wdostayhwnptachu,

pogi ar ,
-]listiS elektrick® zariadeni e, Kt opri® nems¢
begnej prev8dzke iskr2 ( raz za 6 mesi ac:

-listiS elektrick® 2z araiba daeRmij é4c ek tvaprii & n o & in§
begnej prev8dzke neiskr?2 ( raz za 12 mes|
-zariadeni d asae wympxman®hpodokeyat &l ym doh
prevsg§dzky,

elektrick® zariadenie nemigendjosyagbinaSdo

povrchovg8 teplota podOa technicke]j nor my .

Ako alternat2vne n8vrhy sp!'sobu riegenia
zariadenie od ostatnlchmotjemolsrBmlu- gviz2ni &lue bp
zariadeni e jod opyatSr eprre®@ Keaangtdret ep®Peng&donkoat
vgdy pred spusten2m odstr8&ni S.

Vykonan2m anallzy vplyvov por%ch a ich
zpi atich poruchovlich stavov, ktor® bez za
nepr 2 prysstorke® r i zi ko vzni ku pegipaBwndwl il
zanedbanou Ydr gbou. Pre pogadovan® zvigen
spr 8§vawer hmiutaldne vykon§vanl pl 8n Ydr gby.
sobmedzen2m v r obN\g®h oz apnreoscteasnuc, i bluel ¥4 musi ¢
pracovn®ho | asu strgviS Y%drgbou. Okrem toh
n8rad?2m. nal gi e tri mevholonw® , str&sy ek 2 gp
zabezpelenou kongt r upkocdi oobun otseSc hvnzonli-kgui et.T cPhrt
stavov je mogn® zn2¢gi S na prijateOn¥% mier
gi aden z8sadnl vplyv na priebeh virobn®hog
pogadovanich opah©a&adidsdgpodoly &sitzika vzni ku p
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nepredstavuj e nepr2pustne jwysprkev §rdizkioka@,S

obmedzenia.

ZOZNAM Bl BLI OGRAFI CKhCH ODKAZOV

[I[]STN T EC 60812 (01 0675) Met -dy anallzy
sptsobu a d!sledku por%ch (FMEA).

[2ISTN 01 0676 Anallza stromu poruchovich s
[3] Storti: Sawmill line with circular sawblade cutting technology for prism and board
productionDost upn® na internete. Online (01. 1
http://www.storti.it/en/sawmill/pg800350450
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BEZPELNOSs A QOHRRARRI HASI LSKOM
GPORTE
SAFETY AND HEALTH PROTECTI OI
FI REFI GHTI NG FOR SPORT

MARI ANNA T OMARSKNG/TCA ENDRI ZALOVC

Abstrakt

Pre rlsshbkeynh z8sah je okrem technick®ho
dilegitsg aj fyziickhd vzdgtomns$S sivd s inlnmw Sa Fy.
je preto vnZzmaj@&Yakejgedh faktorov ovplyv
z 8s athaus.i 2 §char an§8r i sY% jednot kami prv®ho n
dopravnich nehod8ch, ale poskytuj % aj pr e
mieste z8sahu. S¥u ashehthakd@Enca] Z8§adhs amni rc
aol ak§8§va sa od nich, ¢ge nipcle dd&pat olget kp o
fyzicklT, ako aj odbornld

KO%| ov®h asdiolv,8:hasil skl gport, z8sah, rizik

Abstract

For fast and successful intervention, addition to technical equipment,
professional expertise and important physical fithess of firefighters and their
interoperability. Physical fithess of firefighters is therefore seen as one of the most
important factors influencing the overall successhaf intervention. Firefighters and
rescuers troops first deployed not only to fires, traffic accidents, natural disasters, but also
provide aid measures for disabled persons on the spot intervention. At the same time they
carry out evacuation of injured asdk in rescue work and would be expected that the
performance of all interventions is sufficient potential in them as individuals as well as

professional.

Keywords: firefighter, firefighter sport, accidentsisk
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bvOD
Pravidl § hasi| sk®ho gportu S Yoz §s%lor on

technickl chuptoadmi weeamk, aktorTmi sa urluj %
vhasi| skomogpoptpel maeni a di sci pl 2hodnotepi® pi s d
visl eHkoavidl §dopmaehkhy zavyedrS8vjaRug e prez2di ur
az8chrann®ho zboru. Hasi |ltslkdhtgp odits csiap Intt nyae
f Behnal0OOmpr ek&8&8gkami,
9 VIistup do 4. Podlagia cvilnej vege,
T Gtaf et a pirxelk080y kna nsi |,
f Pogiarny %Ytok.

Pspevok poukavnmpekraijpdaes8 p® nen2 vybranl

vhasi | skom gporte.

Hasi| skl gport

Fyzicky najzdatnejg? hasili po zdol an?
si zmerali sily & v T gvillaikvaliivar T ¢ 81 0S¥ etsa nemi lokajesh® ¢
s sSalaesivl skom gpormedzi maijecdm®vs¥“u88ga CTI F
technickl vibbaspmeéeeppagedcskwmagport e.

nhal gie sWwSage s¥% organizovan® ako tzv.
nagtad simul §ci a pp¥vaRowejj |ziSrcrha satniney s u ¢
oslhawvarovanlalNm| o 2i direglani ztasainl2s ksovab agyF o rv
pl ni a di scipl2ny netpyou ¢ikt® mpregpelte §nny qlp
prosttiedkeapr esne vymedzenlich technicklch podmi

Fyzick8 pripravenosS hasilov

Piextr®mnych z8sahoch, al ebo pripridl hodo
vSagklch podmienkach hroz2 hasil|l &mznek&zp
pr 2 prhavwsa |aoavmejrean § na zwpyegwRoawma rei esid vy, rTch
aobratnosti.

Fyzigk®Bprhaavsai | s kT gport s¥% asSou odborn
al l enov hasi | s[fTOstobj edabi i ekabezpel ovani a
overovanid yzi ckej zdatnostii ritaerinloowh prve dyimeadcl
az8chrann®ho zbor[l] Pqdidmdseg péein8IHR&|jZ)f yzi cke
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ohasil skomdigpon eigel ossptlis osh¥ hvaos i M yshklT8cghR]lej eod n ot
Pri fyzickheas iplrs?kporna vodpaes it leo w zwnii k& mur acovnlc

z8sahovej Jlinnost.i

Discipl22ny hasi | sk®ho gportu
a) Beh na 100 m s prek8gkami

S%Sagiaci pri plnen2 discipl2ny beh na 1
s ktorou zauj me postavenie na (¢gtarte. Po
hadi ce, prebehne kladinu a hadice rozvini

rozdea®o na druh% spojku hadicég]pripoj2 pr!

e ST T IN b

Gt ar t cieO
stena hadice kladina rozdeOo

»
'I

v al

A

100 m

Obr.1 Beh na 100 m s prek8gkami
Fig. 1 Cross100 mwith obstacles

Mogn® ri zik§ pri pl nen2 dis¢g]pl2ny beh n

| p8d zo steny,

T nespr8vne prekon8mBbek paekB8ghy, sheapgr §
steny,

1 strata rmo&sloevdBm&bmadvich most2kov kladi:
zkl adiny, pmogbmeykowitdhe most 2 kov,

f spletenie rozvinutlch had2c¢c polas behu,

v behu,
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1 nespr8vne uchopenie rozdeOoval a,
meteor ol ogitekp®oum,ywl hkosSigmdkOdahu®pr 2p
ng8radi e,

1 pogmykmethiue vpl yvormpesdawgi at @ea®kttor om s Y

(antuka, tartan, piesok, tr8va, asfalt)
Pr2klad Yrazu hasila pri n8cviku discipl?2r
Pri zbikéehmrananyopomnmbeh2ku hasil|l mpaslagdnh ¥ p?
prielku n8behov®ho mos tpok& old@ap®icriyuk pN&tsyl eCd
dol nej ktolnmatgemynemohol stw%pi S na nohu. Zr

bol es$wnii adal oprs§c edodsacsmopnosS 8 kalend8rn
by Vistup do 4. podlagia cvilnej vege

Po odgtsahSaodvbaneehne s rebr2kom k vegi, :
Vyst Yapi po Rom a vysadne na parapet. Pot o
Rom a vysraadpneet ,naprpeaves?2 rebr2k do 4. podl

podl ahu 45 podlagi a.

——
—
1.87
A T
3.30 ’
3.30 Start
— =
4,25 HEEF: -HEN
L | -
I 32.25 I
Obr.2 vistup do 4 podlagia cvilnej vege
Fig. 2 Output in 4 floors of the training tower
Cvilng vega m8§8 oceOov¥ nosn¥% dkoosnggkt.r uPkocdi
cvilnou vegou sa nach8dza z8chrann8§ podug|
pr2padn®ho p8§du s%Sadgiaceho. Sw%Sagiaci mu
zabezpelenia proti p8du. Karab2nkuudo fi xnl

bezpelnostn®ho postroja s¥%Sagiaceho na dr L
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Mogn® rizik8 pri plnen2 discipl2ny vistup

1 nesprs8vne zavesenie rebr?2ka,

1 nespr8vne dogOapnutie na stupienok rebr
9 nedostatoln® zaistenie fixnim | anom,

1 stratar ovnovs8hy na parapete, alebo pri prev
1 poveternostn® vplpdy (n&razovl vietor)

Pr2klad Yrazu hasila pri n8cviku discipl?2r

Je nutn® povedladse gekédpzt sahsitak®vpodmi

nebol i tak®spdM asmed k@ak diass vijednak z8chran
umi est Ruje pod cviln¥% vegu, ask¥%l agnasttiendre
presn® ukotvenie, i sti aNael ggemyt,ech@& g O& ®n §

nevyhnutn® priabezlpredmwstzidr @ %“Sagi aceho ha:
di scipl2ny hasilulpot weredbehaht 2kar @hiy apr e
nespr8vne dogOapol na stupienok rebrz2ka.
sa presunula na rukut ko r 8 n8§pohaskeblydpargiabklghtganie 26 m v~
z8chrann% podugku. DBraz mal nteko®koeddukRc
pr§8&§ceneschopnossS.
c) Gtafeta 4 x 100 m

S“Sagi aci na prvom Ysseku pomocou rebr?

dok n%S (rukou alebo nohou) pl oginy a v p§8:

s“Sagiacemu na druhom %seku. Na druhom Ys
gtafetovl kol2k s¥%Sagiacemu na treSom ¥Yse
prebehne kladun , Sspoj ? hadi ce, napoj?2 jednu spoj
pr¥%dnicu, Vv p8sme odpojenia pr¥%dnicu odpoj
kol 2k s¥wSagiacemu na gtvrtom Y%seku. Na gtyv
pr2stroho, duoveldiirtenost i, uhas? horiacu kvape

ngdrge a beg?2 do cieOa.

Doml ek prekon8va s¥%Sagiaci pomocou skI &
strechu Dloonm|eekk amg8 dOgku 5 m, g2rku 2,5 m a
Strecha so m&kldOgdkm 30 mRraukdveniekiie ch,n5 cik]l poj
kladiny, steny a o m| e k a SsY% ur| en® | epdrn2olzonhael n ®r apvoi
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hasi| sk®hN8dgmp@drnha. hay)Oav¥% kvapalinu je z
g2rkyvidgkm @,2 m; je vybaven§ gtyrmi dr gi e

Mogn® rizik§ pri5:pl nen2 discipl?2ny s¥%

| nespr8vne alebo nepresn® ukotvenie rebr
f strata r ovknoorw&vhayn2prpr epkr&gky dom| ek,
 spletenieadr ek 8ganbehthapgplric pwrekon8van2 prek§gg

ZCVER
Pri or g dSiag@dvialnek ¢m gportedn® dbaS, aby
ng§cviku jednotlivich discipl2n po8ldgizboon

rozcvipaodgit2sm pr2sluggpprtgpw®hovepdewb,uva
nekonali OahkomyseOunrae mi amy S%Iore SMasil los |
viznamn® pre vimenu sk¥%senestl2aiz&é&hmvaenr &y
pr2legitosS na zozn8menie sa postupgizprick T m
vysl obodzowearnar osaibi czh v 0 z inikdueay p e chia&lin ysnk

n8rad?2 m.
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TabuOka 1 Pr2klad pobB&siehskhl chzgpar poe jeden z
Table 1 Example risk assessment for one of the fire sports
Hasi |l skPOEpaARNY: DT OK
NEBEZPELEN OHROZENIE RIZIKO Visl edn
pomocou matice
rizika [6]
Stav te/Premol enl Pogmyknutie, Zaborenie braz 11 mierne
(tr8va,|KIl zkT ter® (pomliagd
antuka ...) odreniny,
zlomeniny, ...)
Ner ovpowwckuS |[Nespr 8vny dopad dolnlch|Praz 11 mierne
(pomliagd
odreniny,
zlomeniny, ...)
Pr ek 8 g ky n|Zakopnutie, zaborenie do zeminy, ... braz 11 mierne
(kamene, v (pomliagd
zemina, ...) odreniny,
zlomeniny, ...)
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N§&§radi e
pogi
Yat o k

na

Pogkoden® | Napr. Spojka hadice Pri sp8jan2|bPraz (vyb|/l5 negi g
pogkoden® , ,|hadice aruhej spojky odreniny,
spojke hadice hadi ceneWpd(pomliagde
uchyteniu oboch spojok [gkr abance
ksebe | o mtg
Vi «ka8§sl edn®
rozpojeniuhad2 c p
vysok®ho t|
Yat ok u.
Opotr ebov a|Napr. Hadica Privysokomtlakuvody |Dr az (vyb|{15 negi g
opotrebovanemt! §ge drézirhauliu | odreniny,
hadice hadice alebo vytrhnutiu [poml i agde
spoj ky hadi
Nespr 8vna Nespr8vne ul/lPolas pogia|(bPraz s¥%Sa/l7 nepr.i
n8radi a n8§radia na zZavibehu od 17
premotanie hm! ge dzasekausiu/
sebou, ... zauzl eniu h
kobmot ani u ¢
0 hodabBn® Kk
ako aj trupu ...
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S“Sagi a
pogi arn
Yat ok u

Nedostato|l|Nedostatol n@ENedostatol n{Pogkodeni|l5 negi ¢
sa spoug? aabsivham |Y%r az s %Sa
S n8rad?2m mot orovej slaj div8ko
Nespr8vna m
gportovim n
(nas8vac?2 Kk
hadice, hadice,
rozdeOoval,
PreceRovani €éNedostatngl n|M? ge d%rjas{17 nepr.i
schopnost 2 anedostatol rns¥%Sagiace
(natiahnutie svalov,
pretrhnut
presilenie,
vyl erpani
Nepozornos|Nes¥%Wstredeni|Ne%pl ne s¥s|{Napr. str|l5 negi 3

rozptyOovani

pogiarnemu
aneobozretndgd
knesl edovani

priebehu Yt

gportovej
nesl eduj e
apri ebeh

proi
mani pul 8c

nespr




AFSE
2015 4

|[ADVANCES IN FIRE & S AFETY
ENGINEERING |

2015

striekalk
ohrozuje
s ¥4S a § i aklocaj
di v8kov

Pougitie alk
ng§pogmamnich

Zn2 gen8§ sch

metabolizmu,

sebaovl 8dan

schopnos$S
podnety ...

r

ML ge dtj s
k ohrozeniu &
Yar az U S WS

ako aj di

10 mierne
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BEZPELNOSs A APREEBREMPELNHRCH LCT

SECURITY AND TRANSPORT OF DANGEROUS
MATERIALS

LCSZLE KOMIJCXANPRALEI SS,UKENI K¥ K

Abstrakt

PohOad na vozidl 8§ prepravuj %fce nebezpel n@
kagdodenn®ho (i Ewtra,p edntaakoodQzk o¥ssspaory n§kl ad
vprvomr ade cestn§ preprawvagi O Rmé ot §eR oi2 dtaa
alebo vozidl § oznalen® orangovimi tabuOka
pritom va]gina obyvateOstva ani net ug? n a
apri emyseaealnmejti | preprava nebezpelnlch mat e
gkodliv® % inky na ¢givot |1l oveka, na jeho
apr2rodn® hodnoty, midgu byS pr2linou aj k a
gkt d sptpsrozbreondrcthmi g2 o @awmiie olhiRodgni mot ohr oz
| loveka mus2me dosiahn%S zomknutie vgetkl
pr21linami Yar @z OV popredn® miesto zauj?n
nebezpelnlTch | §taojkk T m! ¢per 2 pajdo ;. k K zabr §ne
ng§sledkom nebezpelnich | 8tok s¥% potrebn®
nebezpel n® | 8t ky, osvojis$S S i bezpel nost
bezpelnostn® predpisy naegdcagdaaj “oemexvps
sme dok8&zali, ¢ge pr&8ve civiln® obprvomt e Ost v
rade, nakoOko ako ¥l astn2ci cestnej pr ems
hasi | skTch sjpiwe dhodk 8kan2d& pos kzpdan/sS paz Y
ochrannich pobsebnkdkowdhornich znal ost 2.
za W elom sledovania pl &&dv apnr®&h omovblivlonj®@ t
ofici 8l ne rwkade2n0Bh% mwna pl atforme JAVA, kt
vykonegvaezpel nlch | i nnost ? Z a pr2tomnost
obyvateOstvo ako aj pr of ecwing ocBrany,daklsa has i |
vyhn¥sS Nal g2m nehod§&m.

KOw ov®p sdmwr8a rozhodovania, -Kecidyi MoDER, oc hr &

android.
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Abstract

Vehicles carrying dangerous goods are part of our everyday lives, because transportation
by road has become the most common method in Europe due to {&ffmpshcy and

other reasons. Repeatedly, we can see tanker trucésiesImarked with ADR orange
plates. However, the majority of the population is not even aware of what these plates
indicate.The expansion of transport and industrial activities as well as the transport of
dangerous goods may pose a threat to humamnifiehealth, material goods, the built
environment and natural values or even may lead to disa$tezsmitigation of the
consequences of accidents caused by various forces of nature, fire and human activities
requires the cooperation of all social classésthe country. Accidents involving
dangerous goods rank high among the causes of disasters. Serious situations might occur
during the transportation of dangerous goods as well. To prevent severe accidents
involving dangerous goods it is needed to be Kedgeable in dangerous goods,
chemical safety, the rules concerning the transportation of dangerous goods and the
operations following serious accidents involving dangerous goQus. previous
researches proved that civilian population tend to carry auiapy intervention in road
accidents, as they take part in road traffic as well. They are on the spot even before the
arrival of the fire fighters and they need to give help and intervene without any protective
equipment or special skills. This researclal®ut the development of the mobile Java
software, UNNumber, introduced in 2009 to keep up with technological progress. This
software assists civilian population as well as professional firefighters and disaster
managers to carry out interventions inuoty dangerous goods and to prevent further

accidents.
Keywords: decision support, disaster management, fire brigadendiber, ADR,

mobile phone, Android

bvOD

Preprava nebezpelnlch | 8t ok Zznamens§ v
prostrediearpr 2 p aldce ajehpr e Yl ast n? k oWwa Nairksvkiud, 8acl iee
cellomsveteNa cest 8ch prevr8tenl cilkter®@bvls&asn

prepravovanil nebezpelnl odpad, havarova
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kyseliny. Tak®t o oobrtaelyevlizas teq \ail dke2bme n a S

Opakuj cim el ementom vzni ku katastr - -fy s¥
Bezpeln§ preprava nebezpelnlch tovarov je

Dnes ug viac ako 25@0 ozelmé¢ 2 e IJUNT &kh dlognt

Eur - pskeho rozhodnuti a, a toto oznalenie
prostriedku na dobre viditeOnom mieste. T
zaraden2 dod8vkynaptiekj epn§ pvacdnk@miue fifi aur e b n-
neuOahl|luje prel2tanie k-du z veOkTch vzdi:
nehody sa toto oznalenie pogkod?2, al ebo s
hl avne pre zasahuj %%cich odborn?2koivabyr i | i
vedel i priniesS vhodn® rozhodnuti a. Po Z
nebezpelnlch | 8tok, katal-gy, odborn® | it:e

L2tanie katal  -gov a |l exik-nov, zbiera
ng§rolagk& %l oha, preto v poslednom desasSr
softvery na rlchle skonlenie %W ohy. Je sn
nevlastnia ¢giadne alebo vliastnia |en veOn

tl alen®t lokeeme¥ nedostatol n® alebo star®.
prenosn® alebo vreckov® pol2tale s¥% k dis
systematizuj % prejde veOa rokov. Pritom n
prostriedkydeknerm@ok@iYVvavekoro kagdl

Technickl vivoj aplik8cie

Pribligne sedem mesalnou vivojovou pr §
syst®m na princ2pe kagdodennTch mobilnTch
vMaNar sku vViac ako 4000 hasi | ov. Progr ar

materi 8l ov. Tensbopt bgodmtlyOp asSevkevhnedf -znoub rzaaz 2°
aj textovo potrebn® inform8cie pre velite
mern% hmotnosS | 8tky v porovnan2 s vodou a
parametre hor Qav opsotuig.i tROadr aako rozhodova:
dopravnich nehod8ch s nebezpelnimi | 8tkam
cvileniach aj ostrlch z8sahoch. KeNge pro
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potrebn® prepoj ensideons joep epro§utgoirtoenQn it Tam pn a

poruchaw 8di o komuni k8cii alebo nie je signgtgl

Mobil n§ apKd R 8§miagpomNhaj “aca pri i kvid
prepravuj Y%cich nebezpel n® | 8t ky MayNa?rjsaknu§ o
akoajna konferenci §ch @©oku00D mdlackh tgte§ tpoovz,i tt2avkn y
zradov hasilov[1]. Aplik8cia begala na zar
rozhrania Java Qo[ glandectomcMI DRT vanj sa
necel % polovicu desaSrolia sa spom2nan®
Vdt sl edku technologick®ho vivoja tablaty na po
vytl 8l aj “ce k!l asiat k ® smo teebbOtidokeyh,] magev kT ch
skupregt ame prv®ho stupRa z8&kladnlTch gktl.
ovl 8daj Ypragd gketliskwom veku, apl i koSscabenTsca n
pol 2tal ov, bez probl ®reav omanedizen 2 p ome § iRa |
internet. Tieto zaradeni a ofplergadjnkms syst ®mom Andr oi d

mi mori adne n2zke, ovl 8§danie veOmi jednoduoc

Syst®m Android

Ug spom2nan8Kdaplprke8crimaz HJNani e Java m!ge
zariadeniach so syst ®@mamifmdrkoiad ez & 2d @a miasg
dok§&8ge sp¥g SobrBedzenhiialk®emino g st vom chlb. Sl e

technologickl vivin je nevyhnutwni8v ajdapit &l i
prostriedkov sme teda chRuejle svilbarsanSl tvalkvio,j
na rozliln® platfor my. (2. obr 8zok) Pol a
opti mal miovamil iaovanl, ktor§ takto zaber §
t omu, ge va&|l gina Android zar iod Mieran SD m§ mo
pam2@Sovich kariet. D!legitim kriti®@Tliomm bo
jazykoch, preto sme prelogildi datab8zu,
sl ovensk®ho aj anglick®ho jazyka.
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[ G
e et View Reuctor Prject 1

Obr . 1 Vivojov® prostredie pre Androi
Fig. 1 Development environment of Android

Apl i k8ciu do dnegn®ho dRa naimayNaarl sokvyal o
hovoriacich hasnnlo®iw, Nalgéueh2 cavhonTlch zam
spol ol nost 2. Rozg2reni e s manratgfi-cnho Voetshoa dsows
vMaNarisskmo gn2 naingtalovanie softv®ru pre |

poug2vateOov, parkoc oduo pjoaz yakdgviach verzi?2 un

poug2vat e Opmgrgnmona[lova$S s

S2ce bol pr ogrtarne bvy rporboefnds ipare§ lpmeho zbo

aci viln¥% ochranu, pre pfehOacenonsdu¢ge® vgalk
ugi tol n®ho cvwudintoima sa&jktor e. Vodi | i vozi di
sn a k | § #doktmlou peepravyrovnakooppv agoval i program za ugi
ngzor, prilkproimtiiekm&mimi p@amohli. pri vyv2jan2z p
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Obr. 2 Dopr anvenb8e znpeehlondiam sl §t k a mi
Fig. 2 Car accident with dangerous materials

Lo sa tTka pougitia proag,y amako ®ke® rmsewnyj
gi adhenenpripojenie alebo pokrpyrt2iset rsoijgin,§ |t
funklnosS jravmetul em8pwvi est or oc lprjestgrdctv ni ci a
tienenfTch od r&8diov®ho spojpemnind chMATRA e fa

akpotrebnTm inform8ci 8m sa m!geme bez pro
vuzatvorenlch priestoroch sY% hasil. pri
vicvi kov, ktor® s¥% nevyhnutn® pehet orvogzhvoo
zasahowgnia.

Polas tlchto vicvikov s¥% zasahuj %ce

nepredv2dateOnTm okolnostiam, ako napr 2kl
materi 8l ov, odpadov. Na identifik8ciu nebe
na obaljee ‘kyzomdrleflinoay ¢ vote. Tieto cvi l
veliteOov na rtznych stupRoch riadenia za
i ngtinkt?2vn-eaj rpeoadkrciiaed emad h, ktor® sa daj
programu. Pom@g2manicei bepoiga aleho ovevovamior@n o m |

“wwrovni-zBahinp m:ge rozv2jaS osobn® kompet

zrTchlia mechanizmy rozhodovani a.
LasS nebezpelnich | 8t ok s2ce vyl ul uj
informatiedkon, pabketmobi Il n® telef-ny ako a
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vibugnosSou pri zmi egan? so vzduchom, a |

sochrannim kryt2m do vibugn®ho prostredia
vpr ostvriesck?ytsom nélgé o eelxhteré®mnwy ch podmi enkac

Preprava nebezpel skbbk h8bekpe¢len 8 alman noo
nebezpelnost. spol 2va vo wokolmastiachopsepravh c h n e

Odhliadnuc teda od tohoil ejgel By p molkloa n & s«

nebezpel nej | 8t ky, zajokpmednpiovang ezrplramvd@
nepredv2dateOn® okolnosti. Ako je vgeobecn
doprava, kde je®bmaysklac pdimen @ieSdreprapar e d st a
mat erPBil ogreprave nebezpelnlch | 8tok s¥ tr

obyl ajn8 dopravn8 nehoda. Dr h §, takzvansg
| 8t ka uvoOn?2 bemsS§dsdopdal mejpo&imbaaeyicdim dopr e
alebo okol i a. Nakoni ec kombWNelBei peal rd& olcht |
uvoOn2 n8sledkomzdppithivnej ghetibdy®angsl ed
| l oveka,na ¢givich |i negivich predmetoch, |
Samozrejme,vgetklm trom mognostiam mus?2 me
viskyt mus2me mimgiemblyiSzpvad$?nba tTchto nel

Stavverejnich komuni k8&8ci 2, nedostat ok in

predpisov a neredgpekbnonache opicadepddiaals ahu]

hasi |l ov pri taklchto nehod8ch je osobne :
auskutolnenie |innost?2, Ri adi aci z8sahu t
okol nosti, ktor® podseantae PophyvRuij %shkiua

pozornosS up%taS kagdg§ okolnosS, ktor§ m?
uspedgn¥% | i k\Siid&dgioimauod/aplro2sptaid.e zahRRa vget Kk
braS do wWvahy aby bol a ahsr azz8bsaa haud v rNg teeknt §o r a®
| 8t ky mtgu sptsobi S rozl ihlm® ndrchblIin@rbye zmpae |r
S i m: geme utvoriS obraz na z§8kiapezddbobr
podporu vel iptrevCban zrS8asdaehuz ov ahmaBeniadbuQhde nk

bezpelnostn® znal ky) . Na mi vyv2janl sof t
azn2genia | asu spracovains mo Z4adaijiogVaeh ktijoe ® f
rozhoduj Yacej osoby.
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ZCVER

JednTm zo zisten?2 hasilov vykon8vaj %ci ¢

nehod8ch nevidno, alebo ibatlkastg| m¢ WiNd
Pre vyriegenie probl ®&mu bolo v progr ame

ktorTahd}keed@itej gou |iastkov® vyhOad§vani
vyhOadgvaS aj liastky UN | 2sla a v zozname

V pr2pade, ak UN | 2sl o v!'bec nevidno
chea akteristiky ako je rozpustnossS, skupen
ng§jdeme horOav¥% kvapaln¥% | 8tku, ktorg§ pr.t

mognosS na presn®Pruodekht evipslesdly VBT &jya |
adapt Sodaep? apli k8cie, al eolvsyilalplgejngou zddt
ktor§ sa d§8 spw%gSaS na tabmet owigeh kkahi
soperalnim syst®mom Androi d.

Aj keN vivojov® prostredie Embare@der o
t.j . apliiak§aizey | sTm ug2vateOedlimjednbdaanet
ovl §daemOlkosati s¥%boru aplik8cie sa jednotl]

hotovg§ plng verzia 5.0 sa d§ganglitkonranuS o

sloven&om jazyku.
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EXPLOSI ON RIGAKR ASTGRAGE AND

TRANSPORT FACILITY
GRZEGORZ DUDARSKI

Abstract

Dust explosion risk in the food industry is common. The article outlines a typical sugar
unloadingandstorage. Dust emission sources and effective ignition sources for explosive
dust atmospherénave beenanalysed with reference to the physical and chdmica
properties of the transported dust and applied technologies. The analysis yielded a

proposal for obligatory technical solutions to minimise explosion risk.
Keywords: dust explosion, pneumatransport, storage, explosizene

INTRODUCTION
Risk exploson at food processing plants is primarily associated with the presence of bulk

materials such sugar, flour, powdered milk, maltodextrin and other powdered ingredients
added to dough when baking cakes, bread, waffles and the like. Explosive dust risk
explogon zones are determined for the unloading, transport, storage and dispensing
processes. On account of its physical and chemical properties, sugar presents a
particularly serious explosion risk for the food industry. The article determines risk
explosion pnes at a typical sugar storage facility and identifies ignition sources

characteristic for explosive dust atmospheres in given sections of the facility.

Dust explosion risk analysis methodology.
The dust explosion risk analysis and assessment methodmaogyises the following:

1) Testing of ysical and chemical dust properties; 2) Identification of risk explosion
zones both during standard facility operation as well as when faults occur; 3)
Identification of effective ignition sources in given areas; 4) Risk explosion analysis; 5)
Eliminationof irregularities identified during the risk analysis.

I f an unacceptable risk is identified, a
pur stumandefined priorities:

1. Eliiorme rogft as meepher e (porobraddsd doticigoumw froefintc ¢
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2. Eliionmi goagft t i oor spedpe ®ib@i isd fiotcy wao fr eintc e

2.1 EIl onefoffetcti ve i gnition sources
2.2 Redughibhoop sources energy
2.CQuaf fe xopfl osi ve at mosphere ignition s
3. Mi © npgoattecdiu sStalex pl osi on resul ts.
After additional safety measures are put
to make sure as beecaptra@llcheldevel h a

PRODUCT SPECIFICATION

Product specification in terms of its physical and chemical properties is shown in table 2.

Table 1. Definitions of data specifying the physical and chemical properties of bulk materials

Typical data required are:

Definition.

Relevant for.

Combustibility Index
(ChH

Quialitative description of the burning
behaviour of dust d

the assessment of the formation
smouldering lumps (possible if
CI>3).

Minimum Ignition
Energy (MIE)

Lowest electrical energy stored in a capaci
which upon discharge is sufficient to effect
ignition of the most ignitable atmosphere o
the considered material under specified tes
conditions. (Median<63 microns, MIKE 3,
25 AC) .

the evaluatia whether or not an
electrical, an electrostatic or a
mechanical spark could ignite an
explosive atmosphere.

Minimum Ignition
Temperature (MIT)

Minimum temperature of a surface which is
sufficient to ignite dust cloud.

the determination of the maximur
permitted surface temperature in
Ex-Zones (ax¢2/ 3 x MI

Electrical Resistivity

Specific electrical resistance of the
substance.

the evaluation whether static
charge can accumulate on the
substance

Selfignition
temperature of a 5mm
dust deposit

Minimum temperature at which, a dust
deposit of 5mm will start smouldering or
selfignite within 2h.

to define the maximum permitted
surface temperature in E2ones
(Tmax ¢ SITGmm)7 5 AC) .

SIT(5mm)

Pmaxi value Maximum explosion pressure of an the design of constructive
explosioninitiated at normal conditions (1 | explosion protection measures.
bar).

Kmax1 value Normalized pressure increase rate of an | the design of constructive

explosion:
Kmax= (O pndsx Vadume®

explosion protection measures

Limiting Oxygen
Concentration (LOC)

Maximum oxygen concentration in a mixtu
of a combustible and air and an inert gas, i
which an explosion will not occur,

determined under specified test conditions

the determination of the maximur
permitted oxygen concentration,
inertingis applied as a safety
concept.

o
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Table 2. Physical and chemical properties obulk materials [1]

8= ) c S S
08 | 58 s¢| 284 E5s5| 28 |E58.
o s Qv = x0=s|xn8%g g2= z 2 ES5H
so | 38E|Ss5|S8¢85ScE2| 28 |£E85
58 | 7% |T85| sf¥s°ou| §E |S25F
= [
q D50 LEL Pmax Kst MIE SIT MIT
Product name -
em g/m? bar bar.m/s mJ AC AcC
White crustal sugar 730 60 9.5 138 30 460 370

Sugar storage, transport and dispensing processes

Sugar is delivered to the facility using road tankers designed to carry bulk materials. At

the facility, road tankers are unloaded at an unloading bay by the sugar silo (photo 1).

Photo 1. Unloading bay for road tankers Photo 2. Cabinet with connection stub
with sugar and ground monitoring system

Unloading takes place via a pipeline terminating with a connection stub in an external
contrd cabinet (photo 2). Unl oading is moni
continuously watches the road tanker unloading process, and in particular the pressure in
the tanker, sugar weiglgugar level in the tanker, min/max sugar level gauge in tifierbu

tanker (photo 3).
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Photo 3. Monitoring of sugar unloading

Air pressure required for unloading (1.0 bar max) is fed from the road tanker. Sugar is
unloaded via a steel pipeline with a magnetic separator installed to capture ferromagnetic
contaminants and a solenoid valve to cut off sugar loading if the tank fdlester the
road tanker is nagrounded

There is a fill level sensor [1?] and strain gauges inside the silo, usetheasure
sugar mass. The silo has a vibrating bottom, with a knife gate and a finisher, or a lump
pulveriser as well as a finisher blatclosure sensor. From the finisher, sugar is discharged
to a buffer tank, which is equipped with a filter as well as min/max level gauge. A
chamber feeder is located in the bottom section of the tank, designed to uptake sugar from
the tank and dischargtanto the transport pipeline. A compressed air dryer is also located
under the silo, which aims to create an dry air cushion under the sugar in order to prevent
lumping due to moisture ingression. Air humidity is maintained at a level below 10%.
Sugar igransported from the silos to the sugar weighing tank within the production hall
via a pipeline using compressed air supplied by a blower.
Sugar mass and levels as well as the tank maximum and minimum levels are monitored.
If the tank overfills, sugaransport from the silo to the tank is automatically interrupted.
From the weighing tanksugar is dispensed to an 0.8 tnolley. Sugar will only be
dispensed if there is a trolley at the dispensing station. Trolley presence at the dispensing
station is deected by a proximity sensor. The terminal is connected to the earthing system

by an operator. A chamber feeder is used to dispense into the tank/trolley. Then, the
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remaining liquid components are added, and after mixing there is no explosion risk in the

subsequent parts of the process.

EXPLOSION HAZARD AREA IDENTIFICATION
Explosive atmospheres containing combustible dust have been classified taking into

account the probability and the period during which an explosive atmosphere occurs. Risk
explosion zonelassification was carried out for given process areas, which were divided
into sections taking into account the production process continuity and storage of

processes bulk materials.

Table 3. Identification of risk explosion zones

Process:Sugar unloading, storage and dispensing production line

1. Unloading road tankers carrying sugar to the silo

Area Area Ex Comments
code Zone
Al Inside of the pneumatic transport 20 | During normal operation an explosive atmosphe
conduit occurs frequently for long periods.
A2 De-duster chambers on the sugar silg 22 During normal operation an explosive atmosphe
tank- the clean side does not occur, if it does then for a short period
A3 De-duster chambers on the sugar silg 20 During normal operation an explosive atmosphe
tank- the crude side occurs frequently for long periods.
A4 Inside the sugar silo tank 20 During normal operation an explosive atmosphe
occurs frequently for longeriods.
A5 Sugar silo tank relief valve 21 During normal operation a combustible mixture
(extern dust and air within explosive concentrations ran
al) might occur

2. Transporting sugar from the silo tank to the weighing tank

Area Area Ex Comments
code Zone
A6 Inside the sugar buffer tank hopper 21 During normal operation a combustible mixture
dust and air within explosive concentrations ran
might occur
A7 Inside the sugar buffer tank 21 During normal operation a combustible mixture
dustand air within explosive concentrations rang
might occur
A8 Buffer tank deduster- crudearea 21 During normal operation a combustible mixture
dust and air within explosive concentrations ran
might occur
A9 Buffer tank deduster- cleanarea 22 During normal operation an explosive atmosphe
together with the ventilation shaft does not occur, if it does then for a short period
A10 | Transport pipeline from the buffertanq 20 | During normal operation an explosive atmosphe
to the weighing tank occurs frequently for long periods.
A1l | Inside the sugar weighing tank 20 During normal operation an explosive atmosphe
occurs frequently for long periods.
Al12 | De-duster chambers on the sugar 20 During normal operatioan explosive atmosphere
weighing tank the crudearea occurs frequently for long periods.
A13 | De-duster chambers on the sugar 22 During normal operation an explosive atmosphe
weighing tank the cleararea does not occur, if it does then for a short period




;"“{{ /ADVANCES IN FIRE & S AFETY

) ENGINEERING | prdekis
Al4 | Inside thedecompression channel 22 During normal operation an explosive atmosphe
does not occur, if it does then for a short period
3. Dispensing sugar from the weighing tank into the trolley
Al15 | Area inside the sugar tank/trolley 21 During normal operation a combustible mixture (
feeding hopper dust and air within explosive concentrations ran
might occur
Al16 | Area inside the sugar tank/trolley 21 During normal operation a combustible mixture
dust and air within explosive concentrations ran
might accur
Al17 | Areaaround the dosage and dispens| 22 | During normal operation an explosive atmosphe
(extern | station for a tank / trolley does not occur, if it does then for a short period
al)
A18 | Area inside the deluster together withh 21 | During normal operation an explosive atmosphe
inlet channels occurs frequently for long periods.
A19 | Area inside the deluster channel 22 | During normal operation an explosive atmosphe
clean side does not occur, if it does then for a short period

IDENTIFICATION OF IGNITION SOURCES - SAFETY MEASURES
Here, potential ignition sources are analysed taking into consideration their effectiveness

in relation to explosive properties of bulk mixtures characterised during stage one.
Potential sources of ignition were identified with reference to the produptmress
taking into account dato-day operation, maintenance and inspections.
For explosive atmospheres containing combustible dust, the following types of ignition
were taken into accouft]:

- open flames,

- electrical equipment,

- mechanical sparks,

- electrostatic discharges,

- hot surfaces,

- Selfignition of layers and bulk material

A collective list of ignition sources at the facility under analysis is presented as well

as the necessity to apply safety measures.

No. | Source of| Device constituhg a risk| Required safety measures
ignition
1 Open flames | None identified during Marked explosion riskareas No
the process entry with open flames. Permits

carry out works constituting a fir
risk (welding) requires permissiof,
2 Electrical Other electrical Marked explosion riskareas No
equipment equipment adapted for | entry to external areas with
operation in Ex zones | electrical equipment without 3
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approval for operation in such E

areas
3 Mechanical Magnetic separator on | Sugar unloading speed limited
sparks the road tankedischarge| 1m/s. Other equipmenknife gate,
pipeline (metal elements pulveriser, chamber feeder-
contaminants in the rotational speed less than 1 m/s
sugar)

4 Electrostatic | - propagating brush - road tanker and facilit

discharges discharges grounding

- road tankegroundingmonitoring
(Pneumatic transport) | system,

- application of equalising
connections on insulated, flange
- cone discharges (silo) | connections,

- silo grounding,
- maximum silo diameter not to
- spark discharges exceed 1.93 meters,

- facility earthing
- use of antistatic clothing and
shoeware with conductive soles |

workers,
5 Hot surfaces | - all equipment in T3I6 | - surface temperature cannot
temperature class, exceed 2 4drstcud) f
6 Selfignition -all equipmentin T3I6 |- 5 mm dust cloud surfac
of layers and | temperature class, temperature can
bulk material - period cleaning of dust emissior
locations.

CONCLUSION
Explosion risk within bulk material transport and storage facilities is particularly

high in a situation where the facility is not made in -&xglosion technology. Risk
explosion should be considered as acceptable, only if aleapkbsion conditionani the
entire facility are satisfied. Only thehe catastrophic consequences may be avoided,
which might otherwise occur resulting from propagation of the energy of the primary
explosion and the subsequent chain reaction explosions.

The sugar storage facility under analysis is equipped with the following explosion
safety technical solutions. The silo is equipped with lightning protection in accordance
with the restrictedregulations. A dealuster is mounted on the silo to minimise dust
concentration levels inside the silo, then a relief valve, which equalises the pressure inside

the silo during loading and weather changes. 3 explosion relief membranes are installed
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in the upper section of the silo. The-digster is equipped with a press sensor, which
is used to monitor thpollution levelsof the filters.

During road tanker unloading, static electricity is dissipated usingrinending
monitoring system. Unloading is possible once ¢neunding system is connected
correctly and chaesp are equalised on the road tankackor failure ofgroundingduring
unloading causes an alarm and automatically interrupts the unloading process. Due to
electrostatic phenomena, all pipebraand facility elements which are connected by-non
conductiveelastic elements made from rubber or plastics (gaskets, vibration dampers,
membranes) have been bridged in order to ensure free flow of electrostatic charge [2].

Compressed sugar transport air is cooled to a temperatuegceeding 0 e C usi ng
a cooler a the pipeline.

A second 1.5 fsugar (weighing) tank is located in the production hall. The tank is
equipped with explosion protection measures. An BBBX610REMBE protection
membrane has been used with 0.1 bar relief pressure and a decompressicgr chamb
discharging the effects of the explosion above the hall roof. From the weighing tank the
sugar is poured via a chamber feeder to the process tank (trallegtal tank on plastic
wheels). The dust from the sugar in the trolley is taken up by thesieg system. The
de-dusting system is equipped with an active fire fighting system comprising a 5 litre
cartridge with a dampening agent (photo. 4). The system is equipped with infra red
sensors (photo. 5) and a control cabinet (photo. 6), which autathatapens the

cartridge valve upon detection of a flame in the pipeline.

Photo 4. Fire fighting system Photo 5. Flame photosensor in Photo 6. Fire fighting system
on the dedusting channel the de-dusting channel control cabinet

The dust is discharged into the-dester which is equipped with an explosion
relief system. An EPEBO5x610REMBE protection membrane has been used with 0.1
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bar relief pressure and a decompression chamber discharging the stream of air and flame

in a safe d@ection. The deluster is equipped with cartridge filters, which are purged
automatically using compressed air impulses..

According to ATEX Directives and th&esolution introducing it into the Polish
legislation, an employer is under an obligation todiect an explosion risk analysis and
draw up aDocument for protectionfavorkstations against explosion. The guidelines in
the Document should be applied at the company and all workers should be familiar with
it. Safe operation is only possible if theifdig is correctly protected against explosions.

An employer, without taking unnecessary risk, is able to declare that the work stations

made available to workers are safe.
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HODNOTENI E HOROAVMUIRTPI EN METC DC
KYSLEKOVEHO LESLA

FLAMMABILITY ASSESSMENT OF FLEXIBLE PUR
FOAMS BY LIMITING OXYGEN INDEX METHOD AND
LINEAR BURNING RATE

BARBARA FALIADTAOMGC A KALICBKMEMA A OREMUSOVC

Abstrakt

Pr2spevok sa zaober gorafh cruhovpoh 3ymr ko EOav dsh
poug?varkl ahldbe p oawkghnbernmoavanej met-dy2 STN E
pri teplote okoliaam a z 8§kl ade | i ne §r n éjedmetbne thevamia t i od
bol i tri druhy polzydrrt é3kgmiesS0ikgnm®. Testowla sav
PURpenss retardal wo & a¥gk oraiveo2un o ws®ls&k o@ll ejsa i & k §
pena.V r 8§ mc i vyhodnotenia visl edkowodiotys | 2 k o
PUR peas r et ar dalKkaads ¥26 foeobjdau naj ni ggi e LOI P
sobsahom ric2nov®ho ol ej.Haj Wy.g gWeul | hnoedsnsot u
rTchl osti odhorievania dosiae6ka ¢02am7 $owmdl
anajng gi u Nawapur Welllch maliel predstavoval 2, 3amnictss

KO%| ov®pel pyBet §nov® peénynes§kpal rhech®obBslo

hor OQavosS.

Abstract

The article is focused otaimmability assessmeanf selectedlexible polyurethane foam
sampledoy using standard method STN EN ISO 4288nd by linear burning rat&he
object of aesting were three types of polyurethane foam samples with the range of
density5 kgim - 50 kgim 3. Results come from experiments with polyuethane foam

with fire retardancy, a foam with an extract of castor oil and a viskoelastic foam.
Accordingto Limiting oxygen index results, fire retarded flexible PUR faam4545

had the highest Limiting oxygen index valizé % obj.)andflexible polyurethane foam

with the extract of castor oil N.Wellne$sd the lowest valuef LOI (17 % obj.)
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Viskoelastic foam V 5020 achieved thighestv a | u e (Yot life&bumimg-rate
and Nawapur Wellness f d.admdffeecdicteheée sl ®we St1

Key words: flexible polyurethane foams, oxygen indeear burning rateflammability.

bvoD

Rel evantnlrogsdo@h®mmv vyug2van2 polyuret
vysokej hor OQavost.i sp!sob e mowgrenon bunkovww h u s
gtrukt %roua adahgs Bami materi 8l u.j edmal #nen

znajl astejg2ch prvotnlich predmetov zap§gle
na rtznorodosS a konel nl¥ala¥%n nikcdkcd m mRalsRe §p i
potreba gt¥%teehnchkpobi al mseptrnSovsatnzi,a hporriQO apvoc

Vipl Rovli materi 8ilnipoholvd :tki, rk§ewti lked jae
PUR penami, kt or @&l aprbir § v m Yatso rdriill pedpiev m ¢udsi ar o
kjehorozvoju,g k ordee maj et k wuz,r aamrmtiiaaam &a z 8kl ade ¢
asoci 88§cie protipogiarnej ochrany (NFPA) s
predmet horeniay T z na mn e prroi zsvpoij euv azp¥kgd satr Riu j & s a n .
na gtvrtine vgetklich ¥mrt2 pri vn%tornlch

Vpr2pade vnaawrh®sBpHpoa blet Tkny sk §eai u j el
koncentprieStard. M2 k\k ® pol yur enti ng@w® kpyesn sk v 1 m
schoprma®epailNoridpSkhad8me, tyeordje poixs gikeé &
horenia, keNge®zkplraidehoproelnuraet SnowoORbv anien
pl ynn®ho kyanovod?ka, ktorl jmelpe zp edunds
koncentr8§cilmaovemdi k@alu®@h@rimnogstva materi 8§l
[2].

CieOom je hodnotenie hor OQOQavost.i vybran
pien poucd%kJvardibeh [val Ynenia na z8klade pou
stanovenie | i mit nSIhhBN IBO/458%2 Bloau®heni @sll anes§

rTchlosti.odhorievania
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EXPERI MENTCLNA LASs

Materi 8l
Predmetom testovania bdlir i druhy m2kkTch polyuret §
hustoty & oz di el nej tvrdost.i pri pomernom stl a

z8klade rozdinehoeQagejukpwayya(tab. 1).

Tab. 1 Charakteristika testovanlch polyure
Tab. 1 Characterization of tested PUR foam samples
T Hustota .
yp Oznal e | TvrdosS
pol yur et [kglm Pozn§8mk
vzorky stl al en3
peny ]
hor
Deflammo 4,5 s nhe
Komfort KE 4545 45 Yapr av o
Nawapur i s vidag
- Wellnes 48 ' Z ric2no
4835
Viskoel g V5020 50 2,0 pam? Soy

DEFLAMMO KF 4545 i m?2 k k § pol yuret8novs pena
vliastnosSami, spORa pogiadavky rak¥%skej nc
a Q1 (zn2gen& tvorba dymu) a samovoOn® u
viacerTch medziir&upsytmn(beh t ki cbem nemeckTl ch
al ebo ameriem[4H.T ch

NAWAPUR i gpeci 8l na studen8 polyurets8novs
pre matrace, vyr8ba sa z pr2rodnej rastlin
v y r 8§ bteochsvariantoch tvrdostim® k k 8, strdeldn8 a tuh§ |

VI SKOELASTI CKEv PURenivg pam2Sov§, nekl e
tlaku (prisptsobuje sa proporci8m |l oveka
matracov a47pnatomi ckTch vank¥%gov |

Zkagd®ho typu PUR peny S a pripravilo
nastr i lreametecld0 non x 12 mm x 12 mmNa ka g de | vzor ke L
vodorovnl mi | i ar ami 4 cm(®ddcwmpodn®hohokya

s| edagozsamhoreéa, ktorT podOa 8om@yr.lpredst avoval
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Vzorky bol i pred testovanzm v Zznen?
88 holdgdmorvat -rnych podmi 24 KNa & (58aNi 5% epl ot
relat?2vnej vlihkosti wvzduchu.

Obr. 1 Vzorky PUR pien KF 4545, Nawapur Wellness 4835a&V502 0 pred testovanz2r
Fig. 1 Samples of PUR foamKF 4545, Nawapur Wellness 4835 & 5020 before testing

Met -da testovania

Pr e stanovani e hor Qavost.i pol yurets8no
koncen r 8 ci e zhegisdl u?sk?’ak ovm pri t epl ot e okolia, sz
ENISO45892 apodOa n&§vodu na pougitie pre LOI K

&

Vzorky s urlenlimi r oz mebplinsit ajpod @ pmpesl
vtestovacompi est ore meracieho pr2stroja. Rozsa
peny sastanol na80mmana xi m8|l ny | mm$88pPprebkitiiadi a

TestovanT samaeretrii k8§ liln éDo tegiogacieho priestoru
sap r i visBzthesdy s | 2dkuas 2&ka pre simul 88ciu kysl 2kov
regul 8torom prietoku podOa n&§vodu na ©pou
testovan®ho mitaslebvad ar Isas z@rpehdoorvesasaliesh o
horenia (80 mm).Za r o ghnpodmienok sa postapalo p r i mer an? riz
koncentr8ci?2 koasthikkbaceWisBedkhomys! 2ka, pr

schopnl sponi éSpadmi enky merani a, pril om |
vzorky (prirovnakej ni g gej ckioinckeynstir28ka) nezap8lili, r
samovoOne zhasl i, al elstanalenoniréz8ah@soel ki ¥antdo | nnesp,
resp. vichodzia kolaodeadoom &cz &k kydé 2kaprsad u\
jednoduch®ho testu zap8leni a, kedy sa vi z
vzorky.
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Popri stanovan?2 | imitn®ho kysl 2kov®ho |

|l ine§8§rna rTchlosS odhvoyrhioedvnaontiean.i e Na i m& o i
odhorievania polyuret8novlich pien sa pougi

horenia (80 mm) aamer an®ho | asu prehoreni a pri
koncentr8ci 8ch. VIisledn8§ | ienje Spronlay urrlecths noosvS
sa stanovila ako aritmetickl priemer |ine
| 2 sl e.

o . 1

- B -

< (1)
kde:
Vodil ine8rna rTchlosS odhorievania [ mm

lidOgka horenia [ mm],

tilas prehorenia dOgky 80 mm [s].

Vh SL EDKMSKUSIA

Polas testovania PUR wlentyo dkiFs k4545 (koor
kysl2ka 2% o%kabjveOsma $agko zapaOovala, ns§
bolo testovanie ukon]| en ®pre PUR mpent Beflamiam n c e n |
KF 4545bol a potvrden§8 opakovanim t elsttvoowdaun2 m
ne“spegn®ho oplPraovan®hlby zmapi8l i ggej koncent

Obr. 2 TestovanieDeflammo KF 4545pri LOI 25 % obj, 26 % obj.
Fig. 2 Testing Deflammo KF 4545 at LOI25 % obj, 26 % obj.
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TestovaniaPUR peny Nawapur Wel | ness 4835

odhadovanej koncentr 8ci i kysl2ka (18 % ol
potreba zn2¢gi S kysl2kov% koncentr ci u. Pr
prebehl o rovnbomer a@l hemn®npedmi enky mer ani
doglsaambvoOn®mu uhaseniu vzorkyza |vin!|ldlnd

koncentr8ciu sa preto povaguje 17 % ob]j

Obr. 3 Testovanie Nawapur Wellnes 4835 pri LOI 18 % obj, 17 % obj., 16 % obj
Fig. 3 Testing Nawapur Wellness 4835 at LO18 % obj, 17 % obj., 16 % obj

Vpr2pade Vi skoel a5820 (olor.kdpg a PzUR wlesnlye dvh ¥
hodnotu kysl2ka povaguje 21 % obj., pri k:
Nastal o® widrkavzarpk 8vani e prehorenlch | ast 2
viditeOnT dym. VIisledn§8 koncentrfgci anbgfaj
koncentrigtcoril,chvpdedgl as nk®mu ukonl|démwiodu t es

samovoOn®ho pa eprug eméd cao shtoatemk kysl 2 ka.
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Obr. 4 Testovanie Nawapur Wellnes 4835 priLOl 18 % obj, 17 % obj., 16 % obj
Fig. 4 Testing Nawapur Wellness 4835 at LO18 % obj, 17 % obj., 16 % obj

Na z8klade visledkov testovania troch
(obr. 5) , m: geme kong8hooovastr §iecilel%i kijy ol k a
dosi alpmitp®ade PUR pe ny4838 svw &Spauyrk oWe? lmlorve®sh o o |

30 - 26

- 21
s 20 -

§

o) 10 -

-

0 .
KF 4545 N. Wellnes 4835 V 5020

Obr. 5 Vyhodnotenie LOI
Fig. 5 Results of LOI
Hodnota LOI 21 % oporj2 p abdoel ap adm?sSioavhenj u tV8i

pol yur et 8§nbo0v2edj apennayj vWw ggi e kysl 2kov® | 2s1l o
pol yuret8novich pien dosi abdeat aPrUlRa | pneornua ¥ipe

(26 % obj.).

Na z8kil ad@&p mredrwonania tvorby dymu pri u
koncentr ci i kysl 2ka sa pr sf8385yakb agvil@UR p e
znel i sSwui &ictae Os T mi pol et uj YaKontrastom thola T mi
viskod a st i c kb820 gDeflammoK F 4545, pri ktorTch pol a
viditeOnT, pr2padne mianiom§larvarh mreddynsEt wzea.i e c
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Pol as hvzarkg npi cal y uv Ted¢ Wem o kompletne degdmvali,

| o sa pemejeghvkorzistesy e na | epkav¥% mazOav¥ t ek
vidieS fareme®pokll| ardgz8iaysoplis ) & s@nbagjnm?2 z1 o§en?:
jednot!l i viRBUR pidmr uhStvr edne hneds§8 farba bo
pre papehus/o5020 Defl ammo KF 4545 PUR pena
na mazOav¥% tekut i PUR pendNawabur Wellessl4835znferdla by a

formu na |1 ernu | epiv¥% tekutinu podobn?¥ f e
Na z8kladeneBpakjovikchlosti odhorievan
dekl arujeme, ¢ge priemern8 |line8rna rlTchlos
Wellness dosiahla hodnotu 0,47 mM.PUR pena KF 4545se hor OQavou Ypr av
priemern¥% r 1 chprisSl iomihtom é je viadtdj e 46tmmEci i ky
a priemerng8 line8rna rTchlosS odhorievani e
mm.st.
3 4 2,78
2] 1,45
E
I_'-g 1_ i 0,47
>
0 ;
KF 4545 N. Wellnes 4835 V 5020
Obr.6 Vyhodnotenie |l ine8rnej rTchl osti odho
Fig. 6 Results of linear burning rate
Burs2aboo8Bktpstovali pol yuret8nov® peny

45892 aSTN ISO 458% priteplote okolia@ r i  z v 1 § éfeswyalir teeylkod toev.a n ®
PUR peny (pwyrySiben®&@novej drte) bez retarda)
asretardal nou %Ypravou (A4MQL 199 AoNo sRaEn clfDIOr &3S Aa)r
al kyl fcchd f-§t ad Rriytdplots bkoliad8siahli vzorky23,3 % obj.,] o s a

naj vi ac p hodnote LO§viskoaldstickejpened020 (21 % obj.).

Horrocks, Price &dwards10] podOa nor mal i zov a-i7e j me t
testovaldl r e tvysokaoad| onl en ®u pproal vweunr@&,t Snov® peny,
hustoty rozde e n ® do ln&tsd g-dmie2 vagahodnocovan®. T

vygadovala rozdielne rozmery vzoriek a ro
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odolnej PUR peny bustote 40 kgn3 (26,9 % obj.)an a mi testovane] r
upravenej PUR peny KF 4545 (26 obj .) m! geme dekl arovas,
pribligne r ovnak @redstavdvalydt%objL Ol . Rozdi el
ZCVER

Na z8klade testovania polyuret8novlich
hodnotuLOldosi ahl a pol yur e tr8etoar§8dpapvenrmaua jKiFi Fpide
kys!l 2k ®PVMRRperaNawapur Wellne4835.Naj ni ggi lui he8moeéju r T c|
dosiahla polyuret8noy 4835paeaijav yNJagwaup up a nwed ol v
V5020. Rozdi el hodn?!?lisl porrendiset vaavnoey a$ @, ,2 , § &
charakterpienabsah retard®ra horenia boli aspekt
aline8rnu rTchlosS odhorievani a.

ZhOadi ska testovacej smetd&kgty dosiaiPUR z ni v e |
peny, ktorTch 1 imitn8§ \alsd 2kodgolkgggmdemo g 1
mnogstvomkysuwg&BRaedpokl ad&me, ¢ge pr88§ve t 8§
m: ger¢pade vzniku pogiaru zvigilS kvasg§piou
vzni knut ®h o pogiaru. VzhOadpmRova®hap | nakt§ecri
vl al »onni ctve nast8va potreba Nalg2ch gt %di
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HLASOVC SI GNARPOGICERWALHZA
LEGI SLATEVNYCHHS®WREDP

VOICE ALARM SYSTEMS TANALYSIS OF THE
LEGISLATIVE DIRECTIVES

VERONI KA B R EMRIOCBIWIEQLAI

Abstrakt
Tento |1 8nok sa zaober 8 z8kladnou probler
pogi preh®adom s¥% asnlch | egi sljatj2 vm8wrhh opn

sk¥%gamegnd man2zm do prev8dzky. Sunpastoravuj e tr
a priestorov, pre ktor® je spr8vny n8vrh
zameranie problemati ky na zrozumiteOnosS h
pr e S p re§verket 2 van e fungovani e syst ®mu eva
pr ostredn2ctvom hlasovej signaliz8cie pogi

je mogn® zrozumiteOnosS urproewdd dahs pal§g

meradla zrozumiteOnosti. Popisuje princz2zp
najvhodnej e jnagpoug2vanej gej met - dy pr e stano
signali z8praxe pogi aru v

KO%| ov ® hsllaosvosv: § signaliz8ci a, i ndex pr e

zhromagNovac?2 priestor.

Abstract

This articleis concerned with basic problevhdesignthevoice alarm systems and review

of actual legislative directives related to the design, commissioning and its instalation to
the service. There ia summary of classification meeting halls and theaamhere is
necessary tdesign the voice alarsystem properlylt explains the focus on the speech
intelligibility of voice alarm system as the most significant factor for effective functioning
of voice alarm system in the case of evacuation building occupants. There is a list of

methods measuringdtspeech intelligibility their comparison and conversion to common
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intelligibility scale. It is describing the most suitable method of routine measuring the

speech intelligibility of voice alarm system.

Keywords: voice alarm, speech transmission indexeliigibility, meeting hall.

bVvOD
NutnosS spr&8vneho navrhovania hlasovej

rozhlasu) wr 2 pade vypuknuti a pogi ar u, nebezpe
ug2vateOov budovy vypllva =z=f phtethobys pZased:

evaku8s¥leasnwstir edaolcihz8dcziai kl opaer n8hodnérfg

ug2vateOov, na orient8ciu komplikovanej g?2
vmeste?), l eti sk§g, rozsi ah |Iped. Rretovel pgrk2opva®d ea d n
nebezpel enstva, al ebo akej koOvek mi mor i ac
probl ®my , ), ngroln® riadi S bezpel n¥%
svetel n®ho signs8l u, ktorl dok8ge sprostre
vad| gbaoetave ohrozenia, ale nie spr8vne wust
ceste. Tt o funkciu preber § hl asovg§ siagn

jednoduzhdzhhmiat eOnT ch pr2kamevni &gt ciho vwaS

riadenejlJejvakfugilctivita z8vis? od zrozumite

ZHROMAGAhAOVACI HORYRI ES

Potreba vybaveniab u d o v , hl ave S0 zhromagNovac?
signali z8ci ou dpoonySicairmui p(opgtivlioddsyeri £ gky MV S
94/2004 Zz.vznen? vyhl 8gky MVSRt br 826¢s228ada@vdjez
protipogiarnu beape|lvhnnsA98adsa(l)iBibsnEme bhé as 0
vymedzuje budovy, ktor® musia byS vybaven(
dom8ci nsomm:oz hl a
a) so zhromagNovac?2mi priestor mi
b) vkt or

c) vktor

Tch sa predpoklad§8 postupng§ evakuS§c
Tch je viac ako 200 os!'b, okrem sta

Z8roveR musia byS hl aosom8acu ms ir wydbllaizzgad o
aj budowy |, ktor®vmbaven®y8l ektrickou pogiarno

ods.(1), MV SR 94/200Z.z.vznen?2 vyhl 8gky MVSR | . 225/ 2(
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ZHROMAGAOVACI| HORYRIIEGSIRIEDENIE
Rozozn8vaj % sa:

a) vn¥%torn® zhromagNovacie priestory

b) vonkajgie zhromagNovacie priestory
Zhroom g Novacie priestory sa triedia podOa ve
podOa cel kov®Ha hpw!| tpu iestmrwch na zhromag
aZzP3, podOa:

a) dovol en®ho poltprdoséheuked@N®hBNVI20201

b) priestorovfunk nepraevs8§dzkovoppdbpdabaopbR |l lod E $
EN920202, nie je uvedenl pr2slugnl druh zh
c) podOa diagramu, ak nie je mogn® zhromagN
- 4.0 .
SE SOHZP 1 ZP 2
=z ]
“ m 2.0 A
[ -——
&S 1,0 TH] '
=) 7 P 3
'G-ﬂ: [ |
=S T

) 1O 2000 000 4000

CELKOVY POCET OSOB V ZHROMAZ DOV ACOM
PRIESTORE PODIA ST 730818

Obr. 1 Diagram triedeniaz hr omagNovac2ch priestorov

Fig. 1 Diagram of classification meetings hall

ZROZUMI TEGNOSsVhHIHA S® RCV

Hl avnTm % el om hl asovej signalizg8cie e
evaku8ciu os'!b z priestorov vo forme nagi:’
nahratej sprg8vy. ZrozumiteOnosS hlasovej

nevyhnude8to miera akou |l ovek rozumie hc
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fenom®n, ktorl ovplyvRuj % viacer® premenn

uvedomi S cestu prenosu sprs8vy od reln2ka |

rozpravaé  mikrofon  zmieSaval  zosilfiovaé miestnost’ posluchaé
[
> |
P
-
jazyk narusenie narusenie narusenie Sum jazyk
rychlost’ frekvenéného frekvenéného frekvenéného rezonancia pofutie
artikulacia  pasma pasma pasma ozveny
predpoklad . - . predpoklad
; merania zrozumitelnost :
[, normal | normdl
< < »< >

Obr.2Cestap enosu zvuku @dsdazhiB§wvwalia k
Fig. 2 Talker to listener transmission path

Gtandardi zovan® mer ani a s a sWstredia
zrozumiteOnosS odov zd&Fvweniza inmefdaeri m§ ciog pr
posu c h 8| om. Predpokl adg8 sa, gberozptéhalk§w.
naopak posluch8| netr p?r 2¢piaadden o wa kp csrad ovhyd Wil s
akustickTch vl astnost 2 syst ®mu hl asovej
zrozumisiegOm®IsulS s¥% viazan® na akustick® vI .
povrchov¥s Yapr avu.

Nau r | ¢ m icfaktomvsad a p &sugii Smet ® d yskupinddez @ BEo gen §
nasubj ekpde /b anej s k udprnentyB j @ kd e/ mame
fyzinyghgel i | 2 n.

VzhOadom na rozdielnu n8rolnosS vyhoto
obozretne voliS met: - du podOmierytich phuozepia i est o
Jednoduchgie met-dy sa daj“meponggygmSppgealm
mzikom ohrozenia ug?2vatvey@oy®,m zolha (pizteenj2gm eu ¢
n8ro|l nej gof@. evakus8ciou
Vs¥%| asajosmn § mejy g tmed ns&y
-me t - yhadnoterafonetickyv y v § § slov [P8)h
-me t - yha@dnoterapercentz hodspoh uhl §sok ( ALCONS)

-met -Tdcalchingexova k u st prenks@hed i ( RASTI )
-met - da prenogdreex|ui (STI)
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-met -da indexu artikul 8cie (AIl)
-me t -ndeauprenosu e | | p rrezhlasye($TEPA)N ®

Na porovnaniev T s | ezd?ksokvam* cammethbd| a z stupsicke n §
Spol olmar&lpr ozumi t e ORes t do fiCdotul.nm Hasolep o s S
Sspr 8vy | ehodnatar h ®lnaangy a n 2 prevbdenad p @ lo méradl®
zr ozumimienQnnoSltne 0, 7.

9%
AT g7ar o
/"

B
1]
ﬁ /
£ )
: {
: /
E 4 A X
3
| - W vyhodnatenie foneticky vyvidenich slov ( 256 slov)
// A btk very
0 L] 0 percento Fhodefch spoluhlisol { 1Al ons)
‘/ |4 ﬁ B vyhodnatenie foneticky vyvidenych slov { 1004 slovi
1 O »yhodnatenic foncticky vyvidenich slov (PH}
o Index artiklcic (AL
@ [ndex prencau redl (STD)
S S e o T S S S S
] LA 0z 03 04 0.5 e 0,7 %] 9 1

Spoloéné meradlo mozumitenosi

Obr.3Spol ol n® meradlo zrozumiteOnost:i
Fig. 3 Common intelligibility scale

VzhOadom na rozdielnu n8rolnosS vyhoto
obozretne voliS met: - du podOmierytich phuozepia i est o
Jdnoduchgi e met - dy s a drag g 2 pro urgii Bi kprme ofh
ug2vateOov, zl ogvyéegpggime oprezendimsugryatse
evakul[@ci ou

| NDEX PRENOSU RELI
Met -da merania indexu prenobnonejeprenpesnoa

funkcie (MTF). Pri meran2 sa poug2va umel
frekvenl nl pbl| pt8§s®Or@&hmd dsup eakltnr®R®hoa spektra a
skutoln¥% rel. PoluteOn® oke¢lBtviowrmch j ien toebr:
frekvenl nom rozs@&@8kwHz .od MAR®!l aHaan® spektr um,
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svysl ovovan2zm f on®m, j teetinovoyktt v8ovroevnl & hz o nk 4 r

v rozsahu 0,636 Hz.[1]

125 frekvencia [He] maodulaéné frekvencia [Hz] 16
jedno oktivpové pasmo jedna frekvencia z
z poéutelného spektra modulaéného spektra

modulainafrekvencia z 2

A K modulaéného spekira

oktdvpové pasmo z
podutel'ného spektra

mtenzita

.
>

Obr.4Vyt v8ranie testovacieho sign8§lu
Fig. 4 Creating the testing signal

Modul okamdmhekveps ®paolzut espeki@lipanocou
mo d ul aspekt@honi kne @8 mbi ngygw)ht.v criaggsaf®d u g 2 v a
nameranieindexuprenosu e Met vdyac h §plizead go kdkadao z udpiet e On o
skutoleheéj j eaknlamkuog@wnmedks | e n 2ajy mersd yinedhe® m
skreslenlm! gheytbh mad ahi a y p &aerylwmeloms i g.n § |

[1]
/—\ /_\ signal pri vstupe do systému
.
>
cas
+

rufenie signalu fumom
# pozadia

b
Call

A —

M\_’ vysledny modulovany signal

b
>

Obr.5Si gng§l skreslenlT gumom

Fig. 5 Tested signal affected by noise
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Modul al n8 prenosov8 funkcia kvantifiku

saprevs8§dza do | 2 sle\ int®dronow zameazu rai t0e Onos Sou
postal uj %cu zrozumiteOnosS je potrebn® do
hodnote 0,7 na spololnom meradle zrozumit e

Podrobnej ¢g?2 popi s met -dy merania Ainde
AModul al nej prenosovSINEN6WRKSI, el aseé& rlaébc h §d z

Na meranie zrozumiteOnostiiAlanpeujprvana
reli pre verejn® rozhlasyifi (SEBIkRrRA)X.enkRqud:?2ou
AModul al nej prenosovVve,j funkci ef. Mat - da |

Alndexu prenosu relifi pre verejn® rozhl asy

[6].

ZCVER

T®ma problemati ky hlasovej signali z8ci ¢
funkl emde&tavitu syst®mu je nevyhnuchn® zh«
Sspr 8v, na ktor%¥% vpllva geometria a dispo
stavebne hr ani | uj Yce i kbangpawrkecch cam&@t evap 8dv a( pa u
odrazivich alebo pohltivich mat erestoel ov) ,
maj “sudenBsuapl yv na zrozumiteOnosS hlasovej
kl §8sS vysokl diraavdhzaspirédvihy mEevhdaky.
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CHANGED PHYSI @W&ENGOGNWAN | N RELATI
TO ESCAPE ROGOUOLBGYY

| MRI CH MI KOLKWCEL JCN

Abstract

Correct realization of escape route in the building is the fundamental prerequisite of safe
escape in the part of building, or in the whole building. All the persons-$eeil and
nonwell-seen persons) escapéngsthe escape routes of different quality. The start point

of escape is usually on unprotected escape routes that ideally flow directly to exterior.

If it is not possible to eventuate the unprotected escape route directly to free exterior, it
must open upnto higher quality escape route. That shows the various safety level but
adequate quality of escape route. It also means that the persons go tprptetied
escape route or to protected escape route. The dimensions of escape route must verify at
least required base typological demands, outgoing from real dimensions of the human
body and must also make provision for barriers on them. Considering the changed
physiognomy of human body (growing height and width) many cases resort to problem

mainly on vey old realized escape routes, primarily on stairs or ramps.

Keywords: fire safety of building, evacuation, escape routes

Basic typological requirements

Geometric characteristic of escape route should take care not only on the demands of the
body count,but of course also to the geometric demands which consequent from the
human dimensions and its accomplishment to go independently or in the small group or
at big horde. The human geometry changed very rapidly primarily at physiognomic
dimensions till now \as considerated average value 1750 mm and changed to actually
1850 mm. The base ground plan changed from the ellipse 600 / 300 mm up to 750/350
mm7i see Figure: personl; person2; Person 5.

From the change of human body results also the change of esciép® donensions
(extension of average stépriginally 630 mm). In the escape routes are situated also the

obstacles such as gulfs or alcoves for phone automata or waste bin etc.
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600 mm

Fig. 1 Base physiological proportions of iman (author) i person 1

Whereby the escape route is narrow, thereby are the more barriers installedha it
optimization of evacuation width is needed in relation to the obstacles. On the other hand,
too wide escape route is not safe for movemerdumexthe big group of human can sally

out and moves from left side to right side of the route (it is recommended to install the
splitting construction every 2200 mm what is the width of 4 escape strips.

shoulders

<600 mm

waist

>600 mm ‘

Fig. 2 Adjusted physidogical proportions of human (author)i person 2

‘ shoulders
>600 mm

|/

waist

<600 mm

Fig. 3 The ideal physiological proportions of human (author)y person 3
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Also the width (thickness) of human body in relation to age is charigitigs is

substantive phenomendor motions persons in the crowd or in the small groups.

o> C >C >

s Y G Y e
o o T o &2

00,300 | 300

Fig. 4 Persons going in the crowd on after anothér person 7

The movement of persons can be in the crowd that is moving in the identical wide stripes
i 600 mm onafter another (see Figure person 7) or in the crowd in the latitude biased

raws on after another (Figureperson 8). The escape route capacity cannot be same be
the different motion manners.

)
)
|

300 | 600 | 600 | 00 ]300

| 600 | 600 | 600 | 600 |
A A A A

Fig. 5 Persons going in the crowavith the drift 7 person 8

Resource for person motion appraisal
Concurrently computing evacuation models (simulating the assumed evacuation course)
are derived from the experimental observa

coming out of eventuahanners of creating the crowd or horde (see Figure person 7,
person 8, person 3).
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600 750-800

Y v vy
7 7

A
3725

presah %O —200 mm

Fig. 6 Area overlapping / norroverlapping of human (author) - person 3

>600 mm >600 mm
‘7507800 mm L7507800 mm
# #

Fig. 7 Non-standard propositions of human (author)- person 6

From this mentioned reason it is needed to deal by the movement density in vinculins on
the movement speed in the given flow of persons. At this situation it is not making the
provision for e.g. ag or movement possibilities of persons, or their physiognomic
facilities (see Figuré person 3; person 4). Individual human bodies are defined as a

unique (individual height, width, thickness, area measurement etc.)

Fig. 8 Ideal proportions of human area (author)i person 4
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Municipal dependency between movement characteristics (PROULX, G. 2008):

The equation (1) expresses formal relationship between the chosechasicteristics

Person flow = speed x density x width

(1)

of person movement. Really its correlation is essentially more complicated (such as e.g.

the speed is function that depends on density; or the speed affects the flow according to

area density and ability of persons).

There are two basic ipciples of establishing the necessary escape route WwiBtbw

and Capacity method®FPA 101. 2006)The Flow methodses progress of evacuation
from the building regulated by the maximum time interval (permissible evacuation time).
It divides the escaproute to width units and it is used by the evacuation of lidless human

and human with good movement abilifyne Capacity methoid founded on sufficient

number of escape routes (depending on area tape and quality of buiildorgn

unprotected escape utes upto protected escape routes which permit successful

evacuation of personnel. This method is used by the evacuation from high/level building

eventually from building in which are situated persons with restrictions of movement

ability. In Slovak regudtions it is possible to identify some connections with

aforementioned methodse . g .

coefficient

As fi

whi ch

exp

on the individual type of escape routes in relationship to evacuation manner (STN 92
02013, 2002)

Tab. 1 Value d evacuation condition coefficients (STN 92 02013:2002)

Value of evacuation condition coefficient
Evacuated Evacuation ppis;ape route
GE.) person with process UNPER | according tod.1 PER type
= a, b) C) A B C
independent| all at once 1,0 1,0 1,0 10| 10| 1,0
1 ability in sequence D D 09 | 08| 07| 06
motion
delimited | all at once 3,0 3,0 2,9 28 | 28 | 28
2 ability in sequence D D 26 | 24| 22| 20
motion
inability all at once 4,0 4,0 3,8 36 | 36| 3,6
3 motion in sequence b B 32 | 28| 26| 24
Ddisallowed

unPERI unprotected escape rouplER’ partly protected escape rouRERiI protected escape route
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As it was remarked above, the constraints manipulate for the density too and crowdedness

degreeof escape route by person. The density introduces shining capacity restriction of
escape routes. If the body count on escape route istlsvpersons are enough diffused
and then the calculation is realizable in suitable time moment, whereby in theiexery
moment is the density on escape route designed like body count of persons entering the
escape route minus body count of persons that leaving the escape route.

The density can be solved just how:

- the density of person®D(person.rit) or (m?.m?) i with the accruing the density
of persons usually increases complication of evacuditithre speed or specific
flow of persons decreases; each person has independent speed motion;

- the density flow of personsDy (-) or (m~.m?) i come into existence in the
moment when the accumulate persons start to move as a ofiethmiflow of
persons. The persons have approximately equal speed motion, whereby the
individuals have not enough space for independent movement. The size of person
flow and its density depend®t only from the body count (generating this flow)
but also from its individual ability fo move and from the dimension of this flow
too.

The ability of independent person move is due to veering on its speed, what means the
distance repression during ttime unit (m.s"). That speed depends not only from the
age, sex, physical or psychical condition of evacuated persons, but also from the density
of persons in escape route. In ordinary conditions, one person is moving average speed
60 (m.mint). In the bginning of evacuation, single person moves independently of the
others and the density is lower as 0.54 persdiithat means 1.85 hperson). Gradually
gives out to thickening / to raising the
moment, wheithe density of person reaches the value of 3.8 perddgthat means 0.26
m2.person and less). At this moment the movement of persons on escape rote stops.
The peopledbs density, eventually fl ow den
speed motiomf persons in general, not only on escape route. Generally can be estate:
v="f(Dp) or v="f (D) 2
wherev is the speed motion of person (m.min
Many prominent specialist deal with the dependency of person speed from person density.
In the firesafety sphere still pay several attributes that did not changed in approximately
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half a century. In example the speed motion of person for the person density 2.4 person.m

2is following:
- on flat ground is the value= 30 m.mint,
- down the stairs is thealuev = 25 m.mint,
- up the stairs is the valwe= 20 m.mint,

The change of these values depend mainly on the change of person density value
on one rif. That value is on the side of security and safeguards that the crowd of people
on escape route woulethstop.

Changed human physiognomy is clear fact, and improved human motion performance
should be changed toeat least concerning the human speed mdtitre average speed

(v) for individual ways of motion (e.g. on the plain or-aipddown stairs)shouldbe
changed. It will be very interesting to analyze the mixed group of persons (normal persons
and persons with restrictions of movement ability). That group exists very often
nowadays in big shopping parks and causes that from certain moment the grovipgs m

by the speed of slowest man. So it would be interesting to solve this situation in relation
to age and moving ability. Limited ability motion involves not only physical faults but
also the various kinds of limits (e.g. age of person). Not only theguted life (and
growing senility too) is the new todays phenomenon, but also the life style fairly
manipulate the possible structure of evacuated group. The small shops are not the
problem, the problem is in the big assembly rooms with various strumftyp@rsonnel

(not only the children, aged people, but also the handicapped people).

CONCLUSION

Let us assert, that assurance the safe evacuation of people from the building is influenced
not only by the construction or technical features, but also by the physiognomic
parameters of human body and currently physical and psychic state of person. The
demands on architectural design of escape routes have to pass by some corrections in
relation to real changes of physiognomic parameters of human body. Capital demand is
to ensure the safe leaving of person from building in specified and permissible time als
for persons with nonstandard measurements. To change aforesaid boundary criterion
require to perform many studies for changed physiognomic parameters of human body
and extension step of person. Obesity is also the expressive phenomenon by the

evacuatiorand strongly influence human speed motion. It influences not only on human
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density or human flow density, but also to whole evacuation in relation to total evacuation

time.
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METODAYXYGETROVARNRIEA I N VZNI KU
POGI AROV AUTOMOBI LOV

THE METHODOLOGY FOR INVESTIGATION OF CAR S
FIRES

MARTIN ZACHAR, IVETAMI TTEROVC, JGKOONDRU
Abstrakt
Sl ovensks§ repupbpkadns@ opbrkideditkipavl r oby o]
automobil ov, predov g ehiliégkiVolkswaged SlavakiaRSA Sou au
Peugeot Ci t akiatMotorS Slavakiadpiaaepodobne maj bl i §gej d

Jaguar Land Rover Roz mach automobil ov vV opraxv g e ob e
samozrej me aj nN8rast ri zilkoam ddzvneh kaj pgtanar
pogi arovosti Oatikhchpoaited mondiRl,mo§ kah 0 0 V 0 S8
poslednlich 10 rokevedltopanplhcpritpedovams]
pr2lin vzniku pogiarov aut omobiilkav .po\ada awv ¢
automobilov za poslednich desaS rokov je 1%
horeni a. Na z8kl ade spracovan®ho n8vrhu m
automobilov, je pop2sanl c el dtanqveniopcre?sl ianyj e
vznkuas amot n®ho vyvodenia z8verov pri vygetr
KO%| ov ®a stl mm@bi | , pogiar, vygetrovanie pog
Abstract

Slovak Republic ranks high on the walls in the production of passenger automobiles,
mainly with the presence automotive compankslkswagen Slovakia, PSAPeugeot
Citroxn and Ki and Mattfubureslagual Land ERkviB@om of cars
generally represents, in practice, of course, increased risk of automobile fires, as it is
recorded in thestatistics of light automobiles fires and their share of total fires in the
Slovak Republic, which has had an increasing character for the last 10 years. The
presented paper deals with investigating the fires of automobiles. In general, the main
causes ofires of automobiles, in the last decade, were the intentional fires using the fire
accelerators. Based on the developed proposal of methodology for investigation of the

cause of automobile fires, there is described the entire process and the indieiplsial s
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necessary to identify the causes of fire initiation and the drawing conclusions itself in the

investigation of car fires.

Key words: automobilefire, fire investigation, methodology

bvoOoD
Vs¥%|l asnosti je Yamysel ne cdoak @y ®hlo mdGida rs
jednouzh |l avnTch pr2]lin vzniku pogiarov aut omc

vygeuril$Saso stopercentnouwbil=satsdtiou ziprS2olvial
vzni ku pogiarov je neust 8| e tpoatircekb®n ®p ozsd a
stanovenia prz2lin, ktor® s¥% uplatRovan® r
metodi ck® postupy zisSovani a Y rz2l|oign owanzi k
| ast ®ho tot8&lneho vyhorenia cel ®abiodghut om

pogiaroch.

Met odi ka vygetrovania pr2lin vzniku pogi
je uplatRovahdsuwvi od tylpluavaue omatbediug!l pwalp
virobe dan®ho automobil u. Mat eutom@biloy poug
jednoznalne vykazuj¥% oveOa rlchlejg? proi
Vs¥%l asnosti sa pri virobe automodti dndal mo @

wpravou pr toltod ! hvaedaindhul,0szS rozvoj anolflavgi ar u

ni ggi a. Mnoho odborn2kov zaoberaj %cich sa
S n8zorom, ge valgina Ymyselne zalogenlec
inici 8ciou hor OQavej kvapaliny. PodOa Mor
ur Oolval om horeni a, stret8vame najlastejgi
p8chatelia vyug2vaj% begne dostupn® kvapa
syntetick® riedidlo, Mol ot ovov kokiclai I , p ¢
VZE8n®mzmesi . Vo svojich pr8cacphogmaogshthyv

automobilov, Moravec et al. (2011)poou §gi t 2 ur T chOoval ov hor e
(2010) O meranz2 tepl tt pri pl nel3)roach vi nut ¢
n8sl ednom pomataulsoftwarujPar t i nka (2012) O pos¥
mogne,] pr2] i ngP8wmztnyiak u( 2p0algBi)arou neusteji®l e | p C

oblasti.
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CieOom pr pspeéesrkadrmgme %S vipgted d pkialniim vzni l
pogi asowbnl ch auQaochnkolbcihl odo da8 vk owipd lat miut e G

vpraxip r i zisSovan2 pr2|lin vzniku pogiarov.

ROZBOR PROBLEMATIKY

Vozidl 8 obsahuj % rozsiahlu gk8lu hor Oa:
n8§rastom z8vagnostiad@k®@kondzini @i § emend zeik edqy
(inicialnim zdrojom) s prvim zapglenlm ma
ktor® neboli pr2linou pogiaru a sekund8r n
vozidl 8§ obsahuj“% mnohovebekstrokbeoekj zdpes]

sedadl 8ch, stmopnepdl|l abei NKabdngpvI] priestc

je oddeleng zvislTm plechovim panelom. P
k&bl ov a inTch komponent oci,c ha vizinm k8 i iae
vznieteni a, pr2padne mdeprndasS Jluamgrde2h0od 9 2
rozvinutom pogiari vozidla je Sagk® poved

alebo naopak

Vprocesoch vygetr owdnmija pn gisaroo\w ogja amra
url 2 jeho pr2lina. Lastotoa mpresnosBomui k @l
nezn®ma.Oa G&eka(l984) maj ¥% na presn® stanov
pogiarov vplyv mnoh® nepdto2twne pfrdaktpyo,gimap
dosaviacakea 000 AC), ktor® nil i a astogy®dieoeh muj ¥
tepl *t pri pwm gvojehp i EwopisuigSnwoeb(R01Z)la t akti eg Dvo
et al. (208), kde poj edn8vVY @jp¥.onad§ltth0 0, AKCt or ® dosi ah

experi ment 8l nych meraniach (obr. 1) .

Obr. 1 Pogiarna sk%gka osopriasﬁatnstve@wtoé@ckbial Waha @®wud
Fig. 1 Fire testcarintheopenrDvo S8k a Wal d 2015)
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Rybakowskiet al. 01 3) V 0  spvooj j eedj ntéppinn@ amzklade

pneumkdeakagujepl st u .Bambz®ejAflBe mnogstvo d
znilenTch nielen pltsobemp¥mebehok halsebaplc hi

vody.

Tak ako SN&PAL2I§20Blapiv | okal vz8ckiu mogshaau
urlen?2 pr2]liny sa |asto vyug?2vaj¥% vzory st
| asti achalkeabroosm®a i 28§ mowelyi moer d ®e | gaozidl a.

poug2vaj¥% rovnak® vgeobsttawWelpoisdchipyomdgtor pk
to | en mogn®@&,ebwmoke ipdrleos kjiVemaSo tnsak Yamaensitee Vvl oi zni
pogi ar.|i je komplexn8 a mnohopt Ppaorgud & r loivnn
stavebnlch |kamwgtnr ukkrcoRon eur | i S . mi\asltpi naz
motorovich vozidiel sa d§8 rozdeli S na tri
cestuj Yacich alebo interi®r vozidla a n8kl e
mtge odhali S viznamn® stopy @®i gproyiar sp? 4
reakcie napr. |leln®ho skla, m:gu napom!csS
V priestore pre cestuj ¥%cich zvylajne vyvo

zanech8va radi 88dtnreoprne®jpyl @03 eknam2 mya vozidl

Metodika

N§vrh metodiky zisSovania pr2lin vzniku po
| egi sl at2vnych predpisov a prakticklch sk
pltsobiacich na zitszSowan i tar oprrn2i lateh kied@ni k u
stanovenia |edmpotpliwedrkillla plakcmpwva pri zi s$S.
kompl exu vykonathhbaekl ieme®oastarv@iveraul i ny vzni

pogiaru automobil u.

VhAhSLEDKY A DI SKUSI A

N§vrh metodi ky zisSovania pr2lin vznik:i
pop2saS na z8klade z2skanlch dostupnlch i
vzni ku pogiarov aut ptnoohbtid odp ojmadaup rjredt iodgd i klyo
rozdel j 8ddat leily2ch | ast2, ktor® f.a seba b
T Materi &@lkchai ck® vybavenie

f Pr2pravn8 f8za a presun na pogiarisko
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BezpeloobBSama zdravia pri procese zisSc
Ziskaz8znam i nform8ci?

Zdokumentovanie miesta pogiaru

1
1
1
T Visluch svedkov udal osti
1 Odber vzoriek

1T Stanovenie pr2liny

1

Zg8ver (zo zisSovania pr2lin vzniku poo¢

Materdi @choai ck® vybavenie

Zi sSovani e p $i 20kremn vedpnoo§tv dha roev|j obl asti VY (
prostriedky, pomo cou «d o nilydkhojneSdvnaojth i v ® Mé d nn o sttaik @
prostriedky rtaad@hrei crka® ewyi t8d Rreosip reSwzniee 8 0 e a t
pr2linpogytarky je despbmatn® ma Stleecdhonvinc@ @n:
vybavenie:(pr of esi on 81| sy fsd falvdepadap® P r i poj en2 m n
internetd kt a8 r adi e odber yworikOOPPa

Pr2pravmd efs@uzna naa pogi ari sko
Pr2prava zisSovate®al by8cnad aopapakidie@ va,S k-

schopnosti prostriedkovraae r i €§leetbni ck®ho vybaveni a, kto
obj asRovadp sne Pat2enrtiaS8dinmi ck ®ho vybaveni a.
Po ohl 8§sen? pogiaru automobilu na® koord

rTchle odovzdanie z@d&kdiaa3nadlvcat e v o d m8zcli?
najriTchlejgieho do dymnunemkipo dcat antdNa@resigd katryi s |
na pogvyaugelsvkad el enlT sl u®@qglendl nadtl @mo pirl2,pado
pougi S s¥Wkromn® motorov® vozidlo.

Po pr2chode pmarebhe®t ci j g2 maS priebeh
aspr8vanie sa svedkov udal osti . dJoeb en e vkyeh\n L
jednotka lokalizuje & i kvi duj e pogiar . ziP®SowkdrelOen?2i
Kriminalistick®.kdepwigs lao,rpt@gniyémol ,merte sdpa mi
d! | ®@&dgiett k yd *kkrlcakdyo e u ment ovas.
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Bezpel oobB6ama zdravia pri procese zisSovar
ZisSovateO mus?2 predov ¢petziplemh mbrbEgSVinkdo ns v o
kompl exn®ho sk¥mania vozidl ®'FraefRRAmr !t zak

pri ochr aznder adviivao tzah %e&Sosaba®aochrann® pr a
abezpelnl pracovnl postup. KeNge sa =zais:
sYsneg ednot kou vykon8vaj Ycou z8sah, mus?2 b

ktorlT vykon8§vaVzimyashev¥okiynoo®S HasSh viat e
mal DbyS vybaveni(z §$&«h awitisoadheo®@@PHorbaunvn,§ pr i |
ochrann®@um&ma®irukavi ce odmodmr®anwmy iprcahceamn rk
chr 8§ni |-s b V.okpd dglgsS, pr ovestai svreflaxkon $atboup c hr ann ®
okuliare,antvigv inukaviceljn @ my pumov ®

Lo sabezipkeal nTch ppacvownlichipdotvan2 pr 2]
automobiloy j e v e Omi dilegit® dodr gi aweh@nyz §kl a
zdravia pri prgci. Sk'r ako zisSovateO zal
j e dostatol ne zabezpelmea®ohpgrootir amdtSy bule
skombinovaS pougitie hydraulicklch plog2n,
na udr ganie hmotnost. vozidla so zabl okov.
zabr8nilo ng8hlemu pohybu avtoezOad.l aZ vl aegono® | peot
riziko pre bezpelnosS zisSovateOov preds
zadr gi avacie syst®my). Taktieg azid sodnl,

nebezplkomtakis an2m al ebo jehoavowhaSs&§pra mt§és

potenci 8l ne zdravotn® ohrozeni e. Zi sSova
syst®my, poznaS prev§dzkovl stav tlchto s
syst®my vyradi S z | i nnosti pred ns&Gmiman?2 n
spusteni u. Obhliadka obhoren®ho vozidla n

kt om @obtrozSzi s SovateOa. Patr2 seaml elaprzvygpn®
palivavn 8 dfl @i predstavu),eytrelze k@& apaafiioagoum s a n
zisSovateO)pogmklon W& azu e(napkzarkiuankull 8 p.pr d o m
vysokonap?2Sovej s¥stavy pri)rauz bimo® gdelolch
splsobi S bodn®PNFRAR®RD®008) ezn® rany
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Ziskaz8znam i nform8ci 2

Preziskaiz 8 znam i nform8ci 2 ug priamo na pogi a
zhr omazgadeivli deo v a | i nform8cie potrwJodeda pre VY
pr2liny pogiaru automobilu. M!geme ich r o:

i nf or m&idlea nd or MOQPiiearad .

T 28kl adn® inform8cie

a) Mestok de vzni(kbed: pogi ar

b) Adresa (miesto) vzniku pogiaru, napr. (
gar8¢g, diel Ra,ind®ar, parkovisko a

c) D8t um spozorovania pogiar u:

d D8t um ahlp®Hge mir u:

e)Las spozorovania pogiaru:

ff Las ohl 8senia pogiaru:

g VIl astn2ctvo (s%Wkromn®, slugobn®, nezi st

h) Maj i(mero@p r i ezvi sko, d8§tum narodenia, byd

) Priama gkoda:

) Uchr 8nen® hodnot y:

Kk Zr anenT :

D Usmrtenl:
mPol et pogdgi ar ( mi)@dognkbiond e nT ¢ h

nfCestuj “%ci kuazb@tnveor enl v

o) Technickl z8sah jednotiek Hazz:

p) Vybavenie vozidla prenosnl mi hasi aci mi
g Pougitie hasiaceho pr2stroja:

N Poi stenie automobilu (z8konn®, havarijr

s) Poi sSovRa:
t) Vpr2pade dopr avosij amé ke dhyoprevae achoey: o

T I'nform8cie o vozidle
a) Znal ka:
b) Model, typ:
c) ELV:
d Rok viroby:
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e) PlatnosS STK a EK:
) Vyhotovenie (sedan, kombi, pickup, kabr

g Pol et dver 2:

h) Farba:

) Evidentn® pogkbmdesples mhud m@ofd djuar om (r o
vyp8len® s¥% asti karos®rie, omotan8 har

) Pohonn® hmoty (benz2n, nafta, LPG, CNG,

Kk Palivovl syst®m (kar-thcBadro, veEompkesar

) Sp2nal zapa®evpodgudaadnyu v(yzpanpunt T ) :

myPal i vovg8 n8dr¢g (i®avg, plastovs§

nPalivov® potrubie (kov, plast, guma, ir

o) Prev8&§gan®nm&t edi: 81 y

p) Dodat ol ne montovan$§ vibava:

Pre zi sk \ozidfedy pofahlpha Sdikspoz2cii datab§zu
vozidielspodr obnim technickjedpowpiiswohcvi amé vo
jednoduchT . Pri pogi ar.i automobi |l u mn o h o
automobiluuDand8at ab8za by pomdhienprkade®em?2gu
sptsobi S pogiar (altern8tor, aut oba,t ®r i a,
at N. . Taktieg by datab8za mal &l byhs akhtoovra¥/s npS
automobil( vy hri evanie sedadiedadled,ekelrekkyi mla®
okien, svetl &, elektriityk® 2aredp sa@eewna)@N a.o.] n’
|l o mtge zlyhaS, aj keN vozidlo nie je nagt

T I'nform8cie o pogi ar.
a) Priestor, ktorT zalal hor i m&torgpkeo prvIi
cestuj %cich, batoginovl,imm@®)estor, brzd)
by LasS, ktor§& zalala horieS ako prvg (gt

pal i va, palivov® | erpadl o, kK Yar eni e, ki
sp2nal zaspad®Oowednia, . pr2stroje, atN...)
c) Typ pogiaru (linnosti), pri ktorTch vzr
Yoamysel , polas jazdy, gparri8 ggt,a rztaopvaar nk20,v azne
parkovisku)
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d Zdroj ziam§lceitaar (el. skdabr,zprg&Sabep
el ektroingtabgciautbempddt mogj cepl damaov
cigariet, nezahasen8 ci.gareta, I n® vozi

e)L8tka (materi 8l), ktor8 wurlovala rozvoj
batogina, ®) nezisteng§, in

Zdokumentovanie miesta pogiaru

Sv%l asSou statickej obhl i adky pogiari sk
zdokumentovanienafotenie @ br azov® vyhotovenie z8znamu
procese zisSowant aarn §dareSesnha empuosPy anal i S

referenlich®zbdoadayeaosS k vozidlu. N8kres m§
bol o npor gens@ e v y zunvadidla Spredp jeho ootisunom] e potrebnc
of ot ografovaS cel ® mi est iovidit e Gook®tl d kK ,® &huyd or
di dOm stavbyr2ypag®tedonizda,dl § a ,aldbstopy ky pn
obuvi. Taktieg sa musiahk®kadOkeknegkodygS splsobe
kagdom z uvedenleardzliate pajiveek h ®v skpt dpadeti , Kkt
pri obhl i adamé gpud selsWbha Bajrpgdi 1 z e g 2 Voeidioijea po ¢ i
potrebn® vyfi@atdomgmafaovkaoh zi stentnlim splsobo
vget kT ch str §nspodnejl @8slepet hebm®j maaS agogkode
nepogknoideesnt®a, vr 8t ane gk?*d,wgeitnktye rehfetkra z ya oe
g2renia pogiaru, | ug z nejak®ho priesto
kufor, priest.orT gpkpeit n@hjhe@dyvyfaotNografovaS ¥
n§kaparrdevg§§gan® Mat e tnoustlny@ w djoekj ponodsane vozidaS

pr i |azamersavame hlavnesap 81 en® mi esta na zemi al eb:
skla a inlTch % omaphni F onpdokezrnessinikieRA®21e b a d
(2008)

Visluch svedkov udal osti

Za kOWw ovIl prvok pri procese zisSovani a

vipovede svedkov. VIisluch svedkov by mal

policajnPh®dvebwirpovede svedkloawbmawpwypwrt §tui P

(preverovan®) pr2liny vzniku pogiaru. Najoc

kde svedok spozor oktadr ejo gliast, i rewtperkdFivieu
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vIi povedeazsivsetdekngivd e sztitspSovateO vyl ul ovacou

vzni ku pogiaru. Rozhovory s osobami, ktor
m:gu pomtcS zisSovateOovi pr2|lin vzemi ku po

ng8sl ednieS ppaddrocbbnej gi emu sk¥mani u.

Odber vzoriek
Vpr2pade, ak nie je mogn® priamo urli$S

vzoriek. Ak existuje podozreniegou gi ti a hor OQavich kvapal 2n,

Privol §8 sa policaj nvanpiees wrylccvhi Qoevnall onva hvoyrheC
Ak bol poudgitl akWogeslokro&it rr alvadreemnidobnps$o
j eho pougitia. Takt & viad erdt i Zfaiksotvzan® ond els ¢
| aborat - -rne sk¥manie. eBie® ©6dbegomfivelby ky
skutol nini sgtar amadki aO sa odober§ | asS na
kvapaliny sa odoberaj¥% do nepriedugnich

adekv8tne obaly povagujeme sklesm® fv@afrek §
Vysok® teploty pogi arylhos ephs eb thjoir: Gahtop & h e rkiv
divodu je obtikgapalitedj ofdorbmea.S N§sl edne |

T materi 8l ( droedv.0,, tdeox tkiddbne Vsiakmmipmr aa,v ¢
hor Oav § .Rawvma® arhdtnear i §lhersnatodelhenwzaar % do

p-rovit

vriec na vzorky.

Pri zai sSovan? vzoriek na | aborat-rne s
z8sahom druhaoaMae2 nepfgkadhbivéanadamatiech §pbva
zl ogenie. Takti @@pgjarvelmi odbbegBt@j zporo

nebol i kontaminovan® url c #jO® vmd tormealem® emad sal.
osobne doruliS do akreditovaneho | aborat-r
Stanovenie pr2liny

Url enie kriminalistick®hlbo opogis&ma aplissal
hl avnou Yl ohou obl ast.i zi sSovania prz2]|in
pogiaru povagujeme | asS§S, ktor8 Yplne vyho

pogi ar om.
Pri stanoven?2 pr2]inypozmatkhko\p @i sekbaenhisiah
obhliadky pogiariskavlaseodkplradovamibalr gan]
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opr2line vzni Akuaitmgd od ingrctit2o mmo st i ostlbh a v
| i nnostiach bezprostvmide®et e,/ eérdelogmmitiik otm epd
vzni ku. Pre spr8vne wurlenie pr2liny vzni
sviacer T mi mogmidamlii verwvimimiuopogi aru autom
Zpr 8vneho pohOadu, prstafowverl npm? |zihroyd nwo
aut oimoub j e potrebn® uvsg§dzaS, ¢ge pr2lina je
Z8ver (zo zisSovania pr2lin vzniku pogiarc

Zi sSovateO pr 2 |8zavid wpudka mognasbVv Mo naj
pr2linu vznprk2up gdé&ya aalg iubt ¢/n®, ge motorov®
zap§8§len®, tak vecrpegbeh® pabitapesinibbine

Bez rozdielwwedhnisak % ed§8Badu, al ebo ¥myse
i nf or npSocgiieard zi sSovateO ozpogransuns@ATEPPdao p o |
Val el om armgd haitv $dciiecek®ho vyhodnoteni a.

ZCVER

Zi sSovani e pr21lin vzni ku pogiarov Vo v
Nehovoriac v yget rovan2 pr2]in vzniku pogiarov
priestore existuje mnmg st v o inicialnlTch zdr ajtewmyami mn
pogiarnotechnickimi vliastnosSami, ktor® ov

z8kl ade spracovan®ho kompl exn®ho n8vr hu

pogi arov aut omobidlagw,v ,o &t ez§ K ledchmitdh v® ¥k o
pogiari sku, a gs tpaon ocovdebneire vnzaojrpireakv dae podobnej
uzavretie ri eyeSv&h prpea@i,arjre. veOmi dilegdgit
neust 8l emu vzdeO&wvanpirwr | izm s Svozvnaitk u -pogi ar

metodickimi zamestnani ami
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NUMERI CKE£ STAMNMOWVZENIOCBMNE
POROVNANI E POGDAORNBKSTI PRVKOV 1
BCZE DREVA A EIELNW OB

NUMERICAL DETERMINATION AND MUTUAL
COMPARISON OF STRUCTURAL FIRE RESISTANCE

ON TIMBER AND REINFORCED CONCRETE BASE
REBERT LEGKOLORANRBNI RK

Abstrakt

Pogiarna odol nosS st avparnaeme tkroonng,t roudk ck teo rj @
cel kov8 podgiarna bezpedflossSnossttaivejpen ®po §iod
mogn® deklarovas buN prostredn2ctvom poq
vipol toenk dNapirahnuti u pogadovanich hodn?tt
stavebnichrmangchs8lchharsakterom hor Oavost.i

reprezentuj %ci nehor OQavli stavebnlT materi §I
obmedzenia. Drev@av T r obky na jeho b8ze predstavuj
atrvalo udrgateOn¥% alternat2vu s¥% napri ek
vzhOadoimo k Oa vochsnieid ze n e | mi er e. N wzngqg roinmnke®

porovnanie pogiaveénl odokonogtrqe&klca 20 bneat - n§
preuk8zalo, ¢ge aj stavebn® prvky hor Oav®h

Y%l inkom v pr2pade plne rozvinut®ho pogi ar t

KO ov® Polgjowm§na bezpelnossS, pogi ae,na od
gel ezobet -nov® kongtrukci e.

Abstract

Fire resistance of building structures is one of the paramfesenswhich depends total
structural fire safetyCurrently could fire resistance characterized by large scale fire tests,
or by numerical calculation. Despite achieving the required levels of fire resistance is the
application of building materials with variant combustibility significantly different.
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Reanforced concrete represents noncombustible building material is in Slovakia

applicable practically without any restrictions. Timber and components on its base
represent ecological, renewable alternative are despite on achieved fire resistance
applicable de to its combustibility in restricting form. Determination and mutual
comparison of fire resistance on timber and reinforced concrete base demonstrates that
also building components with combustible character could safely withstand effects of
fire in thecase of fully developed fire.

Keywords: Fire safety, fire resistance, timber structures, reinfdrcencrete structures.

bvOD
Sl ovensk8 republika sa svojou | esnatos

navygg2m podi el oonh el eystotuuv-dil&ipri exl t omu m8§
stavebr8l waltierostatnim tradilnim stavebnTr
oceO v stavebn2ctve Zadliia®dnl ochamhadlotv®, \beud
stavby s% na SlovenskulgelchpvhibpPdd®dgendakt
drevo m§ immadporbirglény istveoglonivtBEmnostiam | i mit\
pogiarnej bezpelnosti (obmedzmd)iZer ymauljt¥ac ep C
sa n8roky na energeti ckeékolo galcek ®n gjrmedv eamrewnii r
predur| uy s dblom malj2ekejbSauadcnosti girgi

Jednou z hl avnTbcehz pse¥s|naasstb2y pjoe§ izehrordenjot e n i
stavebnlch kOadiskacipogizadavdaelknonaS. i cPho §p «
odol nosS stavebvneg Y| kamsongohsRtuibc eek §2aS buN
met - dami , alebo veOkor oz meamw, mge ki %dipR yn.
rozmeru s¥% ekonomi cRygtalabesaj pdbagiotvvioe nglr o
vinginierskej praxitomraztveadevaguédpa®ijma
venuj Y% preukazovaniu pogi arnejkongdalurkas t?
prostredn2ctvom M8 pol|Nao vSil cohv emestk-ud [all e aj
eur epskani e sa na preuk8zanie pogiarnej] od
eur - pske nor mov® prle2dpiwy z widsul oESN i 1 99X t
materi 8l u.

Cie@amspevku je vz8§j onpno® inaurnmmeeriocskd® tphoor sol
prvkov na b8ze drgeeviaczaolbeo hmedav ®hv ®o st
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mat ersci§¢Qom preuh&zdSzeglggivakgt ognich za$s

a okrajovichppoddoeakamh| ase pHWaBirmledmod
plne rozvi nmit®hm8Ilpmgiracwnako efekt2vne, ak:

ROZBOR PROBLEMATIKY

Met odi ka overenia pogiarnej odolnosti dr e\
Vgeobecn8 gpreflsamvasa dr evenej] kongtruk

skk es [lp[@]®revo je mogn® zaps8li S, mirgzeojn2 m b

pogiaru, avgakodpowvioegvaumaOmaitmna jaeho povr

zost8vaj % jeho mechanick® vlastnost.i p o

mechant k T ¢ h [, [8]. e n

dchar,0 a) dehar,0 b) dehar,0 c)

40 40 |
] / P(phase2b)= 1
30 30 "o 30 ‘2c

S 20 25 mm 20 | 25 mm
1 2b.
/ ela) = y B(phase2b)=2-5
10 1 10 B(phase2a)=2-4 10 28
| h 2a ) Pphasela) <
0 0 0 !

: =t ta t ten t ot t

Obr.6Zmena hObky zuhoOnat efiva sdroswtén®mo | mrswk j 9V
Fig. 6 Change in charring depth of timber component depending on time [9]

Spr§8§vanie sa maeveha WwW§zebgioiv pogiari n
pop2saS. Virazne ho toti¢g oobywd wazRanj ¥ naj
OdolnosS drevenich prvkov voli % inkom po
zuhoOnatenia, ktor § niea.daln8 spa tdichkdesiSbjue uvh
drevenl prvok 2aepchp@&hieafol(®drchr &nenl prec

2b), alebo chr&8§nenl voli % ifdkom pogiaru p
Pre vipolet pogiarnej odol nots§lia prliehlec
uhoOnateni a, na z8kl ade Kktorej sa hObka 2zt
=b A (1)
char,0 0

kde dcharoj € n&8vr hov§ hObka zuho Oaenie,bojei a pr e

rTfchlosS uheOhas ewysatavenia ¥l inkom pogiar
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Pri navr hovan? kroenvge mTuckhc i pr wmkaov¥%ld nky

vgeobecnosti poug2vaj % obdobn® postupy,
Odpor % anim positepomctipari ckkreljenodol nost.i
redukowvper®hl®].Dl i nnT redukovanl prierez sa
o%ul inn¥% hObku zuhoOnatenia nasl edovne:
Ay = g o+ Ko Ad, (2

kde def j €6 efekt2vna hr Ybkdganjzet hd @oateenick § (
zuhoOnat défjiea kOmm) ci ent nechr §nen®hdgje povr cl
hr ¥4b k a pvrresdtpvoyk Isadanou ntud hosoSio up e(vknaikdStoaun taa
[2],[9.S takto zmengenIm % innim prierezom |j

vipoltu na stanovenie jeho mechanicke,j o]

odolnosti.
Met odi ka overenia pogiarnej odolnosti gel e
Bet -1t gweebnT m materi 8§l om, ktorT disponu

sa tlka tpleawkno.st Ni ¢wgi e hwvidamon §s o brnged owiog gliOe
vpevnostt VSahut.ohZ o d!mobedstesaSahovich nap?2t?2 p
vistpg2pddejean®@idarska pogiarnej odol nost.

bet - nov®ha ywirsteu®eu | o sa zabezpeluje kry
oceOov¥% vistug pred vplyvmi okolit®ho pros
tepl tt pritupnf@mari§ra®Pbem teploty vV.nY¥t orn
doch§8gelaexvobet - nonveogna tprvineyrne zsep rki evodnl m | a
jeho visledn% pogiarnu odolnosS. Pri zvT
doch&8&dpzoarSugleni u owrmrdrewap®bet mpeodn2ctvom mi .|
m: ge doch@dpad8§wgniku krycej vistvy vistug
tepl *t ng8chylnejgia ako bet - -n. ZatiaO | o

wrovni 1200 AC, kijiwviscsk@gteepleona Bebom§r §K
charakterist?2k doch§8§dza betzpdawamu poiceO®
splsolzmjik pap?o®d®n@ zni govanie sherdmowsti
[4].

Pri n8vrhugkeéezooekioenngotarfuckhci 2 na %l inky
[10]mo g n ® jedernuzigi &ch z 8kl adnich n&8vrhovich pr?
osvedlenTch ng8vrhovich riegen2 (vyugitie t
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Druhlm
prvkov.

ngvrh
Tret2zm |

j e

e n8vrh pomocou spr
vystihnutie

Pre vipolet
al/ al esbid omo r{i8]8vl poovdouh m

- da

moment om

Z-novs§ .met

4 strany vystavené poZiaru 3 strany vystavené poziaru

pr oscthr evdinp oclttvoovm czhj endento-ddu gy

esnen

spr8v&mingtsakcosnladte bpr vichv | &
pogi arkengtorducklcni ®®s t 2 a Spargveknal v

vipol tovim

¥ ¥ ' '
\
;:,/,/ "/ )‘/ 7/ /; 7 7/ ,//
/ cs : (g I
7 o
| | |
° ® *
LM w || L
7 'j{, S/ Ay
f/ ’j;:
. O
1 « 7 ©
J» A GH 7 l & O3 Ou
az' } & i & & 4 & kc.O_'
woow w
: Ke.02 keo3 i
ke,o1 ‘
r 1
=X
Obr.7TRedukcia prierezu pri pougit?2 z-novej
Fig. 7 Reduction of the cross section using the zone method [4]
Podstatou met -dy | e st anoveniredukdar b k y

rozmer ov

prier eztuak tpieev(n opsd weduksvesiamuyhjeedzean u

Vv

Pr e

vipol et

hr Yb kty- nwy |jY| epcetj r evbrns& vpwr vboet n e

apolohu boduM.

Pr e

obdOgni kovl

pri@clzstviy$n agemi

hr Yalwkrao v n §

nheondgneljt :z a)

vzdi

al enostii

medzi

pogiprotalOahl ou

sto@nbuuinevyditalvemest ip med

stranami

prierezu

vystaveMjle hzp®zoramein § Oba

Hr Y2bvsaa

teplota M vstr ede

k a gtepleta v bade My

charakteristickltlakhk kalk nsg a

r o znd eolv2n oba g nrfocvhn az-oru 32 r kou,

awl initele

prelEnd st os i
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&m, respi.Pomocou vzSahu (3) sa stanpnvé ddamled)
prierez:

2
=

n
SELY
kc,m n kc,dl

©)

kdenj e poligte 4 2rm,lko ji2- hyodamota s¥%l initeO
charakteristickej hodnoty pevnostilaku preit ¥4 z - nu. Hr Yabkag Ky lo¥l8e n

definuje rozmery redukovant®dmwy p(r5)erwerzluz :s a

k, @
@:wﬂlk )
c,dM
kcm 13 ©)
a,=wh (1=~ ) ]
c,aM
Pre redukci u mdukovaaosntpiierezewgv nsal @ostMvy na t e
pl atiz §¢®) “nosnosS plat2 pre cell redukova
fk (6)
—_ 80
cd,fi_kc,dM o)
C, fi

kdeke: yve s %l initeO pre redukciu chtakuakter i
odpovedajMadajechammhglr otsé i ck8 hodnadtl akpe\pmasthie
teploteaxcsij e di el |2 s¥% initeO spoO#hHnd.vosti be:

EXPERI MENTCLNA LASs

Pr2pagtowdfiomd| agnT obj ekt

Predmet omnglsp @ldin®ha p o soldoel nnioas t p o gnioasrnnl ecj h
akongtrukci 2 | e ¢ptovgoiraprondol ua gvnigg ksotua vrbaad, z esmn e
Stavba m8 charakter skelprnevglelsyistt@alvtyo (3¢

jej prvsg pol odrievae a/fychbog eoavbeent § naokol (Obr.4).
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jet 8t o pogiadavka stanoven8 na z8kl ade pre
Eupy (Tab. 2) na 60 mi n %t .

Tab. 1 Pogiadavky pyp@gianheh bdajnoS§ch Eor - -py
Tab. 1 Fire resistance requirements in selected European countries

Pogiadavkal Sl ove L es ki Ve Ok
. _ _ F2ns _ R a kk#
odolnosti republika republika Brit
Bet - nov® k R 45 R 45 R 60 R 60 R 60
Dreven® ko N/A R 9¢ R 60 R 60 R 60
Pozny mk
"AKk s¥% nosn® kongtrukcie stavby vyhot
oheR inej ak®s 1 AdQ, rtealp. t dR@el noi zol al

vyhotoven® zo stavebnlTch materi §l slyd0.t
*Nosn® prvky stavby musia byS vyhotov
oheR nag$ldd.ac A2

aNosnlT prvok mus2 byS vyhotovenl ako K
N/ A Nie je mogn® pougi S

Posudzovan® ndhOm@ ppkunkygu s wal 9angkeonvi ap oad i &
vystaven® najnepriaznivejgiemu zafhgovaci
divodu je preto mogn® predpokladaS, ¢ge ak
odol nosti na By and/otv, a et aktne®v tpyr t ejt o pogi
vyhoveédajount oVkontexte je vgak egte dilegitQ@
nosn® prvky sa pri vipolte uvaguj ¥% ako nec
vget kT ch gtyroch str§n.

VhSLEDKY A DI SKUSI A
Z8lkadnTm predpokladom pri n8vrhu nosnflc

je dosiahnutie | o najvyggej miery vyugit.i

povaguj evypurgiietr2enz nsa Y%r o vdntiv ondiun ivnz88lj noemn7eQj %.k o.

visl edkowkys Ywystaven® totognim zaSagovac?

prierezov sa Vvo vget kbdbe me pa80p@ A(owthd yp orhiyedr

v neprospech drevaf porovnaniad o s i ahmadnicth jednoznal ne v\

stanoywyerimitenok s¥% prvky na b8ze dreva na
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2015

Yal 1 nky

schopn® bezpelne prenggas plsobi ac:

to bez pougitia pogiarne ochrannlch mater.]
brang pdod@il aos& spojovac2ch komponentov, n:
ge stianovpadmhenkach vych&8dz @jo¥so vdnraenvie n ®

gel ezobepr-inaozviiimiej gi e .

Tab. 2 Parametre vyjadruj %ce skutoln%% pogiar
Tab. 2 Parametes reflecting the actual beam fire rgsistance
Drevenl ip Gel ezobeg
Parameter _
l epen® ¢ prieviak
Plvodn® rozmery prvHk 270x350 mm 300 x 550mm
Ef ekt2vny pr(bighez pr 188x258mm 161x 411mm
Ng§vrhov&(fmpfaJvnos S 24,00 N.mn? 25,00 N.mn¥
PevnoredadrBvaat bet - nu GL 24 C 25/30
Statick® vypurdii t2i0e ApQ 74,43 % 74,02 %
Pogadovan8 pogie@dr na 60 min¥%t (R ¢
Maxi m&I| na o hpyrbio vp{Magi| 53,18 kN.mt* 74,48kN.m*
Moment ov§g ¥nosMm@®dS [ - 137,08kN.m™*
Nor m§l ov® namést)i a z4g 2693N.mm? -
Odol nosS drewmd pri g 27,60N.mn? -
Skutoln8 pogiaf)na o¢ 61lmi n¥%t (| 60 mi n Y%t
Tab.3Parametre vyjadruj Y%ce skutol|l n¥% pogiarnu
Tab. 3 Parameters reflecting the actual column fire resListance
Dr evetiOp| Gel ezobe
Parameter -
l epen® (¢ st Op
Pivodn® rozmery prvk 320x320mm 320 x 320mm
Ef ekt 2vnypogibeerk)e z pr 228x228mm 210 x 210mm
Ng§vrhovsg cgdynosS (f 24,00 N.mn? 25,00 N.mn¥
Pevnoredadrgvat bet - nu GL 24 C 25/30
Statick® vypurdii t2i0e ApQ 78,14 % 77,34 %
Pogadovan8 pogie@dr na 60 mi Ot (R
Maxi m8§| naslvpmer mpidng)i 1025,55 kN 1111,67kN
Moment ov§g ¥nosM@is$, ri 1331,56 kN 1102,09KN
Skutoln8 pogiaf)yna o¢ 81lmi n¥t (| 45mi n ¥u5)
Pri tomto vipolte s2ce nebola do ¥wahy

komponentov, avgak

a]
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zaSagovac2ch podmi enkacphornywoj®iizeajobedr @ve i

zhOadi ska @lomdsatrinegr ioadzni vej gi e.

Napriekd o si ahnut ej pdgesweneéfdNapg gl ko smoignost
jej zvygbvagea?z med)n§teeradm apl atnenie drev
na Slovensku | i mitovandablaginceranypre ¢ | mdTieil &rhmip.r
prip%ugSaj % realiz8ciu stavieb s nosnim sy
nadzemnl gh ppéplaaid2e poagiarnej vigky 9 m

ZCVER
S%| asn® eur -pske normy umogRuj ¥% pomerne

a stupeR spoagvkedbdndrciha kongtrukci 2 %%l inkami p
anal Tzou pogiarnej odolnosti nosnlch prvk
kongtatovaS, ¢ge za danlch podmienolmatispor
oboch hodnoteenhobn@rpkoky na b8§ze dreva. |
pogi arnu @rkddkad® SmiEHNLOp P m spORaj ¥% stanoven
|l en v pr2pade horizont8l neho nosn®ho prvku
pogiarnu odolinm%tS 6/12 ma sPIORmj % stanoven®
hodnotenlTch pr2padoch.

Posudzovan8 stavba je bez dodat ol nTch
realizovateOn8 vo vgetklich krajing8ch (v r &
pogiarnej 90dmi méas i, wmar §mci ktorTch bol a \
pogiarnu odolnosS nosnlch prvkov a kongtr
Napriek tomu ge stanovenie pogiarnej] odol
zal ogen® prevagmer maomeDk¥%ugan?2, m!i ge nume
odol nosti pougit2zm eur-pskych noriem (ak:
predstavovaS jeden z mognich sptsobov Kk

prvkov a kongtrukaensku. na b8ze dreva na Sl o\

POnNAKOVANI E

Tento pr2speveobdpozou kobr amstld838/hdo pr c
Axperiment 8l ny viskum fyzik8lnych vlastn
obvodovich pl §8§gSov budwivhkostestadipadmingmrh
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ODOLNOSBL ANNOSs POGI ARNDDHL
KONGTRUKCI &

DURABLE AND EFFICIENT FIRE INVOLVED
STRUCTURE

STANI SLAVA GAGPHROQMA MAK®WVAICEKTGV O

Abstrakt

Pr2spevok sa zaober8 probl ematoidlnou epd qi an
W innosti pri pogdgiari. Text pyasipekaOkd e
podkapitol. Vp r v e | kapitole sa zameriava Ppozornc
apogiadaviek pre jednotliv® pogiarnodel i ac

kapitola sa zaober8 porovn8van?2mlacih i nno s

kongtrukci 2. Za z8kl adn® hodnotiace krit:¢
materi 8l ov®ho zl ogeni a. Hodnotenie j e

vypracovanlch vo VerDkeNowBamtZA®li&nde.usRmreln
pr2smwewnlowvyang aj porovnaniu %Yl innosti |jedn

ktor® msgavibg@thal ovan®.

KO%| ov® poljoas: pogi arnodedimacsS kpogitaukae
kongtrukci 2, %% innosS pogiarnodeliacich Kkc¢
Abstract

The paper deals with the issue of fiesistant structures and assess their effectiveness in
the fire. Text of the paper is divided into two main chapters and several subchapters. The
first chapter focuses attention on the details of the criteria andegeents for individual
fire-resistant structures that are placed on them. The second chapter deals with comparing
the effectiveness of different types of fiesistant structures. The basic evaluation
criterion is selected by evaluation of their mates@mposition. Evaluation is carried out
according to several studies conducted in the UK, Australia and New Zealand. For
illustration of the contribution is paid to the comparison of the effectiveness of different

types of fire protection that can be @gtd in buildings.
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Key words: fire, fire-resistant construction, resistance of fim@sistant structures, force

of fire-resistant structures.

bVvOD
Pogiarnodeliace stavebn® kongtrukcie s¥%
wseky a izhbtBrl 8mgfeeniu pogiaru mi mo pooc

YVas ek u vV O vodorovnom al ebo zvislom smer e.

kongtrukcie musia %plne oddeli S susediace
tak, aby Yplme Mzakrel. pogi ar
Medzipogi arnodel i ace kongtrukcie patri a:

1T pogi arne steny,
1T pogiarne stropy,
1T obvodov® steny.

ODOLNOSs POGI ARNODELI ACI CH KONGTRUKCI ¢
Pogiarna odolnosS kongtrukcie stavby, po

(Nal e} kongtrukcia) je schopnosS kongtruk

aby sa nepor PgoidiOa jS&N FEMNh KkjSéOadle3sf i novansg al

predret u spORaS danl | as pogadovan¥% stabili

ol ak8van® pogiadavky @gilem®@j nodmovwosts k {adHf
U pogiarne deliacich kongtrukci 2 musia b

Kk zn2genioudodn@isarinegjod pogadovan¥ pogiarnu
f pogiarna odolnosS nesmie byS zn2den§ zc
T al ebo pogiarne neuzpvestapmOnlaetac hot ok
technologicklich zariaden?,

f otvory Vv pogiar nycdch stopoehnf@siha ab yvS ppoodgiie
uzatvsgrateOn®,

T bez pogiarnych uzs8verov m! g u prest.t
vzduchot ec h nprierded®ouplochou najvinceD,dd,

f ich vzgjadmm®sWSzdius2 byS najmenej 0,5 m
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f celkovs8 plochalpbagiparersdé upewvz awrdautchot ec

m! g e bysS naj viac 1/ 200 pl ochy pogi ar
vzduchotechnick® potrubia prestupuj Y.

Pogiarna stena

Pogiarna stena |je kongtrukci a, ktorg& br
oddeOujsedn® pogiarne WWwseky alebo stavby
urlujeme pogadovan¥% pogiarnu odolnosS a di
podOa stavby, alebo vygg2ch pogiadavi ek d\
Pogiarna staespoRustespORabt ®ri §:
REIinosn® pogiarne steny,

Elinenosn® pogiarne steny,

REFMipogi arne steny medzi stavbami,

REWT nosn® obvodov® pogiarne steny hodnot e
zvonkaj gej strany posl edn®ho veaadzam@ik®dh o d

poval ov®ho priestoru.

Pogiarny strop

Kongtrukci u, ktor8&8 Dbr 8ni g2reniu pogiar
stropom. Najni ggi a npaggadjogangr ucthdok apn § 8r u:
pogiarneho stropu saiarhejhe pocecRa podgi pogv

Pogiarne stropy musia spORaS krit®ri §:

1 REl,akideonsn® pogiarne stropy,

T EI , ak ide o nenosn® pogiarne stropy.

halej mus2 pogimemgj skriop®rsip® AREIo & tae dyy,r
stropom sthSlden ®alpeobjoi am$Hes & avaq@dld zcahr §nem o
Yani Kov ouAkcemadupogi arpnoysmi edtnroanp onma dz e mn o m

podlag2 nie je n8hodn® pogiarne zaSageni e,

Obvodovsg stena
Obvodovi®r Snieamyg2reniu pogiar u:

f mi mo pogiarneho %seku na in¥% stavbu, al
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f na inl pogiarny YWsek tej istej stavby,

T pr2padne zabezpeluj ¥ stabilitu stavby.
S%| asSou obvodovT ch Psotgii ear nsa¥% oadjo | pnoogsiSa rorbev

sa stanovuje z vn¥%tornej strany (s%h vystayv

ohrani|luj %) a z vonkajgej strany (od susec
Obvodov§ suwre¥itaormuesj2 sspo&nyi spOREEI a®r i §:
REW-ak zabezpeluje stabilitu stavby,;
EW- akrezabezpeluje stabilitu stavby.

Zvonkajgej strany mus2 obvodov8 stena spo¢
REI- ak zabezpeluj,e stabilitu stavby

El -ak nezabezpeluje stabilitu stavby.
Owodov § potdereannd ch podl agi ach zabezpel uj?

jezvonkaj gej strany zemina, mus2 spORaS asp

Pogiarny uz8ver

Pogiarny uz8ver je konpagiukrlmdj pdevioika czeajt
alebovi nejr ubaigt, ktorT br&ni g2reniu pogiar.

Pogiarny uz8ver typu EW mogno Mymenedi S p
pogiarneho uzs8veru automaticklI m utgpat v&r ac
pogiarneho uz§8Wergu as nmb alz®&m e € ysekmientugia pogi
spORaS krit®ri 8§ EW

Najni ggia pogadovan8§ pogiarna odolnosS
uz8veru sa urluj¥% prevpod@Giarmg] ug8ere pon
pogi adavi ek ojcerd m®H Dahl Tch pogibmpegchpotusak
stena u mvpeosgtinaernnSom strope podOa pogi adayv
pogiarnym stropom.

Pogiarne uz8very Ystiace do chr8nenlch
okrem pogiarnych uz8verov Y¥Wssiacacicphogdar a
YWwsekov (alebo priestorov) bez pogiarneho 1
uusekov vybavenich stabktorl@ rmlagu asp@®RaBr k
Pogiarne uz8very oddeOuj Yce pogd aasntua tpnriecdn

priestorov chr8nenej Ynikovej cesty musi a
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Pogiarny uz8ver, RBOOFT &r ne nuenbeezspienlemnam vp
pogi arneho %seku, mus2komygSrukpuaul Eh, pvykot
spogi ar nou roodvonl anjovscSoouu s a naj menej pol ovi |
pogi arne| odol nosti kongtrukcie obvodovej
mt ge bySgzruk| nTch prvkov druhu D3, ak je
30 % odstupovej vzdialenostiodgp® ar ne ot vorenej plochy in®

Pogiarny uz8ver sa mus?2 automaticky wuzat

pogi ar u; nevzSahuje sarome,naktpordli ajf@yt muwee
priechodnl |l en priick@Phaoaveal @bbontechhne| bgdlk
vstupn® dvere do bytu, a na pogiarny uz8ve

DLI NNOSs POGI ARNODELI ACI CH KONGTRUKCI &
PlinnosS pogiarnodeliacich kongtrukeci 2
sakou koangadolk& i %l i nkom pogiaru do takej [
neprenesi e pogi ar mi mo svojho chr8nen®ho
vyj apreirS$ent §ch kdezsp2adpwbgbehm: dvé sred cheb 4d a
hodnotu@l . Pr avdepodonbhosS0 (0%) znamen§, ¢Jge
(jav nemognTl), pri pravdepodehmowmototui pbveéeda
danlT jav urlite mesteskamej adbosnhtkov v r
Warrington delphi study vypracovanej v Austsra8l cielshow&hl i vos
pogiarnodeliacich kongtrukci?2 sa odhaduj e
pre sprinklerov® hasi ace z[3.rRosantbaaum vykonah 75 %
analTzu d&8t =z americkiokophglagdavagkiop®
rozsah tepeln®ho pogkodenia ohRom, kde ©bo
syst®my. VIisledky anallzy WRosswnbjaejmag ts%d iz ih
pogkadebijektov dpofrirarc® ,kd&ltiegobmeédzen® na
pogiar vznikol, pogiare, ktor® boli obmed:

pogiare rozg2r®@n® 3l]a viacero podl a
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Tab. 1 DPlinnosS jednotlivich sptsobov ochrany
Tab. 1 The effectiveness of different ways of protecting buildings from the effects of fires

Sptsob ochrany ) _
vl i nkami pogmleSt pod|l viac po
Bez ochrany 59% 4% 37%

EPS (dymov® 85% 4% 11%
Sprinklerov® ha 89% 3% 8%
Pogiarnodel i ace 7% 4% 19%

EPS (dymov® hl 92% 2% 6%
EPS (dymov® h| 92% 3% 5%

SHS+ PDK 91% 3% 7%
Pougit® vgetky 95% 2% 3%

Ako je uveden® v tabuOke 1, pogiare s
v ktoromp o guzrakolve 3 % vget kT ch pr2padov, kde sa
stavby pred %l i nkami pogi ar upogv ap mroadwer d@ m?
kongtmiuks¥%aobmedzen® na miestnosS8l& ebo p
vgetklTch pogiarov, lo je rozdiel 18 % op
budov bez aklchkoOvek ochrannlch syst®mo\

obmedzenTch habmi pspdhagfea je 89%, ak |je

pogiarna signaliz8cia a 92%, keN je ingt
zariadenie.
ZpohOadu mat eri 81l ov®ho zl ogeni a j e ¢

pogiarnodeliacichhthbo®keuRci 2 vyjadrenst

Tab. 2 DlinnosS pogiarnodeliacich kongtrukci 2
Tab. 2 Efficiency fire resistant structures according to the type of material [4], [5]
Warrington Fire engineering New Zedland fire
Druh _ o BS DD .
_ Delphi study Guidelines service
kongtr ) 240 (UK) o
(UK) (Australia) commission
8l1%( ak n|9%%(ak ni
Mur ov a ) .
. nej pr? nej pr? N N
kongtr
otvory) otvory)
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29 % (aks Ya Vv 90 % (aks ¥4 v

pr2tomndprz2tomn®a@

69%( ak n|9%5%(ak ni

nej r 2 nej r 2
Sadr oka : P : P

_ otvory) otvory) N 95%
kongtr

29 % (aks ¥+ V 90 % (aks ¥ v

pr2tomndprz2tomn®a@

Gel ezob

Kongtr 95 % N N N
Pogi ar n N N 70 % 90 %
Nivdanejgt Yad i i nehodnot en®
Ako j e utvaebdueOk@r o sm®@r akart- -nov® kongtr
jednot!livich gt “adi 8ch rozdel em® o ln s a hkuoj nYgct e

otvory Vpr 2 pade murovanlch kongtrukci2gb®% ot v
% vgetklTch pr2padcdvadpocsdkiaa rmouwr obvuathd whi &Ko nga
nach8dzaj % otvory klesla %% innosS |len na
kongtrukci 8ch boli visledky takmer identic
rozptyl hodn't opgrwior ko n dtod u kpooid8cah ns§s sptl s
pogiarnych uz8verowogkaomoadel ibaoclej otkvoonrgt v
Gel ezobet -nov® kongt pukpadebtWbhrrhaodhohe d®l
bolian#bsS tTchto kongtpuRpbdespagoaen§chad
zhOadi ska Y% innosti hodnhnbtag®Iak®w phdpdadomn

PoNakovani e

AT8to pr8ca bola podporovan8 Agem§Kiradie na
Zml uvy [FO72FAPH V
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OCHRANA DREVENMEHRWKKEBAS!I ACOU
LCTKOU FI RESORB

PROTECTION OF WOOD CONSTRUCTION WITH THE
EXTINGUISHED AGENT FIRESORB

BRANI SLAV GTEFAMNMZEKHh HARANGOZE¢,
PETER RANTDCHALOEGAROL

Abstrakt
Vpredlogenom ||l 8§nku je pop2sanl postup po
| tBy Firesorbo k oncentr 8ci 88 pti %och%ame vzoriek
tepel n®ho toku. CieOom sk¥%gok bolo pos¥%di
stanovenie r1
gpeci flichk®sS3 YWbytku hmotnosdhr gnzanmhek dme
acel kov® mnogstvo uvoOnen®ho dymu.

chl osti a mnogstva uvoOnen®tl

KOW| ov®edslkaw§:ckT vy &dniacknll kpdiasoebl iskniedt oebrn §
vzorka.

Abstract

In the article, a procedure for assessing a protective layee girotection/blocking gel
Firesorb with concentrations of 1%, 2% &% in protection of wood specimens exposed

to heat fluxes is described. The purpose of testing was to assess theadfibeat flux

on ignition time, the determination of both heat release rate and heat release in the course
of exposure of the specimens to heat, specific mass loss rates of unprotected and protected

wood specimens and total smoke release.

Keywords: electric radiating panecone calorimeterfiresorb, specimen.
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bvobD
Pogi ar nu reatzerenlo§yomS vzivri ayz iS¢ e d o U npratiS o u

zap§8lzenrriguen2 mgridghb@msRagen2 muvd OR deplaat i a
zn2 gen2 m ummdRtiveaaii cakpll collymmy, po ki aO sib gsae
Najbegpei gepmpompgedgi deapemadcetrje@Bowdy2vanie

pr2sad (retard®rov horenia), ktor® spomaOl
obmedzuj ¥ kiTvcohr bsup Itoodiétop re sdagtoypa®i ni m§l ny v pl
naf yzi kBhasetnosti ochraRovanlch materi 8§l ov |

Vroku 2008 sa na slovenski trh dfstal N
ktorl sa poug2vatiakoakamsi aaamd &rp Kk horaersin
pogiaroch. Hoci sa t8to mhastiaba gt8tkahh
( Nemecko, Franc%zsko, Gpaniel sko, Portugal

apod.), vSlovenskej republike e s k e | republi ke je praktick

FIRESORB MO

Firesorb koncentr8t sa sklad8 zo supera
objem pri styku s vodouayt v8ra tepelne odolnl g¢g®I, Kt
ohRu [2, 3]. Na horiaci mat er io%lIn opntesronbl2m F
chl adiacim efektom, zni guj %cim rTchlosS

rozhoduj Yci vprvii npangivaerCocih vsysoklTch tepl tt,
vodnlich pr%udov doVodwmetedlemer vokamgi t ®ho o
zaba Ruj e pr2shaoapuakegmi 2kat &rdEd iuv Tam pé fsolbtz o m
5].

Protipogiarny g®l z2skvamndy njie giant2em zF3 v ree
naj md pre vyugitie pri l i kvid8citiiego@ikar
ree ar d®r horeni a porcihrlaensen Tkoom gpt o quikecri @c H 64, 7

METODI KA EXPERI MENTCLNYCH SKbPGOK
Pri experiment 8l nych sk¥%gkach bol pougi
Vzorky Dboli pripraven® so smrebkdiobbywlgaenn

prirodzenea ch absol “tna vlIhkosS bola 6,7 %.
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Sk¥“ugka odol nosti i z o | Frdsarteaplikovanej maypgurchh asi ac e j
vzoriek dreva pri ptsoben? tepeln®ho tok
El ektrickl radialnl panel (obr . 1) sl

vz8visl osti od veOkosti tepel n®h aozmevek u . Pr

305 x 505 mm, kde sa nach§dkane51Bukdw &dp

radialnl panel je nap8janl zo sieté& 400

pomocou troch ochrannlTch istilov, kde ka

jednu f 8zu j e nakptooreenj§8 s g endancah 8dezkac i5a ,k uws o v
i stilov sa postupne zap2naj % toldm oslaer ®e @ | e
vikon g¢giarilal®nkav[1®. kW, 10 kW a

Obr. 1 Elektrickl radialnl panel
Fig. 1 Electric radiating panel

Vzorky bolii nap2len® so smrekov®ho drev
mm kagdl rozmer ) . Pred zal ata&nm veexnpS8e r h unetnc
jednot!l i vStcahhnowenmiiekhustoty dreva sa uskut
(490142): 1996Pr ot i pogi arny &®hclkeal r §ci3ph aproddda 2 ¢
pokynov virobcu. Pripravenl protriekoyi®hmony
dreva aplikovanl jednoduchTm m§8lan2m po dc

Pred samotnimi experiment§8Il nymi mer ani a
f experiment&8l ne merania na nechr8nenlch
tepel n®ho t?qu gpaTrkoW.omn 5 kWY 104 4pkW§h
svikonom &3XKkWkitN)15 gwlikd&nom 15 kW),
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ak sk¥%gobn8 vzorka nezalne horieS do 1°¢
experiment 8l ne merania na chr8nenlch v
tokochpodOa vIisledkov meran2 nechr&nenlch
f vzdialenosS skw%gobnlch vzoriek od el el
vget kT ch merisdAmmch rovnaks§
T kagd® experiment 8l ne meranie bude vykor
Posw%denie %W yndosvenbchr&ongtrukci 2 hasi a

k- nickom kalori metr.i

Hasiaca | 8§8tka Firesorbobjoé¢mowplrdlprlaceaé&ntm
2% a3% v1 000 ml | aborat-rnych bank8ch |jednu
meraniami, vzorky mali ozmery 100 x 100 x 20 mm, pri e

460, 26 N34 ,absokgistma vIihkosS vzoriek bol a
Sk¥%gobn® vzorpRyi pbohvem§mag®l ¢ po dobu 1 mi

Las do zap§8lenia, rTchlosS wuvo@Rovani
hmot nost.i a cel kov® mnogstvo uvoOnen®ho
kal orimetri, sk¥gobnT nl:2002 K1) (bro2n priphogio@a | S C

tepel n®ho takagl8éj kWomcentr §cie bolkm vykon
visl ednd@&ns®% puvieemer n® hodnoty.

Obr. 2 K-nickT kalorimeter
Fig. 2 Cone calorimeter
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VASLEDKY EXPERI MENTCLNYCH MERANGE

Podstatou experiment 8l nych mer an? n a €

sk¥gani e z8pal nosti povrchov vzori ek

skocentr 8§ci anmd % Wyst2avwenl chusfbaov@®muepeph e
53 kWw.m?. Skw%ugka bola uskutolnen8 v |l aborat-r
Sk¥%ganTch bolo p2S vzoriek pri kagdej zvol
meraa$ o6d doby wumiestnenia vzorky pred gi
povrchov® zaW€hbuOkS§euhzoitky2 a 3 s¥ zazna
vzoriekahmot nosS apli kovan®ho pr ot i ppord?isalrungenheoj

koncentr 88ci i

Tab. 1 Nameran® hodnoty | asov do zap8lenia pri
Tab 1 The measured values in times of ignition at density of heat flux 53kW.m?

FIRESORBEskoncentr 8ciou 1
Hmot no Las do 1
L. v| apli koV Sptsob K
g®l u [ [s]
1. 10,919 65,00 pl ameRd
2. 9,221 56,81 pl ameRQd
3. 8,570 54,38 pl ameRQd
4. 8,232 56,46 pl ameRd
5. 8,414 61,32 pl ameRd
Priemer 9,0712 58, 80 |
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Tab.2 Nameran® hodnoty | asov do zaps8le&nia pr.i
Tab 2 The measured values in times of ignition at density of heat flux 53 kW.n?

FIRESORBEsk oncentr §ci ou 2
Hmot no Las do 1
L. v| apli koyV Sp ! fardnia
g®l u [ [s]
1. 35,369 285,01 pl ameRqd
2. 26,004 293,31 pl ameRd
3. 30,067 380,94 pl ameRd
4. 29,095 399,31 pl ameRd
5. 33,309 551,59 pl ameRgd
Priemer 30,769 382,083
Tab. 3 Nameran® hodnoty | asov do zap§Penia pri

Tab. 3 The measured values in times of ignition at densityof heat flux 53 kW.m?

FIRESORBEskoncentr 8§ci ou 3

Hmotnol | 35 do 1z
L. v aplikov' Sptsob H

g®l u | [s]
1. 57,273 486,72 pl ameRQd
2. 49,666 534,15 pl ameRg
3. 48,856 455,64 pl ameRQg
4. 45,664 404,41 pl ameRd
5. 47,754 603,04 pl ameRg

Priemer 49,845 496, 80
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Na obr. 3 je zng8zornenl pprememenBl himas

aplikovan®ho g®l u pre sk¥%gan® vzorky podOa

pri experiments8lnych sk¥“gkach.
= t NASYSNYyé 61&a R2 T FLUHESyAl
> FLX A120FySK2 3St dz
600
- 496,8
-

500

382,0/
400 /
200 /

R2
)
o
S

T
; 5/
100 42,37 o8 077 49,84
0 — . .
b SOKNI y SKir€sorb 1% Firesorb 2% Firesorb 3%
vzorky
Obr. 3 Priemernl | apridemerap@BbleSi apvzeoivak®ho g®

koncentr 8ci 2
Fig. 3 Average time to ignition of the samples and the average weight of the applied gel by
concentration

Priemernl |as do zap8lenia | aprtilemer mlec
| as dloerziagp8vzori ek chr 8nenT c hk gmocodntprogd iao un

je 58,8 sekundy. Prikameoent rl &acsi cow hlr a% yo mred

vzork8m je takmer 16,5 s, | dacakojedstietmy uj e z
oproirechr 8nenTm vzork8m. Znalnl n8rast prie
pougi tkRormge®d ut v§cii 2 %. Oproti ne@WBEnenl m
sa32323oproti vzork8&m chr&8nenim 1 % g®I om,

proti nech §nenl m wzioarck 8ark oo 9 akh®sobék5ang§sobok
ochrany 1 % g®I| om. Najdl hgi e odol §vali Z
skoncentr8ciou 3 %. Priemernl | a45443&, vol i

oproti chr finént%mg @k o4B8ks@Ecen rdsl nhegreT coh 124,7% g ®1 o
s. Protipogi &8r My kp®lc emitre8xaorobu sn§ t akmer 1
Y%l inok oproti netchhkBerend ms vie®Hs ktEme avygg2 o
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g®lkomcent r.8§cOpruokKlo g ®hur §ci okuon2c e tm8& cg ®lu
takmerc30 % vyggiu Y% innossS.

Las do zap§lenia sk¥%ganlch vzoriek na |
obr 8zkas 4do zap8lenia vzorky nechr8nen®ho
Firesosbomsk oncentr 8ci ou 1 % b20 1% 2klo nsc,e nvtzro8rckiyo uc
78savzor ka chr 8n ekno8n cFeinrt e s8acriboaum 3s % vzpl anul

sek%nd od zaliatku sk¥%gky.

180
160
140
120
100

80

LA £

2

nd

40

20

o mmm N
vzorkabez @1 2 NJ I O&INZ NOSIY + O&KING NOSHY t O f

Firesorbu Firesorbom s Firesorbom s Firesorbom s

12y O0Sy i Nt D8@3ly (MNE20A@Sly (HN

21

Ob.4 Las do zap8lenia sk¥ganTch vzoriek
Fig. 4 Time to ignition samples tested
Proti poghammgntg®cisou 3 HWE§podlhyi ol hr iaaw
vzorke nechr 8nenej. Pr i p okroonvcneannt2r 88¢4i oorui elk
j e | as ochrany (Il as do nvizpl mmiut pay owmn am?
chr8&§nenl klong®Inam&x i% U e2 |% sa ochrany Vviac a
T%t o skutolnosS je mogn® vysvetliS husto
ahr Ybubkou aplikovanejvyggloua ke jcvewltgiSue y hou g @
aj ednoduchgilr slagaplvikaiee)l.

RTchlosS uvoORovania tepla so sk¥ganTc
RTchl osS wuvoORovania tepla cshor §neneky g®E
skoncentr8ciou 1 % vyk8kzn¢e¢emmadgst vozudvebn

(prvl peak) zodpoved§ | asu kr8tko po zaps
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vzorky. Viraznej g2 | asovl posun n8§rastu r

vzor ke c¢hr 8noeemegn tgrG8 coino us k2 % e(chprgsoteiney z @ ®
posun predstavuje 45 s).

> 250
N
N
n 200
5
N
Q
%150_ 77\ 1\
e 000
> —1%
\ 2%
> - \ — 3%
0
2
0 T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600
2l a 6ao
Obr.5RI chl o0sS uvoORovania tepla skw%wganTch
Fig. 5 Heat release rate samples tested
Prvli peak | asovej z8vislosti HRR pri vz
oproti ostatnim vzork8m lzmsad n20Pospunmak. (

uvoORovalMIkw.md).&ul aa naplno prejavuje chl ad

| 8§t kychprraineo vzor ky. Pri horen2?posk#gam®mah
vytvg8raniu zuhoOnatenej vrstvy na ich poyv
at ermi cklT rozklad vzorky. Probl emati ka t vc

adrevnlich mhaser ppgoavpl gv na Nal g2 ter micl
pop2sang vo 19 ed eDakuehjl pre&aki p[redstavuje naj
tepla so sk¥Wganlch vzopbepopag®pknejctaegij e
vristvy (vipky).a¥Zpmricevnani a jednotlivich vzor
hasi acej |l BokhaeRkirgsioob % % m8 | en mini m§l
arTchlosS uvoORowaniag Wicom| konSentr §ci ou ap
badateOnkagvegguijzmip&d enl ahlaosS uvoORovani a
vzoriek. Tento fakt je mognw® gmgmoiup koo eahlr
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ahr Ysubke apli kovanej vrstvy g®I u. Pri por ov

vo f 8ze b®Rhzop!|howeeRmiva uhl i kov®ho zvygku (z

vzorky) po %%plnej degrad8cii g®l u vyplTve
bezpl ameRovom horen?2 (druhl peak) vykazuj
vzorkami( okrem vzojf kgy®koamgerne8ciou 1 %, | o n

tTm, ge 1% roztok poskryltoHIl eniggedi ud eogerhardaSnc
vistvy, sktr nast al druhT peak. Ni ggi u me
m:tgeme vysvetli S kr a@yt®f uinm| agomrath?amny aso
tepel n®h&r@itgrremilaasaam prehri dwasrei aowi arhlyw
maxi m8I| nej rTchlosti. Narastaj “aca koncent
narastaj %ci | as maximpldnej rTchlosti uvoOF
Cel kov® mno¢st v o prisbetu @xperimeétujae d retl lai wi ch v z ¢

Zzn8zornen® na obr8zku 6.

-
o 140
«
3

120
s /
2 100 —
5 // /
Q
-~ 80 e )0/
> 0,
> 60 — 1%
& /// o
Q 40 e 30/
N /
Y 20 T
« /
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21 a 6ao

Obr. 6 Cel kov® mno ¢ sjtevdon outvl oi nl ecnh® hvoz otrei pelka z
Fig. 6 Total heat release samples tested

Pri porovnan?2 tg§p eubiyftikak ehjni epdaborsiass os§ S ML R
rate) vzori ek, ktor8 je zn8zormam&shaj &bo
koncentr8ciou hasiacej | 8tky aplikovanej n
T%t o skutol nosSmgehamwignm®o mypivedbersia chl act
kde doch8&8dza vplyvompdstpied m@hw wwWad Povaan i
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degrad8ci i g®l u je priebeh Ybytku hmot no:
hodntt gpecifickej rTcBEkesthiez @b g me R o vh@roa
uhl 2kov®ho zvygku (geravenie) tieg vykaz

maxi m8Il nych rTchl ost 2 Yabyt ku hmot nosti \
apli kovan®hohmg®hlua) hustota a

25
NZ
O
@ 20
::t.; 15 - —_—O%
0 E —_—1%
< 210
H e 2000
<
O 5 3%
o
)
—
! 0 . .

0 500 1000 1500
2l a o6av
Obr. 7 Gpeci fikcuk 8h moltcnho sotsiS s¥kb¥gtanT ch vzori e
Fig. 7 Specific mass loss rate samples tested
Na obr. 8 je zn8zornen® c ez &wivstl arsntoig sadv ol a

o 400
Q

350
S
> F
o 300 /
N 250
> — 0%
> £ 200

& — 1%
ur = 150
Q / e 2%
—_
- 50 ﬁ
Y/ | |
0 500 1000 1500
21 a o6avo

Obr.8 Cel kov® mnogstvo uvoOnen®ho dymu
Fig. 8 Total smoke release samples tested
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Ako ug bolmowmasutvéedem®kormscentr 8ci dvu up®lau r
aplikovanej vrstvy. Peaplpkesobhe®hot g@ebLn®iic

do | asu degirnaidcSic8icei eg@lour eani a vzorky. UvoOn

mer al om sdyysmu®nve voykSaztow am§ ako uvoOnenl dy.

zodpoved8 znalnl rozdi el maogaet viav T wwho On:
vpoliatol nej fBrgemappui memagoaaS za plso
g®l u . Prék hooem8@dwapmph®mu vytvEraniu zuho(
povrchu, ktor8 spoma@uijmé cKal giod lefdah nfiBevek n
mnogstvo uvoORovan®ho dymu z jednotlivlch
Znalnl ng8rasoORpvwges®ha dymu nast8§va vo f §
po porugen2 vrchnej zuhoOnatenej vrstvy (¢
ZCVER

PodOa %dajov virobcu [13] je hlavn® vyu

pogiarov pevnlch hor OQavigeihar bgt oks,amotj @
avytvs8ranie protppogioahmupalkr K®ngu)y ubci ? p
gi areni a.

Experi ment 8l ne sk¥%wgky na elektrickom r
ochrann® Y inky izolalnkpnovestw§yl For pseul
vpriemered6,5sdl hg? | as ochrany oproti nechr 8ner
% je prim8rne ur| en8 knoan d e nktvri &c8ica w 2o 0% i zaarbo
9 n8§sobn% ochranu (pP®k esneeandl r § cis z3a82e,z0p3ke | )
12 n§8§sobn% ochranu (priemernl | as 496, 8 s)

Z visledkov experiment&8lnych mer an? Vy
vypl Tva, ge pougitie Firesorbu koncentr 8c
konagctir2uk HasikaomaehgtkBai su 2 % znalne ©pre
achladiaci ad usi v 1 ef ekt sa zvygukenc eHmatsri 8acciao ul ¢
preuk8zala pri sk¥%gkeveOmbrd®bothuahik®di V5

Yal 1 nk om.
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POPH®RENI A ORGANROR®POKSIAL AKO
VA CHODI SKOVh FPRESTHODNOTENI E
HOROAVOSTI ZLEOTH TEWST £ MOV

DESCRIPTION OF BURNING ORGANIC SOLVENTS AS
STARTING ACCESS FOR THE REVIEW FLAMMABILITY
OF COMPLEX SYSTEM

MARTI NA HUDCKOVC

Abstrakt

Pol ym®ry nach8dzaj % @reolk®ojppl altorbe® e¥gyv t |
arel at?2vne n2zke finanln® n8klady na i ch
asprev8dza ho viac al ebo kwwemdegn zzolvoagietjT fpsr;

povrchu za vzniku hor Oavl dalb rm2ozxkomd |t ekdnl®y

i ch horenia v k- nickom kalorimetr.i by ne
n2zkomol ekulovich modelovich | 8tok, KktorQ G
vyparovan?2m, a ktor® mitgu byS kommodBemnt mi

opi sujeme horenie begnilakm d¢reganmidakThdh nroadz

pol yol ef2nov.
KOv%| ov @ -sdioowk8l: kal ori meter, organick® rozp

Abstract

Polymersare widely used for their good performard®aracteristics and the relatively

low production costs. The burning of polymers is preceded and accompanied by a more
or less complex process of decomposition in condensed phase and on the surface with the
production of flammable low molecular substandes obvious that the description of

their burning in a cone calorimeter would not be complete without a parallel study of
combustion of low molecular model substances that get to the flame by a simple
evaporation, which can be polymer degradation comaptsn In this presentation we
describe the combustion of common organic solvents as a simple model of the

combustion of polyolefins.

Key words: a cone calorimeter, organic solvents, the heat release rate
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POROVNANI E HODRBY TWKTCTU
UHASI LOV ZCCR®WNCPRI SI MULOVAN
LI NNOSTI ODSUWWEN\NhCHRANSDB PRI POG
ZV]I ACPODLAGNEJ SBU XA\ YA GBOEJZ ANE J .

COMPARISON OF THE VALUES OF LACTATE
PRODUCTION FROM THE FIREFIGHTER - RESCUE

WORKERS IN A SIMULATED ACTIVITIES OF
REMOVAL CASUALTIES IN FIRES MULT |-STOREY

BUILDINGS WITH LOAD AND WITHOUT LOAD

JANA ORAVE®EBVWER POLAKOVI L

Abstrakt

Merani e hl adkirvy Ipaktr&t umewd zi zaug2van®
posudzovania intenzity pohydrowhey dnerngesttii:
metabolizmu.P o d O a Bielika (2005) | akt 8t nepr e
anaer -bnej glyk-zy, ktorl splsobuje ¥navu
viznamnl m komponent om energetick®ho me

Vprekl adanom pr2spevdwm®E omebang8me kradn?!t I
ugtudentov Technickej uni verzityleogbniZol§ er
o ¢ hr an amaetk), pri samulovanom odsune zranenej osobwizac pod | a g n e
budovy sobe&Sagpu Hodnoty leamlotsiitiun pme st
Accutrend Lactatek api | Srimegyglka vpr gt a. Pri hodnot en:
kz8§verostHheso z8&§Sagou poddoviheadihot ymi alkalgtt &
z8§Sage app| gitatiasticky viznammw®rvivVyhak®| d
z8chran8rov maj ¥a naj podstatnejg? vpl yv n

i ntenz2vnej z8chranne] |l innosti.

KO%| ov ® asKtosvt8z ks ialniSri, z8&chrana os'b, ana
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Abstract

Measuring lactate levels in the blobelongs to the customary practices of
indirect assessment of intensity of physical activity, rate of recovery and the type of
energy metabolism. According Bielik (2005) lactate isn't only a waste product of
anaerobic glucose, which causes fatigue. Thesimnédiate product of metabolites, is a
major component of the energy metabolism of the whole organism. In the present
contribution we analyze and compare the measured values of lactate in the blood of the
students of the Technical University in Zvolen aulum TPPP (technical protection of
persons and property), simulated removal of injured people from-gtoitgy buildings
with load and without it. Lactate values we investigated with the portable device
Accutrend Lactate of capillary blood from the fexgpad. In evaluating the results, we
concluded that individuals with a load of lactate values were compared with values of
lactate without load and a higher statistically significant. High values of lactate in the
blood firefighter- rescuers have the stoessential influence on improving the

operational performae of intense rescue operations.

Key words: lactate, firefighters rescuers, rescue of persons, anaerobic threshold

bvoOoD

S% asn® z8chrann® situ8cie s%h charakter
z8chran8rov vysok¥wypyohk¥%BoxiowdRomaois|Ss kal ¢ h
dobre fyzicky pripraven?2 hasili, ktor?2 s¥
schopn2S znvaldgndenrun %4 i ntenzi tNek&zhelamBstskgch
fyzick®ho vyl er pwnhrao 2 spr io Vjkendsokejz& s @aho m
intenzity alebo pri dl hodobom zaSagen2. ZG§&
proces spr ev 8d zkaynslOnlecadcohsat raatkktoe r i st i ck§ t 1 m
kat aboliisto O( lkaykste§ti ny mliel nej) .

ROZBOR PROBLEMATIKY

V jednoduchosti mFaresmsee rpao v(ied®mSl )p ofdeDak y s
vedOaj g2 produkt metabohi tkmanavBehvytvel et
svalov, | riev, pelene a srdca. Produkuj e ¢

kyselina mlielna vyl ¥ i zo svalu a objav?
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Brooks-Gl adden (2003) wuvs8dzaj % @gne§ stlveodrnb& |
di strib%cia po tele je hlavnl mechanizmus,
koordin8cia tohto medziproduktov®ho met abc
Ug v pokoji svaly pomaly tvoria a uvoORuj?}
udirdgva v krvi Na druhej strane ho svaly a

Pokojov® hodnoty |l akt8&8tu v krvi s¥% podo¢
od1,3-2mmoltl, | o je v podstate v s¥W ade s Jan
pokojov® thHtdmndmmolll akPol as zaSagenia mierno
intenzitou produkuj ¥% rTchle glykolytick® =
do krvn®ho rieliska, alebo mtge difundova:?
oxidat2vnych svata@aSdagéniva Skolenv! Pofalsr §t ko
intenz2vneho, produkuj % svaly | akts8t rap?2c
spomal en®. Toto vedie k zvIgenimgskloendkcreent r &
kil akt 8t ovej acid-ze.
EXPERI MENTCLNA LASs

N8 peri mentt eam,0leado vsi mul ovane|j

| i nno

zvi acpodl agnejebtndpvliyassimeexperi ment 8l neho

experiment odypblki zi€Sa@ey

Tab.l: Hmot nost n§

ktor Y

z §dBabhejvV spg o g kee

T a b u @ kVaight load in the form personal equipments

Osobn§ vIg (r\]/ar:i]z:l)n: 1;] (r\]/ar:i]z:l)n: 2;]
Z8sahovg8 g 164kg 1,64 kg
Z§8s ahov-Patrkla| 1,50Kkg 1,50 kg
Z8sahov® n 0,90 kg 0,90 kg
Ochrann® r 0,30 kg 0,30 kg
Z8sahovs8 ¢ 256kg 2,86 kg
Aut on- mny dIl]| 1540kg 12,50 kg
Hasi | skl opa| - 2,56 kg
SPOLU: 22,30 kg 22,26 kg

predstavov:
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Okrem z§8Sagegtmudent ih mo&syiadISdfigsrabtovs kg a
ktorTch hmeremeress35kgpt aemerng vIigka bola 191
Vnagej pr8&ci swalevpwli ®lksu mrwyko npsr 2 & rem§ tau

na piate poschodi® T s k um s a maoiha @Bamd wol udRaj g2 ch
hodi M@8clni e kiravkt Stme wykon8vali ploanotc®tuu r u
i Accutrend LactatetMer ani e srdcovej frekvencie sme v
gporttesten.Na experi mente sa zlasiohowangie gIBaIGtt §
advaja gtudenti figutesabvankohzgthindae®t 0% 0
vigka 179,2 cm, ich pr ipgemersnd®vejirekeenciedd S b o |
95,3 %Yderov za minYit u.

Vget kT m gtudentom smektalt® mespeindsdné
sme predi graneniaP ragd mviakonom sme vgetkIm gt u
pokojov® hodnoty | akt 8druu ¢okdeao bpragt?2an kM$sS Il ed
pohybov% |innosS, kde museli viydledh®isS po
Azranen¥whi ospbues8 poassmphBdami éPopmsad vr §tn
hnelNiseli vr8tiS takisto na piate poschodi
zni esl i na nosidl 8ch na pr?2 zemidec.ovP vykor
frekvenciu otestovalin g et kT ch Vdtsu digmt®owmer ani a boli vy

uvget kT ch giestich gtudentov po troch minV

Vh SL EDKMSKANSIA

Priemerng8 hodnota | aktgtu pgetdk vé konom,
gi esti chol@lt9umchelht dwo je podOa Jafrskskena (200
(20000vr oz hran2 pokojovej hodnoty | aktgtu. Gt
vi kokevi prekare82mmoll, tento n8§rast hodn!t bc
vysokou z8§Sadudentivpatdob& whsirgja (tab. 1), v
aktivitouav ysokT mi hodnotami srdcovej frekvenci
Handza (1988) |innosS ug za hranicami anaece
srdcal/ min%tu) kde or giahitzuskaosm paaebo §himnadl B¢
respekt2ve gl ykog®hamanabearalogipkejfret mpao8kge] 2 ke
kontroly. Anaer-bny prah (ANP) je vgeobecr
hranica jemogamejkdpBil nadia, rtlelhd ors%% , h md tkroo

gportovcov.
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Gtudenti, ktor2 |innosS vykong8vali za

vpriemere7,5mmoll, t §t o priemern§8§ghaderotavjeoni§f
no st8le n8m vykazuj e r élodto? wsmpé swypwsemkd¥s nteV ¢
udal olstSmru§ bol a splsoben§ pri amyrkit ow ®hyv mi
sme namer al.i neobvykle vy9®okUthuldeeditn u oltavkrt
veler pred tITm pog gl ehreskg/a 8lainnk/® hro&g cmjue aN
pr2pade mtgeme vidieS ako nvepvpllvnalj Y dpproilai rmeo
tvorbu | akt8tu, ktgaralt isa irckm2nd we howyn@purjoe .a
tohto gtudent a v yohsotdantoncgosviaeldin pse@dai mlame rsan ®
hodnoty r8tali ako chybu. B egzt utdeejnttoo vc hbyebzy
z8§Sage 5 mmol . |

Graf 95% intevalov spolahlivosti
12

10

laktat (mmol/1)
[s2]

doba

Obr.9: Vplyv vikonu na produkci u M askpad@ahlviumesttio vucr a
(Testovan2 gtudentiesven8Sagbudé¢rrimbkmdyys§Sage (

Fig. 9:The performance impact of the production of lactate in the blood. Graph 95 % condience

interval to students.(Testing students wih a load (22.2 kg)} Red, students no load (1.15 kg)blue).
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Po vyl %l en2 méigeme Voli s62)z§Sagoudenat i

| akt §tu virazne vygg2 ako gtudenti bez z§¢
viznamne vplikvhgea¥%vikeanba.|l Fek8iegvsme zi
priamym vplyvom (alkohol) sa tvorba | akt 8t

Vertikalni sloupce oznacuji 0,95 intervaly spolehlivosti
12

10

8 zat'az 2
@] zataz 22
8 4
=
£
E 6
=
§ o |||
4t
2t H
0
pred po

doba

Obr 8200k Vplyv vikonu na produkciu | akt8&tu v krvi.
gtudentov VRHZ) gtTDeemndi s-dez¥®agou gtudehthighez z§
modrpg9 vyl Y% en2 <chyby
Figure 10: The performance impact of the production of lactate in the blood. Graph 95 %
confidence interval to students (DHZ)Testing students with a load (22.2 kg) Red, students no
load (1.15 kg)- blue) - after eliminating errors

ZCVER

Zexperiment8lnych visledkkrwismmer an2 konc
preuks8zgya®l z§Sagdg m§ gtatisticky nv8inz npaonnvir dvipll
zvigen§ hodmntou che dtakw ,§tkut aur 2 mal i pol as exp
visledky taktieg dokaazlukjosh,ol @ em8n epdro satmayt ovkp |
| aktl@rtwi vpri fywyrobbkevypBSadgi gram@cine galak éie
pred nS§poluaosmviakOdhaO®bugbiye krvioigehy | akt §t u
ugportovcagchabhenaichv| iodpowwteidd am wed iod Sk k
fyzickepuphpsielpoavygchradé&hg@dzanilkt tysokej t
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| epgej pripravenost. hasilov, v2&al gej fyzic

dosiahnut? efekt?2vnejgej pomoci pri zachre
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POSTAVENI E KOORBI ROZP VO
VhSTAVBOVOM PROCESE

STATUS OF THE COORDINATOR OCCUPATIONAL
SAFETY AND HEALTH IN SITE MANAGEMENT

KATARENA FI RMEANTAOWAL Al OVC

Abstrakt

Pr2spevok mogedsg§va zniogovania bezpel nostn
procese® hOadom na zIlogittd pradewdndt pirmcersi, @l
pol te d odBlvchd e®wart eaOo v stavebnlch pr8c g
stavdb n®ho obj ekt u. Ci eOom pr8ce je pos¥der
aopti m8Il ne ri ademhreanlye zpdckr amwisa i p rai pr 8c

koordi n§8§torom bezpzemynsolset iz &kao nsa na vsetna nsokwue vl

KO%| ov®bepled nochrana zdravia pri prs8ci, r
dtsl edky.

Abstract

The paper deals with the possibilities to reduce security risks in the construction process
with a view to building a complex process, especially with an indeterminate naibe
contractors and subcontractors construction works at the phases of construction of the
structure.The aim of thispaperis integrated assessment of security risks and optimal
management of health and safety at work on construction site safety ctmrdimagite

in terms of statutory requirements

Keywords: occupational safety and healtfisk, OHS coordinatorconsequences.
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Stavebnl procespij2pvavapnii pobagegsdod§vk

visledkom je stlawed nigo,gpthigu k mikemvebpnl obje
proces predstavuje zlogitl sYbor jJjednotli
projektu do reality. Od investora teda, zadS§8vat
projektove,] jektdnimme o d ®ai ¢ epPdnot |l i vich profe
reali z8ciu sn8eétkdo® Ddomedaai e hot ov®ho

investor projektant realizacia stavebného

A zameru

v

Obr. 1 Zjednodugen8 sch®ma vistavbov®ho
Fig. 1 A simplified diagram of the construction process

Prisamotne real i z8§ci 2 stavebnich pmgsl ¢ephavyl
predpisov:

% Z8kon | .ZzBOMEeMmBrom pl 8novan?2 a stavebr
z8k.on)

% Vyhl §gka MPSVaR | . 147/2013 Z.z., kto
zai steniset ibeaz poedmroany zdrakia prBcathve
sYvi siaacpaedchr obnosti o] odbor nej spltsob
pracovnich |linnost?2

% Nari adeni e vl 8§dy Sl ovendzZkej mrepmBl nky

bezpelnostnlch cdawk§ah orna I xtha wengii ak o

Plynul Tl priebd@ctmytsaeelzmichenia bezpelnos
zabez koloujde n8t or k b e ch@Bbvmmsut Kglo o kl apmé&nae

Val oh pri reali z8cii pr8c na stavenisku z |
pri .Ko®cidi nBt@e omyS fyzick8a osbbkan obr 8no

st avbyvefdyYzciechko§, osoba opr8vnens§g ,ralabo vi kon

audorizovanil bezpel[flostnlT technik
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Koordin8tor bezpelnosti upl at Ruj e z8sady
bezpelamwlsrtany zddaeoech f Pz 8&ch sttavebn®ho pr

1. verepzavy,kiper oj ekt u
Yo vypracovs8§vazmypylsge BOZBRv | . 396/2006 Z.
Y2 stanovuje minim8lne pogiadavky na bezpe
Y»posudzuje kvalitu syst®mu BOZP pri vIbe
Y% spol up opmritverti?az Sraove R schva®®j eposeapmol o

Y% spolupracuje ®r 2 pravnim t 2 mom pri Zzabezpel
at echnicklch prostriedkov |l egislat2vne
2. voefa$ze8cie skdavebn®ho diela

Y»pravidel ne aktualizuje pl8n BOZP,

Y zabezpeHup8ckoojednotlivich zhotoviteOc
% identifikujeami ni mal i zuj e pr2padn® interakcie
vz§jomne ohrozuj WeeoicomadbaeigpesbmosSaaby
projektu konzultuje & oor di nuj e ich vikon,

Yo zabezpeolpurj8ecu medzi zamestngvat eOmi na
| i n nna pr&ovisku na sefpiamon adv 2 zuj e,

Ybusmer Ruj prftcevesmn®&reteOom na ochranu z

vzni ku Yr azov a i,n®ho ohrozenia zdravi e
Y2zabezpel uje k o naktr ®Il nuo s tpil nelnd @i slaat 2 vny
dodg8§vateOov na vikon |innost2 vygaduj Yc
Y»vykon8va pravidelne obhliadky pracovis

stanovenich pogiadaviek na zaistenie be

ROZBOR PROBLEMATIKY

HI avnTim probl ®mom pnosti ask mmrodviem§ aai i mi md ar
bezpelnostnich pogiadaviek prisvieasnej§cdeétb
mnogstvo subdod§vchat eeGoSvp jveldsntoatdbi onve®vhyoh npitt m
posilniS % ohu koordin§8ttomrsgrh®etzpejl nprs2tpr aw

projektu anast ol i S pevn® podmienky vstupu jedr
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procesu

vistavby.

P speacovamapodrebnep diineen t Blco i t o

asamot n®hposil &#deai dve

EXPERI MENTCLNA

Mo d e |

Vt omt o

ov 8

| onaj mengej

pr2pade

model ov®

LASS

s:i tAuoSpctiiam8ll.nel podmi enky

s nastaven®

Vget ci

YVal ast n2ci

situ8ci e mo

vistavbov

podmi enky r

mieventdbhohgdepakdvkdage@ghmmud
nehopd€&m vistavbe.

vistavek

V pr2pravnej f8ze projektov®ho riegenia s
spracoan ® vgetky potrebn® dokumentlynulgstot r e bn
realiz8cie vistavby.

investor

saddvatel || projektovy manazér |, IS dadévatelistavebncho procesu komplet S|

stavebnej 4

zakazky l l i

tast stavebny stavba
stavebného objekt
objektu  —» —>

|

> , " ; odovzdanie
PrOjCRESS PrOjeSs Projces stavebného diela
dokumentacia realizacie realizacie investorovi
objektu stavby
technologicky vyrobna POV, projekt
predpis kalkulacia ZS, Casovy
plan vystavby
Obr. 2 Modelov8 situ8cia |. 1: opti m¢
Fig. 2 Modelsituation 1: optimal conditionsof construction process
Model ov§ sivtiusStcavab olv.T 2pir oAces riadenl prieb
Vtomto pr2pade nie sY% zn8me vgetky z%l a
dokument 8§cie vo f8da pidpseaaypodm@ympsd avi S

na

nepredv2dateOnlm

real i z8ciiuel saat atvaekimra ®dnimeyn dleq

vmi e rvaikud oc h §8d

udal ostliasrnt n& ci p rvillbksE daavj iy i
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postumnedochZdygokanna rveazskani elynldostz pel no

reali z8cie projektu.
investor
sadbvater | o] proiekonymanarsr |, S eo s
stavebnej A
zakazky
—> subdodavatel €. 1
e l L v L____"u
! stavebny ! stavba \
' objekt 1! i
___________ | [ ——— |
t t ¢ |, subdodavatel €. 2
projektova projekt projekt [EEp—— ¢ ------ o ———— 4 _____
- 1 |
dokumentécia realizécie realizicie | stavebny ' | stavba :
objektu stavby :_ . _‘Cib_]e_k:f 1 :_ __________ !
v . ¥
technologicky vyrobna POV, projekt — subdodavatel &. n
predpis kalkulacia 75, casovy ¢ 4
v v |ITTT T T s T == I-TTTTT T ===
plan, plan | stavebny i : stavba i
' objekt 1! i
1

Obr.3Modelovd si tuBrmewar|len® mnogstva §mchdedawotveow Tt
objektu
Fig. 2 Modelsituation2 i unspecified amount of subcaterers in development of object

Vh SL EDKDISKASIA
Pl ohodi k@bora BOZP dmi eprjoq,edeashantbdvags c k T

riegen2, anipostygecih,n od loeg i ncak rcahoevecahSn ioer kg@mii az an
z8klade visledkakwopads iodemiSa pr i§akdaly hota st av
zabezpel ens§ pogadovamr8i YsrtoavveeRb nle ¢ z pleil mmoosstt
nez8visle od seba, alebo s%W asne.

Vmodel ovom pr2pade | .anhl hayzgkkadepdol
|l innododacht eOa st amee bjnel crhr opbrlo®&ne sBPZPac ov an
vzmyslenar i adeni a3 Y6 8206 RZ. z. , nakoOko od h
dologen® vgetky dokumenty vr 8t ane t echnc
staveniskulepotommo gw®pr agloy m SBIWZSPt avt ol nomr pdedgt Sh
vget kT m z ¥%| asnamprponienkovat e ama @8 mésti edb am®les n®h o
spracovania podOa je@Qaddomvmadhu@eiSipyipk .c e s
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D - | [
spracovana
dodavatelom koordinator realizacia
_+ stavebnych 1 BOZP stavebnych
prac na prac

Obr. 4 Model oivs8& hs@ntau 8scpiraa vlo.v alni a
Fig. 4 Model situation1 i scheme of administering of OSH plans

Vmodebvom pr2pade§nmc.i 2t alkde vi stVdVvmynod o ¢ |
viacerTch subdodg§8vateOov svhydeizimeh npsgall |
rizi k8m, nauzpOhdomsubdodg8§vateOov na spol ol
akoordin8ciredo§geathwiodpz nepredv2dank8&homko

ohrozuj %cich sa subdodg8vateOov na spol ol nc

PLAN BOZP
dodavatel' ¢. 1 T koordinator
analyza rizik BOZP
dodavatel €. 2 spracovana —»
dodsvaterts na stavenisku
stavebnych
dodavatel' ¢. 1 prac dodavana l
. o — priebeine
dodavatef ¢. 2 pri nastupe aktualizacia planu
na stavenisko BOZP
" - realizacia
dodavatel €. 1 e — analyza rizik .
) stavebnych
dodavatel €. 2 s ohfadom na prac
prace vykonavane
dodavatel ¢. 3 jednotlivymi
subdodavatelmi
Obr. 5 Model oivsg§c hs@ntau 8scpiraa vlo.v a2ni a

Fig. 4 Model situation2 i scheme of administering of OSH plans

Pimodel oveeiji sli.tu® nastgvea ka&oodinwggd/ roah ¢
mnogstva subdod8vateOaw, ilatt ku2 vidisd. &Y oy t®dr
tomtomoddlj e potrebn® zohOadni S ni el eanj rriizziikkss
navz®jveiyvdaatp:¥c e

Y% pohyb zamestnaocv j ednot | i v @pdstagenidkid od§vat eOov

Ybmognosti vyugitia,dopravnich komuni kE§&ci

“bnadv@aznosS | eadeohmolvdgihc pifr&k postupov,

Y% splsob ulogenia materi §lu jednotlivlich

Y% | ashaf monogram pr §c
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etapa dod8variz multikr predpok st ave
vistavistavetk anal Tzi:Las vI1 ¢ stroje
procesu pr §c (tTgde(8&8no
Etapa 0 Dodgv R R02 6 Cno
1
Dodgv R%2 RO1 5 Nie
2
Etapa 1 Dodgv R13 R%1 12 Nie
1
Dodg§gv RR2 R!3 15 Nie
2
Etapa 2 Dod§v R4 R12 10 Cno
1
Dod8§v R2 R?3 3 Cno
2
Dod8v R%3 R?2, R1 9 Cno
3
Obr. 6 Model oivr8 zsiiktouvS8® ifaaklt.or2y na spol ol nom p

Fig. 6 Model situation2 i risk factor in the common workplace

ROI-R'irizi k8 spracovan® dod&8§vateOom vistavb

| ,etapa vistavbov®ho procesu

| ,lidod§vateO stavebnlich pr8§c

Multikriteri Slrriazi&Bgalslpzaaconivank® koordingto
medzi rizikami jednotlivich dodg§vateOov.
Je nevyhnut n®, aby jdednat loil womslhladoddwm
pred samotnim zah8jen2m stavebnlch prg&c od
a technologicd®vpost mppakpcuGaclaimzioavaani a do |
apredl obgkenoaaktuali zovan®ho pl &§nu ostatnlm
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ZCVER i

Dl egitlm faktorom | e potreba si uved:
organi zal n®ho t2mu pri reamioz®eiji pseaveabme
rovnako vo ef3B8vzeeprreedalstzanmvene,] matice zod|]
procesu, ktor8&8 zohOadRuje priradenie |innc
zodpovednej osoby za zabezpelenie |innost
organizalnle®Paplogcbkspoda procese, ale pi

vopred stanoven® ciele.

Tab. Vzor n8vrhu matice zodpovednostdi
Tab. Pattern design ofresponsibility matrix

Na z8kbpded definovan®ho r eSaimweastar, sp!so
stavbyved?%ci , stavebnl dozor , koordin8tor
aNal g2ch os!'!b vstupuj Yei ano gcamg$ tvagind bkna® hec ep
pr oblaRravidelne aki al | zappw@@i adavky | edstavebdoinv 1 c h
procese, | 2 mf ektc2hv8rdazsat i k prkir T chlagmm?2 rise¢ @
nepredv2dat e Onrlicdhb ethdia | wisd t2a viblomsEvklimenip r o c e s
cel ®ho vistavbov®ho procesu.

VzhOadom ga kobezgpiehBbDstk i nieleaals * tbh exmpied mm
vstupudjovscsitcahv e bn@ddm prsacegsumi ery je zodpov
kt or® sa nez¥l ast Ruj ¥% amtha¥tedhm®hoh pirjoclesiuc
ktorTch nehpndystabYeonbesh® mérav yphrn wtmo® ohd lor:

j e ho Ydstavente wtvebnom procese.
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POGI ARNA BEZPEBAMNOBENhCH CENTI ER

FIRE SAFETY OF BUSINESS CENTRES

MI ROSLAV GI TAcOQKENDEANOVC, GENERAR®B MARTI NA
PRESTAVKOVC

Abstrakt

CieOom prg8§ce je sk¥umanie a overovanie dodr
protipogiarnej bezpel nosti obchodnT ch cer
z8konov, vyhl §8gok avyplhieam Yeipogzi aplaa Xk &I
porovns8vali gtyri obchodn® centr8 z obl ast
Sl edovali sme najm2 del enolec maod yp o gslau ey ,¥
king, vybavenie obj ektacdve ng agniar rzctrearaniNooky'
jednotlivich objektoch, mognost i Yani ku v

podmi enky, veOkosS plochy v jednotlivlich ¢

KO%| ov® psloav®ogi ar nmoghazpeltrchd,i ck® zari
prev8dzkov® podmi enky

Abstract

The aim of thavork is toreview and verificatiorof complianceof current legislationn

the field offire safetyof business centeendcurrentcomplianceandfriendlinessof the
laws, regulationsand standardfor the requirements arisinfrom the practice. In this
work we comparedour shopping centeris the area of antifire solutions such structures.
We watched particularlhe compartmentalisation utilityshops servicegntertinment,
cinemasfurnishingby fire-fighting equipmentmuster areas individual buildings the
possibilitiesof escamg in individual buildings total operatingconditions the surface

areaof individual objectsandbuilding occupation

Keywords: antifire safety, fire resistanasquipments, building, operating conditions
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bvobD
V. poslednlich 10 ag 15 rokoch sa aj

AzhromagNovac2m priestor amf.ava® tce nhtiradv,n & |

mul tifunkyn® pbdetkne. Pri ich realiz8cii s
technol ogick® postupy. l nvestor. sa snagi
funklne | o najviac vyugisS. Tieto stavby v

potencir§lzdakchohrozenia veOk®ho poltu osth
nachg8dzaj %, AModern® n8kupn®obehbdf ®m8&j vai
prep8jaj %uce niekoOko podlag?i,kokmtumri ® apnt mE

priestor mi. Plaasvéngle ksol miugniiak aalknol hpri estor pr
musia maS zabezpelenl bezpelnl %nik v pr2;q
2011)

ROZBOR PROBLEMATIKY

Pr 8ca j e venovans porovnani u a hodno
organi zal n®hwr adle gzeSobcamvondincoh centi er z hOa
riegenia v r8mci protipogiarnej bezpel nos
venovang8 vyskytuj%cim sa technickim a or
nemaj % charaktechpbegigsvanianpthltpiedpi s o\
avgak nie s¥% najlepg2m riegen2m z hOadi ske

EXPERI MENTCLNA LASs
Po presk¥Yman? organizaln®ho zabezpel eni
potrebn® porovng8vaS 7 epgo@itdi v® viydz mel®n oD

zabezpel enie pogi arnej] bezpel nosti proi S
ktorT mi s %:
A Protipogiarne riegenie z hOadiska kon
A Delenie na pogiarne Yseky
A FunklnosS, obchody, slugby, z8bava, k
A Vybavenie objektov pogiarnotechnickIim
A ZhromagNovac?2 priestor v jednotlivlch
A Mognosti ¥niku v jednotlivich objekto
A Prev8§dzkov® podmienky
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A Plocha jednotlivich objektov a obsade

VhSLEDKY A DI SKUSI A

Objekt | . 1

lde o dvojpodlagnl halovl objekt s vybu
streche stavby na Yrovni druh®ho NP. Na ¢
z8zem?m, techni ck®, obchodn®, skl adov®
jednoht | kehcesi 2, stravovacie a soci &8lne
priestory, pas8¢g otvoren8 s chodbami s treé
podl agi u. V. druhom NP s¥% z oboch str &n

umi estnen® cersii dst dProy pkarn e strane Nal g2ch
priestory spr8vy a prev8dzky budovy a hygi
je parkovisko s komuni k8ciou s% asne pre

par kovac?2m 2nsiteuspt apno moec opur vyt vor ene,] Kkomuni

po celom obvode stavby. Stavba bola budove
Objekt | . 2
Jednopodl agniT haslovl montovanl obj ekt

nach8dza pri esttorravvenOkao prrealaij lnre®hpoo t ovar u
Druh® NP tvoria administrat?2vne priestory,
| asS tvor2 dostavba obchodnej z-ny k jestv
na jednu st ramjueljters.t vug Yactedhtoi cky nez8vi sl 8
je dispozilne prepojens. Taktieg ide o |je

prvom NP sa nach§8dza predajRa n8bytku s

priestor u. Stsakvleabdnoev aocdieel epnr® essAt or vy . Druh®
aj skl adovacej | asti objektu. V predajne
vystavenl sortiment predajne. TreSou | asS
obj ekt om. Je stpaotjiemk8y nme zI8e/li %2 8 sthnraanu | e

veOkopredajnou plochou 34 potrav2n a disp
Pr2stavba je jednopodlagnl obj ekt sl asti
priestory jednotlivpche&bacesDPuh®kNRMUNY &E
priestory, gatne a hygienick® priestory.

Kagdg8 | asS funguje ako samostatne stojaci
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Objekt | . 3

Trojpodlagnl objekt so sut é&r @masm, |ree grva
plochami koncesi? vo vgetklch troch podl
doplnen8 o medzipodl agi a, l2m vzni k8 gesS

objektu s¥% taktieg parkovaci eapne eattaaktObe g
aj skolaudovanT.
Objekt | . 4

Je dvojpodlagnlT. Na prvom NP sa nach#§8dz
priestory, hygienick® a 4 kinosS§ly, ktor ®
nach8dzaj % priestorwl SaohncesdiRodiVWtaebjae kd £k
schodigtia sl ¥“gia ako %Ynikov® cesty z drut

V tabuOke 1 s¥% porovnan® mognosti unik
V objekte | . 1 s¥% pougit® vgetky mognost.i
A sg/e tvky . Ng§vgtevn?k, ktorT nevie | o sa pr
“uniku a bude sa snagi S vr8tiS cestou, Kkt
koncesie. Tu sa |asto st8va ge dvere s¥% z
s¥% dobrditeOn® unikaj %ci str8ca dlveru Vv z

Tab. 1 Mognosti ¥ni ku
Tab. 1 Possibilities of escape

Objekt 1 Objekt 2 Objekt 3 Objekt 4
CCHUC ano ano ano Ano
NUC ano dno ano Ano
CHUC A ano dno ano Ano
Na volné ) ) ) .
priestranstvo ano ano ano Ano
Do CHUC A ano éno ano Ano
Unik cez
manipulaény ano ano nie Nie
priestor, sklad
Unik smerom
:T::_Gie::: ano nie 4no Ano
prisli
Unikové
:Eiig:iﬁmy ano ano nie Nie
cez koncesie
Dvere na
unikovych . . . . .
cestach piné, plné plng, presklene presklene Plné
presklene
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Prevg§dzkov® podmienky v sledovanlch obj

vget ky

sl edovan® oblasti v s¥%W ade s platno

za pogiarnu ochranu pri dobudovsgvan? konc

dodr Jamikd nost i pogiarnotechnickich =zariad

| asto
zai ste
nepri e
vliastn
zamest
obozna
zari ad
ge poyg
tak zI

ezen

o T
—

ok ume
chran
A k pri
ngvgte

(@)

konces
Str8gn
zhr oma
hliadgk
potreb
profes
zamest

staS ¢

z neznal osti neakceptuj % podmienky
ni a funk|] nost. pogiarnotechnickTlch
tolnTch podi®dadovji.e nsaklug2om nprs&h e
®ho pogiarneho technika. Tento sa
nancov a urluje im povinnosti, mo g n
muje zamestnancaevesapodmige nskapna gieawr:
eni ami , ktor® sa v jednotlivich konc
iarny technik vibec predmetnl priest
0git® pre begmlecmwzaareg s nandcov chge
|l n% | istinu a to je vgetko | o si zo
nt 8cie pogiarnej bezpel nosti predme
y pre dan?¥ Kkeo npcre2ssitur opjree nao snz®n ahla?s i Jarci
pogi ar.i pr2de k vipadku elektriclk
vn2k by mohol zalaS unikaS podOa zn
i u, tu sa nepol at anise Y¥n ik kkaneeBiicShy g¢ ie &
a slugba je Nalg2zm |1 8nkom protipogi
gNovac2m priestorom. T2to Oudia obs
y a vo valgine ph2pasdausSomap¥% Gholsen
nNn® doklady s¥% v poriadku a prenaj?2r
iong8l ne. Nedok8&8gu vgak ovplyvni S f
nancov po objektoch, ku jog.® HKotndkm ®e an ¢

e bud¥% maS slugbu pr8ve tak2 zamestr

163



““({ /ADVANCES IN FIRE & S AFETY
) ENGINEERING | p4ekis

Tab. 2 Prev8§dzkov® podmi enky
Tab. 2 Operating conditions

Objekt 1 Objekt 2 Objekt 3 Objekt 4
Zodpovednost’ prenajimatela
Za PO zodpoveda ano nie 4no ano
v spoloénych priestoroch
Skolenie vlastnych . . ) )
ano ano ano ano
zamestnancov
Pri stavebnej realizacii
koncesie zodpoveda za PO dno ano 4no 4ano
najomca
Za Skolenia PO pre
zamestnancov Koncesie ano ano 4ano ano
nijomea
Revizie a rozmiestnenie PHP . . ) )
o o ano ano 4no ano
v ramei koncesie najomea
PoZiarne technické zariadenia
EPS, SHZ, ZODT za . . ) )
. o ano ano ano ano
prevadzku a revizie
prenajimatel’
Strazna sluzba ano ino 4ano 4no
Sprava budovy vlastny . . ) )
. ano ano 4no ano
zamestnanci

Z tabuOky 2 je vidieS ge vo vgetkTIch

bezpelengoesng rtiakmer identicky s mallmi odch
ZCVER

V pr8ci sme pouk8zali na stav riegenej
obchodnT ©Obchemdtni®ercent r§ s¥% riegen® v s%l ac

kazuje potreburizengery2 ,niltkdaro® T shce nie s

c

| egi sl at2vou, ale ich pougitie mtge splso
urlite stoj2 prehodnotiS vyhl &8gku MV SR |
pogiadavky na pr otriipowlisatranvub eb eaz perl inos §2 pa
gi aduce, aby dvere do chr 8nenej Yani kovej
aspoR do 1/ 3 presklen®. hal e] by bol o pot

obchodnlTch centier posmygzovakiohepdémh®hospas
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osobuviNPa25fv ostatnich NP podOa dr ’ma prev

osobu.
pre
nevenu
Obs

dos

p o
pr
z a

ade

~—+

an

N

< ©9 ®d® S O

rn
aj

zp
no

o O

[
(72}
—

I e
I ed
i est
zpel
e mo g
e

O T S
> o —~ O

N

I
i tu§c

a ]

o un Q@

ezpel
v8gi S
egi sl

- N

kompl e
prev§sgd
zabezp
zmens§8c
podobrg |
centi e

r § mci

TTm bol polet os'!b znalne nadhodnot

di menzovan8. Pretwol,fea zmapreaxiu &ni &o§V

j e t aakk8s pooyz srinovsyJyadovali . V s¥% asno
nie objektov os objektempomocturnovej mornpyed t o c h
eme na re8lnejgie | 2dwolvo baudae] rmegd ey
0sS urlite stoj2 smerovanie Ynikov]
at® priestory koncesi 2. Tak®t o rie
el enia ich trvalej voOno sS04 ktoroussavr huj
vuj %2 technick® pogiadavky na protipc
b, zakotviS aby ¥%nikov® cesty pre n
I cez skladovacie priestpareynagamitl cbh
or ov koncesi 2. A Nal ej odpor % ame
nosti stavby pri delen?2 na pogiarne
n2 Ynik n8vgtevn2kov cestouok®kgobtsdu
Ssk¥senost.i pri mi mori adnych udal ost
i 8ch spr8va inak ako predpokl adaj % \
nost. stavieb, v ktorTc® tsi¥e tod cphmaim:
a prisptsobiS jednotliv® riegenia |
at2vy. V Leskej republ i ke % ni ekt
tnT servis budov v rgmci porg§ ar nej
zku, opravu, pravidel n® kontroly |
el ovanie slugieb pogiarnym techni kol
h n§jomn2kov v jednotlivich koncesi §
egisgpatétve aj probl ®my s¥% veOmi pod.
r po dohode s majiteOom objektu to

N8 mu aj slugby pwgiarvniemoposkynnmnikiia/

“Oavaymo z§F ej me, ¢ge zmluvu s podgiarnym techni

sa I m
Yus ek u
pr2stu

znal en

podaril o v r 8mci jedn®ho objektu ze
pogi arnej] ochrany. Je to zauj 2mav®
mnyovsastnzkov by aj ynags. vehaeqi

i e YnikovIich ciest.
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POGI ARNE RI ZIl CEhKCIHASI AROVI EK

FIRE RISK OF INCANDESCENT LIGHT BULBS

JOZEF MARTINKA, KAROL BALOG, VLAMEGBICR AD

Abstrakt

Predlogenl pr2spevok sa zaober§8 viskumom
Pogi arnaroiviieko bgil o pos¥%den® na z8&Il ade i
mi n%t ach prev8dzky. VT skunpr 2bkod mo np o5 ,0 bden,T
150a2 00 W. Gi ar ov k yo bbjo2l mk el nsgwtiad toivdalna® wmi e st
v miestnosti sozmemi (4 x 4 x 2,7) m. Teplotami est no st i bellat2®nid
vl hkosS vzduchu 50 N 5 %. Z2skan® Ydaje
vykazuj¥% viznamnl rozdiel medzivbti églkotsadu
patice. Na pohvirac hnua jbraindkdgyi w otse pa ro2t kuo n( b , 55 A
(po 15 min¥%t aah vyrgey &1d 2 ley) odpu 2kDOD MACH  HVi
60 minYtachbprek®dzhky p2tVce dosiahla najn
spr2konom 25 W a(cpo praaemiglgy) uatepl otu (2C
spr2konom 75 W (po 60 min%tach prevs8§dzky).
teplotami na poverOc hmi ng%taarcohv kpyr epvo§ dizbk ya s ¥ |
Z2skan® %¥%daj ee Npad verjc hdoovk88 ztaelpil,otga ¢gi ar ovky
ale aj od geometrie.

KO%| ov®@Kkbhev&kS8 ¢giarovka, inici8cia mater
pr2lin vzniku pogiarov.
Abstract

This manuscript deals with the investigation of fire risk of incandescent light bulbs. The

fire risk of incandescent light bulb has been determined on the base of its surface
temperature after 15 and 60 minutes of lightning. Six incandescent light bthhspit

power of 25, 40, 60, 75, 150 and 200 W have been investigated. The incandescent light
bulbs have been installed in the lamp socket of lighting device located under the ceiling

of room with dimensions of (4 x 4 x 2.7) m. The room temperature agbeo f 20 N 3
and the relatively hum~PodObtaiged @dults proved thatas b e
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investigated incandescent light bulbs show significant difference between temperatures

at the bulb of incandescent light bulb and temperatures nearctmedgscent light bulb
socket. The | owest measured temperature (|
bulb has been reached at incandescent light bulb with input power of 25 W after 15

mi nutes of | ightning. The hhasgpbea me¢asuragans ur e (
the surface of incandescent light balbd has been reached at incandescent light bulb

with input power of 75 W after 60 minutes of lightning. Furthermore obtained results
proved that differences between temperatures on the incantégicebulb surface after

15 and 60 minutes of lightning are negligible. Moreover the obtained results proved that
surface temperature of incandescent light bulb is dependent not only on the input power

but also on its geometry.

Keywords: Incandescent light bulb, Materials ignition, Fire riskjre investigation.

bVvOD
Pri prev§8§dzke klasicklch ¢giaroviek sa p
spotrebovane] el ektrickej energi e. Zvygns

pr emen?2 Zh Oatdeipsikoa ochrany pred pogi ar mi

korektnejgie povagovaS za elektrotepelnl s

Nariaden2 MEXomisi €244/ 20091 a VIroddas5/2O0:/
kl asicklch Egrapskepk Ymi iako (zprojoy ospetlemigi t i e
viom8&cnostiach) prakticky zapkg&pambwd Kibasi
zdrojmi svetldao mBaxwnpsvani(npiredov getUED M ko mj
giarivky) vykazuj % podstatne vpodagiafaiebhodno't
(svetel n®hEN1266520lda&) i jn@vvanl ako hodnota ur
mi ery pribl2genia farby predmetu osvetl enc
referenlnim svetelnim zdroj om.indexaddanaO | o
farieb rovnl 100 (podanie farieb rovnak®,
kompaktn® L&EDargiivaky vay | en m8l okedy dosaht
svetla vyggie ako 80. Nezanedbate®ndunel h
n2zka nsS8kupng§ &emp akvLnBDnipianraink ami ) .
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Ng§sledkom uvedenlich vihod k|l aBuckpskeji

Yani i naNal ej , prilom je predpoklad zachov
gi ari vky ed& oung pko gri adlavi ek citovanlTch nar.i
ako sveteln® zdroje pre dom8cnosti, ale ak
zdroje osvetlenia do priemyselnlich podmie
Napriek uvedenej skuo | no st i sa tak®to klasick® gi ar c
gi arovi ek mouwogttavahl pbudgdm8aonesti ach je dne
tomto mieste je vgak potrebn® upozorni S,
el ektrotepermhwndi aspoytS ethodlr gan® mini m&§l ne v
striedou reakcie A2 wyh@Ead d maonu®vaird? .| AcM\vauS R . |
401/2007 Z. z.

CieOom predlogen®ho pr2spevku ] e St anc
gi ar oprri 22ko rsdn60, 7% 150 800 Wpo1l5860 mi n¥%t acha svi et
z8klade z2skanlTch wwdajov vyhodnoti S ich

nach8dzajdmScmosd iv

ROZBOR PROBLEMATIKY
Z pomeru elektrickej energie premenendj vV a s i ¢ k ena teglo amsvetio k e

vyplTva, ¢ge klasick8§8 ¢i aPloivkmog ® lell &«kitalod]
ako iniciapon®hodilzidrhng &a kdlskum2@dba)yil i v
Paulownig(Paulownia tomento9as r 0z me r mi 0,2 x 0,2 x 0,02
1% ahustotou300kgfn Vzorka bola zaSagen® tepelnlm
pr2k@méOmw. Citovanlriawz@ljiomankVmaliient §ci e
(horizont 8l na =ndidalgda ma otvikomawh v, v3, 4, 5,
vzdi alenostiach 0 a 3 mm a horizont 8l na
umi est nenhorvizoapkdylS8dwmej nad ¢gi arovkou bol o

vzorky do vzdialenostiva2ahbgejm pzBd iganlaeeroondayd r

nenastalp . Pri verti k8l nej orients8ci.i nebol o z
sk¥“umanlTch vzdialenost?2 od ¢giarovky. Pri h
vo vzdialenost.i 3 mnrenb @l oo poazscer opvrainb® ivgznrei
horizont 8l nej orient8cii vzorky n&@sgi ar o\

pri vzor ke po dol golzaBaboy dka. 2015. ( An a
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Tepl oty zmeran® prigejhpoveohtu&8wkdeayjy kogrodi egnita

vo vzdialenostod 3 do 7 mm ilustruje obr. 1

4 d=7mm
500 - & #— d=6mm |
®  Iniciacia ® ® d=5mm |
f ' — A d=4mm
® =
400 - (2 d =2 |
El
o 300 -
o] <«
s 444“4“<
2 200 - 4444 qgtqeted
100
0 | g 1 v I ' I b | b/ 1 " 1
0 2000 4000 6000 8000 10000 12000
Cas (s)
Obr . 1 Teplota na povrchu horizont8lne orientovane

strany ¢giarovkou s pr2konom 200 W (An a
Fig. 1 Temperature on the surface of théorizontally oriented sample of Paulownia wood loaded
from lower side by the incandescent light bulb with input power of 200 W (An et al. 2012)

Las do z ap SteearPauownigzroir kjyej zaSagem® ¢gi ar
odhadn¥%S z kadeadiliana kol. (2Q12).

:/C")fcuac'/(rign_-ra)2

tion L (s) 1)
Toop @9
tww | as do inici8cie vzorky (s)
: koeficient tepefttk®j vodivosti vzorky (\

} - hustota vzorky (kg.m)

cc. merng§ tepelng8lkapacita vzorky (J. kg
Tign: teplota na povrchu vzorkyw k ami hu i nici 8ci e ( K)

Ta: teplota okolia (K)

FFfF hustota tepel n®hovrtcchkuu gvi Ag aorvokwa n @&h am z
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FF kritick§8 hustota Jepeln®ho toku vzorky

Hustota tepel n®ho tokuwkvwysarpolant®aopad @

2, ktor¥ odvodili An a kol. (2012).
= hCP2 (W.m?) 2
4 D
d podiel energie vygiarenej r-adi 8ciou k e

P. elektrickl pr2kon giarovky (W)
vzdialenosS povrchu exponovan®ho vzorky

Kritick¥ hust otPaulownieprpiel h®ho zaBkgen2 te
(tepelnoutepéedi Bcuokomvekprdupnama@ddiar W lsy
Wangak ol . (2014). Citovanl autorskIl kol ekt 2
na priblidnte§tldd rtkod mopt az $wai snli @gtnie onk nér ive n
Uveden8 hodnota je niggia, ako®heghekakdet
materi 8l ov na b%ieslddeovoa, vedeo®kohzpr §c,
aShiaChew (2013), vypliva, @¢ge kritick8 hust
kalorimetri {dpRdO2)| 20 eb66MMet  -doalS®@adi al |
5657:1997) dosahuje VvViyggpechgdiandtaPaRro iy
je pravdepodobne in8 konfigurg8dialwpmr pgne
ako a | in® parametre pomocn®ho i nicial n
zariakni ach (v aparavvmamu Pougitou citovanTln
vkt or ej mal a giarovka funkciu tepeln®ho ¢

produktov).

Popis experimentu
Viskumu bol i p odr o bpern2@ oknl oant), 265K,50 &Q0i ,a r60 v k

W. Sk¥Ysiman® g¢giarovky bol i zaskrutkovan® d
stropom vmiestnosti sozmermi (4 x 4 x 27) m,sepl ot ou 2 el &t 23v nfoQu
v hkosSou vzduchu 50 N 5 %.poS8lk¥itiama ogsitar o
polas 60 min%t. Polas doby svietenia bol a
gi aroviek ter moka6bnde rnmoiun YFtlalcRh ip3r epvo8 diz5k ya. Em

na pougitej termokamere nastaven8 na hodnc
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VAhSLEDKY A DI SKUSI A
Teploty na povrchu bankysesne pod p?2ticou skémanTch

mi n¥%t ach kontinu8lneho svietenia ilustruje
bdaje na obr. 2 dokazuj Y%, ge teplota nc:
vbl 2zkosti pa@tice) nez8vis?2 | en od elektri

sprz2konom od 25 do 75 W mapri2 knmoenno@@0 Vi)500z mee r ,
Prigi aroviomlakou geometriou (ppvZkekami 2%, t
60 a7’5 Wadr uh¥% skupi nu ptrv2okroinl oi 800GV paarastaldk igh s
povrchov@araptaj&csm elektrickIm pr2konom.
Zporovnania tepl povdoBabhhbvakiZzmhnhah ¢i a
steplotami vznieteniaa z pl anuti a (pr2padne tepl ot ami

materi 8l ov beg@mens§gawdgadyvarcthgh pwbli kovanT mi
Babrauskasa (2&®3), (R&O&E Kkyakekke] Osvaldovej

(2009), Zachara (2010), Zacharaka. (2012) aT er e Ro Vv e j (2012) , v
kr 8t kodoblT kontakt T mmoavirecrhiu§ | dgni a rnoevpkrye dst av
zvigen® riziko vzniku pogiarwbl T&omno ak§v ¢
predpokl adu i ngtal 8ci e gi arovky z a pod:i
spodmi enkami vykonania experimentu). Pri |
mi n¥%t , dnmatadgr irSolkmyi) ma b&ze organicklch pc
ich inici8ciu. Pr2]linou je mognosS kumul §c
kont aktu al ebo veOmi kr 8t kejgi avrodikalue n(ors& «
jednotky mm), ako aj skutolnosS, ge prakt:i
zahrievaA zap81 i S pri teplote niggej, ako je i
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200 W, 15 min. 150 W, 15 min. 75 W, 15 min.
SFLIR 146°C S$ELIR 180°C

150 W, 60 min. 75 W, 60 min.
$FLIR 203°C

SFLIRQ72.3°C $FLIR 147°C

¢

60 W, 15 min. 40 W, 15 min. 25 W, 15 min.

90.5" @FLIR 167°C S$FLIRQ74. 2°C®OFLIR 137°¢ $FLIR

60 W, 60 min. 40 W, 60 min. 25 W, 60 min.
92.1°CT LS FLIR 185oc . ¢rLiIrRj78.8°C S$FLIR 136°C 66.8°C $FLIR 127°C

T

Obr. 2 Tepoty na povrphtkkhami 26T alf 0§ 0 mit mekhls
svietenia
Fig. 2 Temperatures on the surface of the incandescent light bulb with powerput from 25 to 200
W after 15 and 60 minutes of lighting

~

BPDdaje na obr. 2 Nal ej dokazuj ¥% vIznamn
povrchu sk¥%manTch ¢giaroviek. Pr 2 inieseou | e
kontaktu objpmkywWdamw ioekiyd! aakd aj zhorgenl
ksvietidlu (owOmplomopmiaem®t sr om pod ¢giarovkou

Z%dajov na obr. 2 Nalej vypllva, @§ge | as
l en zanedbateOnT vplyv na Nal gaoviegk.STotast po

kongtatovanie plat?2 | en pre sk¥man® podmi e
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ZCVER
Vpredl ogenom pr2spevku bolo pos¥%den® po

z2skanlTch %dajov vypliva, ge pri ingtal §c
sptsobom, ktorT umogRuje jej ochladzovani
konvekciou)s a | e ] povrch neprehrejheOarda skapli mti w,
val giny begne pou@prv¢praldeh i magtad i§8li @v.gi dr o
umogRuje dlhodoblT maetpro§tmednh kémeabtgsarl
(alebosavgj omng vzdialenooSgmedzkl i maodoek o8l a
vhodnot 8ch r8dovo jednotky mm8srdiednje pmg

taklTchto materi 8l ov.
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PROBLEMATI KA HYOKRMRWUHR GTT V
HADI COVOM VEDENC

THE ISSUE OF LOSSES IN HYDRAULIC HOSE LINES

JOZEF SVETLE¢EK
Abstrakt

Pr2spevok sa zaober 8 charmaldti €roowm mhrydrdaue? i c
nov® poznatky phé asasi pok¥Yp2praax avniektorl
pre ich vipolet.

KO%| ov®d spgroavvda vody, straty, hadicov® vede

Abstract
The paper deals witthe nature ohydrauliclosses inthe hose linesand bringsnew

insightsfor fire practicein the use osome selectedarameters fathe calculation

Keywords: transportwaterloss hose linesfire intervention.

bvoOoD
Pr“deni e [Krviagpsatl#rme vs o sebou pring8ga pi
kvapaliny na for my, na pre doprahuh, negi
trenie,t epl o a 1 n®. Pr e seVasetrdgoee dopravujeme voduzao v 8 h u
re8l nych pploadtmi ebneorknoul i ho rovnica pr %di ace
a'u2+z+i+é_ Z =k or Q)
29 r.g
Kde:
da-coriolisjovo | 2sl o (
uistredn8 prierezovg rTchlosS kvapaliny (m

gigavitaln® z#HTchlenie (m.s
} 7 hustota kvapaliny (kg.f
pi tlak kvapaliny (Pa)
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Zistratovsg vigka (m)

Vpr axi sa psbbe®fhmen srlenia tlakovich
hadicovim veden2m. Pri pohybe re8iuhyych k)
hydraulicklTch str§t:

- stratyipigkov®ni e geodetickej vitlalnej

- stratyvptgnmnd®m trenia jednotlivlich vrsti
- stratymiesnédoch8dza ku zmene rlTchlostn®ho p

VAGKOVC TLAKOVC STRATA V HADI CI ACH

Vigkovsg strata nast8va pri doprave kva
sprekong8van2m vigkovIich r ozwdoeJv®oh.|l iTS8tgo ts
ako jeding z8visl8nedodchostohlyostviappt Vsdgn
ohydrostatik T t | ak kvapaliny vodn®ho st Opca, kt
je zjednoddrtrgenlT vzSah
Pvg=0,01* zg (2)
kde:

zwije geodetick8§ vitlalng vigka [ m],

Py-stratatlakup r evi geni a ( MPa)

STRATA TRENC¢M

Stratu trenzhnaspresdksetjavpujaexiv trenie | i a:
osteny had?2scamlarmasteora anavz§j owmmenepsmaerd om n
rTchlostn®ho poOa kvapaliny. Teoreticky j ¢
rovnicou,p i | om j e potr ebzn® djnw duod iSf ipkroev apS ta e b
r ovni potam tvad4]:

_Lo
Pzl = AQ (3)

Kde:
LidOgka pougitTcnetrdvvad2c v stovkS8ch
Qimnogstvo dopravovatmies?2 wloagh zlai tLr onv n %t

Aikongtanta vyjadruj “%ca druh poug2vanic
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Vtomto vzSahu % ohu zjednoda§windlag8 nad steypmu

prilom odzrkadOuj e pmajam®t pri @mer ohgdki cse¥l d

z8vislT od typu pr%denia kvapaliny.

V minulosti bolivp r a x i mer an®/7088 0 at gk da ke nfhimn wl ®h c
(I ng. Pal &4k h2 a) . Avgak hodesbobappveEh®r @r ol

boli spr 8&§wmagpgrnvean®t echchydi ter apgsd¢h Masahogl
ani zNal eka nepodobaj % vhéedhj g2um.or Bwvet ona
pogiarneho inginierstva inioaoboVvahi tmeoahi ¢
aodvodili kongtantu A. vmig oz 3 amh @v ® e lma d o e

bola %plne nov8 kongtantaliDoWtencty as® hioe
mogn® wiabiuedk ev 1.

Tab.1 Hodnoty parametra AARAfA [ 1]
Tab. 1 The value of "A" [1]

Kongtanta | Kongtant a : =
Druh strs8t A strgt A fennmta o
= - strgt A
had? s%| asnl ch s¥| asnl ch ~
’ . ; C ptvodnlch
(Experimern (Pre pougi
B 75 6,386 N 6 4
C 52 0,965 K 0,9 0,5
D 25 0,020 K 0,02 nemer an
MIESTNE STRATY
Mi estne straty vznikaj¥% pri pr ¥ad e n?2 k v

kzmene rTchlostn®hakepola zpmevadeni ¢dochk§dza s

kng8hl emu rozg2reniu al ebo z%geniu potrub
vyj a@ri S

h=x 2 (4)

kde:
x -s¥%l initeO miestnej straty,

U-stredn8 prierezovg richlosS kvapaliny
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histratov 8§
Jednim aznlch

vi gk a

k v

hpardv kkaoow 0 m

apaliny

(m

veden?

2015

st Opc a

k va

hasil sk’

rozdeOoval, sl ¥%gi na rozdelenie dopravn®h.
kombinovane. Aj ftpadnottl8chht esdarrSkkad®oheavede
Stargie typy vretenovich rozdeOovalov, r
predstprvaugddes pougittigé mar mat my mi strat ami
veden?2, ak ogunGovvgiinei tuyzpSpvueSBneij.@ Mmogn® vi di e
str&8t medazvir egle®owlim a ozdeOoval onmsmgaom pri e
abol nTm vitokom rozdeOoval a.
Tab.2 Strata tlaku vody pri vitoku cez boln®
Tab. 2 Loss ofwater pressureat the outletthrough the side neclkdistributor [3]
Typ Prietok Miestna strata
rozdeOa  (miny (MPa)
r
v euten~ 200 0,09
guOovl 0.06
vr th e n~ 410 0,28
guOovl 0,18
vreten -
= - 585
guOovl 0,26
vreten 1,19
. = 820 ’
guOovl 0,7
vreten 1,74
= - 1000 :
guOovl 1,1
Tab.3 Strata tlaku vody pri vitoku priame hr

Tab. 3 Loss ofwater pressureat the outlet socketdirect distributor

3]

Typ Prietok Miestna strata
rozdeOd  (miny (MPa)
vieten 0,18
. 4 820 I.mint ’
guOoV] ! 0,08
vreten 0,29
. 4 1000l.min-t ’
guOovl 0,12
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ZHRNUTIE A ZCVER
Urlenie veOkosti straty tlaku hadicov®hHh

musia ovl §daS veliteligtgBeansbmpedpadHea,
teoretick®@rpettnakRypodpoagmastritlzsnnych pomtec
odhad taki k T ch parsaweasoostiV sa do popredia d
vyugitia vipoltovej techniky pre optimali
zdol 8van2 pogiarov. Cell pwvocéhs zGapraawyc
teoretickregalpir2@lrpurelyp ey .ge& stanovenie je
j e nespr8vneeadeokwhws8tdeeamuk z 8s ahlui ansat olnine s ta

kne¥spechu.

Pdaje uMddBerk@ w¥% hodm@megi namegam®avro
bakal §rdikp/lcchrhoapgr §c . Je mogn® povedas, g e
nepresnosti, vzhOadom na metodi ku merani a,
ge presnos ShalgillOs kheajr up rj @&xoimt poo sstmeelr ej %d/a .h a\s i
priamo na hasfjéjskvwetachaei gari adeni a, Kt ot

meranie.
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PROBLEMATI KA S ROGSAHL
SPRI NKLEROVhCHI BASEARI ADENC

PROBLEMS OF RELIABILITY OF SPRINKLERS FIRE
EXTINGUISHING SYSTEMS

IVETA CONEVA

Abstrakt

Prepl § nearemilukagdi®ho stavEedo®hoapuzpbektu Kkt
sa okdvayamae od veOkoefji po¥lacllov aE®bubyybhk§e
efekt2vnosS vynakladanTch finanlnlch prost
vsebe zahRRa aj optim8lnu YroveR protipog
pl atnej |l egi sl atz2vy. Pr2spevok slanTzdober
hasiacich zariaden?2, konkr ®t ne sprinklero
naj spoOahlivejgie akt?2vne psrywsky®meo (icarrmmty
pogiarmi budov rtznej kateg-rie.

KO%| ov® ®whowad®a predprpogdgipagmiar na ,ochr ar

pogiarnotechnick® zariadenia, sprinklerovd

Abstract

For danning andexecutionof each constructioproject is thedominantbudget, which
dependsnainly on the sizetype of buildingandtherequired equipmenihe economic
efficiency of utilization of financial resourcefr the implementation o€onstruction
projects implies the optimal level offire protectiongiven of buildingsunder existing
legislation The paper deals witthe issueof the reliability offixed fire extinguishing
equipment namely,sprinklersfire extinguishing systemsyhich are among thenost
reliable active elements offire-fighting equipmentin the systenof fire protectionof

buildingsof various categories

Keywords: fire protection fire protectionbuildings,fire-fighting equipmers sprinklers
fire extinguishing equipmestreliability.
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bVvOD
Na p Fatkudty bezpelinm@itmi®host va GiGiilnisnkee j

prebiehavl s k formour i dajpmjekiul 2 s | o -0RPIZSh §zvom: AModel

zvygovanie ekonomickej efekllHVvaosniim pi eOb
projektu jz¢ edknwaluigtirSi oadnoteni e ekonomi cke
opatwrehZnych kat eg- ri Bah praseéebedoh ctovgne
aplikovateOn®ho model uj eRozhipdinediwdgenc hs§d
Yar oV Nne proti pogistaviem ez | eopgereil mno svtyiug2 vani a
prostriedkov potrePBPrvkjaslysh ®@oyéjpodgosirakpnutie
musia byS real kagdap®sprabeiclkys wygadovan
ich prim8&8rnym cieOagmojpe¢ QorceRd ajag iaabrema s Vi a
zabezpeluj ¥ aj martéar a8 un wadposibdaeii rada & ochranu

gi vot n®hdll.prostredia

ROZBOR PROBLEMATIKY

Opti m&8l na Yr oveR prrioztniypcohgi st ae ¢ fenolcchhr ac
ovplyvnemns |teynprome pa Rabgg(jiou), charakter:i
rozsahom chr §rnerl ckir it @ektbissSkaau @mr ev§dzky.
potrebn® kvantifikovassahzpktoenvezinglknuyplogn $
aekonomi ck¥ n&8&r olhn ossySs tpRenmotva gt s Sy ktor T
stabil n® hasiace zariadeni a, .k oPrker ®ktonnep | sepx
riegenie zadefinovanej probl ematkiolny mj ek hu
aspekt. Jednak j& poobveBn@rohogongtaBnak b
i mpl ement §ciou vybranlch protipogiarnych
zn2gqi pravdepodoperbsSrevzehkuapao§shedky. N
potrebn® =zadefinovaSolpdmrsotbegnifai njaemdmadt | i
azariaden?2, tT kaj Wucwbo@leya, ajch kobstiafiak§ ai
anepriamych gktd, resplplPoyvarngeeckemichk® h
(PTZ) s%¥% syst®my, vieoh keyncek & rzea rsitaadveenbi na® ao |
ktor® patri a: hasi apol pstabrbp® (HHP) acest e
PHZ), zariadenia na odvod teplasgpl od2 n horeni a, el ektrick
(EPS), zariadenie na hasenie iskigy m e u ma tdi ocpkr Tacvhnp ok¢oicahr nae uz §v

[2],[3.Pogi arnotechni ck® 2z arp aasd?eviaes. 2 ykn e f e loic & r
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sa priraNuj % naj m2: rozdekaheepesltaniby pal
odol nosti stavebnT ch kotnagvtireuk cpia&t.r i Ka ankatj2me
pogiarnotechnick® zariadenia:spPHZd?2 EPIBomrer
ktor® sa samostatne aktivuj ¥ do | innost.i

vykonaj % ur|it® Ykony, | alenie xgstavwerferrezyojg p o d m
pogiaru, zniguj¥% tepelne zaSagenie stavebr
aochranu majetku, lokaliz8ciu pogiaru, Vvhi

l i kvi d8ci 2 p[3.93taa mivl na® Nrer{as28HZE patriazikeakr ti 2avdn y m
prvkom protipograenggcrhbé&e&apehgnossB8ichvstaveb:
hasiace zariadenie, ktor® obsahuje najm?2 s
vyp¥gSaci u ar mat Yr u, signaltagd $akc 2 z ame cllldaemii zem
Sprinklerov® hasiace zmaj sapie@alaljipwejgFiac,me
anaj bezpméd=zij ghasi aci mi zariadeni ami , kde
popr2pade pena a ktor ®asm@ Joalis&d ahhkdeouaj m2 a
funkciou je v]idestaBdpodi kjpktbaw aSailaipatya larm o n
[2],[3],[4],[5].Sprinkl erov® hasiace zariadenia sa
pogi ar mi rtznych pudestompowyvs8§dakmfn2naa oc
skl adov, ubytovac2ch, ale aj inlTch zariade
pogi ar ovh apsoiuagc?av al 8t ka voda (alebo pena),
koncovkamii hubi c ami , ktor® sa nazlvaj¥% Asprin
| innosti auton-mne, selekt?2vAd,v8wr@dfi ul drept

[2], (3], [4]. [S].

EXPERI MENTICA SIA
Sn8rastom cel kovej vistavbyvyhdodwv arnt2zm

novich, veOkorozmernich obchodnlTch, priemy
potreba ich ochrawnygiptr2end spporgiinakrineda de#® t h |
Stabil n® hasiace zariadenie ako je sprinkl
protipogiarnej bezpel nost.i na ochranu p
Sprinklerov® hasia¢2kq zari adenia zabezpel uj

T Skr8tenie | asu detekcie pogiaru (SHZ

doby detekcie pogiaru otvoren2m hasi

prostriedok na spustenie SHZ.).
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Las detekcie pogiaru z8vis?2 od: ndem)bd al eno

mi esta vzniku pogiaru, nastavenia AotvS8ra
tavnej), nastavenia teplotnej odozvy pomoc

f Ochranu evakuovanchm boeszopbe§ m % |edvea kou § c |
Ochrana evakmévasfclhdosYbzmiestnenia jedn
ai ch mnogstva, navrhovanej intenzity dod§8v
tepel n®ho toku Mfngigmehoaakoi RLOvkavh mcest §ct
(hrani |l nTciht)e Goadxttit. vi d

T Lokali z8ciu pogiaru (Skr8tenie doby
Lokaliz8cia pogiaru z8vi sr2l cchd:osmmo § otzwa j I
nastavenia AotvE&race,] teplotyh tepel nej
zasiahnutejplochmavr hovanej intenzity dod8vky hasi
rozgirovaniu pogiaru, minim8lnej doby | inr

1 Ochranu budov maj et ku (Zn2 geni e tepel n®ho

kongtrukci 2 .) .

Ochrana budov maj et ku m&vigsz a@tihlor ODBtlbbkosati r oz
pogi ar u, nastavenia rilchlej vepPpkbeep &dap
hasiacej | 8tky (napr.: skladov® sprinklery
mi ni m8I nej doby |l innosti =zariadeni a.

T ZI1 ep goechmieempok z8sahu jednotiek Hazz
Zl epgenie z8sahu z8vishavdhovaeO@Okpstinteasi
hasiacej | 8tky, minim8lnej doby J|linnosti z
Adekvs8tny n8vrh sprinklpeojekdovepdiaziajpasabicefoi %
napom8§ha zni govaS pogiarne riziko, zval| go
alebo hrani|n® dOgky WVWébbd§neptechk¥erboVkte
nasl edbpvn®r ¢dstavuj %% najrozg?r enchranpy a ne:
maj et k ys ppagoSajbs sa samol i nne,t oa ® & hddaimi teise
ohni skom al ebo v bmagkiosuinkohni €l hasiidbog®anp
pogiarvev r dz8wzej a pogdgiar ur u(lpigm ipcokrhmmnz 8 s @
jednoti ek HazZzZ) za optim8lnych podmienok,
| i kvidygug5Sveda jaks hasiac | Sut,k kt oeBatj2evne | acn§g,
aekol ggind &g Y%e nvi r onnS8nsd retd&lgme . : zni Quj e se¢
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at o x ihc ksTpd od 2%l ihmomee ndcah | adz uj;%| denas@u@j® k on g

pipodpaéaytseu &r aj % podmi enky pr e ;nbagz¥% evlyrsio kzl §
stupeR spoOahl;inahevtain ® & %ddpliom)®&@ @sltaivky s ¥% v
uni fi kowomg@og$eich vyug@eiad i pBci 2t vpt bey cah
Sprinklerov®zariadem a maajs’ ercedostatkgp] : maj Y4 | en funkci u
pod kontrolu, z | oho v jpdndtkami&azzngiee jse¥s nvuht ondsr
na haseni epopdo gniaagpréact 2 m (j e nutn®adbdt gr gvasb
cena spriklerovej o @t ockrang skladev mrag Im& t 2Owndes k\ ¥
givotov je nagmajk“rwy @giles nre§ mélkykpammaovig@amomd o

shml ovli shemameaj esprhenten ®i novaS gkody sp!sobe

napr. pri tlakovich sk¥%dkach, ¥Ymyselnim p
mat ewd &8l reg8l ohasen? doch8dza k znelistenr
horeni a, | o mtge maS dopad na ekoadlogmic& ®s

prijat® adek®$prmeklbpamov@®nihapi ace zariaden
hasenie: s21|, aktedro® zoshesasbheutjk8 VIl y§,t kkyvookou® pr i
zva]l guj Y% ;sproajemgbpeémlich pec?2 aklyeshed i sogi at
k%4p e @9 8 0 k T ctdviacipbeac ] ch =zari aden2?, kde sa 2z
poudgit2m vody reova(@ wbal s2eznkioes t p o ¢di gapriestonov, z ar i a
miestnosti ani est a, kde by voda, ktor § vyt eks§

pogi arnve niichi kel i k§ci 8ch, podOa pltvodnej

SPOOAHLI VOSs SPRI NKLEROVhCHADEANXI ACI CH ZARI
Sprinklerov® hsasvpraxceEDPz aar i @ d &JiSiAa osved]l
naj spoOalklti2wejegipeo §i ar n oztaebcehznpeenide®odrzaauwr i a d e n
gi vot ¢ale apockrdnunajetkovagi vot n®h o rptrzonsytcrhe dk at evg -
st av e tbjekioe. o @RDa79747:2003sas p o O a hSHZ pohyujg v intervale
cca60i 95 %, zatiaOspoi slplodranvi v sida suiveadizah 2
viac ako 99 %5],[6]. Mogno prepdpokbadadh&rcriplakagie z
spoOatvliiawosako 99 % nie je veOmi pravdepod
sprinklerovpot vrdzuj Y“domjeamtag¥% v zmpamt ippogiraire
bezpel nos\M praxisavay\veskyli.ajpr 2 pady, keN bola ic
vyhodnot en&o T [5h¢éhejNaa z8kl ade rlznych za

vJaponsku, Must r 8dAia¢ ¢ Ve Okej Britgni2 wuvedenlch
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R.ak ol eskat 2uw 8 d z a

tl en%[ B]0.

pogadovanom

vy gadupreesapo Oahl i vl

tejto

19851 2002)aU S A
1 uv§8§dza

sprinkleroma akt i eg

v USA za sledova ®

Tab. 1

defi n2ndiee jp @aH laijmes Svplyvnens§
ohOadu Vit a baliOds@/
percentu8l nych

dostupn®

SpoOahlivos$S
Tab. 1 Reliability of sprinkler sfire extinguishing systensi n

spoOahlivosS spri-99%lperovl c|

Sg&Oxhal idveof i nuj e ako pravdepodob

ge
neakti vuj

| mee ,sppdajhéeé i Y00 v%pr2pade,

vtedy, ak sa
ci e
uveden® sdpoosCaunpl oi &nobsdtaij s el n
hodn't s prEDnk(lzeor ogvtTacthi shtaski
2 122008)EId[6],4], k9], [20D 0 4 Tab u Ok &
| 2sel n® percentu8l ne ho
naj |l ast ejgp eOalsprivlégsvia®R dao st at

o b[8].d&, [8le[9], [10].

taoigt?k

spr i n kBB USAY], [6]h[8],iI9% Ka] aci c h
ED al[5]d[6],yBE [8], [10]

zar |

Stabil n® hasiSprinkderyzari adeni e
Sprinklery vgeobecne Sprinklery | Sprinklery
smokrou so suchou
sYstays¥st a
SpoOahliviVgeobecn§ H9% |N N
sprinklerov VE B
Ochrana majetku: 90 % N N
Z8chrana ¢gil80% |N N
Sklady : 82 % N N
Hr omadn® gg>90% |N N
Obchodn® dag>90% |N N
SpoOahliviVgeobecn§ Hh95- N N
sprinklerov 98%
Nemecko,
aGvajliar
Cel kovs8 r(Vgeobecn8 Hh50% N N
strat8ch
sprinklerom vE B
Naj | ast ej|Zariadenie bolo 26,27 | N N
nedostatoodstaven®: |% N N
spoOahl i viChybavn8vr hu |13,56
sprinklerov VE B (projekte): % N N
Pred| astne
hl avn8 ar mg 763 |N N
%
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Nedostatol n N N
delenie: 6,78
Porucha na %
poplachovom riadiacon
ventile: 4,24
%
SpoOahliviVgeobecn§ HhH87% [92% 80 %
sprinklerov VUSA
Ochrana majetku: N 341 77% | N
Z8chrana ¢ilN 83 % N
ZhromagdovdgN 74 % N
priestory: N 52 % N
Nemocnice:
Budovy na KN 54 % N
aubytovanie: N 34 % N
Viroba:
Cel kovg8 riVgeobecn&8 Hh50i65
strats8ch %
sprinklerom v USA
Najl astej|Uzatvorens§ N N
nedostatolar mat %r a: 64% | N N
spoOahl i v|Vodanezasiahla
sprinklerovvVUSA |ohni sko po¢44% N N
Mal 8 i ntenz N N
hasiacej | §27% |N N
Manu8ly z89g7i117 |N N
syst ®mu : %
Nedostat ol 8% N N
Chyby (poruchy)
komponentov: 57 8%
Neadekv§8tng
sprinkl erov6%
N-nie s¥% uveden® ¥YWidaj e
SpoOahdpriorsiSl erov je r!zna, stavby 8whi s 2 n
prevs8§dzkarersd oa u, pogiarneho nebezpel enst v;

a druhu hor Oav ®h o smatvebrei §n a gninSdchizideajl®g)2 cdh v

parametrov.

VASLEDKY A DI SKUSI A
Vibor eur-pskej asocbBai 0pdi 9poavhi koC

ASpoOahil iswastnikl erovich hasiaci chi2902sa ®mo v
z8kl adel3%dkjav2e EDP ( SRSaolDR hbbalvan svABYH cadrt oti
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na z8kl ade zvol enej nsettvoad ipky? pva d% va, zk8evd ys 2h ¢

nehasilo (nebol o ¥Yspeg§gtPaoak annjo2dwsn e/ aa Ineathd
gktd. PodOa dane|j met o ds koyOajhd p wvigrelSlbeercanel
hasi aci c hkrzajrii m&dcen 2E Bhrane naajet@uddos#huje qra 90 @ra ¢
ochrane (cca 8t%tab.1)(ol, 6 [10. Naj |l epgi e wvaisl edky
Nemecko, GFapbkkas mkO a Isgkinkierovej $chrany dosahuje cca 95

i 98 % (tab.1) Vd* sl edku v yuwuji dchraay smpajiinkk8 @elm o ED d
vs | edov an o nedukchndeotber ik§ | nych g k30&o(tabd)ds),becne
[6], [10]. SpoOahsprviosiSl erovej ochrany z8vis2 n
nebezpel enstva, kdan®m s & h rvgynsedknydbtauj j ve' rl iya et «
nebezpelenstvo sa vyskytuje v skladovTIch
hor Oav®ho |rBato&kr) i, §lkud 8@ ¢ @a halaijpvnoi®dS) i%, al e n:
hromadn®olgah&dge®adomy vgKaQalctgviavaakoS09 g gi u
% (tab.1),[5],[6],[10. Zo gt ati sEDck I s h eodholihd-20020 8 5
vyplTva, ¢ge spr isngkd@anhalyi@va@sy setd®nvyn T@edl)nde! v o d
[5], [6], [10]: spri nkl erov® zar i,adypanvne8v blol o poajs ¢k
sprinkl erov®ho |hparse dalcaeshnoe zuazratavdoernem8 hl av
(armanédadt at ol n® rchel eaisieek yn ac hp Ppgrieaa®h o  pr i
poplachovom riadiacom ventil&/ ge obespe OabslpirvionskS er ovich h
zariadeA EWD rokoch 1985 2002 pohybuje v intervale cca od 82 do 9&é&h.1),[5],

[6], [1Q]. Met odi ky vyjadrenia Yspegnosti Ssprin
spracovania ¢t &EDiveSAisaddli ojhiatistikiaa G ANFRAR sa
povagujpr egmr aiag vaa ej §k lisapdoeO sk hsponkiergvej Sclarany

vyj adruj e ako YVali inmo dtuink Inmesatdieniaa spri nk
zariadenia PpSA zpogslaedovavi@O00Bdbmila 200 4L
f unk| priokierBv cea 91 % aictkl i nnosS cca 96 % (tz.: sc
pod kontrolu-e f ekt 2 vne z(tahl}5,i[8k [9pRPdd @a )danej met o
vgeobecnespo O& milamiran &s§k | ade k ombuUSAxead8h ®ho f

%, primokrejs Yast ave je cca 92 % a pri suchej S Yas
“uspegnosS pri ochr an®e?7 ntaj (edrkiu ndohsaocdygne] YatcaE
gi votov OQOud? cca §t&b.1)¥5], [B]p[B]iV dh K readjk us Wsytuaj\

sprinderovej ochrany W S A dosglleod ow anomedbkob?P kateri §l
vgeobecbHBeb6580(tabd)d5],[8],[99.-Naj va@ | gi e nebezpel enst
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vpriestoroch, kde pr ebspd@aheltinvoddsdS %k d e ajs ¢
nemocni ce, kde | e cc a ubyt@vani¥,kdeheucdacsd 9%, alea b T
napr2klad zhr oma ¢ dsopvoaCaihel ci a/roisés %0 r(w grad k6 |
S Yas t (@m1)[5],[8],[9].Z0 gt at i st iUSAVskedovasedoabjdoovb v 2 0 0 4
2008 vyplilva, ¢ge sppboQhlhajim®el sydsaj &my c b ¥d |
(tab.1)[5],[8],[9:uzat voren§ hl avn§ p mnterodtbro§ nd Yasmaanwi:
z8§sah donedsdt®aituol n§ Y%dr gba,neadeki§n klye mdwlrd
projektu sprinkl er ov(®a ad ehkavsS tancae h ® p )zianrki |l aedr

poruchyapogkodeni e komponent o,wodasnezasian& oheisko v T ¢ h

pogi aal 8§ intenzita dodB8yekobebs@obésmab] i viost
sprinke r ovT ch hasi &%Avmkoch2@04 20a8pehyblije wintervale cca
od 34 do 92 %tab.1)[5],[8],[99vz 8Vvi s| osti naj nma npao ¢kiaatrengo-r

nebezpel enstve.

ZCVER
Sprinklerov® hasiace zmajageQadsl¥% va&]| gpi

najrozg?2r eneijadicejprsat folfralkd iow ®t povhrafuumdjétku a
materi 8§l nyghOdmldintdsS spri nkl erbowlac lp ohhaysiug
vintervale ccaod 82 do 98 % geobecn8 prieentecran 8 hoWdnoza g
obdobie (tab.1),[5], [6], [10. VUSA sa spoOahlivosS sprink
v intervale 0d34 do @ %, vgeobecn8 priemern8 hodnot a
obdobie(tab.1),[5], [8], [9]. Na z &kl ade gt a€bszthiSaAk Tntohg nd a
kongtatovaS, ¢ge poudgitie sprinklerovej oc
vzni ku pogi ar ovma tzenriig&uljree fstnraantlyn,® zavy guj e
zdraviaayi vot ovn eQuads?l ead nej rade zlrespegia.j e ochr a
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ROZKLADNE PROKXUKRIUDOB/ANEHO

POLYSTYRENU ST2Z&R0ODOUERHA MOGN £
DLI NKY NA LLOVEKA

DECOMPOSITION PRODUCTS OF EXTRUDED

POLYSTYRENE STYRODUR 2800 C AND THEIR
POSSIBLE EFFECTS ON HUMAN

VERONIKAKAMENSKCDANI CA KAERKOV&A WEOKOVC

Abstrakt
l zol al n® mat ev§ Ere rpirzidisd akiacghvah aur nGrazviko@satdio n
tepelnejst abi | it e. Toxickl dym vznikaj %ci pri

nielen na Oudsk® zdravier&lcé ajnahgzgj eme
vzni kaj %ce pri rozkl ade extrudovan®ho po
zameriavame na ichmo gn® Yl i nky na | |l ovekast yrJ@ndn§
apol ycyklick®Oavonmakic¢ k ® paloz® ns2¥im tnoax i kcakr®@ ian
YVal i nky.

KO%| ov ® »stlrowdBavanl polysyr®n, rozkladn® pr

Abstract

Insulationmaterialsrepresent gerious fire risk due to their flammability and their low
thermal stability. Toxic smoke formed by the polystyrene burning megative effect

not only to the human health but also to the environment. In this paper we analyze thermal
degrad#on products of extruded polystyrene Styrodur 2800 C, with the intention of their
possible effects on the human. Primary on the syrene and polyaimatic

hydrocarbonswhich are toxic with the suspicion of carcinogenic effects.

Keywords: extruded plystyrene, decompositionproducts, styrene, toxicity.
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bVvOD
V s¥%W|l asnosti sa polystyr®n vyskytuje t:z:
sveta okolo n§8s. Ide o typickl polym®rny

(Ji ao, Sun 2014)v( maprpotuwlarvdmay, oldao m&ci ch
hrali ek, dom8cich potrieb a n8bytku) (Klu
izolalnl mamedeéeghejzasipal olvhnosti veOmi rlc
1999).

Spotreba PS katydmrmamastvgrajstBetmezpel en
Pogiare splsobuj¥% kontamin8ciu t¢ixvcctkd &ho
splod?2?n horenia (Dud8lek 2000). Preto je |
tepelnom zaSagen?2, a kj® h pr otdeurkmiyc ke g ni dkeag
nedoch8dzal o jednak k ohrozovaniu zdravi a
gi votn®ho prostredia. V zahranil 2 prebehl
testov S0 zameran2m predovget klomam@mupr o

polystyr®nu bola zatiaO venovamigermiceom mal §

rozkl ade XPS s% dominantnl mi prchalT mi P
metylsthPew®amkovanldiboklr yajaitekl®e@m,aol i gom®r o
(Jiao, Sun 2014 , benz®n, etyl benz®n, benzal dehyd
2015).

CieOom pr&8ce je porovnaS vivoj mnogstva
vz8visl ostpomzas a & pil oh e%lai nky na $ | prvedkst. a Wu
ol 8t kach vznikaj %cich priibbremwmgnpohyme@ga}
YWl inkdbtlove&a, | i givotn® prostredie.

Vlastnosti XPS

Extrudovani pol ystyr ®n, resp. vytl al ov
typoui expandovare®mu rlRl3l vipodktjekpS&§nenmnani aka
(Gubrt 1999), vNaka | omu sa poug2va na iz
budov, okenn® ostenie, sokle ter8s, |l odgi?2
mater i 8l P?r i b uzdastomquEdRNO5H oproti EPS sa aplikujerve n g 2 ¢ h
hr Y4bkach nakoOko m§ egte lepgie tepelnoi:
Medzi negat?vne vliastnost:i XPS patr? nebe:
ohor Oav 1l mraz kpelio§ ttabiltoulJiao, Sun 204 Napri ek veOke
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virobcov vyrobi S najrtznejgie retardovan®

vyskytuj % plasticv&a@®k®@mot vyl vpdlowdEre glaarkani a
2004).

VT r oXPa

XPS sa vyr8ba post upadinde opmoee§ nkiorom sak o e X |
vytl 8l a tavenina krygt 8l ov®ho polystyr ®n
UvoOnen2m tlaku na koncnapynbkBl akaptr ®hiob |
potom vzaoamkapgt® spzol aln® dosky. Technol
extrudovan®m& peldpsthyra®mid vplyv na jeho p
i nTch dr uh o(Webpgodup2015)y r ®n u

Styrodur C

Styrodur C e naj zn8mej g2 m tWNoaockn e xt
vyni kaj %cim tepelnoi zol al nTvnlakwy, Iroansahitost st i a m
typov je S yrodur C nenahraditeOnl v dopr avnc
stavebn2ctve. Apli kuje sa pri izol 8ci i ob
gi kmiteh esh, podl &8h, tepelnich mostov, st.i
staviteOstve zabezpeluje ochranu vol i mr a
farby, vyr 8§banl z pol ystyr®nov®ho granu|

extrudovan2pmev ME&s S ysotklaku (do 700 kPa pri

Produkty horenia XPS

Pri zaSagen2 extrudovan®ho polstyr®nu ¢
a200 AG@slaednou anallzou zachytenTch plyn
GCMS bol dvozkn§izka npr odukt ov (Vvi N tab. 1), k

chemi ckej gtrukt%ry rozdeli S do 4 skup?2n:
T deri vsg§t yemegm®@m®nu:ol u®n, etyl benz®n,
T xyl ®n,
1 benzaldehyd,
f deri vgtystsytry@me@nyulUst yr ®n, (Kiam@mys k §t y
Kal?&p VeOkovsg 2015) .
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Benzi®n z 8kl adnl aromatickl uhOovod2k (
zdrojmi rojpn@® wd rowabky (Snyder, Witz, Golds

sptsobuje z8vraty, vracanie, Yanavu, poci t
poruchami vedomiag e zor i ent §cishat odepreed®imoa. aDr §g§di
dichacie cesty skholpasJamiujkr klaag.OkBé mg®mc k |
hOadi ska z8vagnl pren& nmhkgankhospeh&RdreRI
krviniek) ()T u rEepkiodve8mi 2000009y i ck® gt Yudi e ukazu
| eukemog®n. NakoOko jieddei ncow oxiysk %vdrgltdkiu
mnogstvom tejto | 8 ky bola paercuk@8ap®B8i &dat S
Witz, Goldstein 1993).

Tol je&hoxi kol ogi cnke@heoj hnCeabdei zspkeal nT ako be
gkodlivl vplyv na kostn¥% dreR. Ak¥Wtna otra
excit8§cia ag opilosS, nauzea, bezvedomi e,
prejavuj ®2rnethakpnktag bol es Sami hl avy, Yan
Tolu®n plsob?2 dr §edliinwd |l hacpwokoghuk8ul ast
vzni kom kognlch ekzKbnmakempTamekom §e260p9s00Db
spojiviek, ketriaua iw étrHtggraku (kuttrell 20d2a) p a

Xylj® zvyl ajne zmesou troch i zom®rov di
ako tol u®n. Naj |l astejgie ot rak@t nsyn sopt irsaovk
dochg§8dza vtl i proimalgn rewairanomrpi est ore. Chroni ck

sa prejavuj e ospaploorsuSohua, mi maslp8stnnkous S(oTuu rae k o
2012k PubChen2015.

St yis@n Oahko abs o kdntakjom piorkloajlk®ai. o WP oa i nh
naj vyggia koncentr8hi akSdclymp@p&klr@misb 8d Sd vy«

rozpustnl v krvi, ktor8& ho transportuje do
podr 8§gdenie hornlTch dlichac2ch ciest, medz
perif®rna popgkonadppatlimaGdden( R008) . DI hgi a

smr S. Kpoonktoagkktous vyvol §va pogeram&ktainti 2ed k.o §®p
podr 8gidethémzavne svrbenie ol?2 (Luttrell 20
karcin@gg@®m. dUhodob®t ywry&nocawesnachzvigila mi
potratov (Luttrel!l 2011) . $tlyoywv@rka m$ plagol

chromoz- mov® aber8cie (Turekov§ 2009).
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Etyl bgrez®n8t ka dr 8gdiaca pokogku, dl ho
vysugemoirebu pOudeagrimatoit2du. I nhal §cia spt!sc

syst ®mu, sliznice. Dl hodob® vystavenie sp
pel ene, dSaghkamibtkio maxc a aj somraSmi Psrpi! ssotbyukjue ss |
omognl kardilomnog®Rma gleattrell 2011b) .

Benzaldehyds a absorbuje prostredn2ctvom gas
p OYc . HIl avn® Yl inky pri expozzcislizndeenzal c
dichac2ch ci BxumentakbA RO1.al ue

UMet y | sdiry§rg@ind e smi ral Rii sysgi®m2 splsobuj
slizn2c¢c v zYasgt?2avcahc,onkrtkkumka e. Pri vdychovan?
podr §gdenie slizn2c, pL&gkaderiiee jdl ckh aacs?icfhi
(MerckMillipore 2010).

Metyl et yprbiene®yc hovan? sptsobuje bol es

mi erne poruchegzkedodi e§©ued2a Nepriaznivo v

aoli. Nie s¥% doseppo®ukhhbecem8§cvevojovlich ¢
%l i nkachl oveka (NCBW| 28h0pfianpkaifei poyg®dg
pre |l oveka, avgak pltgeob?2rako BPastupo®®remp

gt udi e nem?gu potvrdip®szvihgan® chi niskd 1 MSc

Je podozreg, dgen®ry akgpr ®mwdukty rozkladu P
disruptory (Nagaoe t al . 2000) . |l de soplclobdmiék @&elg§t
zdravotn® %%l inky (vTvoijmowng,o nr@jpnrivozduek | magr, u g
endokri nn®ho s wsgeizn2012)( Unuvar , Bu

Tab. 1 Il dentifikovan® plynn® produkt
(Kamensk§8, Kal2kovg§, VeOkov§g§ 2

Tab. 1 Identified gagous producs of thermal degradation of XPS
(Kamensk8, Kal2kov§, VeOkov§ 2015)

y er mi
0 )

t
15

Mnogstvo

N§zov |

Vzorka A | Vzorka B | Vzorka C
200AC| 250 300

% % %
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benz®n 36,9 32,7 19,2
tol u®n 14,6 11,9 18,2
etyl benz 51 7,7 6,1
metyl ety 2,9 2,7 5,8
Xyl ®n 2,4 2,2 1,1
benzaldehyd 12,7 11,9 7,5
styr ®n 17,0 23,1 37,4
Umet vyl st 1,3 0,6 1,1
di m®r st 0,1 0,4 1,6
di m®r st 0,2 1,0 0,2
nei dent.i 6,8 57 1,8
cel kov® 100,0 100,0 100,0

Pozn.: Mnogstvg jednotlivich | 8tok predsHi
hodnoty2 sk an® marad lTeloul ch vzoriek.

VNal gej | asti sa vinmmo@rsitaehnazamenyt T
produktovvz 8 vi sl osti odi4).eploty (viN obr. 1

Mnogstvo benz®nu a benzaldehydu s teplc
zvyguj acou sa teplotou virazne narast §. J
porovhaA so styr ®nom jednoduchgie zl| %l eniny,
tepelne zaSagenT ni §gg?2 mi tepl ot ami, kedy
ZatiaO | o styr®n je naopak | 8tka so zlogi
rozklked e XPS s%% potrebn® v2&a| gie teploty, t . ]
mnogstvo tohto produktu v ( Kaomeowvakaih,z IKKalwry
VeOkovsg T0&5p poznatky s¥% v sw¥% ade s pr §cc
domnamt nTm prchavim produktdBm0® ®BE€pI| Mursé mer
poznamenas, ge termick8 degrad8cia XPS je
prchav® produkty zal2naj¥% reagovaS aj VvzE§j
produkty rozkladu X S vzni kIl v ni gg2ch mnogstvsgec
zmenou epl oty meni@Kdmeinsk §,i méd Inek.ovsg, VeOko\
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ZCVER

Dym, definovanl ako aeros-|, skl adaj ¥%c
plynnTch produktoch horenia je povagovanl
viznamn¥% rolu. VeOmi hustl dym je z8&vagnou
| 2m nrairaisk®& pre obyvateOov. Nepriaznivo vp
Dym mtge byS toxicklT, prilom |iasto] ky
ovplyvRovaS dichacie org8ny. Preto je dt]l
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horen?2 vmatverna8oom pr2pade zlogenie splod2n

nakoOko PS je najviac vyug2vanim polym®r n\
CieOom pr8&8ce bolo porovnaS vivoj mnogs

XPSvz8vislostipopadstBphkefhhena |l oveka, nakoO
predstavu 6 §t kach vznikaj ¥%cich pri ihdr em®gnpclhy
negat2vnych % inkoch na |l ovekanpajv?2lggomt

mnogstve styr®n, Nazd @, st¥o It ww® mpmnotdeu& z B & thging
Vo va|lgine prypaygecykback@®danBomati ck® uhOo
toxig&k®  8ren2m na karexinkgl®ogi c k@hSovkdyOmid i s
skupinu | 8tok, ktor &gpddkddozugjae crzamke vy iTwa te
20009).
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SPOTREBA KYSLCCEKRAMIPBRKIOM ZAs AGENC
OSB EXTERNAhM WMEPBKRMW

OXYGEN CONSUMPTION DURING THERMAL
LOADING OF OSB BY EXTERNAL HEAT FLUX

PETER RANTUCH, JOZEMARTINKA

Abstrakt

Tento pr2spevekojeebame&yahfPkaav priebehu t
z orientovanich triesok (0OSB). Testovan®
s hustotami 2kW.m?2, 30 kW.m?, 40 kW.m?, 50 kW.m? a 60 kW.n?. Ako testovacie
zariadenie bol pougitlT k-nicklT kalorimet
vspal i m@gsesh¥Y»c8u hustotou tepeln®ho toku sa
a, naopakklesa | | as do zaliatku pl ameem®@hao8 wioglems

cel kov®ho mnogstva s|paocstd@ehd 280asn 3B 6, 400ys,s | 2 k a
500sa6 00 s na hustote tepel n®ho toku, ktor®
byS logaritmick®. Korek@&rgachIthzowep&ph®bh

toku na vzorky vyggi a.

KOV4!ov®hoslemW§:, k- nickTI kal or.i meter, OSB, :

Abstract

This paper is focused to oxygen consumption during thermal decomposition of oriented
strand boards (OSB). Tested samples were loaded bylineatith density of 20 kW.m

2, 30kW.m?, 40 kW.m?, 50 kW.m? a 60 kW.n?. As the testing apparatus was used cone
calorimeter recorded oxygen concentration in combustion gases. As density of heat flux
was rising, oxygen consumption rate was increasing,the time to ignition was
decreasing. There were evaluated the dependences of total oxygen consumption in 100 s,
200 s, 300 s, 400 s, 50600 son heat flux density, that seem to be logarithmical
according to measured data. The correlations of thegsendiences were higher in earlier

phases of heat flux influence.

Keywords: burning, cone calorimeter, OSB, oxygen consumption.
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bvoOoD
Materi 8y na b8ze dreva patrdlahodob@my c
hOadi ska medzi veOmid: popyul §remme. odd¥%megao §

povagovaS skutogm2rsd&dnigemataerjiedingelomo i ®p !
ho zaradi S medzi tzv. obnoviteOn® zdroje.

Vi mer a | esnl Slovenskejzepublikewku 2013 bola 13419
ha, prildonevza8sbooblaa st ancdhenBing BE5, K5r ymi |
tesne presiahla7,8 mifn{1] T8t o drevn8 hmota bola vyugit §
energetick8 surovina, surovina staabnom r obu
priemysle gpodobne.

Pri termickom zaSagen2metdo evao @Rwpjl ®t val
uhlilitlT, oaliidiathaGmatuhGovod2ky. Pri vyg
nameran8 tieg vyggia kometehintu,8cpri loxkmdkon
oxiduthl i | it ®ho podl avmédiglgmauv ¥ORovalo drevo
mnogstva oxipdoul ouvhillin ®& tngnH@g sat vo met 8nu.

Ztroch hlavnlch zlogi ekzkd ada deamh 8k a
celul -zou, ktor§8 bBahlppoiroyklgdec®h z2zapVvonigkh
m:ge byS n8§sledne rozlogenl na prchav® hor
rTchl ogs Sk om r o[@]lsahu tepl tt .

Termick8 degrad8cia drekaygeakzi8okes8i .r
mnotgwso extrakt2vnych | 8§t okpourplooahu@wj en §pracsa
konverzie pri ni gg2ch tepl oi §oaRnuVyggiea zr
degradal npreabicbudagrad8ciu celul -zy pri
celzunle- obl ast. m:t gu z[@lbr §ni S degrad§8ci i dr

Testovanie smrekov®ho dr ev asampvuzraeteki z al o,
rovnako ako aj | as do zap&ltenmieaq dragdfa 2®\wih

Vplyv koncentr8ciw kwyghbr&ml cnha  sppraold2urk cp
pop2sali vo svojl6]j pr 8ci Martinka et al

206



[ADVANCES IN FIRE &

AFSE ¥
2018

')

SAFETY

ENGINEERING | p4ekis

a
100 154
1" — TG
gt
i --- DTG
© o ': l o miz=18
‘O T o ; II T} -1
80 |- 8 ] o N
< 3 >E 'S
© € ® 5 Y o
> S L i Q
9 S $e85 i & 9
2 a S68: <
g - . l 1 9!
2 60| ; .
E =
El
I ‘Er
40 i
20 ’-’ .IL“_.__’IH
0 100 200 300 400 500 600 700 800
Temperature (°C)
— TG
100 |- i --- DTG -1
sheo e m/z=18
© o ©
g 2_\'I\ £
]
o § ssc\: 8§
o 53 Ll c -2
g =l = o =]
F =8 K]
E= o o = ! : =
o D > o 0O : L] 4
S 60| o Soac: 2 x =
) N @
8 ' e S
= 1] 3
40 ! =
i
i’
!
! =} =
20 M
/
. S B n o w
0 ot |-‘-‘—'| 1 L L ===~y ====4 0
0 100 200 300 400 500 600 700 800
Temperature (°C)
Obr.1 F8zy r oz kiheandjfa) akkryesvi @ kvat ej [f{lb) at mosf ®r e

Fig. 1 Phases of wood decomposition in innert (a) and oxygen (b) atmosph§rg

Zobr 8lzku zr ej) m®,

virazne

ge

kysl 2Kk

vpl T

i nertnej

at mosf ®r e

obsahuj scom kysl 2k

kox i d§gcati®huoh I[[3Vky g k u .

doch§8dkar bko ndmrigocsiti rge &vC |
nas tnSavnaij e/s tf 08 zkya rplbra n ii ;g cc

Ryc hl K o la.

uv §d2gp,ad@ge vz ori ek

nemaj %ci ch

cel

kovl

al

ebo

r

c hl

0Ss

spotrebovanl

hor OQavosti ako

kysl 2k,

c elTkcohvi & suSv ou@NJ&R® vtaenpilao tae p |
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Pougi t ® vzorky
Testovan® hbrovhkbik o@QSBL, 4 ¢ m, charakterizo
3-kongtrukl n® doskypmuos tawmi@d2nasup ovu dhiktoise&Sow n

aj vn¥%t orn® pougitie. Z8kl adn¥% surovinu n
hmoty (93,6 %), polyur etpS8moviejnu( MOI,)7 @)viTc
bol gt wWdrgkowl st rahyhmdt cmsg8neael?2a od 73, 72
g. lch vl hkoSBN49 01039 ok 5 povd ©@a ky bol i na Kk
kalorimet ri termi cky zaSagen®&dote@p\ent. n TPmii ttd kerhit
hodnot §ch bolo mogn® predpokladaS pl amenn
predpokladanT hranilnl treomgeaeiendiz 2kwokfdole§ d72a 1
17,03 kKW.n?. [10)Spracovanlch bolo prvich 600 sek}Y
poskytpij%pagevnajni ggej pougitej externej
na z8kladn% charakteriz8ciu poliatolnTch

spotr elapotekbynsRlh2ok na ter mooxi dal n® reakci e

Vh SL EDKDSKASIA
Grafick8 z8vislosS spotrebovan®ho kysl

zn8zornen8 nAkobj&8zkuej m® grafy je mogn® r
1) obl asS do zap8lenia vzorky

2) obl a8
3 obl as

4 oblasS druh®ho rTchleho n8§rastu krivky
Prvg oblasS je charakteristick8 prakt:i

(vpQ8

ehbcngrastu krivky

(08

rovnomer n®ho ngrastu

ohranilen8 pol izatpRdmne ensvawva hkiiyeaj tde N Bez ev znce
doh§dza zlammedikat eOnej oxi dgci.i povr chu V 2
vodSahovom potrub?2 nad \ zdrok kw njcekaliom & lcti iow k
prostred?.

Po inici8cii vzorky zal?2na spotreba ky
zrefmes pl soben§ pomer ne vy sjoekhoou prollcihaltoksuS o uP ohve
egte nie je pokrytl zuhoOnatenou vrstvou,
hor OQavich |1 8tok. Vysok&§ koncepramenSeague pr ch
sva@l gzmtwimgeyzdugn®ho kysl 2 ka, | 2m viraz

vspal in8ch.
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popisuj Yca priebeh z8vislosti c é lals@®v @&h on am

hustote tepeln®ho toku m§8 preto vgeobecnl
m = A,In(9 +B (1)

kdenmgj e hmotnosS spotrebovan®PheekWsuUdBaanh &

hustota exter n®NVo?adeaBes|vn oo gtt akntt yv pl at n®
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Obr.3 Z8vislosS celkovasesPonaebhyskygsé2kapel n®h

Fig.2 I nfluence of total oxygen consumption in

Rovnice ako aj gtvorce korelal n®ho koef

vt ab ulD ko je zrem®, |l ogaritmi ck§ z 8nwansdroasnSl mji e

visledkami predovgetkivmeskom@dildmtks8§Z detst o

zvyguj e. Z8roveR s narmsatrajs%@i mBg | kasshogm gk d
nadob%da z8porn® hodnoty kIl es§.

TabuDka 1 Rovnice z8vislostZaseelUkmaejhusp ot eelyepley s

Table 1 Equation of influences of total oxygen c

Las (s) Rovnica z8vi {R?

100 m=10,59 dn(@g) 30,89 0,9907
200 m=13,461 Q) 33,34 0,9923
300 m=15,62 n(Q) 34,38 0,9861
400 m=19,901dhQ) 43,2 0,9731
500 m=29,554 ihQ@) 69,3 0,9570
600 m=34,75 @) 79,35 0,9713
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ZCVER
Z nameranich visledkov vy@OSBvae gmegp®i g

spotreba kysl2ka rozdeli S na 4 |asti, ktor
od zaps8lenia po vytvorenie zuhoOnfa§zeae]j

Yapl n®ho prehriatitaepelom®Riyo di@&wrsglpéhsiebzodt pys
vzorky smeromki gg2m hp8nové&R avyguje richlosS s
horenie Z§ vi sled sh® v @nn osgpsatvrae bovanPes Ukysede 2 ka v
tepeln®ho toku sa zd8&8 byS | ogakroirtemiaclkn§®h o

koeficientu pre poliatoln® f8zy merani a.

PoNakovani e
Tento pr2spevolAigkeolt “podpomo wavdlyvorj & wnlas
z8kl ade APWN-QOY7E2. |

Tento pr2z2spevok vzni kol vNaka finan| nej
preprojekt] . 00&/SZIW13: AVybudovanie viulbov®ho
pogiarov v |l aborat-rnej mi er kehf.
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STANOVENI E PLNRGODCKTOV
TERMI CKE£EHO ZASPAGAEYNSITAY RENOV PRI
TEPLOTE 250 AC

THE DETERMINATION OF GASEOUS PRODUCTS OF
THE THERMAL LOADING OF POLYSTY RENES AT THE
TEMPERATURE 250 AC

VERONI KA VEoTKAVANA BUBENOKEFC MURC ®

Abstrakt
Pr2spevok sa venuje problemati ke stanoveni

rtznych druhov polystyr ®nov. Pri képl ote
stavebnl polystyr®n EPS 70Mm,otpraivé mgg elkryl o
polystyr®n. Vznikaj¥%ce plyson®| pifotukotdypbeb
r Yar kachn ®8B&®dae anal yzovan® me thmanosinop | ynov
detekco u . Naj val] gz podi el st anov e ntb najviacp r o d u k
vspaling8ch zaSagen®ho EPS 70F. Tis¢gr®nlui. s

KO% ov® pesl ge§yr ®n (PS), expandovanl poly
chromatografii h mot nost n8 spMXtrometria (GC

Abstract

The contribution deals with the thema of determination of gaseous products of thermal
loading of polystyrene samples. Three kinds of polystyrene were thermal loaded at the
t emper at u riéuildng polgsby@ne £FS 70F, technical covering polystyrene

and foodcovering polystyrene. The rising gaseous products were obtained by ORBO
sorbents and analyzed by gas chromatography with mass spectrometry. The most amount
of determined compounds was styrenghi@ smoke products of EPS 70F. There were

determined several derivates of benzene and styrene too.

Key words: polystyrene (PS), expanded polystyrene (EPS), styrene, gas
chromatography mass spectrometry (GCMS)
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bVvOD
Horenie polym®rov je zlogitl proces, pri
chemicklyehk&l nych procesov, ktor® prebiel

kondenzovanoup | ynnoup If yBrzroawu af 8zou obkkapupg¥Ygouoti
gk 8l a mdduktowy c h p

Horenie plastov prech8dza niekoOkTmi ¢t !
def or muj e. nal ej nasn8vlaedmmea tjarlemi leqgr emripa.|
sprevs8dzaj % atjo:draoudkovt anpBk § vaavnyi ea t aaveniki ny, t
toxickich splod2n (MasaS2k, 2003)

Polystyr®n hor2 po zap8lendvs@Rujge tdan s
mnogstvoepadz2 Jaho vliastnosti s¥% st8le do

Styr®nov® polym®ry maj¥% veOami akeeriazinky
Oahko zap8liteOn®, rTchl &keNgei @ bbscal hnuopri2k @ h
reSazci fenylov¥% skupinu pri horen2 sa uvc

Zahrievan2m polystyr®nu doch8dza najpryv
zmerou VvI astnost 2. Pri vygogtzak ue@®k ®&ho cpho |ptrt
ge zal2na rozklad polystyr®nu za vzniku p
ako tepelnl rozmpkl2phadeagl Wset yrij@nuw.r o omntakmw
rozkl ad polystyr ®nu.

Druhamnogstvo produktov termick®ho rozkl ad
chemi ck®ho zl| ogpeandmi, en kaoah hmpnteploty dppra p/azdeu,c h
ge ide o plameRov® horenie poXiydtyhl®nloivt T ,

uhoOnatl, vodnie@pashh, okygkPé& py3tdma®®uhe
(Binek, Kal2k, VeOkovs§, 2014)
Podstatnl vplyv na tvorbu produktov ma

mnogstvo kysl2ka peoddokoneh®vbHedgnisédd m®,avir
produkt mi oxid uhlvodng, paxad Rhm®Omatkione
uhl il uh®doa&@®hwO & vysokl pretodge vznik o
Vpr axi ale nikdy nejddmkpnal @ohenénipeol tyak
obsahuj ¥% pestr¥% zmes rtltznych zl| Yiha&a&HhC n. | s
alasS sa zastav2 na nigg2ch oxidalnlch st
forme kadp®lsea®hw podi el uj pfodubkéa. nemus?2 ¢
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nhal g2m dtlegitim faktorom ovplyvRuj %ci m

Vpr2pade ¢ tha¥mgdeavrndant®hhoo apol yst yr ®nu t er moox
250AC. Pri teplote v rozmedz2 od 250AC dc
Vstrednom rozsahu tepl®t od 400AC do 700A
svysokou koncentr8ciu. Pmhnodetpvoter ik t7®W
charakter, zvygujteaksiac hvtgoa kp oodbnsi aehn ki act ho kn, e pvo
rozkladu (Faravelli et al, 2001)

Uva]l giny polym®rov prebieha tepeln8 degr
mechani zmom. ReSazec polystyr®nu sa vplyyv
radi k81l ov® |tarsitm®rey (gtiywm®®ryu)apt ¥t po®t spneplh
gtiepia na mengie produkty.

CieOom prs&8ce je anallza odobratlTch prch
vzoriek i zolaln®ho pBpBSrad0Fn8pskemysebalPbwo
uvoOnenich pri tepM®te 250AC met - -dou GC

EXPERIMENTCLNA L ASs
Experimentom sa 3 rtzne druhy expandovan®l

250 AcCommer al i sa vzorky vznikaj¥%ceho dymu
70F POLYFORM shr “4bkou 50 mm, ktorl je n®npougd?\
priemyselnl obalovl polystyr®n poug2vanl

amani pup ®&tciavian8r sky obal , konkr ®t ne menu

prevoz tepl ®ho jedl a.

Pri zahrievan?2 wvzoriek sa oddlh&«rngl i kuomi®k
zachyt8van® v sorbente XAD2 odberovej r %rk
| aborat - -rne, kde sa extrakciou do rozp%gs

Tie sa n8sledne anal yzovalispom@gkemothastnoup!| yno
detekciou (podXd20055TN EN 14662

Jednotliv® stanoven® | 8tky vo vzork8ch bo
| asthwmoa nostnikhi §gpekeiepektier NIST. Char s
vt abuOke 1.
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Tab.1: Charakteristick® i-ny, ktor® boli pougit®

Tab. 1. Characteristic ions used for the compound identification.
L8t ka|Pri m8rn Sekund8rny

Benzaldehyd 106 77,105, 51, 78, 50

Tol u®n 91 92, 65, 39, 63, 5193

Styr ®n 104 103, 78, 77, 51, 105, 50

Met yl sty 118 117,103, 78, 77, 91, 115, 51

Etyl benz 91 106, 51, 65, 77, 78, 92

di m®r st 92 105, 65, 196, 77, 79, 91, 39

V h SL EDKDMSKASIA
Met - dou pl ynov ehmoteobtmoo spektrometridaacf liie sst anove

viednotlivich vzork&8ch pirellodget kEmy bevVie
uv eddabh.®. v

Tab.2 : Mnogstvo stanovejneldenho tll8itvolkc hv vszpoarliienk§ cpho | y s
Tab. 2: The amount of determined compounds in the smoke ofé polysterenes samples.
EPS 70 F Obal ovli |Potraving§
L8t ka
hmot % | st odch.[ hmot % | stodch. | hmot % | st odch.
Tol u®n 14,41 6,09 3,38 1,19 2,16 0,61
Xyl ®n 4,21 0,06 5,44 0,32 1,59 0,34
Styr ®1 32,86 5,52 52,19 5,59 56,97 5,1
Etyl be - - 1,79 0,19 0,46 0,18
Benzaldehyd 16,64 6,28 25,67 3,6 30,3 6,02
Umet yl s - - 0,82 0,35 0,45 0,06
Di m®r s| 3,27 3,46 0,4 0,43 0,27 0,09
Proi teplote 250AC prebikzhagpl8d ebeée np lvazne R (
viednom pr2pade nedogl o. Postupne prebehl

vyparovala okrem vzorky potravin8rskeho o
teploty khepa PO mmil g%t ach trvania experi me
neroztopens§g. Pol as termickej degrad8ci e t
mnogstvsg styr®nw, ukanz akbabye@ w ra&qg  mP2 mi zZa
| 8t k menn g 3 m np osd% exidydol n@&hr ast yr ®n ume tEytlysltbyer n€n® nk
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zi stmal®om mno stowd elke npaa lreaw®mB8rasa keho poly

sme potvrdili tvrdenie Gurmana, Baierovelavinove] (1987) aiao aSuna (2014),

podOa ktorTch S e inddn ® rzoadecuhkytty pr i termic
Naj val| g2prpoodduiketlocvh t er mi ckej degrads8ci e
tvrdenie Rossiho, Caminalauda (2001) , podOa ktorTch p
produktov pri termiuckomrzaPaGemrm? spylr Wt yr
60
50 -
40
30%
20%
10
0 - . —
EPS 70 F hol 206 tRti{NI GAY+ NRE] &

Obr.1: Grafick® zn8zornenie mnogstyadaompodiiell ch %)X os !
Fig. 1: The graph of the styrene amount in the samples.

PodOa grafick®ho porovnani a n @rodukioch§ zku 1
termi ckej degrad8ci e m8 st YWpaj %ci char ak:i
spodielom 32,86 % ag po 56,97 % pri potrav
apotrai n§r sky obalovprpduksopgh®nhem®j ckej deg
styr®nu ako izolalnl polystyr®n EPS 7O0F,
neobsahujpo polBenersat ardde®rroavd 8hcoirae miod yast yr ®n
styr ®n jperdenboideulcah gi e .

ZCVER
CieOom pr2spevku bolo pouk&8zaS na tvor

zaSagen?2 rltznych druhov polystyrré@kladu pri t
pol ym®rneho re8anca8§ duebE®zannagstv® prod
plasty tvoria ve@&i ermio8llied pdu@ddkarwl cah v

zahrievanie nutn® nast8va, |i wug pri mi mo
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poug?2 kamdodennej praxi. Poznanie spr8vani

zar §nenie vzniku bezpelnossamohrej mékajyhod

splt!sobmi pougitia.
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STRECHA, LASSUKKONGTBRUDOVY,PRKTORC
POGI ARI DOPADMNAEJ NGRG&I E

ROOF, THE PART OF THE BUILDING CONSTRUCTIO N,
WHICH TURN OUT WORST IN THE FIRE

ANTON OSVALD

Abstrakt

Ll §nok s @mogmlodikeni,&t or ® ohrozuj % $Swvredomy p
novich technol -gili na protipogiarnu ochrar
KOv%| ov®rsdtoiviBagi arna ochrana, strechy
Abstract

The article deals with the risks threatening roof fires and design of new technology for
fire protection roofs.

Keywords: fire protection, roofs.

bvoOoD
O funk|l nosti striechl i sklugawwvals Wliehdgwe
dagNov¥% vodu. Tomu odpoved8 ich kongtrukc

ktor8 t%to % ohy dok8ge splniS najjednoduc

nie je. Mus2 odol 8vaS nVaerinaepnihwmiomno&oi nc
Mnohodtrechyt vori a nie | en funk|ln¥% ale aj est e
proi historbe#gyv &@®inmdcha | e | astou budovy
ohrozovan8 pogiar om. Tot o t wr dae npiree jveg eptlkay
striech. Zauj 2mav¥h sch®mu spracoval Babr a
prietok vody Adol e(dympbomieé &optcdmardi e Tak R a
po streche dole oheR pri pogi&va \sltAZipamnhi
%l ohu. G2renie podgiaru nemogno vyl % i S ani
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voda

Obr. 1 Anal -gia medzi tvorbou dymu a plnen?
Fig. 1 The analogy between the formation of smoke and filling water into the tank [1]

POGI ARE STRI ECH
Vtet o kapitole uvedieme |l en niekptOko pr

tistick® vyl2slenie paknmpipan ok, gstome ploaijae i
dl hgi e-2®&kmi h5, (podOa jeho vivoja a druhu
hor2pPpRa 15.6.2015 o 10:30 zachv§&til pogi at

SYbor striech zhorel aj pri pogi ari hr adu

Obr. 2 Pogiar katedr8ly v Nantes
Fig. 2 Fire Cathedral in Nantes
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Obr. 3 PoKif@snahrHHuka
Fig. 3 Fire of the castle Krasna Horka

Zl ogitosS hasenia pogiarov takl @hto st
ako aj pl ochou a r ozl 8h o uNecbeul dkeonv ®haom epnot goi va
potreby zasahuj Y%cich zl ogi ek, podhoysbht ax ok § ma
budovy, podmi enky, z@s&hoalpbdsaToykgegka

trvania pogiaru, jeho veOkjmsa3 ajkkoo dayj sspp isso
z8sallewnoduchgie nie s¥%¥ ani z8sahy pri h a
stregnlich nadstavieb. Jednim z taklTchto p

KadaR, ul .t&pl.bdhroghg§c&hf: €6y Z29bokR0OA3pc
SsY% na O Qobr. 4 |

Obr. 4 Pogiar obytn®ho domu KadaR, ul. K
Fig. 4 Fire dwelling house Kadan, street
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Vygetrovan2m pr2|in vzniku pogiaru bol
bol cca 1 hond.ohplr8sde nammotzZnal pougi ti a zn§
rTchlosti @g2ren2 pogiaru bolo zisten®, ge
odvetranou medzerou rozg2renl nad ostatn(¢

nedostatoln% vimeoui pkynovPna pogberan2 ko
doch8dzalo k op2tovn®mu n8rastu intenzity
vetran2m pri rozbef@9an2 stregnlich kongtrukoc

NAJLASTEJGI EVERE KUNPOGI AREBEGCNOMSPROSTREDG®

Tak akopr pogiaroch v inlch priestoroch aj
hovori S o nedodrgan2 protipogiarndopi di sci
noef ekt przlin. Ak s Zzoberieme przpad P
protipogi aranej pdiis &kiomlg2tmyn,t ne | Yapr ave okol
nedogl o.

K mnohTm pogiarom v stregnom prostred:?
Nedokonale odpr8&8§gen® prostredie vie veOmi

Drevo v sttrreugkrclicghc hkorbd va na povrchu, al
obj eme, pogkoden® drevokaznTl mi hubami al e
huby vykon8vaj ¥ biodegtrukciu dreva, ktor
Oahgiemu zap8l endmnl Rdrvenvackkoa zarkl jremypz 2 tkt or
vo forme prachu ako napr. Fuzahgkroklowi¢h
pr8cach sa zvyguje.

Odvol 8vaj a2¢c sa na obr. 1, dym st Ypa hor
spaOovan2. pPr¢t mol aptomm priestores Yalavne tparuehy
dymovodov &k om2 nove PNaukatziugtei kag, gktitamb§ Oke 1L ve
Kongtrukci a, ale hlavne Y%dr gkbcam2wmyokvu rzoosharc®
viznamn¥% %l ohu psrta evgznmoink up rpoos¢tiraerd®® .v. Dr uhT m
je nevhodn® skl adovani esthrl eadmem hprr dsatvrl ec? .r
faktory vytvoria domino efektohrpadiSarajmisqe
budovy[3, 5.
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Tab. 1 vEErm2 |lkiunyogi arov v stregnom prostred?2, ich p
Slovensku
Tab. 1 Causes of fires in the roof area, their number and the damage caused in 2012 in Slovakia
Pr2]lina vzniku PO!.e‘Pria,me
’ pogi a (0)
technick8 porucha 25 518 090
opotrebenie vykurovacieho telesa 8 43 470
opotrebenie dymovodu 52 81 665
zamurovan8 hr ag 35 134 040
gp8ra v kom? 31 149 595
net Xxom®nov® dv 7 7190
netesnl (neuzat 3 9 040
Vsl et 1 skier z 32 43 955
vyhorenie sa 443 95 870
ind§ porucha vyk!l 79 471 250
ymovodov a ko
Spolu 708 1554 165
K Nal gej , pomerne | astej pr2line vznik

prestupu dymovodoyv cez kongtrukciu strec
fotografi 8ch na obr. 5 z re8lneho pogiaru

Obr. 5 Zu®| h®ngtegenie prestupu dymovodu Kkon:¢
Fig. 5 Bad design smoke flues passage through roof structure
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Zprotipogiarneho hOadiska je probl ®mom aj

Tvar stregnej] konlgsngj bk ci & rmalr n&] floatoglr av i
pogiar 63.130 210Q.8/mPoodildrk weyhpwrkiolt ooht o sedemp

hot el a. Ako zo z8berov je vidieS pogiar
Evaku8cia ubytovéawol¢h zhaadja memangdagf&ndau di a
vumrtie. Aj keN podOa svedkov je zn8me mie:
ng&roln® aj pre zisSoylgteOov pr2lin vzniku

Obr. 6 Hotel Junior v Jasnej
Fig. 6 Hotel Junior in Jasng
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RI EGERRBTI POGI ARNBJINCBSEIZIP E
Najjednoduchg?2m riegen2m je dodrgiavani

kongtrukl|l nom hli®&grea? prse¢steecmowo dkoovm? nDW sat rc
priestory, ktor® vygaduj ¥% zvigen® protipo
in® zhromagdovacie priestory. V s¥% asnost
pogiarnych signali z8ci 2 ( Ed®RySQsaderketEBS a&pv est e
stregnlich priestoroch pomtge rilchlejgie ict
sa zalne zo strechy dymis§S. Las je v tomto
l i mituje pogiar.

Exi stuj ¥ aj Nal gi mejf eoltmolanygi e kproo ®i ps
vzni ku, ale hlavne zabr8nia g2reniu pogiar
tohto |1l 8nku, pr8§ve stregnl syst®m7je ide
zn§8zorRuje jednu z mo@nbygbt ®myghgol sgiliasnég
sprchov® syst®my), naj %l innejgie dok8gu I

Obr.7 Sch®ma sprchov®ho hasiaceho syst®mu Vv s
Fig. 7 Schematic sprinkler system in the roof space

Ak by ballovaai®n gtak Gotei viasmnajdenpegivar k
nebol takl Od&vlkst aljrel .vigka pr2padnich ¢
poruchovl ms psrpautsa ve@? an syst ®mu |

Zabrg8niS g2reniu pogiaru m! Ju ozgliaprot i
stregnl priestor na fikt2vne pogiarne Ysel
iba jej |lasS. To eliminuje vzniknut® gkody
zabudn®%S ani na %l inn% apl ik § widakumersujer ar ®d |
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na vibere z videoz8§8znamu. V. mnohTch pr?2
kongtruk|lnej a chemickej ochrany, to zname

kde je zvIigen®uriazinke wanicku Yip&dingt rukci u

00:12:43:07 *

Obr.7 PlinnosS retard®ru horenia pri debni]| |
Fig. 7 The effectiveness of flame retardant at the betest [3]

ZCVER

Pogiar je negelanou udalosSou v kagdej
nil2 hodnoty, ohrozujré&nz&ravineka @oogotyuO
ni kdy Yplne (100 %) mogn®. Pogiar sprev§8d:
aby modern® materi 8ly, techmolchgitekd opi @ k|
aur bani stick® dak§geamiiiSe amthcka®Bmw a | ast ®mu
zabr 8nil i jeho g2reniu a zabezpelild. mo g 1
arTchlu lokaliz8ciu a |likvid8ciu pogiaru.
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THE USE OF COQMPUTERTI ON I N TH
ANALYSI S OF OAFERE KEI REFIITGHTERYE
| NI TI AL TESTS

EDWARD KOWAL, PATRYK KRUPA, IZABELA GABRYELEWICZ

Abstract
It is assumed that one of the most essential determinants of the level of occupational

safety is the level of safety culture at a workplace. It is said that there is a correlation
between the numbeand severity of accidents and the safety culture level.

This work presents the possibilities offered by an original computer application for
analysing the level of safety climate. The operation of the application is presented on the
basis of pilotstudies of the level of safety climate. The studies were conducted at one of

Polish fire fighting units.

Keywords: computer application, safety culture, occupational accident.

INTRODUCTION

Taking care over the employees' safety is an obligation of alogen@nd results
from the provisions of law [6]. In economical practice, the usefulness of surveying
employees' opinions concerning occupational safety is often questioned. Current trends
in the field of occupational safety reveal that one of the mastezff ways of determining
directions of improving the safety is surveying employees regarding their preferences
concerning performed work. Underestimation of surveying workers as an effective
method of the evaluation of operation of the whole facilityased mainly in shortages
of the organisational culture but also from a reluctance of some of researchers to acquire
information in the form of surveys. Activities in the field of improving organisational
cultures require time consuming and stable operatidhese can not be nonrecurring
informational actions. Such activities should be planned and continuous. What is more,
results are not as spectacular as in case of technical actions, e.g. introduction of new
means of personal protection, new technolddinas or protection systems. Conducting
studies, we should be aware that the most effective ones are those which are realised
systematically, what allows us to compare data collected within particular years.

Economical practice proves that surveys inaRdlare most often realised on demand, at
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particular situations (e.g. the necessity of improving management, an increasing

competition on the market, a disadvantageous image of the organisation). Only widely
performed studies and their mtiltiyered analgis enable a reliable evaluation of the
functioning of a person at work. This is why, an efficient analysis of acquired data
requires proper computer applications, which enable fast and profound analysis, which

shall include numerous variables and criteria

Author's survey questionnaire
For the aims of surveying the level of safety culture, there was developed an

original questionnaire, developed by Izabela Gabryelewicz, Ph.D, Engr. and Prof.
Edward Kowal from the Faculty of Mechanics of the UniversityoZi el ona G- r a
guestionnaire was developed basing on numerous questionnaires for surveying the level
of safety culture. It included nine subject groups. Each group, contained five detailed
guestions, concerning a particular issue. Currently, the pumekides 45 questions and
covers all determinants of a high safety culture. fgrade Likert scale was used for
evaluation of the survey. Answers are graded from O to 4 points, depending on the
question form. A variable scoring in particular subjectugsoor even within the same
group, was aimed at elimination of a mechanical (thoughtless) completing of the survey,
thus a probable elimination of completely unreliable surveys. Particular subject scopes
and, as a result, particular questions, corresporspécific referents of the high safety
culture [1, 2, 3]. Table 1 presents referents characterising high safety culture with

questions included in the survey questionnaire.

Tab. 1 Relationship between referents of high safety culture and the subject sapf the survey
questionnaire concerning the safety climate [1, 2, 3]

Subject areas of the surv¢ Referents of high security culture

guestionnaire

Knowledge about occupation| Education and training of employees

safety

Views and believes Fastresponseto problems concerning safety
A belief that safety is a value connected w

every aim of an organisation
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Communication in the field g Communication based on common trust

occupational safety and health

Attitude towards OHS services | Stimulation of enggement of employees i
OHS aims, stating their importance a

necessity of realisation and team work

My influence on occupationg Developing the care over my and-workers

safety safety

Attitude  of  supewrdinates] Engagement of the tomanagement in OH
towards safety problems and leadership
Setting declarations of OHS policy and pro

procedures and norms

Attitude to OHS training Education and training of employees

Resistance to stress Stimulation of engagement of employees
OHS aims, stating tlre importance anc

necessity of realisation and team work

Motivation towards saf¢ Expressing appreciation to group and individ

behaviour achievements

QUESTIONNAIRE OF TO SAFETY CLIMATE ASSESSMENT

The aim of the survey is to learn from your views on safety in your workplace. Your answers are completely anonymous and confidential.

Metrics
Numer wprowadzanej ankiety Branches / Add a branch
| LV
Company / Add a company or depariment
| v v
1. Age * 2 Sex*
| COwomen ) Men
3. Workplace * 4. Education *
() Manual worker ) Primary
() office worker (O vocational
) Other () secondary
) Higher
5. Seniority * 6. Seniority in the current enterprise * 7. Seniority at the current position =
Cito 2 years Cito 2 years Oto 2 years
Crom 3 to 5 years (from 3 to 5 years O from 3 to 5 years
rom 6to 10 years O from 6to 10 years O rom 6to 10 years
' from 11 to 15 years (O from 11 to 15 years (O from 11 to 15 years
() from 16 to 20 years () from 16 to 20 years ) from 16 to 20 years
() gver 20 years () gver 20 years () gver 20 years

8. The level of safety in my workplace is
Overy high Chigh O average O low O very low

Fig. 1 Basic information concerning the survey questionnaire to measure the level of safety climate
(own elaboration)
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V. My impact on safety

I have influence on work safety
| feel responsible for the accidents at work
Employees should warn each other if they notice any dangerous behaviour of their colleagues ()

I am willing to warn all my colleagues if they nofice their behaviour is dangerous

TN A RESRC [ ek

I warn my colleagues if | see their dangerous behaviour

VI. Attitude of the superiors towards safety

Strongly

Lp. SUonOY agree Neutal Disagree e

ag
Safe behaviours are rewarded
| take risky actions under my superiors’ pressure

My superior does not care about safety

Accomplishing the work norm is more important than safety

e W e =

Employee taking risky actions is found more valuable than those who work safely

Fig. 2 A fragment of the survey questionnaire to study the level of safety climate
(own elaboration)

Characteristics of the research subject National Emergency and Fire System in
Poland

Working as a firdighter (professional or voluntary) is related with numerous
threats during performing such profession. Hazards occur during rescuing, trainings,
coaching and other activities resulting fraéhe obligations of the profession [7]. The
scope of these obligations is constantly subject to expandingfidgtiters, apart from
their traditionally perceived activities, i.e. fire fighting, participate also during natural
disasters (flood, earthqugkeommunication accidents, epidemiological threats etc. In
accordance to legal regulations, one of the fundamental obligations of an employer is a
protection of health and life of employees by providing safe work conditions using the
best scientific andethnological means [4, 8].

In Poland, since 1995, there functions the national emergency and fire system
organised by the National Fire Service, the basic aim of which is protection of life, health,
property or environment through: fire fighting and figigti other natural disasters,
technical and chemical emergency and, since 997, ecological and medical emergency.
The National Emergency and Fire System is an integral part of the state's internal safety,
includingprognosesdetecting and fighting fires, nahal disasters or other local hazards
in order to rescue life, health, property or environment [4, 8].

As of December 31, 2013, within the National Emergency and Fire System in Poland,
there function [8]:

233



,-“y [ADVANCES IN FIRE & S AFETY
N ENGINEERING | [ljks

National Fire Service Headquarters,
16 State Firé&ervice, Voivodeship HQs,

335 province and municipal HQs of State Fire Service,

500 (including 5 school) emergency and fire units of State Fire Service,
3.993 units of voluntary fire service,

4 corporate fire units.

On the basis of concluded agreement® $ystem is supported by services,
inspections and guards, including:

Police, Border Guard, Environment Protection Service, Institute of Meteorology and
Water Management, National Atomic Energy Agency, Mines Rescue Stations, Maritime
Search and Rescue 3, Polish Medical Air Rescue as well as {gmvernmental
organisations: Mountain Volunteer Search and Rescue, Volunteer Water Rescue Service,
Tatra Volunteer Search and Rescue, Polish Aero Club, the Polish Scouting and Guiding
Association. Polish Red Css, Polish Muntaineering Association [4.8]

Such wide scope of activities is related with an increasing number of activities and
interventions. The chart 1 presents the number of interventions of fire protection units in
Poland in the years 20002010. According to statistical data (chart 1), fire fighting
actions constitute only a small part of fire fighting units activity. Most cases include tasks

related with local threats to people's health and life.
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Chart 1 Number of interventions of fire protection units in Poland in the years 2002010 [4]

234



"y

¥

N arse 7Y
2018

[ADVANCES IN FIRE & S AFETY
ENGINEERING |

2015

Despite an increasing number of fire protection interventions, the number of

individual and collective accidents in the years 20P@08 is not increasedt regularly

decreases (Table 2).

Tab. 2 Number of individual and collective accidents during service and work at fire fighting
service (professional and voluntary) in the years 20042008 [4]

2004 2005 2006 2007 2008
Total 1844 1684 1376 1545 1512
Individual 1828 1670 1362 1530 1501
Collective 16 14 14 15 11

Table3 presents reasons of accidents and their amount. Grey marked are the factors which

can be referred to as so called human factor. According to calculations, a half of accidents

at work is caused by so called human factor. This is why, surveying the lesafietf

culture in an organisation is so essential as the human behaviour has the largest influence

on occupational safety.

Tab. 3Values of causes of accidents in the years 2002008 [4]

2004 | 2005| 2006 | 2007 | 2008
Wady konstrukcyyji eavg ar 20 19 13 5 7
wykonywanie lub lokalizacja czynnika
materialnego
Utrata wytrzymagoSci 65 |61 |44 |44 |54
konstrukcji lub czynnika materialnego
Ni ewgaSciwa eksploat ¢34 |23 |7 11 |5
Trudne, Siliieskiwvenepr z ej|325 (276 |247 |258 |313
podgoUe
Brak, nieuUywanie, ni39 [25 |10 |24 |16
nieprawnoSi Srodk- -w ¢
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Ni ewgaSciwa organi za(5b 9 6 4 7

Ni eprzestrzegani e pr 136 24 22 12 8
ni ewgaSci wepracy konywa

Ni ewgaSci wy stan psyd(6 38 |11 |8 9

Ni eprawi dgowe zachowg1029|933 |637 |842 |720

Brak lub niewgaSci we]|5 5 3 2 28
bhp albo niedostateczne przygotowanie

zawodowe

Nagge pmedymaidnke przyczyny 206 | 187 |191 |180 |182

Operation of computer application- results of initial studies
Results are obtained from the pilot research of the level of safety climate at one of

Polish fire fighting units. 30 randomly selected employteek part in the study. They
were of various age, job seniority, education, etc. Pilot studies allowed introducing
modifications into the survey and a verification of the correctness of the operation of the
computer application.

The application was develeg for persons who conduct studies over the level of
safety climate. Basing on these data, there were developed radar charts (Safety Culture
Grid), which visualise the level of safety climate, depending on a particular group of
employees and present thevél in nine categories. A radar chart constitutes a visual
representation of obtained results.

The idea of a computer application arouse during studies over the level of safety
climate at various companies. Initially, having a low number of surveyandigsis did
not cause significant difficulties. Along with an increasing number of surveyed persons,
a manual input of results was very thvad workconsuming. An analysis of acquired
data, at broadening that analysis by various aspects, resultegeinddficulties. At that
time, there was an idea to "automatise" those activities using digital survey and an

analyser [1, 2, 3].
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The application precisely images the questionnaire to a measurement of the level
of safety climate. What is more, it extentthi® scope of functions and enables their
completion, without a necessity to modify the basic survey. The main advantages of
implementing surveys using the developed application [1, 2, 3] include: collection of all
study results, dynamic generation of lesanalysis, graphical presentation of analyses
using charts, creating accounts for researchers, conducting simultaneous surveys (using
several computers), mobility in the case of working on a computer, a laptop, a tablet, a
smartphone, the possibility totroduce prompt amendments in the application, further
expansion of the application.

Most of all, the application enables a complete image of the level of the safety
climate of a studied enterprise (chart 2).

1. Knowledge about work
safety

IX. Motivation for safe

%
behaviour Ck.!

I Vievs and beliefs
74% 60 %
40 %

VIIL. Resili to st 0% s 3 1. Communication in the
B scope of health and safety

0%

72% 1%

Vil Artitude towards 62 % IV. Artitude towards health
health and safety trainings and safety service

79 %

VI. Attitudes of superiors V. My influence on work
towards safety safety

Chart 2 Total level of safety climate in arenterprise (own elaboration)
The greatest advantage of the application is fast filtering of collected data in

accordance to a set criterion. Chart 4 presents the safety climate level depending on the
employee's age. Chapter 5 presents a change of the efilhe safety climate level

indicator depending on the employee's age.
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-+ do 20 lat: 0.27

4 20-29 lat- 0.47

& 30-39 lar: 0.51

= 40-49 lat: 0.52

IX. Motywacia do Bx - 50-59 lat: 0.53
I Poglady i przekonania

60-69 lat- 0.57

I. Wiedza na temat bhp w
zakfadzie

bezpiecznych zachowafi—" -]

ViIl. Odpormoié

na stres

VIl Stosunek

do szkoled z zakresu bhp V. Stosunek do stuzb bhp

VI Stosunek przetozonych V. M&j wphpw na
do bezpieczefstwa bezpieczefstwe pracy

Chart 3 Safety climate level depending on the employee's age (own elaboration)

do 20 lat 20-29 lat 30-39 l1at 40-49 lat 50-59 lat 60-69 lat

Chart 4 Safety climate level ratio depending on the employee's age.

Collected data can Hdtered in accordance to employee's gender, job seniority,
education, etc.

The application presents also a graphical form of data collected from basic
information of the questionnaire concerning the level of safety climate. Chart 5 presents

data concernig participation or knowledge of a person who was a victim of an accident.

CZY KIEDYKOLWIEK ULEGEES 7Y BYEES SWIADKIEM WYPADKU CZY ZNASZ OSOBE, KTORA ULEGEA
WYPADKOWI PRZY PRACY PRZY PRACY WYPADKOWI PRZY PRACY

Tak: 33.0%

Tak: 48.0 %

Tak: 80.0%

Tak [ Nie Tak [ Nie Tak [ Nie

Chart 5 Cumulative statement of collected data concerning participation or knowledge of a person
who was a victim of an occupational accident (own elaboration)
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SUMMARY
The application for evaluation of the level of safety culture enables a fast and easy way

of analysing data acquired from surveys. A traditional analysis is often regarded time

and workconsuming. In order to facilitate that process and make it more precsger

to achieve all possible solutions between particular data, an IT tool is indispensable. It is

wholesome software, fully flexible, which can be modified as well as it is possible to

create new functions (modules). The presented tool can functiannasbile survey,

which can be used at every place with an Internet access and it can be completed using

any device (computer, laptop, smartphone) having a web browser.

The study tool in the form of a computer application would meet expectations and could

be used in practice for analysing the level of safety culture in an enterphse.

conclusion was draw on the basis of other studies conducted by the research team.

Activities related with an improvement of safety can not be single actions, they have to

constitute an integral part of a company's philosophy. They should never be completed

what is one of the Deming rules.

On the basis of an analysis of study results using the original computer application, we

can draw the following conclusions:

- there is great differentiation of the safety culture level, depending on personal traits
of employees;

- cumulative sheets of study results enable a general orientation which of the safety
climate parameters require special care in the preventive actions;

- preparedesearch tool (survey questionnaire) reflects the most essential parameters
of safety climate of an organisation and (according to respondents) does not cause
problems in its practical use;

- the safety culture level at an enterprise is related wittrganisational and social

culture and employee's personal culture and his/her behaviour in everyday life.
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VPLYV PRDDENIKUVMEAUROZVOJ POGI A
VMOTOROVOM PRI ESTORE

THE AIRFLOW IMPACT TO INTENSIFY FIRE IN THE
ENGINE COMPARTMENT

JOZEF SVETLCK

Abstrakt

Poveternostn®@aijpro¥ddepreink y vadallc’h u mot or ov®h o
avmot orovom priestore maj¥% priamy vplyv na
predstavuj ¥ pomysel miergewvmniesti orevn®vg&kyev?
pr ¥Yad e n2 m mommrbuomm priestore akolo vozidla pri jeho jazde wlyvu na

rozvoj pogiaru.

KO%| ov® sgioar§,: automobil, vietor, pr¥%denie

Abstract

Weather conditions and in particular airflow in motor vehicle and engine compartment
have a direct impact on tltevelopment of a fire. The different phases of burning are
imaginary equation of balance of power and energy in space. The paper deals with the
airflow in the engine compartment and around the vehicle when his driving and

development impact fire.

Keywords fire, car, wind, air flow, experiment.

bVvO

Rozvoj pogiaru je charakteristickIl f§z
podmi enok pogiaru je mogn® mpamemafigéclke pelp
hlavhe u 8t orkat ear i 81 ov pevn®&mciskug@enpubvlai.k o\
experimentov [2,3,5] sme s amamovdnenestdre, aj o

v pr2pade, ge sa vozidlo p o hry8bnugjie . r iEexgpeen
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viskumnejsp%l amppsaSt rednou gkol onyvQ@idginaer.ne
Cel kov¥% koncepciu tlestov vykresOuje obr §zc

L

L] 1
Na otvorenom V uzatvorenom
priestranstve priestore
— I
1
Experiment C Experiment E Experiment D

I Pogi preskoka

Mot orovi Eb Pr2stroj { pl ameRa n
ml’Feskok pEEMY Tot §l ny L aparkova
" R

Obr. 1 Z8kladn® experimenty horenia automobi
Fig. 1 Basicexperimentgarried outurningcarskKPI G U

1
Experiment A
i ni cingoi Experimnety B
rovom priestore

AP reskok p

PODMIENKY EXPERIMENTU

Experi ment bol zameranl na simul 8ciu po
voOnom priestranstve, peéaskmks| pdaméBa od:
automobil . N§por vzduchu (simul 8cia jazd)
ventil 8§t oolao MHeoalknbewds@most at nl chvoghok usoc
pr2padoch i nintoit8ocrioav opnr epbreihel sat owr e . Umi estne

vidieS na obr8zku 2.
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Obr. 2 Umiestnenie pretlakov®ho ventil 8tora
Fig. 2 Location overpressure fans in the simulation driving the vehicle

Na experiment bol pougitl pretlakovl v
pr %dernlicchloost i T2t m. pokus je vo visledkoch
C2 je i GBkbezpiuctkilt isa pretl akov®ho ventil §tor

=
3 2
2
g 2
o j=
o )
= Q
Q 2.
3 =
= [=}
g =
EXPERIMENT C1 EXPERIMENT C2
Obr. 3 Umi est nenmieestteor monlilc8 n8kcoive a
Fig. 3 Location of thermocouples and initiation site
Simul ovanT po§ineort obroolv oimm ipcriioevsatnolr ev vozi

mot or a. Mot or elv@ldzkalwris atelpl ma upr | 2m bol a
polas jazdy. Po zahirniadi2ovbaonT npootdoirarv.y pBoult
gtvorcov®ho tvaru s rozmer mi 5 x 5 ¢cm i mpr
horenia bol paoucittolr Tpn @md R ffidkl eeap8l enT .
pol as zap8lenia (inici 8poe zapg8kena) saolu
Suzatvoren2zm kapoty bol spustenl pretl ak

vzduchu.
Pokus (Experi menetz 2o)ubjoilt iiad evnetnitcikiT§ thor a
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