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ZVYGOVANI E D LVONYWAKS HASIACEJ
LCTKY POMOCOUEHASGACU HYDREXE

INCREASING THE EFFICIENCY OF WATER AS
EXTINGUISHING AGENT THROUGH THE
EXTINGUISHING GEL HYDRE X E

Barbora BALCOVC, Pavol RUBI S

Abstract

Extinguishing effect of water can be increased by using different ingredients. One
such ingredient i s Hy dis based Bn polym@ré After they pe o f
reaction with water is changed in a matter of few seconds to gel with high adhesion and
l' i mits the spread of the fire to unaffected
reduce the water consumption for ffighting and to an enormous increase of its-fire

extinguishing efficiency.

Keywords: fire fighting, burn,Hy d r gfire exinguishing medium.

1. bVvVOD

Vi1 8nku sa budeme zameriavaS na hasenie

bytov® domgjpazgimerikej g2m form8&m blvani a.

byt ov® domy. Bytov® domy s% charparketeer i sti ck
kvsagi t koveapolptt wcbleyvat eOov. bWtravThcats ejné d rpootgki 8acr
potrebn® minimalizovaS spotrebu hasiacej vod
pogiar u, aby sa minimali zovalt ohtko dd/* w@pd s oda

Vvyv2jaj¥ nowni@®spmatgidy mhasenych pr2mes?2 do

napr2klad spom2nanl Hydrex.
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Spotrebu hasiacej vody migeme znigova$S po
pr2sadou {feorHnwdraex ETento druh pr2sady je n
vodou sapmeaBehw niekoOkTeWns oskeoku¥npr inCn ayg
aobmedzuje ¢g2renie pogiaru na nezas+4 ahnut

formula dohg®haa kpotreby vody na haseni e

kontaminovanejv o d y , ktor8&8 wunikne do ¢givotn®ho pi
hasenie pogiarov, nie | e ej ebdiooviactgli ckrye odit
vplyvom UV ¢giareni a. S ohOadom na tieto sl

cieO experskngmad $olshk i pprrie h a spern2?2s apdoodui -aH yodvr es
formula.

CieOom experiment8l neho sk¥mania bolo
vhagom pr2padechds jde e wvherinédb kaeo s8k umno, ktor ¥ s
pr2stroja pre dkhgkud rodklowo ensathaothddavnia | as
vystavili priamemyp | a medRQug koe 25 mm. To sme opnakovald.
vzor ke postriekane] Hydr ex om. Vo vget kT

opakovania pre relevantnosS visledkov.

2. SPLASNAN SHAEFI AROVOSTI HB YEDDNOHEK NA
DZEME SLOVENSJWBEKYPREBFGI TC METODI KA

Gtatistiku pogiarovost. bytovich |jedn:
Bytov® jednotdkpniscth vwibywormhcha bpd8&u8chsa
zameri avame |temv Inah pjoeju yatanel edky wudov §c h. J €
val gieho ohrozenia os'!b raokdoi nmric hb ytoomolcdch
ktor® sme pougitejtnoa ksappriatcoolveannm &@m vbol i p C
v Bratislave.

Za obdobie rokov 2006@011 bolpr i bl i gne kagdTl dvadsi atf
bytovej jednotky vobytnom bloku. 2z oht o pohOadu bol naj hor g
kagdl desiaty z8sahopggnam bybauej Ppedhdwv
rok 2011 kedy bol iba, kpgdl advagsNaight; y
obr 8§ zsku Yidaojge aad ovosti Gemfojbs dmat) leelkd@many ek yo.
polte ppgibeopodgiarov bpyonlch [osaiomt hek V

9
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st Opci je percentu8l ne votjiaddk enhae cpbigbapomv
pogiarov na YWzem2 SR za stanoven® obdobie.

15000 M -
12000 = - — @ B
_ ocot " 0 11N NNl rl
w3 —— - - —— — - —— —— - - —
o 6000
o)
o~ | B S B B B B S
3000
0 1 Oy ey ey ey ey ey ey o
200020012002 20032004 2005 2006 2007 2008 200920102011
Rok
I St1208 LR6SITLRPOSE NRBOAFI NRD @
Figure 1 The ratio of housing units fire of the total number fire
Pri kagdom pogi ar. byt ovej jednotky s¥

Najvalgie gkody vznikaj¥% samaotinipogp agioarho ns
zapol ?2gtkaond®y ,ajkt or ® vzni kI i pri l'i kvi d8ci i p o
Na nasl edru§zZkwm2 ob% zn8zornen® gkody sptso
jednotekvo byt nTch bl okoch.

2 100 000
1800000
@ 1500 000

™ 1200000 1
! 900 000"

600 000}

300 000"

0 .
20002001 2002 20032004 2005 2006 20072008 2009 20102011

Rok

FHgure 2 Damage caused by fire in the fire housing units in residential blocks

Ako j e uwiedieen®hm grafu najhorg2m rokom bo
pogi artooowhH clhy jedyoni ek Wbl okoch KWWOGXKodEmM pr i

10
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Vposl ednom obdob?2 sa gkody pr0000p0o0g ila r oTcihe ti
“wdajgkod8ch vgak presne nevypovedaj % skuto
vspr §v@salmla odhadn%S gkodaskwptlslorbents§i pwoay
vyjadren2 poisSovn?2,, gkody opysanbem®bp oki
pohybmug Zmedz0000R061 & bol ne.

3. HASIACI GHYDREXE
Hydr ex j e medzing§ropdo@i auwrznne§v aa ¢ h rparnoyd u
Vvyr § bMeméckuvp ou g2 Eaml pe, Kanade, Austas§lii,
v Juhoafrickej republikeHy dr ex j e pol ym®r na b8ze zmes
materi 81 vy, ktor® sa zv?]| Ryidag# mn a og fiMade b n k p mt
zvyguje |jej.T¥l iznnoakmeon 86 009% 800 | g®l u HYD]I
ako 4800 | v\pdrya xbie zt oa dzint &nvean. § :
f MognosS vyugitia meng2ch Oahko ovl §
f RTchlejgia, ciel egmoSnokmmut rmelna i zdroo jta
T bspora | asu.
T bspora vody
1 Zn2 genie pogkoden2? spltsobenlch vodo
Pri pHyw g ietxu, 90% hasiacej vodyaizoSujSe a
maxi m8l ny chl adi aci Yal 1 nok . Hydrex ako pr

AAm: ge byS pougit8§ na priame hasenie, ale

Figure3 @ RNBEt

Hydr ex zamedzuj e nebezpel n®mu sp2tn®

vytvorenia soli, ako klryomas| merin®hom gmat

11
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Hydrexr oz p2ag86a. 7 dn2 na denieadl ehpgi kil aieofe.
nevstupuj e do Vavodeh @&c 2ncehut aige qty., a preto get

prostrediu

31Dl innosS hasiaceho g®l u Hydex

Najlastejgie sa ako hasi dcasth®ska podg?v

zal ogen® predovgetkim na jej chl adi acom ¥l i
teplotu pod bod vznietenia, teplo je odv8dza
vody oldydrexlzivee.guj e viskozitu vody, |l o je pr2]|

hori acemu umatjeRruij &l « Tan vytvori S jeho maxi m§l
je dl hodobT .

Revolulnl %uimok wWydcmuk€zanl vo veOkom n
vykong§wanNermeck®ime ipgge i 1 eteck® a vesm2rne t
pougit® r!zsiemudaotveani8lhy al e .R9| yre®&r nyktkl cduju
vodu a viage jjg,odl2ememsiau paleeBwiparpvartul i § r 1T ch
PDlinnosS pougit®ho g@®bune Hy galirk&agfkENeain o h on §
preuk8zan®, ¢ge hasi aci g ®lI Hydrex zvyguje po

el
3

Teplota poZiaru

Bez hasiva

Cas podiaru [s]

Figure 4The fire progression curve confirms the effect.

Z8kl adn® vlIastnost. g®l u Hydr ex:
T RTchlejgihej gi eadnkgkenisktuepbgt gr u.

12
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f OheR je uhasenl v kratgom | ase pomoco

1T Po odparen? vody s a na povrchu has

vpodobe slanej ktrky, ktor& zabraRuj ¢
splsobuje, ge hPhwdavhimateri 81 je oh
T Vytvor 2ubcahrlia®riuacpr oti vygarovan®mu t e|

f Pomocou g® u Hydrferxeprmad§ mo uz alar Snuis® dn ®

4. EXPERI MENTCLNREI EKBMANNOS THH MH AGH LAL

HYDREX

Experiment 8l ne sk¥mani e h a s thanciakdmo g ®| |
| aborat-riu na katedCe Opmgiexrpreeehomeinh i mie ¢
bolo pozorovaS zvohagaii po? Padsw cshg¥ kderdeavad I
doskuohr “abke 8 smme \ltowgi¥ i do pr2stroja pre
virobkov mma wotherRgveanl | as s mpd ajmedRuykoe a5 |
mm. To sme opakovali na mokrej vzorkena vzorke postriekanej Hydrexom. Vo
vget kT ch pr2padochakavagkangval ireveaanrt @0 ¢

™
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Figure 6Hydrex mixed with water in a specific proportion

Na vykonanie pokusu n &ody anlgdrexilac 7wy hovouj e
predstavuje 3,759g Hydrexu na 0, 51 vody. T8t
hustoty hasra®ehwog®iuna povrch telies pogad

Skwugka reakcie na oheR vybranlTch vzoriek
CieOom tohto pokusu | e jdoskgahir3bkealkBcimm,na
aporovnaS jednotliv® vzorky, ktor® n8&m simu
hasenie hasiacim g®l om Hydr ex.
1. Ako prv¥s vzor ku snmer Yabkeel 18 i mmd,r ek & 0 #Y%
vpr2stroji na sk>¥gku nrae aokhceiRe vhyosrtGaavillcih pvrliraonb
odOgke 25 mm, po dobu jednejr mi.n%ty. Pokus s

Figure 7The samples of dry wood boards after attempting

2. Ako druh% vzorku sme hzrvveblkiel i 8 mork,r ¥k tda
nN8m si muluuijpe | aist hw&Siethi @j.i Vna sk¥%iku reakci e
na oheR sme ju vystadwigkie R5i anme mw op ldeobeuR uj e

Pokus sme opakovali 20r §t .

14
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Figure 8The sample®f wet wooden boards after attempting

Ako mitgemerovaS na vzork8ch dreveng d
va| giu pogiarnu odolnosS neg such§ dreven

s2ce va|gia, ale len po urlitl | as.

3. Ako tretiu vzorku hsmeb kzv Bl imhm, dnrae vke

nast i ek al i hasi aci gpRd meHyed rle:x7 5nalno eg&mi prve
Hydrexf or mul y na 0, 51 vody. T8t o vzorka n8§
hasiacim g®pbomsHydjexnaVsk¥gku reakcie hot
ju vystavili priamenu  pl amMO®Bk e o 25 mm, po dobu jedne

opakovali 26k r 8§t

Figure 9The samples of wooden boards with fire extinguishing gel Hydadber attempting

15
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Ako m:geme pozorovaS na danejmaveoi Béuhasi

kt grel n2m hasenl. Vytvor?2 z@roveRval m®bhbhme &1
g2reniu pogiaru. TTm sa zvyguje pogiarna od:¢
toho i st®ho materi 8l u vodou.

5. ZCVER

Ng§sledky vgetklTch pogiarof §lsae,vgldiy uwegatv

| esn® pogi are, pogiare virobnTch hg8l alebo p
naj z8vagnejg2m gkod8m, pretoge tam nevzni ks §
smrS os!b nacdb@kiozhd\ptiglmalezta bssal @ amipr i ame gkod
ako je znelistenie g¢givotn®ho prostredia ©ptr

gtatistickl pouk8zan® na pogiare obytnlTch dc
plochy k poltu obyvateOov. Pr iedpoongiiSar ig ebyntioev
je ohrozen8 | en jedna jednotKka, ale cell o]
ng8sl edky.

Pre zn2genie gktd splsobenlTch pogiarom j

pr2sadamn aprk2bkyldaee xfEor mu | a , kt or §z vnyigeukjoeOk on §
“uWlinnosS hasiacej vody, |l 2m sa zniguje jej
odolnosS materi 8lu, na ktorl je g®I nastriek

m8 neutr 8l ny vplyv na givotn® prosetky edi e, pr
tie vliastnost. bol i predmetom experiment 8l ne

projektu s n8zvom Experiment 8l ne.skYmani e %l
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Key note

STANOVENIE VPLYVUHUSTOTYTEPELNEHO TOKU
NA FUNKLNOSs IROWVC KCB

DETERMINATION OF HEAT FLUX INFLUENCE ON
FUNCTION TIME OF PVC CABLES

Karol BALOG i JozefMARTINKA i MarekHORUCKA

Abstract

Presentedontribution deals with appreciate of heat flux influence on function
time of unprotected and by chosen intumescent fire coat protected PVC cables. The
influence of heat flux on function time of protected and unprotected time was carried
out by infrared mitter at (12, 17, 20, 28, 42, 50 and 63) k\W/meat flux. Obtained
results indicate that both protected and unprotected PVC cables are resistant against
heat flux up to 12 kW/fm At higher heat flux the chosen intumescent fire coat has
extended functionime of protected PVC cable, but this extend of functional time have
been no significant. Examined fire coat has increased critical heat flux causing ignition
of PVC cable.

Key words: Heat flux intumescent fire coat, thermal resistance of PVC calfies,

investigation.
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1. bvod

Chemick® ftlhag&kB8ilee avlastnost. mater i 8l
k8blow?! saob vyhotovenia elektroingtal 8cie
vplyv na bezpelnosS ost!b, al e pralematikajeet k u
vs Y4l asnej dobe venovan@gogitalrgems§ spEé:gobnsds

zavedenich viacero met-d na hodnotenie s|

podmi enok ptsobenia zvigenlTch teplt, re:
podmierk a m. Medzi najl astejgie poug2van® patr
do jednotlivich tried reakci? na oheR. K8§
O0heRyBldB2s Ca Dea EcaaRg . Pre triedyaBl®@bihbe na
boli zaveden® tri dopl nkov@®h (adaissikia kt§vcad reby
(s1, sla, slb, s2s8), zhOadi ska tvorby horiacidgh kva
azhOadi ska kyslosti plynov aB)zReakkimpatbe Rch p
el ektricklch k&8blov je definovan§, ako i

sk¥%gky viastnim roopkvajdomppgiapiuev &S ok ®m
Najmenejkr ozvoj u pogiaru prispi eveaapduiadkiiedyl e tr i
reaki e na o0h®Rd&Ebne tvorba dymu, klysdioasSi c
uvoOnenT chpopdnyineono kz as k gk g s majr dcsit® Is2 sl om
kl asifik8cie. Podrobnej g2 prehOad sk¥wgobn

reakci e mnzaajohenRapuv.§8dOsvald et al. (2009).
Okrem triedy reakcie na oheR sa pri k§gb
s k %.g a a hodnot 2 naj ma: hustot a dy mu pri

definovanlTch podmienok fskidglkryds TdtBilt owisd

syst ®mov .

Okrem uvedenTch nor maploigz cawainoint hi nsgki ¥ag oekr
dtlegit® pozna$S kritickl tepelnl tok, kto

| asovli interval, resp. | asov® deaftiemowd ryl ri
hust ot ami externlch tepelnich tokov. Uv e
predi kovan2 doby funk| nosti (givotnosti)

mat emati ck®ho model ovapradirbavana poigv atr o

podmi enok pogiaru na z8klade matemati ck®hc
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vyugitl napr. proi zisSovan2 pr2lin vzniku

model ovani a pogiarov s a bl Mggkevsg8zabdheod) v

aprobl emat i kporu? |ziins Spoovgainairaov napr . Zachar et a

Mechani zmus, ktorl Ssptsob? znefunkl| neni e
tepelnim tokom, je rzalmigekhé] ndegrroazdt8acviein 2 i ze
vodi | mi k8bl adegRazdt8avani ez®d SmeezispVvYyesobP mi
srozdielnym potenci §lmenut(m&Ilpmym meadiil dkm)aj ndIm
el ektrickl pr Y%d. Pretekaj %ci pr Yd zaprz2l|in
Joul eovich str8§t. Utawrunee e ®mit ®lpéjo ogheddcrs ed S wiai
aNal gi emu poklesu izolaln®ho odporu (pri Vy

toku vgak m:ge byS tento efekt zanedbateOnT)
kritick¥%h hodnotu dijde K u kritick®mu N8r as
vod | om8al edn®mu odpojeniu k8bla od zdroja €

pr2strojom (istilom).

CieOom predlogen®ho pr2spevku je stanovi !
| asovli interval f uwmykdrnaonsTtm innetcunme8snceennitcrhl ma pr
n8&taem chr&8nenlch PVC k&bl ov.

Viskumu spr&§8§vania sa PVC zaSagen®ho zvige
autor i, n a Balag (2004)rdmhkcel vb&ara a et al . (2007) . J e
podot kn%S, ge spr8vanie sa kontkwa®tmreihda rPlVcCh \
zm?2 k| ovoasdtiaetinTac h adi t 2nva.r aBrtialj 40 i pnl ann2,J sd & o

zm2 k| ovadiel, kles8§8 odolnosS PVYVCnabdi kzap§|
jeho | imitn® kysl2?2kov® | 2sl o0. Aj KeINi PVC v\
i nici 8ci i (napKro.g2 padOal 9Bal osgpa taepl ota vznie
pohybujew o zmedz?2 KAeODvmdg®B® ORV@ dz2 ALbadd vagl 460

PVC sa vgeobecne oznaluje ako samozh8gavl, t

vol mitk®mu zaSageni BalBgaOg 200h¢kaaé¢pnaj % pr
reakcie PVC (dehydrochlor8ci a)C.prRilbdtlh@asSS ug
uvoORovania chl  -ru pri termi clBOMBilustayagenz PV
obr. 1.
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Derivative (HCI mmole/min)

Time (min)

Figurel HCI evolution of PVC samp({Poncelbarra, 2007)

2. Popis experimentuapou ¢gi $ k & o b nZoriek

Vpl yv hustoty tepel n®ho t oku na | as o)
nechr §nweydrcsehnTam i ntumescentnim protipogiar
k&bl ov, bol stanovenl na z8klade merani a
variabilnlTch hustot8&8ch tepeln®ho toku. Zd
orientovanl elektricky pwytroinoewand5 gkhW.r §Z
husta y tepel n®ho toku od vzdialenosti od gi

70
60 ‘

u
o

Heat flux (kW/m?2)
[¥E) o
=) [s=]

. ™~
10 \

0 T T T T T T 1
0 50 100 150 200 250 300 350
Distance from IR emitter (mm)

Figure2 Influence ofdistance fromused infrared emitter onits heat flux
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Na viskum bol pougitl dvojgilovl k&8bel, Kk
ZzPVC. Prierez v?Ghir|Snve nbiolPVIC 5k §mbre |l bol ogetr e
vybran®ho protipogiarneho intumescentn®ho n8§

tepelnim tokom bola pri asmede #©®9gboov 3808 clmas Ne
oboch koncoch k&bl ovIigrhi bviziogrniee k5 bor ao cdhsat rigsne
kv?®li meraniu i1 zolaln®ho odporu. l zol alnlT oo
50, 42, 28, 20, 17 82) kWwinf vper i odi ckTch | asovich interyv
i zol al n®ho odporu bol p-dlusiner hcthhenga oz mmé D enr (1
50) Mgq a sk¥%gobnom nap?2t2 508:200Fodaspodgad
el ektroingtal 8cia minim8l nu hodnotu el ektr.i

hodnot a mi ni m8l neho i zol alhAo s loa pazrab e b ¢ lac
ochrany pred %Yrazom elektrickIim pr %dom, bude
ajzhOadi ska samotnej funkl nosti el ektrick®ho
z8klade dvoch skutolnost?2. KS§lprebehuzsejagenl e x

tray m! ge nap8j asS e prestarervktarokn@ehozobsluhaaednkm i e v

pogiaru (tepelnom nam8han2) nevi e. Druhou s
0,5 Mq egte k8&bel funklnlT bude, ale za podmi
vir 8mcri§t keho | asov®ho intervalu n8sledkom pt
mogno predpokladaS veOmi kr8tky | as od pokl
Mg ag po Ypl n® znredluamtkd neei kr Kt8lbbéd mu I|Kasu po
odpor u hédBolyD a5 zMg po jeho ¥%pln® znefunk| neni
k&bl a vplyvom Jouleovich str§t, ktor® naras
odporu rwardadtaajs“acou tepl otou Kk8bloarevunal g2 m e

k&bl a, pri zondpemau inagl alesm®ho pod hodnotu 0
medzi knaunht &l aym vodil om, resp. medzi kraj
hodnotu izolaln®ho odporu, kedy nastane Yp
samolinn® odpojenieaizkl oadg 3 mralmoxytni® (dreine rne

tepel n®ho koeficientu el ektrick@®hé&koondupor u,
nap8j an®hovypfnadepi aharakteristiky ochrann¢
tepelnich tokoch pl!sobalcitcebaazeh®adni 8k ® :

napa@tia vplyvom zvigene,j teploty pri el ektr
odolnosS za podmienok pogiaru, t Yat o probl en
(2010).
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Experiment trval 120 amin®hoprodpadme n@o 0p

Zvolen® hustoty tepelnich tokov vychg§
infralerven®ho ¢giari| 80050mm70Zvoaden®16064d:
znal nej miery regpektuj ¥% aj dynamonku r oz
aQuintiera (2000) je kritick8 Hhouvsetrot(al 5t eg¢
200kW/nf. Hustota tepefirne@hroe zteonktuu j1e2 skiVd/vm t e s n e
kritickej hodnoty pre vznik flasb v e r , t e p e ROpk&V/nt, efrezenty %7 s & a v
voblasti kritickich tepevena epeto®ovopye (28
a63) kw/nt, reprezentuj % plne rozavaemu)l Koigtia
tepel n® tokyowper wvuvhHdikand® asiht ovanj ¥hi naut o
cell pogiarny Y“seks(hopuona pepdéhh®ho Haolkt
na vybran¥% | asS pogiarneho Yseku (kongtr
apod.) m:gu bysS-oavjerv op ofdSsztea tpnree viylgageke , pr e

umogRuj % posw%denie aj vplyv-averl ok8l neho po¢

3. VI s | e ddiskusia

Vplyv hustoty tepeln®ho toku na | as po
PVC k8bla na hodnotu 0,5 Mq ilustruje obr.

350

300 \

) ]
o w
(=] =]

Time of insulation resistance decrease
on 0.5MQ (s)
= =
o (%)
(=] (=]

w
=)

o

0 10 20 30 40 50 60 70
Heat flux (kw/m?)

Figure3 Influence of heat flux on time of insulation resistanckecrease on & Mm value of

unprotected PVC cable
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Vplyv hustoty tepeln®ho toku na | as pokl e
k8bl a na hodnotu 0,5 Mq ilustruje obr. 4.

500

0 10 20 30 40 50 60 70
Heat flux (kW/m?2)

']

v

g 450 t

5 400 \

T 350

y \

2 300 \

2 g 25 \

4 E 200 : —

‘9 g N
£ © 100

g 7

“6 T T T T T T 1
1]

E

=

Figure4 Influence of hat flux on time of insulation resistancdecrease on & Mm value ofprotected
PVC cable

Pri hustote tepélne®hmd takwamé&n&iN/ mpokl es
odporu na, resp. pod, hodnotu 0,5 Mq chr 8nei
cel ®h e klg&y (120 min). To vgak neznamen§g, ¢
tepel n®ho toku bola pre PVC k8bel bezpel nsg,
pokl esol na hoakrchtr8@nen®h,08 kidepd @ incah 0¢g, i8v oMqn oas
bol a ni ekeo OkkornStseorb§1 opr ot i stavu, keby nebo

Vystaven®.

Dynami ku pokl esu izol al n®ho odporu chr 8§r
tepel n®ho {tiloskujeodr.5alkeW/hm&nen®ho PVC k&bla obr.
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Insulation resistance (MQ)

10

0 20 40 60 80 100 120 140
Time (s)

Figure 5 Time dependence ofsulation resistance of unmtected PVC cdk for heat flux 12 kwi/nf

Insulation resistance (MQ)
w
o
]

0 T T T T T T 1
0 20 40 60 80 100 120 140
Time (s)

Figure6 Time dependence binsulation resistance oprotected PVC calk for heat flux 12 kw/nf

Prezentovan® visledky naznal uj Y, ge
i ntumenscent k®@ke 8s$tag “cou hustotou tepel n:
tepel n®ho fokbwll2 ok W2 mi n%tach izolalnfl
vporovnan2 s nechr&8nenim viac ako dvojngsc
17 kWinf, bopoHKlasssu i zol al n®ho odporu na hodn
k&bltamkmer 50po% owyngago*th rvE nle@d dani. skZa funk| nost
sk¥%umanlTch podmienok by vgak toto predOgen
ogetren2 intumeSktehtmdwmykh&zevalm funk| nosS
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Anom8lia pri t ep’dlirmmatl mKu o2@ ok Wemr §nen®h
pod hodnotu 0,5 Mq parlbvave@gdriSasavm k8béeowmll
pravdepodobne sp!sobeon$®nep!svsabomyuchyoeli dos
konci uoketOov & jvOigrkwhukrem sdmu h e j stdahtuna h§
spriemer om 2 mm. Tlak h8lika mohol sp!'sob

Pri tepelnom toku 28 kW/frb o | i | asovPebn®enaappkpes i zo
odporov cheghe @R ®o PVC k8bla pod kritick?
2 gi | i sdOmemnejPrakoydgg2ch 63 pvwifwkazohal t ok oc h |
chr8nenl PMICnikng®lene 022 % dl dtgre blnalsowvd p oklee
izolaln®ho odporu pod kritick¥% hodnotu. Uv e
ptsoben2m tepeln®ho toku vgak nem§ viznamn®
chr§nen®ho PVC k&bla pri ?bélasmeriejeakoz3 mivgapel n®ho

Pl ameRov® horeni e nechr 8nen®ho PVC k 8§bl a

tepel n®ho tokWNapgBl ikgWy2m sk umani tepelnl tok,
nehorelibol 28 kW/fi teda kritickl tepelniT tok inicig68
medzi (28magPAaR)i kwWumescentnim n&§terom chr §|

pl ameRov® horenie pozorovan® d.o MNajshkloitgyg?2t e
sk¥manl tepelnlT tok, pri kt’ortoend ai gk rviztoirkkyT nte
tok inici8cie sK¥mmhagihemTRWCik§muimescentni m n!
(42 a50) kw/nf.

4. Z8ver
Vprelogenom || 8nku bol stanovenl vpl yv |
funkl nosti netbm@seahthim n§terom chr8nenlch

Doba funk| nostaiSae@T k&blext ernim tepelnlm
od mnogstva faktorov, predovgetkim od spls
zaSagenia (pr2konu nap8j an®ho svpyopt2rneabcielja) ,
charakteristiky (vyp?natci ejha (@irddiul)a)ochRawnm
podmi enok pogiaru nevysky ejs¢é ai bakgl erd® tpopmg

k&bl ovl syst®m, ale viznamn§ | asS sa g2ri aj
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Vgetky uveden® skutol nost.i by mal i byS
hustotyt epel n®ho toku (resp. k ombign av @m®htmg p ri
dobu funkl|l nosti PVC k8bl ov. Rovnako by sa
kritick®ho tepel n®ho pro&ksuun ovsz$d FEastamviete KPW/Cm |
vplyvu prza&afage®mioa k8&bla na kritickl tepel
adoby i1 ch funklnosti. Okrem toho by sa 1
bezhal og ®nichyp®@ovriar§ebl &b laa mih GPawld sk a kr i ti ck ®h

toku.

PoNakovani e

Tento | |li8kwlk wNamka podpore v r 8mci OP VIiskum
vivoja aplik8ciu diagnosticklch met-d pri spi
mat er i §1|®MS; 26220120048, spol ufinancovanl zouzdrojo
region8l neho rozvoja.

Aut or i Ndlbuzje¥sovmng Harang:- zovi za pomoc pri sta
|l R giarila na hustotu tepeln®ho toku.
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VYUGI VY EOKOGKROB OV ERINKE AKOU
ALTERNATEVNEJINYSWPREVIVhi ROBU
BIOETANOLU

UTILIZATION OF HIGHT-STARCH DUCKWEED AS
AN ALTERNATIVE RAW MATERIAL FOR BIOETHANOL
PRODUCTION

Al i ca BARTOGOVC, Marog SoLDC

Abstract

The Greenhouse effecs avell the cost of fuel and food constantly forcing us to pay
attention to investigate alternative options for biofuel production. This article focuses on
the production of ethanol from water plant named Duckweed. It is perennial plant with a
high starch ontent which can be further adapted to growth conditions in considerably
increased. Starch content can range up to about 65%. Bioethanol from Duckweed is
made by similar process as bioethanol made from corn or potatoes. Many analyses show
that this methods comparable with the procedure of production from corn. The first
step is the cultivation and harvesting of biomass, followed by accumulation of starch,
enzymatic hydrolysis, fermentation and the final step is distillation which gives the final
bioethana

Keywords: duckweed, bioethanol, starch, fermentation

1.bvOD
Viroba palivob®bvi e¢@mej ugaburinkovej bi o

zn2geniu z8vislosti na rope, zn2gi S emisie
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alternat2vu na vyug2vanie konvenlnlch pl o
s¥% zemiaky, Kukurica a cukrov8 repa, | 2 m
"palivo VS . potrava", ktorl ovpl yvRuj e
PoOnohospod@ryskd chaot druhprvodaklIsn I8ie Isit mie
preto je nutn® neust8§8le hOadaS nov® zdr o]
zlignocelul -zovich ©plod2n. V Ttroonbtnol  spprtoscoel
produkcie bioetanolu, jevporonan2 s virobou zo gkrobovlTcl
ekonomicky [1nASprro8lvnee jvg&@ .vyugi t2 vysokogkrobc
mognosS ako vyriegiS probl®my oboch tTchtc

2VhROBA Bl OETAABURZIAKY

Bi oetanolkvasenmym8iaskru, gkrobu al ebo |
PodOa anallz Chenga a Stompovej zo Gt §8tr
gaburinkovg8 biomasa dobriTm zdrojom bielko

veOa mognost?2 prenceEnobgtprvogldhapwmPcietlaaool

Gaburinka alebo Lemnaceae je rodina jed
25 druhov, mnoho z nich s%% kozmopolitn®.
rastlinky, kt or® m!gu vyt vsrcafa hladina ba® a §

stojatlch alebo pomaly tel %cich hladingch
kontinentoch, ¥ T ni mkou ®RastkPdyyvoavgetklich rolnlc
rastlina sa sklad§8 z ov8&lnych zalstod enT ch
skogovitou konzistenciou. Ga bpdl padd.{A Jejpr ef er
jednoduch8 kultiv8cia v | aborat-rnych pod]
rozmnogavagnikea a@aoba reprodukci e s ¥%znus avn®
poug2va Vv sk ¥gkkYagckha ctho xeincviitryonmeae§ 8) ayuehuygz
pre hodnotenie toxicklch % inkov vzoriek

vzori ek z rielnych sedi ment ov, teda pr e
mnogstwsoprendovanlich | 8§t ackhemj4k®Tegmpgeniast
veoOmi z8vis?2 od koncentr8cie miner 8l ov vo

vodyvt el e gaburinky je od 86% ag po 97%. Pe
rast “scegvamachjidvdinnT ch vod&ch eshspbhpbej &ocx
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jeodl5% ag 30 %. Gaburinka pestovan8 v ide8l n:
vlIi 8kniny od 5 ag 13%%a obz&hibkilelkskovdd 3ej d

Enzymati ckou hy djbiorhabyzomy |§&8zbouur isne&k ozvzes k a | hy
sobsahom redukuj %%ci ph veoadaoakar isdicvh e 0,9 bW%r 2 n k c
Ferment 8ci ou tohto hydrologeal8k av esja pzl2vsokdan eoj 2s
bi omasy. Tieto vIsl edkigky akm dsiugnej jsureyiny gre vy u gi t
virobu bioetanolu je perspekt2vne [2,8].

Okrem toho tento druh biomasy ma niekoOko
bioetanolu snnohT mi vikhoda@®mibya mohli zn2¢gi S cel kov
vpor ov rkukurieou. Napr 2kl ad pred¥%Wprava g@gaburinky s
veOmi m81 o, ml etie alebo drvenie, |l 2m sa ug
vzni knutT viodpad bz oetanol u j e podstatne v
poOnohospod§8rske zvdpaiplat§8 ako je kukurilnl o

Produkcia Zber Akumul 8§8ci a
biomasy biomasy gkrob

Vysoko- Enzymatick

Saburinks 8§ hydrol 1f2gelyzs

Fer ment

. 3 C BIOETANOL

hoNIA{20KSYI GAO1S TytT2NYSyAS geNRo@ 0A2Sily2ftdz T2

Figure 1Schematic representation of thproduction of bioethanol from biomass[8]
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Na Obr 8zku 1 je schemat i c lbi@tanblm 8oz or nen
gaburinky. V prvom rade sa sklad8 z produ
pri ktorej -ggskar mlk?osvk& ¢@uaybswrkion k a . nal g2 kr ok
scukorneni e gkrobu za vzniku r ededkheu j Yac i cC

ferment 8ci ou premenen® na bioetanol.

2.1 Produkcia biomasy

Tak ako vgetky fotosyntetick® organizn
nutrientov vo vode a slnel nej energi e. A
s¥stred? na potar elbeasd d k%ak d NPfKgsf doralg Nov § v
ng&dr gi ach m: ge obsahovaS potrebn® vyv§gge
vpodstate ch8§pan® ako anorganick® hnoji v
biomasa, vodapo Onohospod8rstva a®eboldgs @edryrss tuv. e
kde sa chov§8 dobyt ok, maj Ya | asto dostato
nutrientov. Najm& z d!'vodu vysokej koncent
riedi S t¥%to odpadov¥% vodu negdgnksya pGbuQuibjuej
teploty vid medzi 6 a 33 A C . Tempo r as
hranica je okolo 30 A C, kedy sa rast spo

Gaburinka preg2va pri pH medz6575.[(@ 9, al e

22Akumul 8cia gkrobu
Gaburinkovg8 biomasa mtge produkovaS zn

byS Oahko fermentovanl na etanolu. AKO u¢(
gkr obuomase zvIigi S tim, ¢ge sa alami Pl gj e?
tepl ot a, p H, i ntenzita svetla a pod. Ni e
gaburinky na urlitlT las v tme, pri n2zkyc

(bez giv2n)cbeDbmskvisman®, s| ietajdyt allo®toan? jcé&
zvigeniu gkrob v [ffaburinkovej biomase.

23Enzymatick8 hydrollza

Prvim krokom je tzv. gelatin8cia, je t
zvazky gkrobovIich mo | e k %l % pr2tomnost.
vazbs8§mvipacja&dy. Tilomrdiggeem§dizajkk obovich zR

zvyguje n8hodnosS vo vgeobecnej gtrukt %r e
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krygtalicklch oblast2. Teplo splsobuje, ¢ge |
zal n¥% r®zrde Oomar fn% formu. Teda ak sa na gkr
sa premeni avytav gre?2l as &2 nmd kka8, hust§8§ zmes kr ®m

krokom je enzymat i c&kny Ihzy.ol Tza pridanzm U

Uamyl §zy hydrolyzuje gkrob n&hdednim gt
gl ygozidovich vazieb, |2m sa8rdskRj %aviudaht
odstr&nenie gkrobnatlTch nelist!t. pHento pr o
StupeR hyvdyrjoddrzeynTj eako ekvivalent dextr - -zy (

cukru vypol2tanl ako dextr-za suchej v&hy.

24 Fer ment 8§ci a
Tento hydrolyz8&8t obsahuj-gl wk- skvasmt §Onb)
pomocou mi kroorgani zmov akoesitMskaasi h&dymdé Staac
Ferment 8cia prebieha v bioreaktoroch v nepr?
dobu 72 hod?2n.
"1 OAH OA  wuwww %OBAUTATHEI/N (1 #/

nal gie a poslednl krok je destil cia pre
pogadovan®ho produkt u.

3.ZCVER

VzhOadom na nen8rolnosS pestovania §gabur.i
alebo pomalyvyéebMBecachgvkdnthiiem@u8§j eyppevigkob
rozg2renie a inak g¢giadan% ekonomick¥ hodnot
vhodnY pueroprondukciu bioetanolu prakticky na
remedi al n®olvd alst ppste2mov sa pohybuje od 15

gt wdi 2 je ¢gaburinka cennim pr2rodnim zdroj «
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og2pan® a kmozymal Bv graaksttle mtka m! ge produko
gkrobu, ktor® m:ge byS Oahko preveden® n
gaburinkovej bi omasy je jednoduchg?2 ako v

pogiadavky na mno (attevdoa eanje rngai ec epl rkio vv& rno8bkel

This contribution was created with the support of the Operational Programme Research
and Devel opment for project: AHybrid pow
laboratory use and promotion of renewable enesgg ur cesin (I TMS 26220C
financed from resources of the European Regional Development Fund.
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FYZI KCLNE MEETBEXCAADNEBEZPEL NG
LCTOK

PHYSICAL METHODS AND DETECTION OF
HAZARDOUS SUBSTANCES

AnnaDANI HELOVC

Abstract

The industrial production as well as its products to ensure the needs of the people,
however, they are a possible sountéazardous substances. The quick identification of
these substances in the case of exceptional events (technological and technical failure,
natural calamity) is of great importance. The technical devices serving to their detection

are based on physicatinciples. Their use requires knowledge of physics
Keywords: Physical methods, hazardous substansatety

bVvOD
Rozvoj vedy aechniky v20. a2 1 . storol 2?2 prin8ga so s

novlch materi 8l ov, virobkov, foreduktyn o | 0 g i
at echno]lshiwgdk ekologicky neprijateOn® a
Oud?2 (Obr. 1). Produktom virobniTch proces
predstavovaS nebenpkédzmeasltviomiprli §topk &mii . p1Si ¢
| l enovia hasilsklch |jepnmndtpiaglle K&DZogrckliz
pogi arrtovnyach inTch technicklch z8sahov.

vias identifikova$ 2whgdgdnbmiaomedmn@ba mij, ps i
odbor wgtkwdvi j nom@cphrragiraames *' b a maj AkkeYpredi
zng8me, potom je mogn® prijaS aj opatreni a
Preto je citedohmn dlecdind kyk oo ruyn@ i tadsv anrolve®h | d iss
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technBlaecgivé ronment 8l ne akceptovateOn® mater.
zdOhav§.

10 - —

Znecistenie
09

=(m=Stabilizovany svet
08 451 | -ﬁ-'éechgolggicky scaena'r |
f kA =Om=Standardny scenar
Histéria ==ficona
07 . —@—Pozorované Udaje !
: -0—CO2 560 ppm l
—0—-CO2 460 ppm

06

06

04

Normalizovana hodnota

03

02

01

0.0 60O . e s .
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100 Obr 2 Z ne ! IS S u p I’L/4C € m}f

rok exhal §ty, vifukov® g
Obr . 1 Mi era znelvpoOnohosp[6d&rstve
gt and arsdene@r@ir u

Pr 2 s pperveozke nt uj ap Imokg&oise i f y pir k § lindyecnht i me k §a
nebezpelnlch a rizikovlich | 8tok

1 FYZIREVIPRAEI TE¢
Gtudemt udi j nT cOc hprraongar aonsolvb aa maajTeetckhn i gké&d po

bezpelnosS omhp¥azmakae$ k fyoky sa¥bbsoorl voy ainR §1 nyc
vedomost2 tak, aby ich mohli pougi$S pri ri
Na vysokej gkole technick®ho zamerania ug n
len zt e - ri e,z nmrl eotsdSg ef akt ov (v zmy)s|l g doiter 3jeg
postal uj %c a. Fyzi ka mus? nauli S gtudenta | o
synt®zy z2skaindlkt hppotzaad rkioavy &o riegenia n§ro

praxi.

Pre pochonie f y z iejkp®dstay javov ako ajp r i ovcrapktof ¢ h S Ya
zal og@ni®adeni a pnreeb eizcpeer tnil fcihk 8 c8ituok, je dil eg
te- pirakdgickTmi aplik8ci ami
Existuj % rtzne fyzik8lne aj chemi ck® met - -dy
| 8§t &t - dy nalyezdg &km8® nesnysa pvrhionden2eg g i emerpniee kont i n
chemi ck ®rme td-i sykmemahid. nu 81 ne
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Z8k!l adorTinm¢ kpgoma vyugkwat ipwrui§l n @iy nmmelrcahn 2
znel i s$@jt ek cjiln@ Ic edec/d aenergieKu exci t §ci i mt ge
ichvystaven?2 ¢giareniu rtznych vinovich dOg

spaOovanz, chemi eklicd lenerpimadba endgia o O x Bep 1§

podobejev yug2 vmaeg8apr a. Exi stuj ¥ aj i Nn® spltsob
magret i ckTmi |i jadrovIimi silami. Tieto sa
znel i sSuj Y%cich | 8tok.

11aSisR& YSNI}YyALl

Ku gtandardnim met-dam pdateia Vot @ me
absorpciu infralerven®ho (1 RJi arveindiia e®In®ih
Absorpcia svetelnlch kvgBéermmoJdierhkuz &knon sm

ktorom s% zalogen® mnoh® modern® anal yti clk

I, =l,e%=1,e%
(1)
kdel,j e intenzita ¢iarelpji@a ipot e@mzicthaliegi arzeon
m-1 ovl absorpl nl kajeef ikco necnetn t(rz88cviias 2 bosdo ra)u

dOgka dr §hy U)a absovrpdmRekoeficient | 8§tk

charakteri zovan® netneenrzgiitoouu parbescohropdlunTach p §s

Ramanova spektroskopia |e dop!l nknejvje u me t
anal yzovan® ¢giarenie rozptlvien@riv dmpadekrt
Meriasar ozptyl ov® spektrumownorcihkoma®i p& ®hpot e
| aserov®ho | %4l a s | 8tkou. Vtedy bude v sp
ktorTch vinovg dOgka budeawppolil ep®hodnet
bude 12¢gi S od energie dopadaj “Ysceho (Obr.
energiu aksctobepsdajouge af enStedkegmewsm . givargar
s¥% dopadaj “uce fot-ny schopn®k¥lohd tli &s ®ngir

j e rozptl |l ens§ bez Zmeny frekvenci e (Rayl
rozlogenie troch typov | 2ni?2 na z8kl ade
Ramanova spektroskopi a j e nedegtraukt 2 vn

identifik8ciu zlogiek analyzovane] s¥stav
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givotn®ho prostredia, pri ktorTch umogRuj e
zl Y4l en2n, v ktorTch s¥% viazan® toxick® prvky

il i 1 et e e g Bl ] e E, +hf,
AE 1 : : :
et o e ey i s e e e e ey BN
! ' ) ' ' 1 '
L 1 : ' ' ] '
' 1 ' ' ' [
' 1 ' ' ' 1 '
hfy i 'hfy +AE thfy}  ihfy) hfy 11 hfy -AE
b R b
Hl i Ly M E,
1 ) 1
AE : : :
X ! ! E,
anti-Stokesove Rayleighove Stokesove
linie linie linie

Obr. 4 Rozptyl svetla \Ramanovej spektroskoplil]

Obr. 3 Ramanov posuys]

Zuveden®ho | e zrej mo, ge uveden® met - -dy

skutolnosS vyug2vaj¥% aj virobcoven®me?2per o]

vhodnej gia Ramanova spektroskopi a, nakoOko
obaly) ako aj meranieovd nT ¢ h roztokov. Infralerven8 sp
dopl nkovou met - -dou, ktor8 umogRuje meranie

Ramanovou spektroskopiou.

2 ZCVER

Pr2stroje pre detekciu nebezpelnlch | 8tok
spoOahliifviok civdeehtgi rok% gk8lu tlTchto | 8§8tok po
kl adie veOKkT dtr aflexibitita i ch spoOahlivosS a

PoNakovani e

PRESPEVOK VZAREIMCOL RM EGE KITA) KEGAE MGRO$.R, L. P
023TUZ4/ 2012: ARTKYIVEEDWA RIONMENTTCEQHENI| KE .
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INSITUBIOREMEDI CClI E VODY

IN SITU BIOREMEDIATION OF WATER

BlankaGAL Bl L KOVMar og SOLDCN

Abstract

Nowadays the major problem in water treatment technology is the presence of
persistent and toxic substances. These
chemical way, so bioremediation technologies as progressive methods are used.
Bioremediation telgnologies use biologicahgent,such as bacteria, fungi or plants.
Phytoremediation is a special kind of bioremediation techniques in which plants are
used.

The main goal of bioremediation is to remove, neutralize or binding of

contaminant to prevent itaigration in polluted soil or water.

Bioremediations are used for treatment of contaminated soil, y&tdace water and
ground water), mine water, landfill of various types etc. It can be used for organic and

inorganic compounds also.

Bioremediation isused as a treatment in area with contaminants like heavy metals, oil

substances, PAU, PCB and other various.

Key words: Bioremediation, Phytoremediation, persistent, pollutant

1. bVvVOD

S ubs

CieOom bioremedi 8§ci 2 j e redukci a potenci 8§

znelistenia | i i n®ho environment 8l neho ri

42
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znelistenlTch ptdach, podzemnlch a povrcho\
rtzneheodt yusda raRovan® mitgu byS rtlzne tox
anorgani ck® aj organi ck®: Sagk® kovy a in
textiln® farbivsg, organochl -rov® zI| Y| eni n
r8dioakkyynpetsg€8ic2dy, hnojiv8§ a in®.

Bi oremedi al nT mi met - dami j e mogn® odstr §

modi fi kovas$s

i ch na menej toxi ck®, mene | mobil n® | i

kontaminanty i zol ova$S tcesta medZ edrojsnaa miagstem u ¢ 2

exXpoHpfFcie.

2. M| KROORGANI ZMY VYRGGWVRANE B/I OREMEDI CCI E
Proces bi oremedi 8ci e z8vis? od pr2tomr
vspr8vnom mnogetrgenaj ekamei n€dci vhadnl ch p
dan®hoedi@r ostr

\Y; bi oremedial nlTch technol - gi §ch s a Vy
mi kroorgani zmov (predovgetklmjbdkbdb®uhnkovag
kvasinky a vI8knit® huby), vyggie huby, r
naj poug?2vamaiig? msa mk bibiakrt g®aniezmy mi kr oskop

huby a kvasinky, mi Kroglopi ck® riasy a Vyc¢

Bioremedi al n®s ebper ocealyr Rwj % bb iod d eqirsd i § anit
transform8ciou kontaminantu dlebo dofornyy Kkt or
ktor8 je menej nebezpel n8 pre prostredie
s¥% schopn® metabolizovaS danl polutant za

vody abiomasy.

3. ROZDELENI E Bl OREMEDI CCI E PODOGA MIESTA /
Bi orem@damllinkovan® (sanaln®) met-dy sa d:e¢

insitu(namieste)v yk on8va sa priamo v kontaminovano

parametrov je mogn® dosiahnus$S
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azmenu vliastnost? kontaminantu (rozpustnos

vyug?2va akovyhnearvenje pner zi stentn® organick® | §t |

b)odstr&8nenie kontaminantu (predovgetkIm or

exstituvykon8va sa mimo | okalitu sanal n®ho z8sa
m®di a (napr. odSagenie zeminywl@boam8dica paai
vody a znegkodnenie v |istiarni odpadovich v

4.NAJLASTEJGIE POUGEVANE I N SITU REMEDI CCI E
41Prirodzen8 atenus8ci a

Pri moni torovanej prirodzene] atenus8ci i S i
z8sahu | loveka) chemick®, fyzik8lne a biol o
prostred? na zni govanie mnogstva, objemu a Kk

ichprenenu na menej nebezpe2ln® a menej toxick® |

Poug2vaodssa ra&ovani e napr . hal og®nov rc

Tch
chl -rbenz®nov, c¢chl - -rfenol ov, aronfgati ckTch uh
42Bi oaugment 8§cia (podporovan8 atenus8ci a)
Upl at Ruje sa vttdgnsfakr daelgn@ d@al oa®e saay pr 2t or
nie s¥% dostal uj %ce. Je naol kovanie komer| ne

odpadovich vid za % elom[4vigenia imobiliz§gc

43V8kuovs8 bioextrakcia (Bioventing

T8t o sanal n§ met - da stimuluje bi odegr ad &
adsorbovanlTch nm§slmestprcev zzdeung?nre nv a . AKti vite
prirodzene sap?!wyasckhytaujWVawde hsa podporuje vhs
kysl2ka. T8tHge mpoudaSsatendy, ak rTchlosS pr
vgeobecnost. | i mi t ovans§ mnogstvom pr2tomn®tl
el ektr-nov vViac ako mnogstvom nutrientov p
met -dy je zalogenl n@udmemni a es al od oppSrsamau jper eky:
vh8Ran2m alebo ods&8van2m vzduchu aplikalnTnm
zvigila koncem8smei pr kwisidmidksmarnvizhaepgi |l i  podmi
biologickl rozkl ad. Mn o g s tzvdau cchaud § vea nnahl o® , a | peob
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i ba spotrebu kysl2ka pri biodegrad8cii. T
prostredia & ont ami n§ci i at mosf ®r y. RTchlosS p
prostred2m mus2 byS t ak§,celomppsezdi.sti |l a aer

Poug2vaj¥% sa na odstraRovanie ropnlch |
metyl fenol RAU.[Blaf t al ®nu a

4.4Biosparging

Bi osparging je sanaln8 technol -gi a, kKtor
ktor® sa prir oddamm eprosté& chhilBoddzeag rYa d € c i i or g
znel i sgetnuraovvane ] z-ne. Technol -gia je za

kysl alkka)) eato nutn® aj nutrientov met . -dou
| o vezdvilegekni u Dbi ol ogi ckej. @lotuigvittiye : minkar coodr
VOC aSVOC.[6]

4.5Bioslurping

Bioslurpingj e t echnol - gi a, pri ktorej sa upl a
plynov) a bioventing a k , aby sa mohla s¥ asne odstr
ajp8smo prevzNadgmendiae | od ostatnlch sanalr
voOn¥% f8zu, bi oslurping | i st ?2 dve separ

bi oslurpiemgvoOs¥%r dBuzju a vipary zpeldesSuj
(p*dny vjzedduncohn) pvr ocesnonmrPoplzrddegd vwhkihe t Ky )o
voOnejolfiSgty2 (@dak NMgpustposaebivVeOng f8&za s

Extrakcia plynov (viparov) Zzabezpeluje ae

obsah kysl 2 ka, a teda aj rozsah aer - bne
met abol i zuj Ypcreo dwhk@g Wwo dn2ekgyk o dvil ¥ aw oyd us aa dOQ i
je to potrebn®) a vyp%gSaj Y%. Poug2va sa n
[7]

46Fyt oremedi 8ci e

Fytosan8cia |je proces, peixt kabkcbm, sakwm
stabilizBeegruad&lcelmo (odstr §ndeinvioet)n ®k o n tparnoi snt
Fytoremedi 8ci e s&komaisni®e i o ugtz evalj i ka mi
predpokladom p e Yaspegn¥% apli k8ciu fytoremedi 8
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znelisSuj Y%cich | 8tok pre rastlinu, Kktor§ |
typom ypéldymakont ami n8ci e.

Poug2?va sa na |istenie ptdy resp.nzwody od
ropni chi nlTS&thokkoant ami nantov. [ 8]

Je vhodng8 na |istenie miest s veOkou rozlohc
pr2lig drah® alebo nepougiteOn®. |l de naj m?@

vygaduj % |l en dlhodob® dolisSovani e, pr2padne
veget 8cia pougit8 |l en ako dokonlovac?2 krok.

Rozdelenie fytoremedialnilch met - d:

T fytoextrakci a alebo aj fytoakumul 8ci a | e
znel i sSuj Yce | 8t ky vo svojich nadzemnl
odstr8nenie z ptltdy,

1 fytotransf or m8ci a | e | i astol n§ al ebo Yap | n
organicklch mol ek ¥l , alebo ich inkorpor 8§

9 fytostimul 8cia alebo bioremedi 8§cia uOahl] e

ako fytodegrad8ci a) jergani mkl 8bi al §te

mi kroorgani zmami al ebo hubami pomocou | 8§

uvoORuje do svojej koreRove,j

z-ny (rizosf

M fytovolatiliz8cia je premena znelisSuj Y
rastlinn®ho metabol i zmu,

T rizofijlet rpSocuiga ti e rastlinnTch kor eRov
znel i sSuj Y%cich | 8tok, naj |l astejgie kovov,

n8§sl edn® skoncentrovanie a vyzr8gani e,

T fytostabiliz8cia |e pougitie regstl 2n na
dostupnosti znelisSuj¥%cich | 8tok s cieOon
a potravinov®ho reSazca. [ 9]

Me d z i organi ck® Kk ontparnoi cneasnet yf yotdosst ar nagRcoivea n ®a

uhOovod2ky, exploz2vne | 8§t ky (TBTan®NT) ,

rozp¥%gSadl § (TCE, PCE), benz®n, tolu®n, etyl
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| 8§t ky, polyaromatick® uhOovod2ky (PAH, PA
i nsektic?2dy (parathion) a polychl - rovan

naj “lgi mneaja mi endtzkoh ,agk de rjeani[10st upeR kont

5. ZCVER

Vporovhbhasdi skl mchemzckEmnomet -dami s¥% hl
bi oremedi 8§ci 2 hlavne n2zka cena, mognosS
alebo ex situ &¢n mni m8l na tvorba odpadov. Bi or eme
kgi votn®mu prostrediu, teda ich z8sah do
Vyug2vanie bioremedialnlch technol - gi?2 na
perzi st dmtxrilcrkil mai pslautjamt2amako perspekt?

tiekjol ogi ckT splsob.
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EVAKUCCI A V STSAVROTBRNA MI
ZHROMAGAOVACEMORMPRI E

EVACUATION INSIDE THE BUILDINGS WITH
ASSEMBLY AREA

Mi chal GCL

Abstract

This thesis focuses on solution of the evacuation problem inside of buildings with
open space and its effectiveness. Tingt thapter describes definition and the basic
terms related to the topic. The following chapter deals with the statistic and the analysis
of fire inside the building with open space according to number of injured people, the
type of open space, year afaurrence, direct fire damages. The next chapter describes

the scenario of occurence, a chain of events which could lead to the occurence of fire

Keywords: evacuation, assembly areas, fire

1.bvOD

V s¥| asnost.i mnoho Oud?2 znS8bvagviye vauk @ s e
regtaur 8ci e, kaviarne a diskot ®Kky. Pre vg:u
v dtsledku mimoriadnej udal osti dochg8dza

vyvolan® nezn&§mym a neprehOadnT mekypa®epoe kt o m,
nedostatolnim oznalen2m ¥nikovIich ciest a

K mi moriadnym udal ostiam v zhromagNovac?2ct

dtvodov, preto som sa rozhodol spracovaSsS ¢
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2. CHARAKTERISTIKAZHROMAGAOVACI EHO PRI ESTORU

Baryar e gt aur 8ci e s Vs b aveyentl s8rgyk,0 uk tMi rn® sstae rvs t v
SR | . 94/ 2004 Z. z. , ktorou sa wustanovuj % t
bezpelnosS prii w(d ssukdn@sdskdakvahpethNov aci e pri est c

ZhromagNovac? priestor je priestor urlen
prevyguj scom nor mov¥¥ dol n% medzn% hodnotu po

na jednu osobu pr iamendj9 4 mandjdac4rang pl ocha n

Zhr oNmawaci e priestory sa podOa vyhl 8§8gky |

Z.z. delia na:

-vn¥%torne zhromagNovacie priestory,

-vonkajgie zhromagNovacie priestory.

Vn%t ornl zhromagNovac?2 priestor je pries
zhora vyme@hkeihmi ska@angtrukci ami . Za stavebn?
s¥visl osti povaguje tiedg kongtrukcia premie

stanyapod)Vn¥%t orn® zhromagNovacie priestory sa t

~

plochy na jednu osobu a podhi cel kov ®ho pol tu cloead b v t 1 c
zhromagNovacie priestory ZP1, ZP2 a ZP3 [ 1]

3.EVAKUCCI A

Evaku8cia patr?2 medzi z8kl adn® druhy kol e
organi zaln® a technick® opagrmremiiast nketnoira® ossl?

Zvierat a vec? z ohrozen®ho miest a.
PodOa sp!sobu evakuS8cie os!'b rozligdgujeme:

- s%l asn¥%% evaku8ciu,
- postupn¥% evaku8ci u.

S¥%| asn§ evVvaekin8cjiemdnoaduchg? vari ant riege

ZhOadi ska zabezpelenia objektu technickT mi =
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potrebns§ i ch Il ngtal 8ci a a na zal ati e ev
hl asovou signaliz8cs$iogn aloigz alrrul, mi mezgaarfi- andoer
pogiarnej pd.gnali z8cie a

Postupng8 eWwvdkyusdcoiua:j edl higo @i ttejvepijadaca ak
Taktieg kladie vyggie n8viokyi napdrexdim§ Ick.@
evakus8ci e zableep® | ugysecobaagkbni kov § cest a
automatickl mi mOkstvhymzariaden2m signalizu
elektrickg8 pogiachnai skbmatit sardi@ad eu) Aeestakk u § c i

dozoru nad prev8§dzkou objektu.

4. SPLASNBTAYV POGI AROVOSTI \% ZHROMAGH
PRIESTOROCH

V r 8mci riegenej] probl emati ky boli spre
v zhromagNovac2ch priest207rOocél edBooviand ang t ap
viozmedz? T7T2kb¥. 2P@dmmowsé&xearn an®md i pvybrar

parametre jednotlivich udalost 2.

Table 1 Selected Fires in assembly areas (bar, restaurant) for the period 2006 to 2010 [2]

Priestor |t 26 SU LJ4 t NAIFYlF O12R
bar 52 641 043
1F @A N 19 301 086
NB Ol I dz 199 2 955 227
spolu 270 3 897 351
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200 -
o
o 150
o 100 -
=
o 50 -

0 ‘ ‘
bar kavi ¢ regtau
priestor

Figurel Firesin buildings with assembly area®ér, restaurant) for the period 2006 to 2010

Na grafe 1s i mtgeme Vvgimn¥%S, ge najlastejgie
regtaur8ci 8ch v polte 199 | o n8m predstavuj
vybranTch zhromagNovac2ch priestoroch a naj

vyjadruje 7 % sT aekltoiveatn Tsh mbgemeowgi mn¥%S
zranen?z % danTch priestoroch. hal g2 m dtl eg
splsoben® pogiarom, ktor ® s2mizgneSnzeo rwiethi®e S,a §
naj viac gk*d vzni k8 v r elugt auor 8pcri e8dcsht avv uh oed nvo t

14 850 U na jeden pogiar a najmenej Vv kavi a

priemere 18346 U na jeden pogiar, t8to hodnota | e
viednotlivich priestoroch zhromagNovacieho p
bar
641 043
kavi a
301 086

regtaul
2 955 222

Figue 2 Directexpressedn € damagecaused byfire in the assemblyareafor the period 2006
to 2010

52



Adassin Are& Sidy Bgneaing 2012

nal g2m parametrom na ktorl som sa zamn

pogi arov dodOa jednotlivich rokov.

Tab 2Firesin the assemblyarea (bar, restaurant) per year

priestor 2006 2007 2008 2009 2010
bar 10 6 13 11 12
kavi 4 3 7 2 3
regt g 47 38 39 38 37
50 1 47
45 1 39
40 | 38 38 37
i 35 1
o
o
=
o

e ®bar

) 1 \e) Q Q Bk avi ¢
N o N N N
v v v v v Bregtau
Figure 3Firesin the assemblyarea(bar, restaurant) per year
Na z8klade grafu | . 3 si mi geme vgi mn%

viegtaur 8§ci §ch m8 mierneblrgs anapdamkoen d ok
2008 respekt2ve 2007 wusts8len¥% tendenci u.

JednTm z najdilegitejg2ch ukatzowwu@kgdoz | e
vypl Tva, ge najl ast ejug2snhk Ypmy2s|eilnna®ni z avpz8nli eki

osobou, fajlenie a elektrickl skrat. V 16
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Tab. 2 Fires ithe assemblyarea(bar, restaurant) for the period 2006 to 2010 according to cause of

fire [2]

t NNG6AYI T yAqldz 2681 t NAFYLF O
gyeastys 11 LJIfSyAS Ty 2 11 600
gyeasStys 1LY tSyaAS yS§S 73 2 546 874
FI 26SYyAS 20 33343
dzYASaldySyAaS oAaAyoOaltt O 9 12 547
obsluha vykurovacieho telesa 2 332
obsluhall SLISt ySK2 aLJ2 i NBoA 15 17 889
Y|y A Lddzt t o7\| a 2002NBYy 12 54 476
YI yALidz t OAlL &2 OSNI ge 2 498
I @t N YAS | NBITFYyAS @N 1 66
Ayt ySRolf2aU0 | yS2Ll 6 132 418
G§SOKYAO1t LI NHzZOKI ae 2 200 166
opotrebenie vykurovacieho telesa 2 30 500
2L GNBOSYAS 0L NHzOSY A 4 8 464
I YdZNB @I Yyt KNI RI @ 12 6 7 995
OLX¥ NI @ 12YNYS 1 2 000
gt Si A&1ASNIT 12YNYLl 1 1328
GeK2NBYAS al RIN 10 7185
Ayt LR NHzOKI @& 1 dZNB O d 10 57 403
2L_J2 u_N.BoS)/AS - &ul NJ dzu 5 10 258
zariadenia
L322 NHzOSYyAS GSay2adAiA &Ll 2 894
1 96 0OSYyS LINBKNALF GAS 8 5544
St STUNARO] & aiNFi 23 173 877
I ge OSyeée LINBSQKi2NR20Aéé 2 R 19 29 246
LINBUIF OSyAS StS{TGONARO] e 2 27 118
AYS LINB-WSRAKY2OP2S L2 NUZ 14 273 349
samovznietenie brikiet 1 1992
samovznietenie oleja; tuku 1 265
L2 dZONGI yAS Ttol @gySe Ll 1 0
znovurozhorenie.J2 O A I NXHz 3 0
yST AaidSyt 16 249 724
spolu 270 3 897 351

5. SCENCR MI MORI ADNEJ

Scen8r bude podkladom pre
v stavb8§ch s vn%tornl

som sa rozhodol pougi

UDALOSTI
spracovani e met
mi zhromagNovac?2mi pri e
S met-du anallzy stromu
menovanich met- -d

pretoge msi grmyszlo vgetkTch
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probl ®&mu . Pri n8vr hu scensra som vychs§
zhromagNovac2ch priesti20l@ch za obdobie r ok

Figure 4Treefault conditions

Pre vyhodnotenie stompor uchovich stavov m! geme Vv

jednotliv® sekvenci e. Za hlavn® pr2liny e
zadymeni e. Pre tieto dve vrch[8]l ov® udal ost
6.ZCVER

Evaku8sctiaev brc#it or nT miovah? mma@N i est or mi
aktus8!l rEav atk @B al ic gwiestorv j e gpeci fi ck§, pretoge
Oudia, ktor2 neméPmajb¥ySdajl polj evkptl yvw om o1
evaku8ci 2 t ak mtigzeny tho chrsdizla®maim. j e str
charakterizovanl zhromagNovac? priestor,

vybranT chatamtkjtd ketgjocslcen§r mi mori adnej wudal o
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SKDMANI E FYZCHEMINOKh CH VLASTNOS
SORBENTU UNI-SAFE

EXAMINATION PHYSICOCHEMICAL PROPERTIES OF
THE SORBENT UNI-SAFE

Mi chal GCL, PavoBAROBVS, Barbora

Abstract

The sorbent UNBAFE capable of preventing a hazardoeaction in contact
with such aggressive chemicals such as nitric acid, hydrofluoric acid or hydrogen
peroxide. Its another great advantage is that immediately prevent evaporation of
substances into the atmosphere, and even in contact with sulfuri@nactd/drochloric
acid. UNI-SAFE can be used as an indicator of the dangerous substance. This feature

facilitates its own course and improved action in disposing of spilled substances.

Keywords: Sorbent UNI-SAFE, hazardous substancekemicals

1 bVvOD

Ll 8nok sas¥laoshbreasstiv vysoko aktu8lnou t
neh'd kagdomielenw®udsstkipcah asi | §ch t otohot o t r e

ditvodu je nutn® vynakladaS %%silie na zdo
vyplTvaj %nate9p wimius§cie. Va]lgina dopravnl
produktovavt Tch hor g2ch pr2padoch aj Yani kom <ch

| 8t ok. Produknegg meojujgdvl@aa®s % % i nn® al e mn
by sa mal o z nkeln sohveansi.c kN e pperti uepnmeySsdeill msv vy vi r
novl typ sorbentu. Tento produkt by mal

sorbenty. nal gou dobrou v | aAsuttnoomsoSoiul yj e K i
prepravuj ¥ nebezpel a® ADBt bgynhyem@l rebly&xp
UN a Keml.erPrki- dbbampr avnl ch n eobtthrutiidabuledaio c h § d
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zasahuj %ci pr2slaghiSi vHaddYune¢addi,& kTm mor i a
nepoznaj ¥ druh uniknutej | 8tky.

2 ZCKLADNE | NF CSCRRBERTUBJNI-SAFE

Uni k8tne zlogenie virobkov nereaguje s ak
o silne reakt2zvne a oxidaln® | 8tky, ako j e
vod2ka a -NAF§i e.dokNlgne na seba naviazaS Ve
porovnan2 s inimi druhmSARBBDT rmehu oabs drvimo ya S m
vody.

HIl avnou zISoAFkEo uj eUNdo !l y m®r ktorT mige Vvi:
sedemdesi at p?2S n § Sabent WUNISSAVFOF ejje hmmodm® spou i
vgetky druhypyzhghodm®mebezpel neji al. 8§ tLK8Y krnya spit «
navi azan®f yczhiekngilcnkyom pr oces om. Pougitie sorb
kontaminovanlich spevnenlch ploch8ch, nez§gl e
alebo nebezpel ni®e guasma?d esndarmmlyentPww szm rochou vod
naj odol nej gi e stopy nebezpelnich | 8t ok. Oc
jednoduch®. Absorbovang8 zmes mte byS jednod
vysat8§ vys8valom al eboaodneer plan®dlsenmr Backino ;.
sor bentoud zd&wihsu2 nebkelpe |l mey gilt8itkya | i kvi d8§8ci :
vplyv na givotn® prostredie.

UNI-SAFE akoi ndi k&8t or

UNI-SAFE ma veOk¥% vihodu oproti ostatnlm
schopnostidenwviotin®bwani a o ak¥ | 8tku sa jedn
a urlTchOuje samotnl z8sah pr2slugn2kov Hazz
z8sahu identifikovaS nebezpel nSAFE@Eamou vyslTpa
na | 8tku a asafFbdavan2mrjekosfakte sorbentu s
meni S so svetlo zelenej na ¢glt¥% a pri kont al

| er ven Y.
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3 SPLASNh STAV VhJ]AZDORRAMNMNEZMKNEHODCM

V r8mci riegenej] probla@mat iikny bp alBid o e pr
HazZkdopr avnl mPoehldk8mdnom pregtudovan2 gt
2001-2010 boli vijazdy roztrieden® podOa d
Nagrafe 1 je zobrazenl ceéhoye rpgkedemd| oz
pol et vOpardoeowl k erkeohoodg§nec kal m z §s ahom.

a5 Q00 0TI

WOV [ [ S— T

z 8

25000

20 000

15 000 -

Pol et

10 000

5000 -

2001 2002 2003 2004 2005 2806 2007 2008 2009 2010
Ro

BOst at n® BDopravn® BEkol ogi ck

Figure 1ExitsFireand Rescue Servida the years2001 to 2010

Zgrafu 1 vyplTva, ge priemernl polet r«
apohybuje sa okolo 3000 v 1 j aez Atolvc hrtool vijazdov tvori a
vijadoyprlavnl m keklbd bgmc&T m z8§sahom, | o si
grafe | . 2.
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70%

28%

mostamdopravn® "ekol ogi ck

Figure 2 Exits Fire and Rescue Service in the years 2001 to 2010

Ekol ogick® vijazdy za hBbddotvan®i ebdobiyge\

Aj napriek tomu je d!'legit® sa zaoberas
nehtd m:ge woshi€ldmasSt rkat §akntadediawke tug ¢t i
dopadom na (givotn® prostredievl vRdtzudSecieeni e

polas sledovan®ho obdobitaolhteo zqur§afou nrelnd e ma

ge ag 71 % vsmokbeam nepalighsproduktov

700

600

500

w

N400

2300

©200

o

100 ~

0

2001 2002 2003 2004 2005 2006 2007 2008 2009

Rok
—Pni k ropy a r o] Bni k c¢ h e amorgahiékej |
Pni k c¢ h e anganidke§ - Pni k bakt®riolo
—Pni k biologic BPni k r&dioak
Pni k | nl Ekol og

Figure 3 the distribution of environmental interventions by type of event
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Zo (gtatist2k ekppbhbvakl g z&sahdwmev vy

stovg8k vijazdov k ¥nikom NL. Naj |l astejgi
produktov (ag 71%) a ich polet z roka na r
Vv cestnej prem8vke.

Z uveden®ho vyplnleshd,d G od emr awinisc Hani ko
veOa. Preto je potrebn®, aby boli pr2slug
dr uhu. KeNge sa po cest §c-+hoprOmprea vkwjalp an anjE
kde patr? aj ropa nBajrlopnt®e jpgioed ukk ¢!, o dioc kbE
potrebn®, aby sa vybavenie hasilsklch st

udal ost2 s viskytom NL tohto druhu.

4 EXPERI MENTCLNE SKBMANIE DLI NNSOFE|I SORBE

VI aborat-rnych podnriesntkiax he xspreer ismae nst n§ad i
“linnosS s-8AF&nt uUAKONIprv® sme sl edovaldi

vybranTchn 8s8ltekdanceh ,smae spravil i Nal g2 pokus
41 Postup pri experiment8l nom sk¥man? sort&k
UNI-SAFE

Sk¥amani e b ol oh evnyikcoknoarm ® avbor at - r i u na

pogiarneho inginierstva. Hl a v n $arsorbentue Oo m
vreakcisdanou | 8t kou. Ako prv® sme skSARRI i so
vkontaktedbe nz2 nom Nat ur al 95. Pokus Dbbsdhomvykona
100 g benz2nu, do kt or ®h 6SAFEnPEMen\awigksad i 10
ur | i1 podOa wWdajov, ktor® url]il virobca.

Figure 4 A samplef fuel and sorbent UNBAFE
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Pokus trval 10 mi n%Yt , po uplynadilp | asu s
S me, ge sorbent ne% inkoval podOa predpokl a
sorbentu.

Figure 5A sample offuel and sorbentUNFSAFEfter 10 minutes

Ako druhT bol t eSAFEvveakniilsnafson. Pdkes prebiehbN |
rovhakoakoypr vom pr2pade. Na digit8lnej v8he sme
nafty (50g) @ 8 sl edne s me o dSAFK ohmatnoss @0g.bveorkys %2 U N |
zn8zornen® na obr 8zku 4.

Figure 6 fuel and sorbent samples USAFE

N§8§sl edne sme vzorky sor be nktoromioobo&0gp al i do
nafty. Sorbent s me nerchxallédne?! ssomd Sv ZLADr kmi n\
presk¥mal i . Pozipgteislkivamage s Mmel e dpniom b ol pri;
pr2pade, ale aj tak nefmalm Sa@ar mé Mte mego pacdcswamn

obr 8zku 5.
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Figure 7 fuel and sorbent samples USAFE after 10 minutes

Dan® pokusy n8m dobitv&zha Ipir,2 piped oxcdhr meemta | v
“wWinnosS. Bolo by vhodn® zopakovaS pokus
vzorky so sorbentom UNSAFE.

41 Postup pri experiment 8l nom sk¥man? i d
sorbentu UNI-SAFE

hal gou | as Sou teexspteaviameing ui cdeordtoi fi kal nej
UNI-SAFE na vybranlTch piatich chemi k8l i 8ch.
Hydroxid draselnl (KOH), chl oprdOoglOH@)asel nl
hydroxid hldi,nidodi(dAl dOB3delrsanvbd( Kme si chen
svodou oobjeme 100mla mer al i sme ich pH. Na obr 8zku

pougit® pri pokuse.

Figure 8chemicalsused in the experiment
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N8sl edne sme si obsah odmer afridaismeal cov na
UNI-SAFE. Po kr 8§t kdbmr bese udapkg/h Gahketno hko§ ld u s a |
Na obrg8zku 7 je zn8zornenl visledok pokusu.

Figure 9 result after mixing chemicals with UiSAFE

Po vykonan? vget kT ch Yak onov S me por ovna
chemi k81 i 2 so-SARE.ar Vé s1 md KWH ybdorloix i o h oddrna®,e | n
( KOH) a uhl i |.COxa0R,O)s - halyi ( Navnak® sfarbenie
asfarbenie pH papierika bolo tmavoond r ®. Zvygn® chemi k8l i e chlo
hydroxid hilgini 8ddi(Al d0ayel nT Kskrbeniuphlal i zel e
papierika nedogl o.

5 ZCVER
Dopr avn@&stnlehosdpyoj enl Yni k nebezpelnej | §t
sme sa rozhodl: pproadcaoSv ai Sh gntai ttuecjitoon §tl®nye gar ant

experi ments8k ““mani e Y4lUNIRSABES Vp r 8scor be bat upost upr
spracovan® jeédMooel je®spratovavs8 c-BAEakteri st

at aktieg s¥ asnl stav vijazdov HazZzZ. nalgia
dokgzal indi kaln¥% schopnosS sorbentu na vyt
dodaS, ¢ge nizlhty&nedi@ippdeawnkahr entechjde apotreb
vyv2jaS winnejgie | 8tky na zabz&8omhernamey znel

OQudsk®ho ¢givot a.
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ANALh ZA KI NETI CKIMETHROWVRPROEESU
SAMOZAHRI EVANCA DTOUOHGK POMOCOU
BEZPELNOSTNE HAOMEKIRA SEREX

ASSESMENT OF KINETIC PARAMETERS OF
SELFHEATING OF SOLID MATERIALS USING SAFETY
CALORIMETER SEDEX

lvanHRU GOV S K il 0o GHREBET, Jozef MARTINKA, Karol BALOG

Abstract

The SEDEX Safety calorimetawas developed for determination tfe risk
parameters of materials stressed under lower temperatures (from room temperature t
up t o e drWce )s capable of eming under different thermal conditions for
tests such asscanning calorimetry, isothermal testing, adiabatic conditions and
Accelerating Rate calorimetry.

Keywords: SEDEX, exothemic reaction, Accelerating Rate Calorimetry

1.bVvOD

K najobO¥benejg2m a najl ast eypgpiri@DSgoug2vanl
DTA, TG a ich modifik8cie. Zariadenia ktor®
anallTzy al eblbermdvaeaejnl aegal Tzy maj % girok® s
avgak maj ¥ aj svoje nevihody. Tieto zariade

exotermicklich reakci?2 a to hneN z viacerTch

Vysok8 produkcia plynov a pytrfodhttad cké a@kc ip§cc
begn®, | asto znemogRuj ¥%c hatdd aleawit ek &i okylgeeh r
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(Grewer, 1994) P i analTze niektorTch |1 8tok je p
uchovan® v n8dobe s kongtantnl m aonbalelnoum.

m: gu poug2vaS uzavret® n8§doby na vzorky,

hal g2m obmedzen2m DSC mtge bysS, ge VvV nem
nek or T ch exot e nBabraudkdsc2603)r e ak ci 2

2BEZPELNOSTNH KPERGEIEX/

Bezpelnostnl ka(Fogwed2nbobkr v@EDEXtT za Yl el
jednoduchej anallzy nebezpelnliséakmat eri 8T
slovami m§ za ¥l ohu <citlivtwhdlecdhekai bvapal

| 8t kach (SEDEX | e SenkitiveDetector of Exatimegnic iproced®ds o

aich zmesiach(Hakl, 2012) Pomocou tohto adi abatsk&®ho
mnogstvo ugitolnlTch a prakticklch inform§
ne patria napr2klad bezpeln8 horn8 teplotr

z reakci e. Zo z2skanlch wWdajov moéoo pre
zmes.i | 8t ok pri va] g2mhagndbn emolcerz pael nT m g
(Geissmanhp

Figure2 Safety calorimeter SEDEX
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3. FUNKCIA ISOARC

Zariadenie pracujep i ati ch z 8kl adnlich operalnich m-docl

Scanning
Isoperibolsteps
Isoperibol Long term
Adiabatic Analysis
ISOARC

= =4 -4 - -1

~

Naj hlavnejg2m a nosnim operalnim m-dom zar
(Figure3). Sp! solbvAnng tohto regi mu spol2va v post
ng8sl ednom p8tran?2 po exotermickej reakci i p
kroku ohrevu. Zariadenie ohreje vzorku na da
nenastane tapeidend& ir oozroorvk®%hu a tepl otou pece.
zal ne vzorka samovoOne zohrievaS nad tepl ot u
sa automaticky prepne do adiabatick®ho reg
prestane vzor ka \duykdeatept viakSa zariadenik anovap prepne

predch8dzaj “aceho regi mu, | i ge nasl eduje ohi
exotermickej reakci e. Ak Kk exotermickej rea
ohreve na Nal g2 tepl otamli akrexk.t eTmnt kT cshp? 5 e

charakteristickl pre ARC:waisealch.t er at ure sa na

Institute of Safety and Environmental Engineering Default

P1 Sam..
P1 Phas.. P1 Oven..
K °C

7 04 140 : 7

FEIVE T R P 1

6 -29

120] oo e

5 -4 110 /T
1007- \

90 F_
8l 8 [Minimum: 04,376 °C
3 [Maximum: 115,673 °C
70 J
-104 j_
2 60
-129 50
1
40
144
12:00:00 0:00:00 12:00:00 0:00:00
13.6.2012 14.6. 2012 14. 6. 2012 15.6.2012
Time abs
H P1 Oven temp B P1 Sample temp P1 Delta T (Sample - Oven) H P1 Phase number

Figure3 Sample of cotton mixed with linseed oil investigated under the ISOARC operational mode of
SEDEX
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4VhSTUPNE EZEASKRANE POMOCBUNBETZREHO
KALORIMETRA SEDEX

Prilogenl software n&8§m umodgRuje spracovas
kal ori metrick® d§gt a. Medzi ne patri a:

A Url enie inicialnej teplotsgt) pre prvv¥ exoc
A Tepel n@yues) ky

A Las do maxi m8!| n@igureB)l chl osti reakci e

A RTchl osS saf(rigmeddhri evani a

A Priebehsamozahrievania podobe arrheniusovej krivk§rigure6)

A Aktival nBigueG)er gi a

Zariadenie je gtandm§dnko uworda viand®r ksy .t | Rrkio
ARC zohr8va dt!l| eg¢g-iftakt¥lrahuRetpakzwarti§ci a v

pomocou ARC ktor 8 bola vyvinut8§ Townsend
poug2vateOmi modernlich zagizadshdoyvial ¢ ebdl
m2 t Yac e . V te-rii prestupu tepla je ter mz2
tepelnej vodivosti, hustoty a tepel nej k a|

inerciu akog (Babrauskas, 2003)

Experimenty Glh&talki,edeecPmi dtlegitl pri
pol as adi abati ck®ho toprer gt a®dar dnnapa. t IPdak c
vzorku(Figured) j e automaticky vliogenl vo vyhodnoc
ho ad§vaS. Gtandardn8 n8doba na vzorku sa
Vonkajgia lasS je vyroben8 z nerezove,j oc
t1l akom. Sklchth& jsd ast i, tesniaceho meden®nh
Veko spolu s tesniacim kr%mgkom sa vkl ad§ |
ng8sl edne priskrutkovan®. Vn¥%t orng | asS | e
vichnej a $pvdnéjasBastai .naziva sklenl 1in
pretlakovim ventilom a otvorom pre pr2vod
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Figured Sedex stainless steel vessel assemblyTop part 2¢ Lid 3¢ Copper ering 4¢ Glass inliner
top 5¢ Glass inliner bottom &; Bottom part

Institute of Safety and Environmental Engineering

P1 Sam..  Vessel Type: SEDEX Steel Vessel with glass liner
P1Heat . P1Oven. Weight: 1,507 g Stirred: No Atmosphere: Air
W/

(] °C  Description: 100% Cotton (Linteo) + Linseed oil (Rapunzel) (0.502g + 1.005g)
0,1 . >
200 :
Minimum: 4,46835E-03 W/g
0,08 Maximum: 72,18955E-03 W/g|
180 Sum: 235,914 W/g N
0,06 160 N AN f\

Y ~ |
0,04 140 // / WW}
ol )

0,02 /‘/\\ L
MM
100 Sl
0
80
-0,02
60-
0,04
40
16:00:00 18:00:00 20:00:00 22:00:00 0:00:00 2:00:00 4:00:00 6:00:00 8:00:00
12.6.2012 12.6.2012 12.6.2012 12.6.2012 13.6.2012 13.6.2012 13.6.2012 13.6.2012 13.6.2012
Time abs
B P1 Oven temp B P1 Sample temp I I _P1 Heat flow |

Figure5 Sample of cotton mixed with linseed oil investigated by the means of scanning operational
mode
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Institute of Safety and Environmental Engineering

Vessel Type: SEDEX Steel Vessel with glass liner
Weight: 1,508 g Stirred: No Atmosphere: Air
Arrhenius  Description: 100% Cotton (Linteo) + Linseed oil (Rapunzel) (0.501g + 1.007g)
K/min  Adaptive filter (Tau = 600 s, UBand = 0,5 K, LBand = 0,5 K, MST = 600 s)

| SN | il Wy o W

S
7 -

Activation energy: 10380,01 kJ/mol

0.1

0,00258 0,0026 0,00262 0,00264 0,00266 0,00268 0,0027 0,00272
1/TAbs. 1K
I B Arrhenius |

Figure6 Calculation of activation energfrom arrhenius plot of cotton sample mixed with linseed oil
investigated under ISOARC operational mode

Institute of Safety and Environmental Engineering

Vessel Type: SEDEX Steel Vessel with glass liner
Weight: 1,508 g Stirred: No Atmosphere: Air
SHR cor..  Description: 100% Cotton (Linteo) + Linseed oil (Rapunzel) (0.501g + 1.007g)
K/min  Adaptive filter (Tau = 600 s, UBand = 0,5 K, LBand = 0,5 K, MST = 600 s)

Minimum: 47,89855E-03 K/min
Maximum: 1,080303 K/min

Average: 560,0797E-03 K/min‘

0,1

96 98 100 102 104 106 108 110 12 114

P1 Sample temp °C

I B SHR corrected |

Figure7 Calculation ofSelfheating rateof cotton sample mixed with linseed oihvestigated under
ISOARC operational mode
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Institute of Safety and Environmental Engineering

Vessel Type: SEDEX Steel Vessel with glass liner
TMR cor..  Weight: 1,508 g Stirred: No Atmosphere: Air
min  Description: 100% Cotton (Linteo) + Linseed oil (Rapunzel) (0.501g + 1.007g)

o o e
_
—

_

R
- .

[Maximum: 38,75047 min \

0,1

0,01

96 98 100 102 104 106 108 110 112 14

P1 Sample temp °C

[ B TMR corrected |

Figure8 Calculation ofThe time to maximal rateof cotton sample mixed with linseed oil investigated
under ISOARC operational mode

5. ZHODNOTENIE

KeNge bol bezpelnostnl kal or ijneedtneord u & & ®e x
vyhodnotenie bezpelnoskwndpmgdl nflacphaimemEr mle d ehl
urlenlT pre priemyseln® pougitie, visledky z
zve@]l ga charakter grafickej i nt er podebe Sci e cel

prehOQagrafov.cznameranich visledkov dok&geme 1
ospr8van? sa | 8tok polas n2zkoteplotne] z8S
posudzovania sklonu | 8tok k samovznieteniu
kal ori meter SEDEXt rjog omd en&l nwyngen rovani e exo
| 8t ok, pret opge ebehor m&ianoag adr i ev arnellaa tRovkn8eg e me

kr8tkej dobe testovania danej | 8t ky.

AT8to publik8cia vznikla vNaka podpore v r
projekt: CEprevi voj a apli k8ciu diagnosticklch met
a nekovovl ch ITM8a2622012084Bov spol ufinancovanl zo
Eur - pskeho fondu region8lneho rozvoj a.
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AKTEVNA PART SIOVENSKA NA PODPORE
LI NNOST|I EURGESRBRYAPRE BBZPELNO
A OCHRANU ZDRAVIAPRIPRCCI|

THE ACTIVE PARTITIPATION OF SLOVAKIA FOR
SUPPORTING THE ACTIVITIES FOR EUROPEAN
AGENCY FOR SAFETY AND HEALTH AT WORK

LaurenciaJ ANL UROVC

Abstract
Thecontribution promotes the coordination activities of labour inspection
authority in the field of international cooperation of health and safety. It is focusing on
the activities of the Slovak Focal poi nt an
prevent i ono. T h e -ddinaigdaby th&uropean Ageocy for Safety and
Health at WorKEU-OSHA) and its partners in the 27 EU Member States and beyond.
It supports a wide range of activities at both the European and national level. The
Slovak Focal Pait is an active part of the European campaign and the contribution

informs about the concrete Slovak activities to support it at the national level.

Keywords: International cmperation, campaign, European Agency for Safety and
Health at Work.

bvoOD

RozhodnutiecEur - ps k e ] agent Yadr apvriee bperzepged e)t®®iS (aNa |

venovaS sa nastepojécepdivapr ® &emepimantevst n§vat e
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pri prevenciopl yvnil o poznani e, ge Yspegn8§ spol
i cht zBsov a ostatnich zainteresovanlch st
bezpel mmgeSzansestnancovzan2 gi S ri zi ko na pracovi

nevyhnutn® predpoklady trval ®ho hospod8r sk

Slovensko ako plnohodrnotl |l 1l en ED sa akt2vne zap§8§ja
agent %rndumi a i ngtit¥%ciami, ktor ®ti ademviaz aober
aochrany pri pr8ci

1. VAZNAM PARTZAMEBTNENCOV ADDLEGI TE DCTUMY
KAMPANE

KampaR ] e dil egit 8o tpme]j ppadhotpaetny e v isan a

zamestnancov, bez kt orTch akt 2wrneelj ol %l|vaRshtoi
managmentu ods %den® na nevwspech. Dtl egi

zamestnancov pre bezpelnossS.
Zaliatok kampanewvil8eRaprezlpe2 hbatiSweto@hr

AEur - psky tTgdeR bezpelnosti a ochrany zd]
ASl 8vnostn® odovzd8§vanie ceny za dobr Y% pr
ASI 8vnostn® ukonlenie kampane: november 2

Mnoho podujat 2 ky @ampnaan eE usra- ps&me rtilagjde R bez
zdravia pri prs8ci, ktorTm je kagdorolne 4
roku 2000. Kagdorolne sa jedn8 o s®rie po

zdravia na pracovisku. Sleduje sa prinich cht o paS ci eOov: zvige
poskytovani e inform@moYgnemire ppavat wgpu oko:
|l i nnost?2, ktor® maj ¥ vplyv na pracovi sko,

Agent Yar a organi zuje polas prv®ho roka kam
obl asti bezpel nost.i a ochrany zdravia pri
organi z8ci e, ktor® naglipodqpwrad 2akte? BImPE |S O

maneag@ amestnancov pri zvygovan? Yar ovne E
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vyberaS v dvoch kateg-ri8ch, a to pracovisks§

zamestnancov.

2. SLOVENSKE MNXKPODRORU KAMPANE

Zapojenie sa do eur - -pskej s¥“Sage zberu pr?2
pouk8zanie na konkr®tnych pr2kladoch na vIhoa
v oblasti bezpelnostii ch a@ohrddny Ondemawi a gertik 1
zames n§vateOom a zamestnancom. pd®maec zrealpigreni e
astrednim pod@imcom ka¥ap ane organi zovan® ug
seminsgr e, obsahovo zabezpelen® N8§rodnTm kont

sY% YWl astn2ci BliggosSobpag&mewmya,gasnl mi mat

ako a | | egblsdattiz vbeezlwehnygstzidr avi a pri pr 8c
zmenami | edissleakzawmy arkipmkk ®Rtenepr Hbd avsti, na
seming§re zameran®I vaa2 sami m@bdlerisdgtpirte¥sci 2, p
aodborovich organiz8ci?2. ®Dlastn2kom s¥% bezpl
kampane, ktor® m!gu hlmapet dleizopempogtoh feéec

s ami zabezpeluj¥% Yl oby BOZE&r mSDwigli Sna kbepmgir
povinnost?2 s¥visi aci cphr iseob ezhaub erzopkeal e2n®1n?2 BsG/Z Pa
gt yak®t o seminsgr eni cphr islaom nitajek apgdThlz8si S 50 !

nal gplu8§rrovanicBmakt keeRkprziammevi n§rov vo fir me, |

stane v2Sazom n8§rodn®ho kola s%¥%Sage Dobr§ pr

Polas t1 gdRaocdherzagpreyl nndt aviaa pkrriaj pn8ch, EBt o
kagdorol néd3orkork& | end8&r nonje ztolrggdannii z o v & A § tl al
konferencia zatlVdlaes,ti t @®ReEN&zue,a z8stupcov

zapojenich do s¥%Sage Dobr§& prax ako aj odbor
ci ekbnakr ®t ne aktivity prv®ho roln2ka kampane.
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3. AKO MDGE ABBENDBRA ORGANI ZAGOECENAM DO
KAMPANE 7 UZNANIE A PARTNERI KAMPANE

Agent Y%ara zviditeOn? organi z8ci u, ktor § S
Pomocou jeddAodech®i@zor ka mogno ozn8&mi S a
zaob¢ms§ ckaenpani dosmahi g®, dosisabhped vidmas
formou osobn®ho osvedlenia o %Y asti, ktor
vytlaliS a vyst-AvnsS, rakéamp®hor mépi sn pre
organi z8ci e.

Organi z8ci e, ktor® dok8&8gu kanasS sma vihedhair
zapojenie do kampane, maj ¥ mognosS staS sc:
Partnerstvo prinesie organiz8cii viacero \
Auverejnenie V 0 vyhradenej sektiaznwenbo:
vyobrazen2zm jej | ogauvadem2nmabbdt obnlvoda
| innostiach, ksodarkiamioms aazgehemw®baov® str §
Auverejnenie podujat2, ktor® organizuje Vv
Auverejnenie ved?%ce,j osobnosti organi z§8ci

st r 8§ n kaee ajdatogm@afiou;

Apr2legitosSl ipnopagoivaiSaoen tl alov® sprgvy
sekci.i Sspr8v webovej str8nky kampane Zdr
bulletin OSHmail,

Apropag8cia zo strany a greonpta¥gruyj :e vkgadnyp, a Rk €

pracovisk8 na Yrovni ED (napr2klad eur - p
partner om, Eur - pskemu parl amentu a Eur -
predsedn2ctva ED a pri udeOovan?2ujeaien za

ofici 8l nych partnerov kampane.

4 . I NE AKTIREI KYOORKODTOIUJ ENAALKEEBOBRh CH S A
PODI EOA AGENTDBDRA

41. Mini i kgmpdR ekati ke oznalovania a
chemicklich 18tok (CLP), na n8rodnej] Yar 0 v

kontaktnimi miest ami
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42. Il nformalng kampaR, v ktorej agent Yr a
zamestnancov, aby na pracovisk8ch v cel e] Eu
dy m. Vych8dza sa zo ¢gtatisticklich odhadov,
Yamr t 2 rolne v ED s¥Wvis?2 s fajlen2zm, z | oho

samot n®ho environment Klun etheoj ttoa bkaaknopva®hio bdoylmu
vydad® 24 jazykdwt@Brkel, o gdid@PdkMciap Wegpg @i A a

i nf or@amateri 8ly, zverejnen® na webovej str §

43.ED kampaR Viboru vrchnlch predstaviteOo
venovan¥% psychosoci 8l nym r iO8HAKASgne npt ovdr pao rbiuldie a
vychg8dzaS zo sk¥%senob&ad,t&jobo®kampane2pkian@r
kampane, ktor8 prebieha kagdorvadkote20plod n8zvo

i2015 bude zameran8 na psychosoci 8l ne rizik?s§

4.4, Projekt EUOSHA akonzorcia Napo s §zvom ANAPO pre ul i
z8kladnTtbrkpbmg§hk uhené€®omnbuadvoumau obozi
ZG so z8kladnTimi pojmami BOZP.

45.Paneur - psky prieskumOZPr ejrreajl i mbeaky
agent Yry spololnosSou I psos MORI, ktorTm
begnlicbvoblza6 eur-pskych kraj2n na s%¥% asn®
stresu s¥%visiaceho s pr8cou a viznamu BOZP |
ako aj % sYvi sl osti S dl hg2zm pracovnim (i
reprezental n8 osrkduepntnoav 1v004 1v ekess pvi ac ako 18
pr2slugn® vekov® rkagtiegq-yrilrajpmlyl.avPreezae nt 8c
konkr ®t nych pr2padov t T kaj Yc iinfotmovasi@sti Y4r ov n e

zamestnancov o rizik8ch na pracovi sku.

46. Agena ¥ a proj ekt Eur - pskej komi si e ASt
vichodiesnkkgpmi pzni vl dempagdgiaddakda vdIvh i esho 2

vpracovnom pomer e. Visledkom projektu bude
praxe BOZP i ngtit Ypcriggc,ovP B §p avkica oab e p nmréad elac h
astrednTch podni kov, pbros®redbédtavozroz b Bset ||

aprezentovan® ako visledok projektu.
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Vzdel 8vacie ingtitYcie venuj Y%ce sa probl er
| i nnapstoij ekty t1 kagbvicaestsa BoOsZWwe tayp owh u fr § G w |
m: gprepade z8ujmu kontaktovaS n8rodn® kon:

Adresa autora

Il ng. Jan|lurov8 Laurenci a
N§rodnl ingpektor &t pré&ce,

N§rodn® kontaktn® miest de Epahrgns B\jiagph gent ¥
prs8ci,

Masarykova 10, 040 01 Kogice, Slovensk§8 Re
Tel: +421 5579 79927,

e-mail: laurencia.jancurova@ip.gov.sk
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AKTCVNA PROTIARDOKHRANARBUDOV-
STABI LNE£ HASIADENA Z AR

ACTIVE FIRE PROTECTION BUILDING-FIXED FIRE
FLAMMABILITY OF

MichaelaJ URE L KOV C

Abstract

At the time of construction demanding building complexes, which are
complicated not only their disposition but also their technologythadheight is the
protection of the population in these areas an integral part of the buldiadgechnical
devices which are currently available and provide both fire detection itself, or its
location, but also the possibility of the active principhel dhe direct protection of the

population, are the main help in active fire protection of buildings.

Keywords: Fire safety, active control, passive control, paint system, spi@y system,
safe protection ratio distance, electric fire alarm, fire dista open fire areand

spacewithoutthe risk offire

1. bVvVOD

Protipogiarna ochrana a bezgeldmdpsS ac2itb ,pravi

riegen2 budov a n8vrhu pogiarnotechnicklch z
Protipogiarnu ochranu budov del 2me na

T akt2vnu protipaogiarnu ochranu

f pas2vnu protipogiarnu ochranu.
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Z8kl adn® delenie pogiarnotpabdvokl phorapb

ochranu:

Altivna protipoZiama ochrana Pasivna protipoZiama ochrana
1 //_ |
Elektricka poziarna nastrelky obklady natery

sgnalizicia (EPS)

¥
Stabilngé a polosabilné
hasiace zariadenia

¥

Zariadeniana odvod
dymu a tepla (ZODT)

Figure 1The basic division dire-fighting equipmentfor active and passivéire protection

2. DELENI E POGI ANRINOKIHEGH ZARI|I ADIEENENE J AK
PROTI POGI ARNENY OCHRA

Pogiarnotechnick® zariadeni a nielénn@ v n e |
vliasn¥% detekciu pogiaru a tIim predch8dzaj
ale s¥% aj Ind Kkanluit Z ecth- rprd g i vazr o v . lch vz§jo

zos ¥l sthenBkl adnTm predpokl adom vysok®ho st

El ektrick8 pogiarina signaliz8cia (EPS)
a) mus 2 identifikovaS minim8lne jeden fyz
pogi aclom8 vwenom priestore.
b) Akusticky a/alebo ajopt i cky signali zovapbplashz ni knt
vstr8genom prjebbookoh?al ekbov] rawmer uj e
al ebo na hasil sk¥% jednot ku.

c)ovl §8daS pogiarnotechnick® zariadenia,

PodOa typov hl 8silov sa elektrick8 pogiarr

- automatick® hl 8si | e a
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- tlalidlov® hl §sil e.

Podrobnostpr ewWd/d skzabezppé&sm2 m kontroly el ektric
signaliz8cie wustanovuje vyhl8g8§gka MV SR |

vli astnosti el ektrickej pogi arne| signal i z
azabezpelenia | ej mma BTNI39875Pejj i & bretzrpeellyn o a S
stavieb. Navrhovanie elektrickej pogiarnej s

Zariadenia na odvod dymu atepla (ZODT)r esp. zari adenia na odvod
i predstavuj ¥ s¥bor Ssyst ®mov, debefonarm®@ho nc
priestoru dym a a d metrenp® o . PodOa spl!sobutegadsaodu spl

rozdeOuj % tieto zariadenia na

- zariadenia s prirodtzepl asyspPmdédvbouedya

- zariadenia s n%t entle pslyas t(®np |ooddv2ond uh odryermui aa) .

Podr obnost druhmiavrii saidaecne? sn as pol dovdo?dn theoprlean i aa
vyhotoveniaa p| i k8 ci ami s BTNBENI1ZNGLi e uveden® v

) S

Vyhl §8gkal MV69SYROR6NKr ®tzhnycoh vI astnostiach st
zariadenia a polostabopodm@k achaschcehevBdekart

azabezpel eni a i ch pravidel nej kontroly, |
nasledovne:

Stabil n® hasiace jzarhiaasdeanciee z(aSHZA)deni e, kKt ol
stabilnl zdr o] hasi acej I 8t ky, rozvodn® poc
mechanizmus ai gnal i zal n® zariadenie. i PodOa hort

Astabil n® hasiace zaris&demide kpodgirad uyhasigh aa
| innegBonaS pomoCMV: SRnkci 6%/ 2006 Z.z.)
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3. PROTI POGI ARANRXA OFBUHWDOV S T IA BHASIAGIMA
ZARIADENIAMI

Tak ako jedebdbimv¥eden@PodaOa vyhl §gky MV SR

hasiace zariadenie vybaven® stabilnim zdrc
Pri vibere hasiaceho m®dia do stabilnlch
naj ma

- technol -gia prev8dzky budovy |,

- horiacenalt 8rk gl g,

- samotn® pogiarne riziko riegen®ho pri es:s
- obsadenie priestoru os o bdamom preestooe @l | S a me
sptsob Yani ku | i

- dostupnosS hasiaceho m®di a.

Pri pohOade do hist-rie vivmjgeosehdatdamect
povedaS-tyeae hod ok®v Dblag is ttoerconlniiac ksegg vs p! s obi
sprinklerovTich hl av?c, ako ar mat Yr sl Ygi
priestoru, pr2lig veOk® pokr okytechnekej obi | i
zdatnosti, stabilnim hlkedialco m zah i tael@mn iaank
ugtvechto rokoch bpredpa kV as@ak ®jk mbo & @n if ad
pri n8vrhu hlav2c |, | i potrubn®ho syst ®mLt
zariadeni ammbdast aS ps @ mdiepbadpy ,air dad i spkrae vaec hr

maj etku , na popredn® miesto.

Hasi ace m®dia pr e sthamidlim& ah aodiodea and rai a

delia na:

- vodn®,
- penov® a

- s pougit2zm vodnej hmly.

Stabil n® hasiace zariadekhtimi ok up dogiSa rnnaup o
t ak ako hovor ®TNSSI8R6:19P13 08 V¥ b hovan? el ektric

signalizace)
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3.1 Vodn® stabil n® hasiace zariadeni a

Stabil n® hasihaCtaedi z&mi asdpe'nsiogbug ocbwl §si@m¥d Bana a
prevs8§dzkynenaazdeOuj e

1.s rulnTm ovl 8§dan2zm
- priame otvorenie ventilu p8kou,
- di aOkov® otvorenie mechani cklm
zariaden2m,

2250 samolinnim ovl §dan2m

ZhOadiska sptsobu iviytpegrSavcarni armadiVa ye o med
vodn® st alkzialrn @ dreasiaaaé geme rozdel i S na

- drenl erov® zariadeni a,
- sprinklerov® zariadeni a,
- z8plavov® zariadenia a

- zariadenia na vodn%%h hmlu

(I NG. MAREK ROMKCORNBANA EL Gl MMER, 2006 . St

zariadeni a, Fakul t aPraz¢)avebn?2. Praha : LVUT v

32Sprinklerov® zariadeni a
Mognosti vyhotovenia s%¥%stavy sprinklerovlich

ay mokr8 s¥stava,
b) such8 s¥Wstava,
c)zmi egan8 s¥%Wstava a

ds¥%stmvadsti hovim zariaden?2 m.

Neoddel iteOnou s¥% asSou sprgvnej protipogi

sYstsovy nkl erovich zariaden?.
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Mokr 8§ siygsatava medzi nnaaj j j sepdonCoadnul ci hvgeijeg i & s Y
sp8jaj “ace vemtlialvowdamst aqrei ccor val e napust en
s¥sstavu je mogn® pougi S i babujaen,n &d e5S5&. pr

Such§8 sithsotzavvoad n® potrubie je naptheo®ndnrm a
potrub? medzi tvioalknd vno w dg toa mimc ggue a | akov §

t am, kde m*ge prev8dzkovs§8 teplota kdesn¥sS
suchT riadiaci venmobky%ktasB potdeObp®hsuct

Zmi egans8 i1 kaszwwdn e | si et mokr ej sYWstavy
suchTch s¥%stav. Poug2va sa vgade teplatan, kde
tu kloads ¥ AC alebo stw%pa nad 70AC.

S¥%st awraedsti hovimsp§jaalentmheh e ¥isi @akou s pog
signaliz8ciou. T8 zabezpel? otvorenie ri

kzaplaveniu suchej sYWstavy sk?tr, neg sa ot

rTchokyamgi tT z8§sah.
(I NG. MAREK AROKGORNBANI EL Gl MMER, 2006.
zariadeni a, Fakul t aPraz¢)avebn?2. Praha : LVUT

4. ZAHRANI LI SLUERREKC REPUBLI KA

VUSAsa vygaduje, ,abtorvli cthudsoav §enskytuje vi
abudovs8§ch, ktor®(s&natr]|{en®, nlahoselanj emotely
bol i situovan® sprinklerov® zariadeni a.
zariadeni a | pe dmootmiiemnlecnh8 @t §t oc h stavebnl
nari adenzm al ebo mo g n o s Sporue uddeen Y2 ni lmau d ac
(http://en.wikipedia.org/wiki/Fire_sprinkler_systém

V Nemeckuod roku 1996, kdeDpsselpdgri fari nahyrul
zaviedla dodatol n8 sprinklerov8 ochrana d:¢
sl %gi a ako zhromagNovaci e

(http://en.wikipedia.org/wiki/Firesprinkler_system
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V Holandskuod roku 2005, kde pri pogi ar. Vo Vv&zn
| eti sku Schiphol zahydhaodat dlin & 2gRroivn k Isear ozvadv
vget kT ch o b do bhitg/enwikipedie.arcwdkiZFoek sprinkler system

F2nsokdo r oku 2010 m8§ viac ako tretinu opatr
stabil nT mi h a ghitpa//eniwikipedia.orcgwikigEimel sprimkler systém

Walessavr oku 2011 st al prvou Kkrajinou svet a, k
povinn® vo vgetklich novopostavenich rodinnTc

sopatrovateOskiowers? iutjaeiowh ai nt er n §

(http://en.wikipedia.org/wiki/Fire sprinkler systém

Val|l gina eur - pskych kraj2n si skygddujeh pol
priestoroch, obchodnlch ceunbdr SgylbranmbchlT gkpo
budov(i ndi vi du8l ne pre kagd¥% krajinu).

(http://en.wikipedia.org/wiki/Fire sprinkler syst&ém

Na Slovenskusa st abil n® hasiacheudnpaBicadesmpiod ol et &
obl i anskej vybavenost.i (Nn8kupn® centr §, k
zhromagdovaciped) avpir e ®tsomoy ocah v I rsklhdod ch obj e
Vnovopostavenlich budovg§ch zdravotn2ckych, t e
sa vzhOadsomtrrankeae@t gdptsychr anmajoesttkbu, uzgvi e
rovnako tak pristupuek n gt al ovani u stabilnlTch hasiacich

NezanedbateOnTm faktorom pri tom j e aj s am
virazne pr efdersuja¥% odmjTerk tpy o¢ i pogi arnym zabez
aj Britsk§g gt¥dia, kbpeBt aotkazhj 8nenlec hg komr
zariadeniamd osahuj ¥4 | en jednu des at objektochgbkZ d kto
sprinklerov®ho stabiln®ho hasiaceho zariaden
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5. VPLYV STAHBASINACIHCH ZARAADBEBJFTUPOVE
VZDIALENOSTIUNCS VA ESKEJ REPUBLI KE

PodOa STM29®a£) 301 730882s2 odstupovs§ vzdial
kagdl pogiarny Ysek stavby, otvoren®ho s

zariadenia samostatne.

Pr e url eni e odstupovich vzdi al enobxh 2 od

| egi slat2vnych norm8ch je rozhoduj %c a:

- veOkosS pogiarne otvorenich pltch posuc

- plogn8 hustotposeperdownw®h®ho ofgoagizarneho ¥

VeOkosS pogiarneamet vai eklchviploleh pre Ypl
pl ochu ako aj | i apl oche parglie@dide ot vorenw

Plogn8 hustotapdac@Pae!| S®Mz&RIOR&1 pogi arne o
pl ochy obvodovej steny predmetn®ho pogiar
| asu trvania pogiaru alebo podOa vIipolto\

ZhOadi ska slovensklch |l egislat2vnych pred;yg
pogiarne otvoren¥% plochu alebo |iastol ne i

aychr8nen® %ni kov® cesty a
b) as ek y bez p 0 §(BTAND2020H:2000 ¢ iPD ig k abrerzape| nos S

stavieb, Spololn® ustanovenia.)
Lesk8 legbshat?tvachhrany vn¥%Wtornlch priest
2009, kedy wdseku 8. 4.6 LSN 730802 za Yplne

| iastolne pogiarne otvoren¥%¥ plochu nepovac¢

aychr Snen¥% Yni kov¥% cestu,

b) u.seky bez pogiarneho rizika a
c) priestory, Vk t or T ch | e po cel ej ptdorysnej p
stabil n® hasiace zariadenie alebo doplr
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N§sledne je hustota tepxlo®hek tbk.ud.pb dOav NS
priestory podOa odpsoegkiuar&.odn 6¥%s eRakiiand)tjad ovar
stabil n® hasiace zariadenie alebo doplnkov®
vs Yl akdeepist ol ou 11 podOak dov&No7v3® 8sltOe n y2 0D . t rAi e
aleboD2s onkaj gou povrehoobkoWpravedy wzeakcie nge
F,smognIim uvoOnen2m tepla nad 150MJ/ m|], mtge
reprezentat2vnym uvoOnentonpo ¢elejppbchemtaktd8 , 6 MJ / m]| .
upravenej obvodovej steny pri sl Ychaj Yac e

(LSN73080:2009, PogNewl2r dker® ed mjoeskt ys.t av)eb

6. ZCVER

Vpraxi to znamen§, ¢geylplo8i®Oak pinat¥iemnoslia
republi kykagdomtm® evstor e, bez ohOadu na |

technickIimi zariadeniami, najm2 stabilnTm ha
s“l inkom chl adenia priestoru), pol2taS odstu
pogi ari . C hia rsatka beirl nf®@hnon ohsatsi aceho =zariadeni a

vieho poliatol nej defegozarom presioecepsp g ar ome nevzni k
dostatol n8 plogn8 hustota tepeln®ho toku na
pogi ar neh oo hYasregkgum®P iZi @stwor oc h, ktor® s¥% po ce
funkl nTm stabil nl mi hadiaaim ikalcri en rzoaz viiardwetn®mu  sp o

nedoch8dza.

VNaka vVv]| asnej det ekci i pogi ar u pomocou pog
el ektrickej ipdgiosmmeni t ej gmakiti v&cii sprinkl
mi estach v skoltiuatpod gnioanr ugtvedi u, je mogn® po
uviesS pod kontrolu ag do pr2chodu hasilsklc
Pri vipolvoblmcha poltu sprinkmerwwditthdzhal av:
zvipoltovich hodntt, kde otvoren§ sprinklero

tepla zpl ochy obpreenui enhjajZiceho pogi ar u. Kagdg N

n8sl edne odober8 rovnak® mnogstvo tepla zo v
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Priestomy sdtarbhg§ned m hasnm®dciiomn, z akrtioard® naé dno bse
z|l ogkaugizar u, h®ydipslka orizegenia odstupovlich
tak® pogi andhagvikceyh &bk * zkych susedov, t. . Z
nebezpel ednlsntevja h=odmety hustoty tepel n®ho

vzdialenosS nevzni k§.
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Pozvan8 predn8gka

HASENI E POGISAREWNE¥ VYSOKHhCH
BUDOVCCH

FIRES IN MID-RISE

L8s XKIOMJCTHY

Abstract

The article deals wittiires in mediumhigh buildings and putting outfires in
them. Of course,each timea fireis called infirefightersto fight fire in the middle of
high buildings. More rapidspread offire in homesalso contributes tohe amount of
combustible materialsTherefore,accessis often difficult and interferencedetection
focusfor interventiondifficult, asdensesmoke Several timesherealsotherescue and
escape routeare mutuallycoincide In many cases,the intervention couldnake a
peoplefreedonly by stairs Quick actionis extremelyimportant it is necessaryo have

a good understanding spaceandexcellentconditionfrom intervening

Keywords: firefighters,fire, confinedspace mid-rise, hurt, fire action

1. bvoOoD

Samozrejme, ge pri kagdbmseppniguagredges &ur ba s
vysoklTch budov§ch. RTchlyeéjogihenpu i §pi eviau a|
hor OQavich materi 8l ov. Br estSoa {jstanie phndkat up a

piz8§sahu sSadguj e, Innafporr2nkShcaides kow s mhj dhy me Ok T
pre zisSov@BhNeehoQkakon¥t sa vysk¥rninkovag t
cesty sa vz§jomne kryj ¥%. Voykwinadenalad e Op w2
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vyslobodi S Ien cez schodi gt e.t oRluc hjley pzo& sraehb nj
maS dobr ® zwdlbogtni¥s Rioemdt?2aiau zo strany zasaht

2. POGIRREENMNE VYSOK®¥KCBUD

ZhOadiska vzniku pogiaru je charakteri sti
zapl n2 budovoharakéustk@a o2&k gy mfdljodilmeyhla §?2

od ohniska smerom na schodi sko. Pr2slugn?2ci
di chmpred etmusjiea a §taS veOkIm poltom ostb, ktor

Z hOadi ska stavebn®ho ingtal at ®r st va p
bezpelnost n®, respekt2ve protipogiarne vISa

zriedkakedy. RT chtlndmu pwejri tairku§ Inmmepnoun§gzar sy st ®i
al ebo nel| i stnoitcyh, ukstaodri® isa Tws-negtal @atk®mr s kpyrcil
potrubiach prech8dzaj %cich cez steny nie |je

na odvod dymu jeeS8agk®chobypugtehiSa nev

Vbudovs8§ch stvipsidly®v 2] gi nou nepoudgiteOn®,
nevenuje pozornossS. FunklnosS zabudovanTc
aar mat Yar je tieg ot 8zna. Ng§stenn® hydranto

zamknuto&ni ah ebhl baj &ctamimak War gt asvv eetleel kntTrcihc k T

Q

zariaden2 j e n el vayshtooveugvgcE da P tzrwibjean® zaSage.!

Q

hal Zmbl ®mom | e, ge na odstr8nenie nedos
niaze. GiaO viiesKterdikok Ipohy koalreinadcere2 mogno n
bre vidieS aj beadypmowll chohsGahdo.di ¥k§ch vIkc¢
bezpeluj “%cich bezdymovosS je nevyhovuj %ca,

o o
o @

N
o}

ViraznTm nedost a¥rkiokm vjl & tch, @ré vbgosh sarvo
neingtal oval. aut omati c k ® ypsotg®nayr.n eT esni tgon an @ dza
bol odstr&8nenl s% asne Y% innlch pr8vnou Ypr
predpisuje tomto smere povinnosti ibaprr 2 pade vysokO@a hz dwdg2owan efjo
praxe, ich ingtal 8§ci a psr¥il ashytsrtTic hs abmodaw§ ar
Tento nespr8vny postoj predst pwujoer nané k sk o
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z8padoeur - pskou praxou. Protipogiziateney si gt
pogiaru, vlasnV]|®snl® ebhyaeaameO@awia pogdgiarni

21Pbni kov® esé¢seyne vysoklch budov§gch

Lo sa tTka w%nikovich ciest, schodisko
vypuknut?2 pogiaru, neskor g vodu dyntu avysgkej ne pr i
teploty. Zposchod? nad pogiarom z8chrann® pr 8ce

chodby, ktor® sp8jaj¥% schodisk8 cez stre

zamknut ® kOW e nie s¥% ulogen@v.na miest e,
PogiaragisckTl mi n8sl edkamci vzaouldba¥sivapgghn
neskor o, i ch konanie sa | asto | 2qgi od i cl
mogno otvoriS Jasto iba kOY ombytpu,et majsm?
keN j e veterno prievan zabuchne dv éytue. Tak
aby privol al pomoc, sa ug |l asto nedost anece
z8chrana det 2, starg2ch o0os?t!b, ktor® zost

i kviid®ogi ar u.

Apl i k8ci a oceOovlich mr e g 2 proti vl 8§mani
vchodovich dver8ch, na Wsekwvchcehbombpyt om
zak8zang8. Pri ohrozen2 omygateviazme$Semi ma
bytu vpri estor e pl nom dymu. Prerezani e mr e
pogiarnikom, |2m treba rg8taS aj na miest

ohrozen®, pretoge aj na tltbmp mMi esnt @ch e:

vohrozen?z.
220so0by nach&§8dzsajrscdenesavyvsokl ch budov§gcl

Obyvatelia | astorpore ug ke apiRsiin% Wor Oav®
vpriestoroch na skl pdowarcie, |ma méijed pch ,:
pred neol| akgBam¥%eR olwpomshua {§l2er ema tur epoon(@i
wahy skutolnossS, ge niektor® dbwythiyl cthe §
aobchodnTch stavb§ch, rovnako ako niektor
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vad@|l gine stavieb, maj ¥ tendenciu Mkdiosor bovas
pr2du do kontaktu b[y3JochL arstS ep rvepd mevtoaw twe pl a
vybuchn%S.

ZhOadi ska obyvatts@®Bpwosahmdgeejv budove zdrgi
poki aO trigsm,akneg dum bdytes wsby ,3 ich zgohmd&na | e

aveOmi zlogit§ %W oha, keNge ovwekvatelia maj %
23Z8sabtredne vysoklich budov&§&ch

ZhOadiska os!'b z% astnenich na z8chran§8r s
megkanie so signaliz8ciou psgbauvuugkeNgg?2pe
pogi ar . Pol et pogiarnych jednotiek prich8dz:
zhOadi ska zvlI 8dnutia ¥l oh. AXS cphorgainaer Qued srkd c
gi vokmasani u tdislpozma$Sik mi nidnmdky.ne 2 kompl etn

Kedy treba poug2vasS pr2stroj? Poug2vanie dIlc
vzduch na mieste gkodovej udal osti nie je ¢
nerozumej ¥% iba rlzne pr2tomn® rredostdokr ovan® |
kysl2ka vo vzduchu, al e aj mogn®, resp. p

podozrenie. Tak®to situ8cie sa migu vyskytn¥

-vuzavretlch pditsstdkacth, okdgick®ho rozkl
kysl dkadwg?, al ebd zanae manlamom@g dijeedovat ®, iri

pary,
-pri i ntenz2vnej tvorbe dymu.

ViditeOnosS prirelvytsdokmee¢j telphlbostia sa zn?2
n8rol poes!l guj ace sa z8chran8r skef ypzriScckes vy g a
kond? adiyw.h @Q8chrang8rov, ktor2 sa z%¥%l astRuj %

vzhOadom na ich polet iba veOmi Sagko.
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3.OPATRENIAVSTREDNE VYSOK®E®KCBUD

Vzni kom pogiarov nemogdhme zvaps Gkl Sh amu d «
sl ednom dodpggaaanychprptedpi sov mogno
byvat eOov. Dbl odhlolua sptria cpprven®e&kmoovi ez pogi ar ov

bytnich vpuédpade apot Sebiycthoomes ed| dodr §i e
rotipogiarnych poébgpindewn peddvEeldgi b®. s¥

d
0
kontakt so spololnl mi z8stupcami al ebo os:
0
Y
| astejgie kontroly.

4.ZCVER

Vobl asti protipogiarnej] ochrany by bol
obozn8menie sa s prriiselsugpmr?mii, z2askkal ibysk?Y
nach8dzaj-i¥ gttaalvetb@®ros ke zari adeni a, pr2stroc
sp2nale na odpojenie elektrickej siete, h
hasi | szk8lcchhr aan 8§ r s k yY&lhe | covmi | zelne2p.gezha a fyzi cke,
bolo potrebn® nacvilovaS z8sah puapl somodo:
ochrannom odeve pod ochranou pr ¥%dni ce. F
pomakVavaapr 8cu, | 2m sa zmélajzagamEri DudCy
schodoch by %l astn?2ci z8chrram®8irskychopb@§gc

n8§sledne zugitkovaS polas z8sahu[ 4].
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VLASTNOSTIAPARAMETRY BALOSRKE GT

PROPERTIES AND CHARACTERISTICS OF SKY
LANTERNS

Mi | \GA R L G4 ONDRUCH

Abstract

The work deals with the determination of the parameters and characteristics of
the sky lanterns. Brings insights from the realized experimentstestsl that were
carried out in the Interior and outdoor area. Experiments and tests shall as far as
possible seek to comply with the terms and conditions that occur in actual use of sky
lanterns. Lessons learned subsequently were used to refine inssuantio procedures
for the safe use of sky lanterns.

Keywords: sky lantern, burning, fire, launching, product.

1. bvod

Bal -nky g¢gtRhRst?2 se poutgraadijlPn?zmgprsajoevkTym
provozovanim ve vichodn2ch st8&8tech Asie.
tak® v Lesk® republice. Bal -nky jsou vypo
osl avessphol el ensklch | firemnpobl aln?2 mhdau
roce. O oblibhD bal  -nkT gtBhBDst?2 svDdI| 2 i Za
poltu obchodn2kT. Pougit2 tohoto virobkT
vyp®mdgim. Ze statistick®ho sledov&n2 mimos$S
pog8rT zpTsobenTch vypugtnDnl mi bal -nky ¢
zdrojem vzniku pog8ru, ohroguj 2 sv 1 mi z b
el ektri cak ® Seendesrtgaiveuj 2 nebezpel 2 pro |leteck

dopravu. Znaln® nebezpel2 vzniku pog8ru p:
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dost §vajkResnka® trrenpuw |l jicel smtel 2g®1 nNd&l e nepSec
pokynyi p¥oauggak® nedbal ostn?2 jedn8&8n2 o0soby,

uvedenl v prTvodn?2 dokumentaci

2. popisa vlastnosti pougitlch materi §IT

Bal -nky gtDhDst? se skl g8daj ? ze dvou hlavn
palivovl zdrope Bglt8&hkyvgtrIgtndch velikostec
Limituj2c2 je pouze dostatelnlT tepelnl vTKk
schopen ohS&§t vzduch v bal - -nku, aby dokg8za

vzduchu. KlasickT balO0Onenkm,gtnesjtv2Dtng® wvyi2¢Skkuu ccc
pr TmRru doln2 obrule cca 380 mm. Jehog pl §8gS
cel ®ho bal  -nku je cca 39 g. Tento druh bal
experimentTm, kter® byly zzhmeléemskanaap6teno:t
hoSen2 a d&§l e ma ToWhwsn22 hmal enluy pwS2padnh pE&

Figure 1Testedsky lanternoutdoors Figure 2 Tested sky lantern in an indoor
environment

hoN} T St San23dye oFfts hoNlIT@G3admz2gl ye ol tsyS)

BSY120YyNY LINB&aGNSRN LINB & G njSRN
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Pl §8gS bal -nku ¢gtRhRst2 se skl &8d§ nejlastT

pap2rov®ho obalu. V minulosti se na pl 8¢S
dobRD se nej| astpMjpiz rposugizm@Br ergingaocv’T ome z uj 2
vel mi tenkT, proto hroz2 jeho pogkozen2z p

slogen ze |tyS d21 T, kter® jsou k sobhl sl
sloug? drgthDnistkSsh@lvaeakspodknzerl &§je na |t
obruli omot 8n2m dr 8tu kolem bambusu. Ve s

pSi pevnhNn?2 palivov®ho || &§nku.

Figure 3 Bmboo hoop with wire and fastened a cross burning fuel article

Obt T 81l Yodza2@t 20NHz & RN} iSyey 1nNOSY |

Pap2rogfgSpbal - nku
U pougit®hho pap2ru pl&gtn bal - -nku gl o

vel mi obt2gnhn. Ke vzplanut?2 doch8z¢gyy o pou
sl epovan® | 8sti. Pokud byl zkougce podrob
vzplanut?2 vzorku pap?2ru vTbec nedogl o. T €
dosahoval o hodnotl]l vRPPEichkkonagkc606B A€p§! en
viit Sn2m prost Sed?el cha®c hdezgaladd akki pap2ru a Kk
straniD bal  -nku v m2stech, kde byl bal - nek

byl materi §I zesl aben pSelogenzm, popS2p
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pSmfdty pSi skladov§&§n2 zbog2. Ve vnitSn2m p
rozs8hlejg2mu pogkozen? pap2rov®ho obalu te
doch8zelo k ochlazovg8n2 povrchu pap2ru vilive
Po pSibler(n@rm? eX amene pap2r samostatnhD neho!
pap2ru a uhelnatnDn? v m2stlD pTsoben? tepl a
bal -nku se velmi sporadicky objevil plamen,

Po p8§du ba)J -k#ty mpal zeomvI |1 8nek hoSel 3,5
pTsoben2zm plamene k zu%.el 2awh dIni atplalp® rlo& Wth o mlj
krusty, kter8 se n8slednhD porugila a rozpad
hoSen2 pap2rem®ho PBBEgtzlkobgks&ch ve venkovn
zuhel nat Dn?2 | §sti pap2rov®ho pl §gtnD v bl 2zl
poryvu vRtru se balonek papRirovi®Rmua ppBgmen ¥
t Dchto pS2padech mZ2emdJv ®h ¢ op lo§ ptod ugEehrrT pwal i v
nevedl o ke vzplanut? pap?ru. Zkougka byl a

z8vDhDrem.

Figure 4 Charring a paper cloak lantern Figure 5 Disintegratiorof charred paper lantern
tires
hoNI T XSty l%#id3y N LI LINNBSho NI T Siwz2 ipLdt Ry dzii N I dzK

LI LINNR@SK2 L+t OGS otfs

Rozs8hlejg2 porugen? papeThR@®hoj ph&glt 8t b a
ng§sledek jeho p8&d na zem, vletnhB hoS2c2ho i
gt Dst?2 pSedstavuje nebezpel?2 vzniku pog8&ru n
vliebah2 nku po zemi a vzniku pog8ru na vDtg?2
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PSi realizovanlich experimentech byla zj
obalu bal-nku gtRst2. Upoutanl bal-nek byl
z kamery bylo patrn®pr ogpe ovoduwcah -nw&u vpieet
zahS2v8&n a n8slednhD se na pap2rov®m obal
realizovs8&§ny celkem tSi experimenty. Prvn?2
kost kou, druhl a tSet2oexhpest ment Blej gy @d
hodnota teploty pap2rov®ho pl 8§gt Dtonical - nk u
pS2padhD byla pougita b218§8 paraf2nov§ kost

121,9 °C

Figure 6 The peak temperature of the casing $&gtern

hoN} TbSle e OON R2 &k DOYE 6Btk glitz OGS

Palivovl |1 8nek
Jako palivovl |18nek se u DbalonkT gt |
paraf2nov8 kost ka, |l i hovs8 kost ka, bavl nhDn

experimentech byly poudgitwpewrld?2 nloer ® K206t
T2mto otvorem se provlI ®knou dvhD ol ka ve s
zahnuta na opaln® strany. T2 m je zabezpel
zm2 st a upevnBDn2 bRNDhem | et udnjeg?t,0 pzrpoltscogpe s
l evnT, jednoduchT a ugivatelsky srozumite
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vatou, kter8 je napugthDna paraf2nem [ 35]. PS
ukap8vsg§n2 tekut®ho paraf 2balankua n8sl ednhD ke zr

]

Figure 7Yellowparaffin cube Figure 8 Whiteparaffin cube

ho N7 SQf dziit LI NF FNy2@+t hoNI T SLIWF TNy Gt 12ai

Zap8lit paraf2nov® kostky nen?2 snadn®. Je
ag do okamgi ku, kdy paraf2n tajeap8Ineégrsd ednl

kostky pokralovat, dokud nebude plamenem dc
vhodn® h&a®mrobhubekostky toto zapalov8§n2 opalk
trvat del g?2 dobu, neg se plamenn® hoSen?2 r

zpTsobem doc2l2me rovnomRrn®ho hoSens? kost k
bal -nku hor kT m vem®ucphaernaf 2ma wzyfsaEv g skl enhn
kS2¢gi, kde pevnD drg2. Zbytky jak ¢glut®, te

zachovs8vaj?2 svTj pTvodn?2 tvar.

3. P8d -lmkulgt NDsatzém

7z

HoS2c¢c2 palivovl |1 8nek u bal -nku ¢gtRhRst?2 s
rTznTch hoSlavich materi §l' T a hmot. PSi pr
pSedevg?2m o hoSlav® materi 8ly na pl §gt2ch s
bNgnN &N.pSZrbohoto dTvodu byly provedeny p
palivov®ho |1 &8nku zap8lit hoSlav® materi §ly
byl pougit suckhdustkryavthSevpaoor[o®]t. sBal -nek by

dr §t Dn®ho k S&lg-enk W ylpwlga DmMrrovwedeno podle n§vo
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zaps8l enz. Soul asniD byl vnihDjg2m z8sahem p
bal onku na hoSlavl materi 8l. Test byl opa
bal -nkem a novIim hSiSIvagvelcnh npalteir i pS8d keurs. e cPh  d
such®ho travn2zho porostu. Pouze pSi pokus
oheR s&8m po 15 vteSing§ch samovolnhD wuhasl
samovol n®mu uhagen2? a§ hpopoybsSen? Zcell@he
zSejm®, ¢ge palivovl |1 8nek u bal-nkT gtBhst
pS2rodn2ch hoSlavich materi 81 T.

4, ZCVnR
Z proveaxemdrcihneekna ufg ek | e patrn®, ge b a

paraf2nov® kostky pSipraven k letu po dvc
| 1 8§nku. Vhodn® | e prodl ougit tuto dobu r
dostatelnou teplotu i v ®ih o n §4. Po k evdynp&ing t Adanf
bal -nku gtnRDst?2 pSest&§v&me m2t nad n2m kont

- velikost pal - -nku gtDnDst?2

- tepelnlT vikon palivov®ho || &8§nku,

- teplota okoln2ho vzduchu,

- kol 2s8n2 teplot vzduchunkw rgTtzimsitcch v 1T gk é
- rychlost a smBDr vDtru,

- m2sto vypougtnhDn2 bal - -nkT gtBhDst?2 (%dol 2,

Z tNRchto faktorT ovlivRuje |l et bal - -nku
povhRDtrnostn2ch a klimatickTch zpscsdefdenaek v 1
bezpepum®t 2 dabDstViyPpougtNDn22 jbdahunhP® ¢@grOyt8d
bezvmdtdp2ovad dSvDWE@d | d 3 mMn®n N n eYy[9].10dHadnduh

vzd8l enost, kterou bal - -nky gtDslt2nalk edtDs{
stoup§8 a vigka, kter® dos&hne, je z8visl
teploty a vIhkosti vzduchu a tak® v kvalii!

tedy pSesnhD urlit jakou vIigku, juakSogue ndobu
proudem vzduchu pohybovat'seP SmT grey chhdlo-snek

cca 1 km od m2sta vypugtDbDn2, Nav?z2c p ok uc
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pravdhDpodobnosti termick®ho proudiDn?, mTge s
avzd8l deostidy nutn® odhadnout pSed vypugtnDn?
|l etu nedostane do prostoru, kde po jeho p§8d
dostane do m2st, kde ohroz2 dopravu.
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Pozvan8 predn8gka

ZADCVCNEé TECHRDOKIEEBK PRO NCKUP
POGCRNE& TECHNI KY

THE AWARD OF THE TECHNICAL CONDITIONS FOR
THE PURCHASE OF FIRE-FIGHTING TECHNOLOGY

Mi | KWARL QMértin T R L K Adam THOMITZEK

Abstract

On the basis of the description of the activities of the units of fire protection,
statistical data from the intervention activities gectical experience are formulated
requirements for the implementation of the intervention. These requirements form the
file of the selected technical parameters, which must meet the vehicle, to which the

intervention was used for several decades.

Keywords: fire technology, technical conditions, vehicle.

1. bVvOD
PSed n§kupem pog8&rn2 techniky je2lnutn® spi
aby poS2zena technika plnila funkci, ke Kkt
z8sahovich vvolxniodveat jpeo znourtroBt zej m®na ng§sl ed:
- stranov® vybolen2 ¥ elov® n8stavby,
- celkovs8 vigka vozidl a,

- vikon motoru (mRrnlT vikon motoru),

brodivost,
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- boln2 statickl n&8klon vozidl a,
- kabina os8dky.

Uveden® parametry pog8rn?2 techni ky ovl

mi moS8§dn® udS§l ost i po komuni kac2ch a zejn
omezuj2 a nhRDkdy tak® znemogRuj i pohyb po¢
nebo ter ®mh8ch, ponejmh®na za nepS2znivich ki
parametry pog8rn?2 techni ky ovlivn? pohyl
prTmyslovich podnic2ch a tak® mohou ovlivr

22METODI KA ZzZCSAWMOSTE L |

Pode z8kona o pog8rn2 ochranBD [1] v n8va
byl vyd&n Bojovli S8§d jednotek pog&rn2 oc
jednotek pog8&rn2 ochrany s metodickT mi [
Vt Dchtoi®atech je tak® Segena probl emati ka.
z§8§sahovich vozidel

Proveden? pog8rn2ho z8sahu, j eho rychl
aspektech. Me z i nhD patS2 tak® technick® p:
viiv na |as pSepravy na m2sto mimoS$S8§dn® uc
z8sahu vgak vyugit?2 pog8rn?2 techni ky nek
parametry vozidla. Z8sahovou | innost je n
provs8d?

ayvl ehce pS2stupn®m prosmSsdéch na &Gbomuaol
dostupnost z8vis? n a technickTch par a
rozmBDrech vozidl a.

by vt Dgce pS2stupn®m ter®nu, kdy dostupnos
na tectprmirakimedh ech pog8&rn2 techniky, ze
c) vt er®nu nedostupn®m pro pogs8rn?2 techni
apod. , dostupnost na m2sto z8vis?2 na te

tak® na parametrech | esp&dkal Eysternovd
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Zobecnich z8sad maj2 na technicB® par amet
4/0,5/0. C2lem vijezdu je odjezd jednotky pogs§
Vt ®t o situaci nenh2p&mogn@®bappelkovat prygdt eoj
hasi | T jegthN pSed vijezdem jednotky pog8rn?2
ochrany se Avystroja§<akabdivmIN®koasj§dk yp SiVyjsazd
vt omt o pS2padhND ch&p&neotwreym®nachrydbraniemiz [sre
pomTckami a nasazen? dT c haop Nrtaedd ereiihka Yy kte
os8§dkyhoZje zSejm®, ¢ge kabina, kter8§ nem§ pc
hasi | T. Praxe potom pSvelk@stigr oss ttaurawc ek a tkidryy vhe
pSistaopLPk&§k2 osobn2ch ochrannifch pracovn?cl
dvojic2ch vgdy tak, aby si vzg§jemnhD nepSeks§
mognim kr8tkim dojezdovim | asTmvysjfrofedinot ky po

vgichni | l enov® z8sahov® jednotky a t2z2m | e
pog8rn2 ochrany. Dal g2m dTlegitlm krit®rie
prTjezdnost pogs8rn2 techni ky. D8l e je mogn

silznhd nprovozu m8 stranov® vybolen?2 vozidl a,
kde nejsou dodrgovs8§na pravidlm?2stidanh | %2h®h et
profilu vozovky bez ohluekdwWen®hadopyphvhe¢§,zng
paramet vy i majnlaczv T jezd jednotky pog8&rn2 ochr

pS2jezd na m2sto z8§sahu patS$S2 minim8ln2 stra

cel kovg vigka vozidla a ¥mRrn§ velikost kabi

VpS2padech, kdy j e ] eydsnlo8tmk8as akh a § 8dron 2 t Ibgcche
pS2stupn®ho nebo nedostupn®ho ter ®nu, vstup
dal g2 krit®ria a to brodivostDgekekpS2moupn®,
ter®nwdBbosati, u kterTch v enyv Dptoyg andla vik§2 praad
z8sobovsg8&8§n2 has?2c? mi | 8t kami . V tDchto m2ste

mnogstv2 vody pro hagen2 a do pog8rn2ho z8§
zej m@rea odi ck®&m | istu | . 5/ P. Za kdiatgeace, kdy
pSij2gdnNidal ga mPbyoa pr8sobBedBRy2Tkyvaagsizgtydna
prost Sedky | s ou apotgotndnmn?y udgs8?l vkSorvy® kdopr avy vod)
nebo ke kyvadlov® dopraviD vody. Zej m®na pSi

vedle druhu podvozku z8sadn?m parametrem Vc
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prodlougen2 | asu pro pSekon§Smpd| tpwt $ebn®r
pot SebnTch na zabezpelen?2 kyvadlov® d§I ko

Za Yl el em prov§g8dhNDnNi®npdoagdnmneh op edm2armkug czh
vzhledemkm2 st u a rozsahu pog8ru pSekonS§vat i
kal uge, bahnit® WYWseky). Z tDchto dTvodT |
mogn8 nejvygg?2 brodivoslktAD Jlint oi paaam&s ok
j ak pSi kyvadl ov® dopravhlD vebkonemnmymdtrorc
mognost aplikace tohotoveaepds®bau wywplilge H,n
parametry maj2c? viNDgcea ap Magtenp n @nomi@dearu® n

maxi m&8Il n2 vikon motoru a maxi m8l n2 hodnot ¢

Podm2 nky hagteear ®npo ggedost upn®m pr o p O ¢
obdobn® pSedchoz2m pS2padTm, pSilemg ned
spodvozkem a vikonemzmgfjajacausemabal ut o8e
s hodnotou jejich technicklch parametrT
pog8ru a m2st el ekddeen jniag tkearlnz ck® mognost
Zuveden®ho vyplTlves, ge mazihadpeanm2am@pdpagge r un:
pS2stupn®m ter®nu patS2 zejm®na maxi m§l n

brodivosti.

Jednotky pog8rn2 ochrany se nasazuj?2 ta
vyug2vaj?2 pSi povodn2ch, kdcyi speo vprdoiRw&de hh
slugby, povodRov® zabezpelovac? pr8§ce, z§
m8 jednotka pog8rn2 ochrany pomoci povodR
tokT, var ovsgn? a informovg§gn? o b yprogtore | st va
odstraRov&§nRomwutpl waowemi mh zt ok T, a zej m®na p
zv2Sat a majeaitkpozimuis?2t endhnikku, kter8 umo
bNgng& automobilov8 technika nedosnuaehe. Je
jednotka pog8rn2 ochrany prov®st z8chranu
posti gen® osoby poptoSsethiugen ®hwp rna2vsitta vdl oa sm?2;
evakuaci osob, nevyhne se velitel z8sahu
zhodnot?2 re8l nost proveden? z8chrweomgg a ev

pS2padhN zejm®na vigka vozidla, vikon moto
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sohl edem na rozhodovac? proces. Je nutn® si
pSedpis d&§8vg§ veliteli z8sahu pravomoc rozhoc
jig nel ze, ani pSes vynalogen?2 vgech dostup

maj etek zachr 8ni't anebo pokral ovgn? v z8sal
zasahpy 2 c2ch hasi | T [ 3]. Jestlige tedy budeme
z8chranu osob =z em?2zsatteocphe, n ®&hde dw?mua vproudu ¢t el
hladiny neumogRuje samovoln® opupotdan 2 tohot
nebezpredeh2 z pn&2npradvd z8&chrany mogn® | ekat na
jsou | luny, pl ovouc? transport®ry a jin®. \%
zpTsob a to je vyugit?2 z§8§sahovich automobi l
(brodivost, hmotnost vi kon mot oru) pwmddgmZenipbS?2 tsw § n
Zuveden®ho je zSejm®, ¢ge | 2m | epg?2 mi par amet
Yol 1 nnNDj g2 bude ©proveden? z§chrany postigenld
hodnota jednotky pog8rn2 ochrany.

3.STATI STI KA MI MOf CDNhRCH UDCLOSTE®

Statistick® rolenky wuv8§dhRj2 za posledn?2ch
ovlivnilghlzeSdseath, nas pozdn2? pS2jezd jednotek
mi moS§dn® wud§losti, znesnadwvialny mz§samosntdm
svazbou na pougit® z8shhdy®uwedbmpbigley.v Dt B
poltu ud8lost2 byla obt2dgn8 cesta na m2sto
ovlivnilOy 2z8&sgahl ,v7i c®l p&mpad?. ay .8 a®wTpS2pa
realizovala d8l kovs§8 doprava vody kyvadlovD.
dopravuje prostSednictv2m ngdr g2 na vodu u
Zdrojem vody blvaj2 vedle hydrant Jakoa pog§&r n:
j sou Seky, pot oky, ryoRAmkyg, vpdmema zdr opjoldno
vybudovs8ny speci 8l n? komuni kace a t ak se
nezpevnRDnlch ploch8ch, pSes vImolijyi ml cphSi t ol
pS2padecthj esed Flekadvi& dopr awa 3v cad)y Oh add i% epnS 2 paa
t®t o situace je tSeba dopravit do pSedem
prost Sedky a pSenosn® stS2kalky, pS2padnh g

vozidle.
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4 POSOUZENC TECHNPORMCE NEK

PSi Spr8vn®m nastaven? zad8vac? dokume
z8§sahovich vozidel je tSeba vhDnovat pozor
ng§stavby, celkov® vigce vozidla, vikonu

bol nt2i csk®@mu n8kl onu vozidl a.
Stranov® vychllen2 %l elov® n8§stavby

U z8sahovich vozidel se stanovuje stra
kabinhD os8dky nejvige 2 % celkov® ¢g2Sky Y%l

pougi t? podvozkT,l ®ktzearv@dgea3 2 n@eprz&vi s(nap

svi kyvnT mi pol on8pravami) nebo nvgspkdu t uh®
pevnost?2 proti torng¥ymznbsoucem? pTHDHINOR 1t
spr8&vy sboru R@2MEni R mMBdW® s tvn2 kat egc
podvozrcezxzdhvissl Tm zavhDgen2m n8§prav zkugeno

ug2vsg8§n2z zavedeny vozidla CAS 32 Tatra 13E¢
vyug2vsgno jig dS2ve a to u vozimoebdli |OA n&
podvozku Tatra 11. ZQcht o dl ouhol etlTch zkugenost?
nez8vislIim zavhDgen2m n8§polav2 @rE®m dtl @eru@row o

poruchy ng8staveb zpTsoben® tor zn?2 mi si |l a
zavbBgene nutn® realizovat specifick® pr o
pS2| n® kroucen2, jeg se na Yl elovou n§st a\

VpS2padhD, e je pougita klasick8 modern
a sroletami, j e nutn® tuto ng8stavbu od gebSino:
nedoch®zalva dkl n®mu kroucen? n 8§fsltiarvzbkya v Tt h
profil T%hawvoMW8aratlkri 8l u s mognost. pogkoze
krajn2m kS2 gema&s tnaStp ratvt 2mpeh opuSi ovI §d&§n2 n
zSej m®, ge vlastn? krouceohl miebBEpoau®bmi r
z§8vadu a r8m vozidelteu®hen]eh nmrokrpucen?
Virobci podvozkT pPpop aBgtnebB88hi pbpghRdajcen:
dosageno rTznT mi zpTsoby upreawvxniDnge nBw(g eam bz
tuzemskImi virobci n8staveb vyud®2bedéchupevnl

kdy jsou pougdgity pruas®omedodwvigkiy kBl ojkyo.ut
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eliminuje pSeng&§gen2 vibrac2 a mallch vikyv
torzn2ch sil, kter® vznikaj2 pSi vysoklch ho

VpS2padh, ¢ge | enepzofuvgiistl Tpro dzvaovzie(keng m n§pr a
p§t e Sn2 hvol kryvnmul nsi pol on§pravami, nen2 r8&m pod
to umogRuje mont8§&§g %% elov® n§stavby pS2mo n
tNDgi gt N, ale tak® na celkovou vIig&u®mwwzi dl s
nam§8§h§&8nan2km.outoto Segen2? se LuR ppoojusdr2nvs& hj ingg sd
roku 1961. Tato vompirdblvao zjus awwu jkaddhdmd £ kj esdgtold uv
hasi | T obc2z.

Zabr gnit pogkdiehedkn8spasbphew2 torznz2ch
mogn®, pekadbpeods8§gebSinov®ho r&mu vozidla
upevnBhDn2m. Ppl n® oddRDl en2 n8§stavby od r 8mu
zvozi del , kKitRe ru@ 2 y $Smau, vpougito u speci 8l n2c
francouzsk® firmyitkdbvdp b A ®l Fde jpsopoagdva el
bloky, | 2mg je zabezpeleno, ¢ge na n8stavbu s

se mTge bez omezen? kroutit.

Definovan® Kkrit®rium svIim znpeTzsS8ovbiesth T mv T h

zavhDgen2m n8bpstawvhT omd w@pradaeami. Ve sv® pods
pougit?2 jak®hokoliv podvozku, kterlT je schoj
Stranov® vychlTlen2 %l elov® n§stavby vTIi k a

vhodnTi m zpTsobem qd@ddyobkl.iVerdu |oadsdndd setnia j sou u |j
SDH obc2 provovbkgwal miozpdl an&pravami (TATR
148), ktppoWwBg?2jvs8oniz vag 40 | et. U tNDchto vozioc
probl ®my zpTsoben® kroutBgR@®m@Podvozku pSi pr

Formul aci podm2nky na stranov® vychTll en?
dostatel nou, protoge mNRSen2m stranov®ho vyct
pouze z8stupnhih. Lze navrhnout daeaatnglcrk®@®m Se g
wztuyen2 ¢gebSinov®ho r8&8mu vozidla, kter® povec
splnPn2 jeho vIiznamu, tedy omezen? mognost.i

vozidlavd Tsl edku pTsoben? torzn2ch sil
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DruhTm probl ®mem, kterThNDpe jeutrycpbdsme
vozidla po nekval it medSiwnwoardwk §@Eme mU av d alihc
je nutn® sei pdohybypomomadn) neefivivesll Tsn zavh

ng§prav. VIastn2 kroucen? Yimaelsév®ro®sthavby
aby nedaoglkani k8§ n 2 ng§pogkloy em2 tvorzi HI a. J
snez8§vislTm zavhDgen2m n§prav po specifick

pav®, belgick§ dlagba apod.) je dlopmotiprovec

vozidl ITm pro smhgmnl nBpoavamis. Pog&rn2 vo
hodnoty stranov®ho vychlTlen2 Y% elov® n§st .
nekvalitn2ch vozovk8ch a v ter®nu |l pemal e]
ke kS2gen2 vTli kabinhD os8§8dky.

Cel kovg§ vigka vozidla

Ve st8vaj2c? z8§stavbi, z8stavbhD podni k°
podj ezdy produktovodT a prTjezdy, kter®
kompl i kovat doj ezd mdd mesto #§ehkd, Yupdn
Vhistorick® z8stavbhD hradT a z8mkT mTge b
mTge t1 katlesérelbo® |j22zkdbystwpastaoiminDZt akti ck®
g8douc2, aby vigka poyy8&§rn2 techniky byl a ¢

Na vigku vozidla m§ tak® vlIiiv stavebn?2
jednotek SDH. Mni nul ost i (technika vyroben8 do
orientaln? dobu ¢givotnosti 8 | et [ 7] . PS

vozidPavécer gakJBMR Vvete pakRS36v%w vozidel
bNngng§ praxe bezplatn®ho pSev§dNn2 starg?c
l et . Ke komplikac2m pSi pSevg§dhNDn2 starg?
zbrojnizx.zWProgj8mince byly ve 60el lk@a@m 8Lt. a vl &ty
stolet2. Vjezdov§ vrata a svPDtl§ vigka g
poug2van® technice. Pog8rn2 zbrojnice jig
obce V9 0 . | ®t ®d¢ et 20. pSedevg?2m CAS 25K Liaz a
vmnoha pS2padercthk]|daodenh & esltoavkebn2 m Ypr av §m
vriat gar 892 nebo podlah gar8g2 vzhledem ke
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Zpr Tzkumu, proveden®m v MSK plgX0en ge | e
Agar §gpVvatwfihasi | skTch zbropSipajgldwnbiek SOEhN
nad 3,1 mpouze41 % hasil| skipSk pakmojvidigkya 3y 3 m pou
hasi | skTch Dxthrtwj Miad. j2 zSej m®| kgeodoo $1 g o 8 n ?
3,0 m mMFdeuwnu znamenat finanl|l n?2 wsporu pS
jednotky SDH obc2?2 ve vazbD napStpadbn? Jeprsa
vsoul asn® dobhR poSizuj?2 pog8rn?2 tacthoimmae Ki®l vy
specifika i vozidla je pogadov8&na omezen§8 vigka (
prov8dNDt stavebn2 Ypravy gar8§govac2ch prostc
v2ce vIirobcTvTajuet ounvoebdielnTi.c hZ s k upg 2 madksl 2v g =i dzeSl
poSizbvahlbgnhN bez zohlednhRn2 jejich budouc?
cel kovg vigknenatt2omom®mustvavu byla mini mg&ln

vigkou je hodnota 3,0 ag 3,1 m.

Vikon motoru

Vsoul asn® dobhN je d&n pogatkwvek mp2prmalim
kWt'pro z8sahovi aUdpopmobiykchh T 208&«ka&hovi aut om
hodnoty jsou hodnoty minim8ln2 Dbez zohl ednDD
pohybovat a konkr®tn2ho wur]| en? vozidel . Ho
stanoveny jig u z8kladn2ch ¢ti&sH®hnebylych vozi
pSedur|l eny pro z8sahydablojpejaivit cha i@howd§ m2
vB0. |l etech 20. stolet2z mhl y&meRrifie wiukm® mot
tak® gfeakmNrni vikon?'jneotek anolni ckW® tmi ni mum,
napS2klad pro vozidla poSizovan§ pro %Wely
pro dobu dojezdu maxim8lnhD 10 min a nejsou
nehod. DlouhodB8 8 LRopSegpeok| §d§ postupn® o
vozidel typu RZA. Pouze ve vijimelnlTch a
nahrazen?2 vtoezcihdniyc kGRS pw oveden?2 je nutn® pog

mNRrnT vikon motor'u minim8lnn 15 kW.t

Srovnginm§lmi2nch pogadovanich vikonT motor]
( NDmecko, Rakousko apodd])vondeun 2 r ovzhdo?dlnn®® zkeg nr
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pl ogn®ho rozm2st Nn?2 pogs8rn?2 t e c hrn8i nkcyi. S
spol kovich zem?8 NMime.c kSbbh dajeAlu¥a3s k® republ i
je 10 minut pro jednotky dobrovoln® a 20 r
syst®m ploganl®bohipnikrgopesdgchvmize ®M CASY e/c
napS. Gv®dsko, kde se ugBAS kbnéeppcktefgs§a
uzav2rat dlouhodob® kontrakty virobcTm po
Ekvivalentem CAS 20 je vozi dl o tkeocnhcne pctku® nB
provedé&d?¥ g3 nej m®&nND 5500 | vodWP, kdegj ¢e
nej m®nN 4pMSi8 ckeW.kkov® hmotnosti vozidla 18
P114 BAS 4 m§& mndrh Vozidial 0A® koncapfu ,BAS 1kaVBAS 3,

kter§8 maj2 n8drg na vodu 3000 | maj2 mhDrnl
Pogadavek mRrn®ho v T'kaku nBevoreoopr¥li olj5e dki W.Rtl T
dodavatele podvozkT neomezuj e, protoge ka
vikonnou motorizaci podle volby z8kazn2?2ka.

Hasi| sk8 technika je provgyové@nmnadliva dmp
tTdny stoj?2 m®%2 psatdah i miimoaS8adgn ® uds&l osti se
dynamick§8 j2zda. Mot or vozidla nem8 | asov
Pokud m8§dimopwzi ki pSebytek vikonor udod®Ru;
do dosagen? pndvxkioh oeplekE&yghy pSi zacho
j2zdy. Tento postup sniguje opotSeben?2 mot

Zdl ouhodoblTch prakticklch zkugenost?2 a
ge nejylneepnj2c k @ pvaorzaindeetlr yulg2svka®@ T ckp wb!l i ce
vozidla DENNI S, kter8 se jig nevyrg8b2 a b
15,1 kW.t* (DENNIS Sabre) nebo 159 kww{ DENNI S Rapi er). Pogad
vikon motoru Thtegkm@®nzle 1pso vka.otvat za odTvodn
ovhSenlT standard u vozidel, kter8§ se vyzn:

sosobnz mi vozidly.
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Brodivost

PS2 j2zdhRD na zatopenich komunikac2ch je ol
vozi dl o nejvige ponoS2, nteobhood ov odd[av ojdeu Kk al ngss.d c
brodi vost vozidel, u kterTch se pSedpokl! §d
Pogadavek technick® specifikace 1,2 m oprot.i
vozidelQ 8 m poskytuje z8sadn?2 bezpelnostn?2 reze

ve vodnhR pSi povodn2ch dTlegit§ pro splnhn?

ochrany se poug2?2vaj?2 napS. i pSi evakuaci o
brodivostva i d e | byla co nejvygg?2.
Statickl boln2 n8klon vozidla

Jedn?marametr T ovliivRuj2c2m tsdra®rid i fu nmog
komuni kac2ch je statickl bol n?2 n8kl on. ZpTs

VLSN EN-218MN®&®r ma stanoe&lujeolmm .nhon8h @8R | dahu , k't
vozidlavt Dgk® hmotnostn2 tS2dRN nej m®nN 27A pro s
pro ter®nn2? proveden?. Zadavatelem pogadoval
nor my . Je zSej m®, ge mi rziid§ lan 2 ebag|andie  antTazt i c
kterl | i mi thuljeedi ¢ & 21 HpbroTp leizkdouv am ®m t er ®n u . P
nadstandard oproti2 mer nvid gliSNAENNTIY®R46pSedst an
rozdwvlledd ska nasazen?2 vozi dlodedeme solba @igtni® h

vyhodnocen?2 tRchto podm2nek Sidilem tak® be:
vozidl a. Pokud povg ayka vikw § dsrnd vm §snests®mem Kk or
ug2vanim ve Gv®dsku. Tak zde je pro vozidla
ng§kl Ana3pro vozidla BAS 3, kter8& jsou url en:;
je zde vislovnhD uvedeno Apokud p&apagpP®gado
jednotn® koncepce je zde umognhDno, aby zada

Vygg?2 negujvedmn®i memstandar du.
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5. ZCVnR

KuvedenTm podkl adTm, technickim podma?
vsoul asnosti je jig vivoj vozidel, n8stave
virobu na takov® YWrovni, ge pogadebjeat no:

nedostatel n®. Soul abogsttreckhaii ckk&s ivlyskind o s\
pogadovat gi votnost nej m®nnND 20 ag 25 | et
pogadok®&noepci BAS ¢givotnost 25 | et a pS
nel i gé ziodel nakepta®amleplubpBemPmnanopak§n2 |
Na tuto ¢givotnost j e u dodavatel T nutn®
vliastnost?2 vozidel, mi mo soul st ?2 podl ®h e

dokument aert tja&d ®patpadavky na z8ruky funkln

Z8vhDrem je mogn® konstapavd&t, kgepSpdil
dl ouhodob @vssopuol®@aSsenb pd u§ié vpSes 40 |l et. Prot
pogs8rn?2 technokyojdoch@BPy kby bTt par amet
definovanl pogadaweknbwmb svrvhvedemdktandar
geolsl edem na technickl pokr okv eékuideowadg ww §r
bNngnl standebud lbBude tdantgéd mpogadavek pod b

pog8rn2j ¢egmbBbeahkdalkonci sv® Jgivotnost.
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UPLATNENIE GEOINFORMATIKY V OBLASTI
MANAGMENTU MI MCRI AJDML OSTC V
PODMIENKACH SLOVENSKA

APPLICATION OF GEOINFORMATICS IN
MANAGEMENT OF EMERGENCIES IN SLOVAKIA

Andrea MAJLI NGOVC, Danka BOGUSKC, Mi k

Abstract

In the paper, there are introduced the examples of application of geographical
information systemgGIS) and systems for motlsng and simulation of emergencies
suchasfloods (HEGRAS) and modkéing of a hazardous atmospheraseal locations
(ALOHA), on an example of leakage of the ammofuaed in technology of the
Bardejov ice hockey stadiun) the atmosphere. Both analysefichwere performed
for Bardejov town were based on real data coming from Emergency Péanus
technical documntation. For visualuzation of results there were used environments

such as ArcGIS and Google Earth.

Keywords: ALOHA, Geoinformatics, HEERAS, flooddangerous substance leakage

2. bVvOD
Hoc i obl asS geoinformatiKky S a zal al a
dvadsi at edno8esgt er st 8he nie je celkom pochoy

v ktorTch sa predpoklad8§8 jej girok® upl at
riadenia | i riadenia z8chrannlch zlogi ek,
ktorej sseghhgnt H@&EJdS.itugcia je vo svete, kd
syst®my (GI'S) stali s% asSou vg«ktrRizolvosf ®

119



AdatsinFre& $fdy Bgrering2012 4§

AFSE
2012

managmente,precepe&trmaragment u ri z2k. S¥% s¥Wla
kt or ® sopvr8ovsatjr¥e dikmMf @z m&ch epmome cel ® kontinenty.
sa poug?va aj akoipmuadtiza&diia wa at wor,bbktar ®
vistupom z procesu model ovania a simul cie n
povodneeb&npk]| nej | 8pol.y, Yni k radi 8ci e a

Vv pr2spevku predstavuj eme pr2klady vyug
syst ®mov pre model ovanie a simul 8ciu dopado
viskytom poRASN2 a ( KBECKuU nebezpelr®ejboll 8t ky

apli kovan® na podmienky Slovenska, konkr ®t ne

3. ANALhZA SBDLASHKHMUHO ST

Pr2spevok sa vo svojom ophedlbu,nS8ake, | abb:
problema i k o u managment dalmovwta2meadny c hnapy m? na p
mamnagmentu riz2k, resp. ich pos¥%deni a.

Mi mor i adnjan &hdlad osSvagng udal osS, ktor§ spt?
syst ®mu, alebo prebiehaj %ciichh dieg¢ owelands $ nals
existenciu (Gim8§k 2006) .

ZhOadi ska | egimdImatraay njjae uddeafl imige®voamel NR
SR | 42/ 4 vEI| neaj. @chrane obyvateOstva. Pod
vzmysle tohto z&8kona rozumi e tdeirvoerlinsS§t ipcokhlr oYmac

Vpr 2 spreoaXaber 8§ me probl emati ku managment u
vpr2pade vzniku povétdnku(gebekp8&|l pehr ogmakya(

Giveln§ (psd mgkmare@gé6rdjpee uvoOnenie kumul o
al ebo dinstitediku neprii @z pire®@badng cho e |, pril or
ptsobi S nebezpeln® | 8§tky alebo niliv® faktor
materi 8l ne hodnrodsyenipa,v owWinkeyc leye needapi ek) .

PovofeRdefin®kwame& |v. 7dQOri®dneZ.prze.d oovodHF
PovodRou dal asa@mzapl avenie YWzemia, ktor® zv

SpovodRami YVazko sYvi s? aj ochrana pred poc
vz8§komehmwmane pred povodRami

Ochrana preds¥YpoliodmRasni i , ktor @ermsiYe zamer

povodRov®ho rizika na povodRami ohrozovanom
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sptsobovanT mi povodRami a na zmierRovani e
OQudsk® zdravie, ¢givotn® prostredie, kult Y%r

Hav g&oidelhkly od ust &8l en®ho prevg8§dzkov®ho s
nebezpel n® | 8tky alebo ptsobil:i i n® ni | i v
zdravie anajetok( Gi m§k 200) .

Managmenjte rlieadikck88 a systematick8§ met -

aklTchkoOvek |innostiach, funkci 8ch alebo |
hodnoteni a, zni govania a priebegn®ho moni
straty a maximalizovaS pr2legitosti (Gi m§k
Proces mamragenemde @i @ow@lS v | innost.i cel
manag®r skych t2mov, pr8&vnickTlch, al e aj P
patria:
-org8ny verejnej spr8vy (Ystredn®, regioc

-komer | n® organiz8cie (virobn® organi z8§c

-z8uj madv@genia (s povinnim alebo dobrov

Managmeiptr edisz avuj e kul t Yr u, procesy a ¢
riadeni e potenci 8l nych pr2legitost?2 a m
i nterakt2vny procesr®kpadajzwcihosanz fglF8hko
umogRuj % trval ® skvalitRovanie rozhodnut?2
uskutol Rovanlch prolmesdvbySManadmgn®| noa |
manag®rskej praxe, bez tamQ@adu crkae jY¥%raaqv @R rpi

Vdom8cich podmienkach sa managmentom r.i
Zel enl (2003) sa z ao premySle; Mikolja(2001 &t mfk r i z:
(2006) sa zaoberaj¥% manag®r stvonmRamioni§k a
(2006) aMi ka et al . (2008) sa zaoberaj ¥ manag®

Vo svete sa mamad®rzset jrehoi Fekdnat!l i vich
viacero odbornzkov: managmentom riz2k sa
anal T zou chjkemponentol lizkd peho redukciou sa zaob
pr8cach Brauch (2005), Thywi s sWsner(@@®&,06 ) , E
Birkmann, Fernando, Hettige et al. (2007), Warner (2007), Bohle (2007), Hossini
(2008), Afifi, Warner (2008).

T2to odbornzci sY% zdrugen? paotde OB h g ai
agi vot n®ho UpUrEHS tJekedi ahl avou Y%l ohou j e z |
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obyvateOstva prostredn2ctvom pkZstunpst i aah o
ved¥Ycn edukkci i za rawnii t erOmeorstt § | -BEYScpoukazijezna k . UNU
aspektrizkaa r ani t eOnost i bezpel nosti obyvateOst v:
environm&t 8l nych hazardov na zachovanie nepretr¢

Kagdg mimoriadna prd2arl mcdsrsg z kdathagsdorao f|ai
(hrozbo) i poznanim alebo nepoznanl m, Existuje
charakterizovas.

Hazardy mogno kpar t2 er goodrni®z, 0 vtaeSc hma ¢ k ®, Ssplso
nukl e8r ne, ekol ogick® a pod. Tieto kateg-r
di scipl2ny a sektory, ktorTch sa tlkaj %. Na

v8gne negat?2vne udal osavebnPiredstvakujkiagd®8kl

pohromy | i katastrofy.
Hazardom mogno vo vgeobecnosti nazvaS pov
potenci 8lne gkodlivich JliniteOov s r!tzne t\

Ab¥%r kaf (nebezpel ensttvloy bpotkencis&l nve SraThawl leo ;
mogno olakgvaS v danom regi-ne.

Hazard (hrozba)n8scahypmiosiBasutsrpEg Sous syst ®mu

pogkodenie, resp. jeho znilenie. AnalTlza nS§c
ktor® maj Y pmrd amynivipl ganej udal osti al ebo m
rozvoju.

Dopady mi moriadnej udal ost i na tri z8kl ad

aekonomi ck&82r apo psegl@njoespti 2 pa/de posudzovania zr
Yazemia na vzniskujpowodkme hpaeppl aven®ho Yz emi e

pol as povodne. N a posudzovani e zraniteOnos
mi mori adnej wudalosti je mogn® pouupkci® deduk] n
prostriedkov oyast®,mope IdBdni® asanondié Sci e. Pre Ya

modelovania & i mul §ci ev ippoovicedn2paar ametrov vodn®ho t o
SsY% dostupn® dva ¢gpieiBKEaHECRAS, . an® prostriedky
Na z8klade visledkov analTlzy ppolohamiteOnost
roziohezasi ahnut ®ho %Y%zemia je mogn® identifiko
prostredia @r vky ekonomi ck®ho syt ®meogutizllemer ® sa o
N a | &émpomentov rizikai e x p o.zRxcpouzrhaccruo ch8paS ako pol e
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al al ebo Nal f ekt pw)vkov nebezpel enstve, k t
mi mori adnou udal osSou. V neokd muamfltolv §l. a st
PoswWdenie riz%knivku vmdSgrmiuchk mi mori adn)
vs Yual asnosti na vykon8va n&t darTov ni%t o bamc
vypracovsgvaj ¥ pre Yiazemie obvodu.
AnallTza Yzemia z hOadiska v zmi kvuy pmagriiva

na z8klade kategoriz8cie YWzemia podOa Nar

16. 12.1996 | . 25/ 1 97Ziia SAovenskejrepubliky.at egor i z8ci i

AnallTza YWzemia | e 20994278 k.o @vilnel Bchra®&R | . 4
obyvateOstva v znen2 neskorg2ch predpisov
pre pr2z2pad vzniku mimoriadnej udaljeosat i S
vo forme s¥%boru dokumentov. Gtrukt Y%r u, o]

term2ny ] e] aktuali z8ci e ur | uj e 13/ XXVI/
kr2zov®ho managmentu a civilnej ochrany M
vypracovare dokumentu AAnallza %%zemia =z hOad
udal.ost 2 i

Obsahom tejto anallzy je popis mognTich
obvody a ch dopadov, no predovgetkIm na podk
zpredch8dzaj “%cigdk stkaddsmaos t/p, nav bez pr2p
asi mul 8ci e.

Vpr2spevku sa zaober8me posudzovan?2m 2zl
100r o| n 600r ocal no u povodRou, ako aj pos¥den?2
sani kom angdriaak laca2 | s8&dragsSouktterchnjpe - gi e
OQadovom gtadi-ne. Pre ¥ ely anadilmwl adonp® c
prostriedky: HEGRAS pre Yl ely stanoveniasystz®@amhu
ALOHA na modelovaniel skylt®my podolmdzdgitkkw s
nebezpelnej | 8tky.

Visledky tTchto anallz boli Badejsveyt nut G

konkr ® ne odborkr *x2uov®me|jr ioxdheminyg. a
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4. POUGI TC METODI KA

31Charakteristika model ov®ho Yz emi a

V s Y| arsSmesteBartejovp r i b350@0Beobyvat eOov.

Pozostp§vaa i eh mestsklch | ast 2: Bardejov
Z8bava, Bardejovsk® K¥pel e, DI hg§ L%ka, MihaO
Na Y%z e m? mesta sa nach8dza 5 s2dlisk: D

Vinbarg, Za rajom.

Medzi ost at2n®Halrasatriovgkaat, Pod Gi beRou horo
Postajoka sada Pogt 8r ka.

Hl avnTm vodnTim tokom je rieka TopOa, Kktoc
Mn2chovsklm potokom na z8padnom okraj.i me s

Vinbarg, KamennddmepoddkMaon iviierhky, Kamencom n
JAS Export (smer Bardejovsk8 Novg8 Ves; do ne

potokom a Andrejovim potokom pri Bardej ovsk

Gi bsk¥% vodu pri moste2?zakgel ¢énhiavhca ¢$danine

Har|l arovskl potok) .

3110hrozenia povodRapmivrac hzoSvpllcahv aviwid nzl ¢ h t oko
Na geol ogickej stavbe podstatnej | asti Y42

af l ygov® s¥vrstvie «adlr?ombsnkoyrcylt mive ls® i est.r i é d&n
prachovcov @ i eskovcov, prtiTlconm 02 Inoivecset as¥h wo vIrasz
Podlogie je tvoren® intperepd 8rse kaav e tpri &lsTkmiv c
br&§nia hlbgiemu vsakov azn?iwnyptovaadmivdtc hz vg gk a
dochgmwasaltkeniu p-rov svahovich sedi mentov zr
rozm§lraonziveoja zosu\minah Tgraoédesomi a) .

Pr§ve t8to skladba horn2n zohr&8va viznar
regi me obvvpoldyuv. nMa8 | ast o s amedostptekkpingjWade 2z 8pl av
NadmernTm t opvwinkat ndméhuzra&8gkami sa do podl o
mnogstvo vody, ktor® narugujeasdt @hnhéenl zed? ol
ng§sledne k zvigendwpa gmykmw vi zthl arkeop/ae j vody
ZoOsSUuvov. | del ygrkeey @y reet zod s@wmp iasovanou gmykov

plochou( Anal Tza Yzemia).
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Pri trvallch a silnlfch zr8gkach, ako aj
rieka TopOa wvylilkwraytzao asvogml avuje terit
Bardejovsk8 Novg§ Ves, Kom8rov, Poliakovce
Brezov. Z8plzowami® s Wizehlhri a i na | ej pr2to

Kamenca, Slatvinca a z juhu Lukee(Anal T z a Yz emi a) .

3.120hrozenia z8vagnou priemyselnou hav§8rio

V. obvode Bardejov sYs dva subjekty, k
nebezpeln® | &§tky. Je to Zimnl gtadi-n v
Vichodosl ovensk8 vod&8§reusk&osgkoPRPRbhBo¥Pray
tTchto podnikoch je vznik mognlTch mimori e

skl adovanlTch a technol ogi cKTAm av y w@? Ware2mm ar

Zimnl g¢gtadi-n Bardejov

Viroba Oadu je na z§klgedez ap rpioaungei hto ac Hlp
vsebe zariadenie ochrannlch syst®mov, vnl
technol -gia strojovne, rozwodhykal gaekwap o d
ako chladiace vege sl %jiacevaaejchhadenile
hnacej j e d nzo8tckhyy,t ne | § tna8nder g na obehov¥ vo
zkompenzalnlich ng8§dob dost&8va rozvodovIim p:i
ktor8 ho pod tlakom prelerp8va do chl adi
ploch o u . Sp2tne sa | pavootkr ulbé mp asdpl 2aSmi§ddod bts It & k
(Havarijnl pl&n Zimn®ho ¢gtadi - -nu).

Popi s z&knoinaeearz®B:t on § d rpigemdmu 1000 kg, smiestnenou
s%stavou vn¥%tornich prietokov loemonmad@dOov T c |

kg; rozvodowzRs vpeantari ukbaigad osn rozde Ooval i a z
| pavkovl vent il ; ostatn® potrubn® rozvoc
kompresorovs 2x edrnotokasal covl agregst, p o
spr2kondmV, 1Hhl adenl 0 b e hov o udvochodtladiagich oc h | a
prietokovich vegiach; rozvod | pavku cez

potrubni m Besd @wmoarh zhl adkTch oceOovich tru
pl ochou; z ar i aydsetn® mab eorcahlrea nand kcehj as| o Halv ar i j n

Zi mn®ho gtadi - -nu).

125



AdassinAre& Sdy Bgneaing 2012 N

AFSE
2012

Skl adovanMiemd paekuny je | pavok skladovanT v
ng§drgtirojovni . Objem skladovan®ho | pavku je
vl pavkovom z§gdthmdlob.®@hPBolusk hhdmmemeai acoch | ¢
uzatvorenl mechanickT miprwzp8wer mind3&zZm nsyYs o9h2r, 08z

(Havarijnl pl8&8n Zi mn®ho gtadi - -nu).
Ochrann® Chy atd®may syst®m bol podrobenT anal

vyhly8gK . 533/2006 Z.z.. Cell objekt Zimn®ho
aut omati ckTany otc@rmi@amat mjnl pl &§n Zi mn®ho gt adi
32Pougitl software

ArcGIS \erzia9.3
ArcGlS je komplexnl GIS syst®msahupwmti pr e

mnogstvo nN8§strojov na i mport Yadaj ov, vap r €
publi kovanie geograficklch inform8ci?2. Jeho
Environment al Systems Resear chPduwdittilt utcel) ma
vektor i z8ci u ptadajoedzv GI S, ako prexdenhzoedi € umo

programu HEGGe o RA S, ktor8 sl Ygi na pr2pravu digit
mat emati ck® modet oeRIAS , eHEak o aj vizuali z§8ci
model ovani azkewam§pr me obr §
HEC-GeoRAS, HERAS

HEC-Ge o RAS j e sWibor postupov, ng8strojov a
geopriestorovich d&8t v ArcGIS. PrepojR&ri e umogRL
Visledn® hodnoty mo d el o vRAB.i Na tosably nohop 0 vatv a®® z
pracovaS v spom2nanom h yGlerooRiAySh ajne cgkotnr enbond® | ayb yH Ed
di git 8l nyrne Imo®&fed o(MDMR) (riudli mslzdk 8§8sy 2t0@r@Y

HECRAS je hydrodymagiesik mumdel justedlse¢ §®Ro ®& o
pr “%d atov aj,ednoduchTch ilkzkodespoh2prbfztdacma ako

Pred samotnou pr8cou s h3yRArSo dyen apnoitcrkel brm §mopdre?l |

vstupnlch parametrov v prostredGeoRASS pr i pougit?
ALOHA

Al oha je n8stro]j pre chemick® hodnoteni e
havsgri8ch S Yosni kom nebezpelnej | 8t ky ( NL)
nebezpelnlch | 8tok. Program pri vykon§8van?
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kongtantn¥% rltcrhd o088 wgetmelrchvehori zont 8§l ny
SagklTch plynov a na odparovanie z kalug?2.
at mosf ®r i ckej inverzie, je tieg v modeli
tieg pol2tan® s apr¥ecniosoan Kk alpd aeGaa lofdpo v & h L
2009)

Obsahuje datab8zy najlastejgie poug?2var
a ich fyzik8lne vlastnosti. Visledkom j e
zraRuj Wcej alebo sm®neOnej koncentr8cie v
Google Earth

Tento program bol pougitl nasvimonugki BS§

zprogramu ALOHAa ch export do form8tu jpeg aleb
3 . daj®pre modelovanieas i mul 8ci u

3.3.1 Modelovanie p@a@Qgepne na pr2klade Q

Prvim lkbrodlwomytvorenie datab8zy prvkov,
e X p or tzprosteedi®HESGeoRAS do prostredia HERAS. T %t o dat ab8zu p
tvoria prvky typul 2 ni a t, dbrehy koryta,le darania z 8 p | &hvibzve mi a
prielne profily. Pre pougitie tlchto prvk.
ne hodnotu nadyworir Sk®pryvbky Vigka sa jedno
priradgkl ade e XINur (@rglc iTriangutar Irregular Network s i e S
nepravidelnlTch trojuholn2kov) sk¥manej obl

Prvim kprroS8kgmemows t r RASb oHEOC i mport ovani e (ge
ds§t exportovanl c h/HEC-GepRAS.Ntal é d iaa ® Ad&GlaS b ol
previesS namereé adk®t ksyisSlavy . Dan® geometric
spracovs8§vaShdajper awopalSametroch koryta vod
PovodRov®ho pl §mal ;ésnt krBaodejpovVo nastave
koryte. Nast ave B83Bm3d md Qo a2456pm3is pre gk Pd aj e
o prietoku Qoo aQspo b O | i odvypgeln®t an e | Konsumpl nej
Yad a j spQho, @, Qso, uvedeadlohmi vke] toukdkuemtt § @ibin ®k
bolo nastavi S aj skl an ANoryntaa, Diegpe hdia =v @I, i
hor nej | asti t oku a na dol nej. Plas tl eltyk

hydrol ogi ck®ho model ovani e bol o nut n® pr
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vyugitia krajiny v po oboch Tidorsadeffiavhli vodn®ho
pr e kagdl prielny profil. V sk¥mane|j obl a
poOnohospod8rske plochy a trval® tr8vne por a
indexy (kongtanty): ur b8nne = 0%y ;= pb, 0 =Rm5 ;=
les = 0,04 a koryto rieky =0,038adan2 m parametrov vo vgetkIch

dostatol n® mnogstvo d8§t, pre vypol2tanie z8p
Z dtvodu vizualiz8cie visledkov model ovan
export ovshelia ArcGISpo of or m8fE ke BXaMLi. Nal e vyugit®

vistupov (mapy, obrgzky).

3.3.2 Model ovanie Yni ku amoniaku na Zimnom g

K mi moriadnej udal osti Spoj enej S Yani kom
dtjsS pri porugena?2chkehdbstuebtdi sysett®mal - Pt v o d
celistvosti mtgu byS rtzne, od chlb materi §l
syst ®me , ag po sabot 8g. Najviznamnejg2m riz
chladenia je strojokRamchl|l adaerj ateehkobreje,]
najva@| g2 potenci 8l ny zdroj Yani ku amoni aku. F
n8dr ge do miestnosti strojovne, jeho rozli

odparovanie a ¥nik taxieckdarmi apd& mi ee zdo o dwert
prevsgdzke posudzovan®ho Ssyst ®mu chl adeni a
a

moni aku aj na rozvodnlch potrubnich syst ®mo

Scens8r PHdi. model ovan? n8sl edkov mi mor i adn
gtadi -ne v Bardelioveosmetw§ycih&d gJge v dl sl ed
ng§drge d!'jde k postupn®mu Yni ku | pavku z n8d

urlitej koncentr8cie (¢giaO konkr®tne informs§
k dispoz2cii) adbovaejk sspgusteniBuie. Pri pokus

strojn2kom d!'!jde neadekv8tnou manipul 8ci ou

Yani ku | pavku z ng8§dr ge. n@dwetpredmieg d 8t kvyeka
automaticky. Amoni akr uwehgBilcezskpuhembkr omv 4
nach8dza 40 c¢cm od podl ahy. Amoniak je wudrg
At mosf ®riifckkka dsSed¢vaer oz8padnl vietor rTchlosSo

stupRov Cel zia, takmer jjaes n705 %,Ren 8dtr2gv njae vn ahpk

83% svojho objemu.
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Scen8WN [drubhom pr2pade sme pri model ov a
vychs8gdzal.i so situS8ci e, ge v dtsledku pog

dtjde k %niku amoni ak uestoru sirgayme.g@dvetranie ap o d | a

detekcia %Yniku nebezpel nej | 8t ky prebehne
otvor ventilu s priemerom 4 c¢cm, ktorl sa
teplote 25 stupRov iCédkai Z.5phtdmosf ®dichk ® s&
teplota vzduchu je 20 stupRov Cel zi a, pol

n8dr g je naplnen8 do 80% svojho objemu.
Tieto charakteristiky bol i postupne |
syst®mu BbOHAssqiumudle®i&i a. VIisledky simul §ci
ALOHA zn8zoprrnoesnt@ eadj2 vGoogl e Eart h, odki aO
obr8zku (form8§8t i peg) . Pojugghd i @r ed defriama:
vrstiev,vt omt o pr 2 pade difdstovalbmadriicleq ikdemntl ch

by $rwvwpade ohrozenia evakuovanl.

5. VASLEDKY A DI SKUSI A
Visledky model owhnBak st vacbpiupoOgisoeyfede.v

4.1 Visledky model ovania povodne Q100 a Q5

Modelovanie priebehu povodne boloy k onan® na ri eke TopOa
4 km) pretekaj %cej cez mesto Bardejov. V C
m3.s1 pri100r ol n e | pod & 4668 M3sl pi 5D0Or ol nej Bd.v 0 dni ( Q

Visledky model ovani a pio RASdmag %z gpabbstk®
tabuOkov¥% podobu. V grafickej podobe s¥% p
parametrov jednotlivich profilov vodn®ho
profil ov, gr af cel ®ho profilu vodn®ho t
per spekKZeby 8ok 1
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Figure 1X-Y-ZProfile Plot for analysed section-dfdpla river
h o N} TD2NIF Tm LIS NEYRISWINBI o2 8 dzRT 2 O yé gasS] NAS{@& ¢2LJ
Pre anallzu a zdokumentovanie visledkov s
t abulCktyai | ne popisuj %ce vipolty parametre vo
vistupy umogRuj % zn8zorRovaS veOk® mnogstvo
prijateOnom formBAS. pPnikar ediae zBKCadn® t vy,
vistupov, takRuOkade®avil sai®Rupy a sum8rne tabuOk
Detailn® tabuOkov® vIistupy sa tlkaj¥% naj
zachytenlTch cha pjré énaotylcihv p)rogriil ochzrydbh §30&n
povodne (Qoo a Goo) - |l de o wWdaj e t yjehopretbkpenérgiaavodn®ho
Nal gi e, pop2san® ug vyggi e.

[ CroesSecton Outpat WP — =

oo LI ats BN =
File Type Options Help

i [roge ] P B

Reach [Tepla ~lrs: [2mie <] 3| ] Penc [P0 -

l Topla Topla RS 238518  Profile PF 1

E.G. Elev [m) 26905 | Element Left OB Channel Right 08
Vel Head [m) 038 | Wi n'al 0.050 0035 0.050
W.S. Elev (m) 26867 | Reach Len, (m) 198.90 32361 19890
Crit W.S. (m] 26867 | Flow Area [m2) 82.30 1552 3617
E.G. Slope [m/m) 0.017042 | Area (m2) 82.30 1552 3517
0 Total (m3/s) 33000 | Flow [m3/s) 232.77 50N 47.12
Top Width [m 186.53 | Top Width [m] 71.56 19.28 95.69
Vel Total (m/s) 248 | Avg Vel [m/s) 283 323 1.34
Max CH Dpth [m] 1.42 | Hydr. Depth [m] 115 081 0.37
Cony. Total (m3/s) 25273 |_Conv. (m3/s] 1783.0 3338 361.0
Length Wtd. (m) 20947 | Watted Per. (m) 7299 1928 95.69
Hin Ch El {m]) 267.79 | Shear (N/m2) 180.44 13455 61.43
Alpha 1.22 | Stieam Power [N/m s) 532.98 43434 82.30
Frcin Loss [m) 3.73 | Cum Volume (1000 m3) 246.39 836 GE.43
C&E Loss [m) 003 | Cum SA (1000 m2) 24418 1862 13534

Enors, \Wamings and Notes

Figure 2 Detailed summary table for,63

hoNIT21 H 5SSOI AfyanGFodzU] 20é @eéelLAa LINB v
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ZhOadi ska graficklTch vistupov boli z2sk
3, obr. 4).

o«
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iLegenda

Toola

~ zaniawand Lzermke pr povodnl Q100
4

Figure 3Area affected by 10§ears flood (Qq)

hoNIT21 o " TSYAS LRaAGAKdAzIS aG2NRSEY 2dz LI2 ¢

L egenda
Togda
Zaplavene (zemie pel posodni Q800

Figure4 Area affected bys00-years flood (Qoo)
hoNI4"21SYA S LIRBEWA2KNRAGIYS2 dz dodp D2 Rz 2dz 6V

Vych8dzaj Yc z visl enblgomw® mocdalpokdmida S, e §e¢
splsobenej Q100 bude zaplaven® Yizemie s \

povodni splt!sobenej Q500 pltjde o Yizemie o0 \
Pri storol nej povodni bud¥ zasa  ahnut
Toplianska, N8bregng, K%upeOn§g, Kacvinsk®@
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Kellerova, Gtef&8nikov8, Tarasa Gevl|lenku, a L
okrem tTchto zasiahnut ® aj ulice Pod Vinbarg
42VT1 s | emokiglovania’sni &moni aku na Zi mnom gtadi-ne

Na z§sgostepu, k t o Kkapitols Metodika sme eathbdelovali
“uni ky nebezpelnich | 8tok. V ¢giadnych dokumer
ani v dokumentoch poskytnutlTch MestskIm Y%ra

sptsob z2skania polomeru a plochylJdeemr ozeni a

spomenut ®, ge p8smo priameho ohrozenia a oc!
vyhl 8gkou MV SR | .533/2006 Z. z. o podrobn:
Yal i nk ami nebezpelnlch | 8t ok, proi napl nen?
programu.

Scen§ . 1
V tomto pr2pade sme dogl i k inim z8verom a

hOadi ska vzniku Maohgre lbadnBaejor Rdakmet ivi sl edn %
ohrozenia v pr2pade Yni ku amesciealBbam za 1podmi
model ovan§gceisagpemwme konok 8®t ne met eorol ogi ck®
predpokladanTm %“nikom cel kov®ho mnogstva nel
nasl edovnim visledkom:

1 - MBGL 7 3 (60 min) = 1100 ppm/8248 mg (| ervens§ farba)yY

vzdi alenosai®% 4996 amehozohrozenia 110 m konc
0

N

chrann® p8smo 360 m do 2000 ppm,

1 z- PAEGL T 2 (60 min) = 160 ppm/120 mg;h (orangov §8 f ar ba) \
vzdi alenosS 1600 m, z-na priameho ohroze
ppm, ochrann® ®2&pmo 1510 m d

f z- AEGLT 1(60min)=30ppm/225mgsH (svetl ogltg§)yY v osi
4 000 m, z-na priameho ohrozenia 2510 m
p8smo 3740 m do 28 ppm.

Naj vyggipastn8:keomecemter & & c a -3 Oe dzpmmB (c4cla 8 2
115 ppm (80,15 mg/8) . P&smo smrteOn®ho ohrozenia je

mgm3), p8&8smo ohrozenia zdr-8via nad 500 ppm (
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Figure5 Threat zones for ice hockey stadiucrscenrio 1
hoNlgGysilye 2KNRT SPOEF REEB Yy V:-NY f & m

Z-na priameho ohrozenia s konce3dtr8cioc
ohrozuje objekt Zi mn®ho gtadi2z--nma ap rS ¥aknreohn
ohrozenia s koncentr §ci-8)ohrodue uzWKudzoyoyum ( 1 3
Topl i ansku, kde sa nach8dzaj % objekty ako |
Gport, Gtadi-n BGK Bardejov a rodinn® dom
Tarasa Gevl|lenku, ktor® s¥% v Anallze uved
koncentr &igieowjohddozu Hur bparneowaug n eD | bhyit o va® , a
domy a objekty Pogty, VDB banky, Pol 2ci e,
umel eckej gkoly Michala Vil eca, ktor® ako
SsYs vibec uveden®.
Z- naozwéermri a s koncentr8ciou o0d -3)1chdzujed o 2 O (

Radni | n® n8mesti e, rodinn® domy na wulici
Kal v&8riou a Podstajok. Ani t8to | asS %ze
mogn®ho ohr ozjeenmea,bz a on epdoovsatgaut ok. Ochrann®

28do32ppm (22,3mg#®) zasahuje |l en neoblvan¥% | asS
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Scen8r | . 2

v 20N
WAl

Figure6 Thet zones for ice hockey stadiugscenario 2
hoNl@ysilye 2KNBPAAYWRl QERRYKIE M) 6 & H

Pimodel ovan2 pod®d is oeprHrta Zpar@n@oy es eem®st n®

podmi enky, najm2d rlTchlos@aaremeakiveh r aec PDmi

podmi enok a prz2] imriakloi vampd evd wmjl Baikm §nr. |

f z- MBGL T 3 (60 min) = 1100 ppm/8248 mg& (| erven8 farba)yY
vzdialenosS 284 m , z-na priameho ohrozen
130 m do 1300 ppm,

1 z- MEGL T 2 (60 min) = 160 ppm/120 mg-;» ( or angov§ farba)
vzdi arf®aosmS z-na priameho ohrozenia 740
ochrann® p8smo 770 m do 120 ppm,

1 z . ABGLT 1(60min)=30ppm/225mg®H (svetlogltg8)Y v osi
1 900 m, Z-na priameho ohrozenia 1860 m
p &8s mo mH@2B ppm.

VI siSe@ms o z - namij eo hurvoezdbénzi 8au 6 .
Z-na priameho ohrozenia s koncentr8ciou

mg.m3 ) ohrozuje objekt Zi mn®ho ¢gtadi-na a ul
PSerovsk %, s2dlisko Za rajom a objekty Do
Bartol omeja Krpetg8gaiow -o0da $2kodcé&e&) ppm (1
zasahuj e ul i ce Novl Sad, Ful 2 kov Y, aresgl ;

Kacvinsk®ho. P8smo ohrozemr3i)a zoads ah&8ijko p3 2 epy |
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z-nu mesta na ulici Duk!l i §hidl &8 ©¢ BamejoPa i e my s
siaha ag na mestsk¥% | asS Bardejova Bardej c

Ako sme ug wuviedli, aut or i anal Tzy net
sptsobom boli ur|l en® nebezpeln® z-ny a
nedostatok. VjaAndlelnzeur¥szen® ap§smo pri ameh
ochrann® p8smo 430,7 m od miesta Yniku ar

rozporu s Anallzou %Wzemia, nakoOko v nagi
siaha v prvom scen§8rriuhdom vszce a8 rein odsa iv z4diba

Z hOadiska model ovani a %ni ku nebezpel

zdtrazni S, ge v nagom pr2pade sme simulov
| 8t ok, zZ a konkr ®t nych met eor ol okhck ® mh [
cel kov®ho mnogstva nebezpelnej | 8tky do o0\

Bardejov podOa extr®mnych scen8§rov mognej
snahy o dosiahnuti e maxi m8I| nej ochrany o

nebeze |l nTch | 8tok je racion8lnejgie hodnoti
maxi m&8l nom mognom ¥Yni ku | 8tok aj na podkl e
6. ZCVER

Ani poznanie zdrojov a z8konitost?2 Kr

vhodnTch pretvreemn2vayeht wopaen2m % innlTch m
virazne minimalizovaS straty a gkody. Def
spltsobov | ej redukci e. HIl avnTm cieOom ho
kr2zovich manag®r ov oalmd@pnoddti karctht Tako osd

zdol anie mimoriadnych udal ost?2 tohto char e

7. POnNAKOVANI E
Tento pr2speMakavpadpdiCéBe2.10B1E2HKKMR-2011
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Pozvae8nggka

PROTI POGI ARNAN BEYZ PETAVZALE®BG| T £
BUDOVY

(ALEBO MESTO V MESTE?)

FIRE PROTECTION OF BUILDINGS T COMPLICATED
BUILDINGS (OR CITY IN THE CITY).
Imrich MIKOLAI

Abstract

Complicated buildings, with very large area, with many levels, or poly
functional complex built for building, offices, and culture or rental shops, have very
high people density and are full of cars and another traffic facility situated on relatively
very small areaSome people are in those building for the first time, and not knowing
the environment. And this is the main problem in auxiliary situation (i.e. fire).
Nowadays can be auxiliary situation caused not only by the fire, but for example by
terroristic aggressn or standard energy failHumat (health) safety must be
concentrated in protection of all the persons, the primary protection against the flames
and heat, but also against smoke and combustion gases, that are invisible or
undiscoverable by nose. Sometbém can be narcotic or even toxic and can directly

endanger the human life.

Keywords: building fire safety fire safetysolution city, evacuation
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1.bvOD

Projektovani e rozsiahl ych, pl ogne aj

sY%borov budov je egte st8le pomerne no\

taklTto rozsiahly, zatiaO napriek nebTlTval
s¥%l asnl mi | e grojmiliaY ¥ Winy gnk a nid]§ s tmaadw?d z uj %c i
nor mami | i i nT mi predpi s mi (naprd.asaj, int
gi ao, aj nem8 projektant igpgciaahiesth@zpe
ochranyi k di spoz2cii, j el aetOmi ajkompmdbgn@anE
maj % zos%l adi S na jednej s tnroarnney , t rkatdoirl

vych§8dupaljne zi nej vichodi skovej situ8cie,
pogiadavky zahrani| n®ho investaalizaval Kkt or
vzahr aol &aR8waa | ej rembigndsiSamiaj nagenj§sl e
vzSapog&dovane, technol - gii prev8dzky bu
atypickej, prevsgdzky. Preto sa stS8le | a
pr2mpeadSTN EN) resp. p o[2] n[® & Ilchn d jSW/ TR, z &)
aj do nage,] projektovej praxe aj Nal gi
model ovanie wurlitlTch, vybranlch, situ8ci
ai ch kombi m&idiik.a PRrakbdlcent o rozsiahlych vi
oto zIlogitejgia, gmi nsim§vgdy opakomat &C
svysokou koncentr8ciou os'b na pomerne m
inginierske riegenivat e®in®0 scihe aO@ § yac $ ¥ai a
sprsgvy.

8. PROTI POGI ARNA BEZPELNOSs BUDOV

Protipogiarna bezpelnosS budovy sa pr

spracovanou pre kagd¥% ur|l en% budovu a mus?

a)l l enenie budovy na pogiarne %seky,

b)ur | pmigé arneho rizi ka,

courl enie pogiadaviek na stavebn® kongtr
d zabezpel enie me@d&ku8cie o0ostb a

e)ur|l enie pogiadaviek na Ynikov® cesty,
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) url enie odstupovich vzdialenost 2,
ggurl enie pogiarnobezpelnostnlich opatren?2,

h)ur|l eni e zariaden2? na z8sah [1].

Pogi adavky na preukazovanie bezpeln®ho r
budovypos* adk u, hohginmpjO®Ramdm,s naj ma pri Vy
atypicklich s¥%boroch, ale aj atypicklch (vT1gl
ng&rol nlicthl)c hzIlscagnost at nTch budov§gch.

Uveden® pogiadavky [1] s¥% re8lne riegiteoO
nor mami (STN rady 92 02xx), ktor® vgak HAnesH
stavebn2cEvea:- mé ehka ani na SAovensklup aheth
atypickich druhov budoviTmcbBamozitehme aj ghyp
vigky budovy, | i ug smerom hore nad ter ®n
neposlednom rade aj vIiskytu mnogstva Oud?2

z8kl adnlch ¢ ha riateptoty vdriestore klebg radpovechuostavebnej

kongtrukcie, sledovanie viskytuj,ama)i ckTch ¢
vpriestore, zni ghbaswei ar ive sl 0 e nzpSMklra2dwnmd me s u
inform§ c i § m, ktor® je mogn® z2skaS za pomoci |
priestore M a s e, so z8&8kl adnT mi charakteristi kami b

SYs rozhoduj Yace pre zabezpel|lenie naj menej bez
budovyakoajsabi | ity budovy akodojarttk8 $&Ouddvoapdwi
ale ajna Mercedeseot 8 z k a s @phen bwehmeylosadesstva budovy).

Vyhl 8gka [1], vzhOadom na SVO|j charakter
predpisufi verm@mgn cosbSnetdw arjiievn®hion i perr2ssktéuhpou pr 2 st
kriegeniu protipogiarnejresheZipedqmnobdMdorr®ogi t e
obmedzenia uvedenpedstate Warld v vy ch@damd $4t &y, Kkt or §
nedosahuje YroveRT i Vedapnpozsutazn 2 s Y&l haosvnaonsitai s a s
vl astnost?2 stavebnlch kongtrukci?2 budovy vyb
ako s¥% EPS, SHZ | i ZzODaT vo vzSahu nielen k
kpl ognej | i podl agnej zoke\kepodetnom radeedj en T c h
posudzovanipoceytaktugscae® «tatickeljzapomdti®my do a
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| asovej | i ary | es pkvsalbiet arti2evgneyn braodzedviaekll 8vg i ¢
di spoz2cie |i stavebno technick®ho riegeni

Vzmysle s %] as ne | | egi sl at2vy je probl ®&m ¢
techni ck® EzPaSr,i aSlHeZn iaak o a ] ZODaT napr. na
pogi arneBf YWsekp. zn2geniu odstupovich v,
(problematika prenosii neprenosu @ g i ajreud nzRh o pogii @PDihmah o Yis €
druhlT pogiarny Ysek vybavenl SHZ je |ia
l astovil|l kafpgi cophr i pomdpi soch (STN, vyhl 8¢
neprestniomtaj afizneugit eOnl chs wadzag voavniz pproig i s
rizika, | i stanovovan? podmi enok bezpeln

budovy.

Probl ®mom j e aj url eni e napr . zmysl@ j omne
A 64 ods. (2) vyhl §gkiyuvMeM ed R |denfozmfad @4 |
neur|luje presn¥% vz§8hwidowe porl ohdis esitndtoml2m k S
rozmeromd I m aj cel ej pl ochy, smeru orient&gci

m:ge maS odchil kazdjeVipe wmeacoaska naj mene

Taktie)j j e probl ®mom vyug2vanie mognost.i
pogi arne$pnaissekaj n8sobok cperliompadPubgi tl2o SsHaZ
vNaka fAnepresnostii (vedomej?) v STN pome

skoro 20000 nf podzemnej, napidnes Lnie ojedinelej aj v . PP, hr omadne|j

na zvs8§genielll)

9. ZCVER

Pri poug2van2 s¥% asnich n8strojov riegen
mognosS inginierskeho pr2stupu samotn®ho

tak, ako jetous t at i kov, kde statik berie na seba
gpecialistom pogiarnej ochrany; my mus?2 m
vyhl 8gky MV SR, kde s¥% vgak mnoh® pogiad
nedodrigrmprirshr adenia inTm mognim splsobom
naj mene|j t ej i st ej Yar ovne bezpelnosti, s a
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ochrany osadenstva budovy. Nireaprg.dypggei g daaswmke
A 47 odst. (1), ukmeideystwnie®d&h ow §CHPaC httyapu @ Af
samostatnl PD, ak sp8ja najviac 7 NP a 1 PP
cesty kongtruk]| nT mi p rzvrkyasniie dprluahtun TR h, fAmreiplo
nori emfA sa dAGii pgCAH®PICa rt rya uv'Thg Je & 2215 mdwmoyg Ruj e

viskyt nie 7 iNMPvatgvagotsgANkat yp oCHRC nalde ad e
urlenlT polet NP v Rom, prilomabta®ke #&A7B6THNa9?®
02022/ Z1 (tu sa #Avyskwitaig)¥in BeErd &uveeng o8v,® 1d6o may
hodnote charakteru CHBC typu AAfi obsahuj % ag
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REAKCI A NA OHEW CKANDIRT EJ
ACEMENTOVLCKNI K¥EBFERMACELL

REACTION TO FIRE GYPSUM AND CEMENT BOARDS
FERMACELL

lvetaMl TTEROVI&r iTCR

Abstract

Building materials and products are the cornerstone of buildtngctures,
strongly influencing both its fire resistance, flame spread rate, smoke production, etc.
In this context, it is necessary to devote a considerable attention to the materials and
products in terms of fire, as one of the factors necessarydmatte design of building
structures.

The paper deals with the assessment and classification of two types of dry
construction materials Fermacell gypsum board and cement board Powerpa:a@| H
from the reaction to fire. As the test method there wasegpiie norcombustible test
according to the standard EN 1182, the evaluation criteria were: an overall increase in
temperature in the furnace, the total weight loss of the test material and the formation of
flame burning. The results were compared with dksessment (classification) specified

by the manufacturer of the materials.

Keywords: reaction to fire, temperature increase, weight loss, flame burning, gypsum

board, cement board

1.bvOoD

Pocit bezpelia je jednou zanedgk!| adrkll ahdn@o

pogi adavky staviteOstva patr?2 aj protipogiar
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SchopnosS stavebnej kongtrukcie odol §vas$
z8visl 8§ pogiarna odolnosS celej gswvaVvey®hd
stavebn®ho syst®mu, Ram.poddisttinoors.t 2 mat er i
V s¥%W asnosti, v obdob2, kedy sa klad% veOk
viac vyug2vaj¥% materi 8ly tzv. suchej v
cementotriesko ® dop&dg . )a, poug2van® jednak pri vV
rekongtrukcii star g2ch dwuldroer zan §mytnoiv .v | Gits
tTchto materi 8l ov je popri rlTchlosti real
Oahk§ opr acehart @domioss& ,akusti ck® parametr e
Do akej miery s¥% tipeboi magenrBehobbopd| a®
aj ng8gho sk¥mani a. Experiment 8l nym sk¥gKke
url en® pr e such¥% vistawbhwueamekhbdboklt ®@knet ®s .

Fermacell.

2.MATERI CL

Sadrovl 8knit8 doska Fer macel |

VirobnT mi surovinami sstaadrir@ vé g#novle§ k ndic
energosadrovec, pr2rodnl sadrovec, voda ¢
vl §knabwmrui |V numaat nostnom pomere 1:4 sa pri
dosky.Sadragp api erov® vl §god vgsokmmegbpakotmds d
JediniTm odpadovim produktom je vodn§ pa
nai mpregnuj % prostriedkom odpudzuj %%cim vo
Energeticky je viroba nen8rolng8§sugakio®ko
hot 'vidos &8k sa r obACSmrdir at @ mlagtug eds ®W o u,
a obal 2 vl 8kna, t o zai sSuj e vysok¥ pevn
Homog®nna gtrukt Yartaomugsi ¢g&k Goslyi éea mkce
zn8gaj Wce wiychRez@heahani e

nal g2 mi pozit2vnymi charakteristi kami
nez§8§vadnosS (neobsahuj e gi adne Sspojivsg),
priestoroch (je priedumoghostiegoppv B®0bivhahick

VNakaj ey vysoke]j mechani ckej odol nosti

stenov® kongtrukcpeotniapoly@ae nyarev&ondg/tr uk
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upl atneni e predovgetklIm ako pogi arne odol n
gacht ov® st eny,s n?tkklvadyn osstn@prdv  komgtrukci 2 di
kongtr ul&ci 2 at N.

Niektor® fyzik8Ilne, mechani ck® a pogiar nc
dosi ek Fer mavtahbuG@ke uveldem®oVi pgstaup je zn§z
obr. 1.

¢l odzugetl A+ £ yST YSOKIYAO1IS | LROAFNY2GSOKYAO1S Qtlaidy
Table 1:Physicalmechanicaland fire-fighting propertiesboardsFermacel[8]

Charakteristick® hodnoty

objemov8 hmotnossS 1150 KN 3®5¢
s¥%liniteO dit¥%zneho odporu 13
tepel ng§[@godi vos$S 0,32 W/mK
mern8 tepegd ng8 kapacita 1,1kJ/kgK

I

tvrdosS (Brinellova sk¥%gka) 30N/Mn?
nap¥%¥%l anie po 24 hodin8ch ul (<2%
sl initeO tepelnej rozSagno:s0,001%K
rozSagnosS/ zmrgSovani e 398ipri z0,25mm/m
ust &8l eng8 vlihkosS pr206AKC % r ¢l13%
trieda reakcie n& oheR (STN A2
hodnota pH 7-8

___-—_,_:-a—-_"" S~ 1 miete paplera

sadma | ¢ 2
papiorova
- vigknina
e

:vod): - — :\ stary papier

priprava Fermaceliu /; ’ ;
° %—J . hydraulicky lis
- - 1 ’!'~ "‘i -
\ i 1

Uprava recykiovanych dosak

uprava sadry

_— S TR suditka
mﬂ \?,. mnonnz li
.0 s M r\e] ]txuwmo 7'; st -

paletzacia

hoNX ™ { OKSYl DERRBFISIKRY LINEDSRAA1 & P8
Fg. 1 Scheme ofypsumboard manufacturing proces$9]
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Cement ov | 8 kHRowerpgneldiO s k a

Powerpanel O j e cementom spojen8 doska z Oa
gtrukt“%rou a obojstrannou alkdlickt nediseninoup od k
skl ovlI 8knitou tka@Gemmotuo\I58 kmm tx8 5d onsnk)a. | e
netoxick8, ekologicky nez§8vadma@&v et enrenhoosrtnal

vplyvom, pri zmene vlhkosti alebo teplotykazuje len m n i m§ keny.€ri raatg;

hmotnosti s¥%“peeO®Om vel abmec®aai ck®mu nam§h:
Dosky Powerpanel ¥0 mo g n o aplikova$S g¢gevenoupdvetr
kovovou al ebo aj hlin2zkovou nosnou k on¢

materi 8§l y, bomalpet. - nd.r eVioe ¢a | ssad om §jcee jp oku¥gp? evCan
sanit8rnycltpoddd.i est oroch a

3. TESTOVACI A METCDA

Experi ment bol vykonanl podOa sk¥%gobn
118271 sk “agk a n e[h.orcOaovcoosut i t ej t o sktighky,s aktua
neprispievaj ¥ al ebo pwljz mamneberzepah @pd v ajp
poug2vanie. Sk¥Wgka sa p0A@g&RLY A2 . pariddeniejei edac

zn8zornen® na obr. 2 a.

Sk“ugobnim zariaden2m je hl permouv |tavsaSroeu
giaruvzdorng8 r¥%ra ovanueS8Suwvgwree§aNaou zoli a
spodku pece je namontovanl kugeOovitl stal
proti pr %di acemu vzduchu. Tepl otod |j8en kamid m.
sk¥%gobn®hojeitedteslaov ®Prefeviydbaseoamde JavakhNhom v

obr.2bJa zari aden2m na zasWvanie drgiaka vzor
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hoNIP H {1GgO026yYS TFNRFRSYAS {¢b 9b mMMyH 0TF2i
a)fotografial | NAF RSY Al Z 060 RNODAF] @1 2Nj]& TFNAIFRSY

Fg. 2 TestequipmentBSEN1182 @uthor's photo)
a) a photograpftfacility, b) the sample holderdevice

Sk¥“ugobnl postup

Pripraven8 a kowndi cowvnb@bee®nyanmmlskou 50
mmsa vliog2 do nosila vzorky zavesen®ho na j e
pece do definovanej polohpk amgi te po vliogen2 vzorky do pe

zariadenie. Sk “agk a svap ovlykson80 mi n¥%t , . Ppriiebeégpkotsea 7

zaznamé/mS8tveapl oty v bl 2zkosti vn¥torn®ho povr
telesa a v jeho stred& i zu§l ne sa zisSuje pr2padnl vzni
vykonan2?m | asov®ho z8znamu jeho Ptitomt@ani a, S0
testesaa trva&lR®V® @mrenie sa povaguje tak®, kto

Vyjadrenie visledkov

Dbyt ok na viypottrdsatia zaznamens§ sa Ybytok n

testovaawyjvaodorik usa pdakwodmercdmod nosti vzorKky.

Pl ameRov ®vV Yo |le2ndi zen: aame n § sa cel kovT | as trve

horeniavs e k und 8 ¢c ht gpgteo kaamd Y4 z or k u

Zvigeni(@azepmennn® :tgeTr nmp TT( 8ArCR o m)

kde:

Tm maxi m8|l na t eplvotme ctierknprichetB@wd&l®h o trvani a
skv¥gky,
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T; konel n8 teplota termoll 8nku \rielpebuc i , k t
poslednej 1 min¥%hty trvania sk¥gky.

Pre klasifik8ciujshavean®Phedenireb&lu%ai

nameranlich velil2n, ktorTmi s %:
tepl otnpecin§rastmax. 30pA€ triedu reakcie n
max. 50pA€ triedu reakcie n
pl amenn® horenimesmi ei paetaiSi edu reakcie n
max.20s T pre triedu reakcie n
cel kovl hmdct nosmax.T50%:biygroe triedu reakcie n
4VhSLEDKY
Pod®TAl EN 135011+A1[4], h1 av n T mi hlordinto® ri iaecmimi pr i
nehor Oavoishgr gset gleeil dt¥mvok hmotnost.i t
materi 8§l ov tai wWdremkev plaame Rom. PodOa wuve
vyhodnocovan® aj nami testovan® materi 8l

acement ovI| 8knit8 dos koab i(dovzoncahl emmaitee rB)8,1 opvr is|
sk¥%gobn® vzorky. VI st ek gv amodd n wafeknd la o vsold
formou.

Vyhodnotenie sademacdll8knitej dosky
Visledky dholkdnme einijao btr §zw®k 8.2 a

¢ClFodzUll H bipitlagace GaBLIX RVBIY2a0A alF RNR@fit {yAlSe R2a]
Table 2Increasethe oventemperature and weight loss ofgypsumboard Fermacell

N8rast pepli of Dbyt ok hmotn(PIl ame
Vzorka _ _ horenie
T ( AQ Te ( AG T (| me(9) mz(g) | am (%) (s)
Al 799,00 766,15 32,85 84,87 58,99 30,49 T
A2 804,40 | 770,53 33,47 86,70 60,28 30,47 i
A3 785,00 748,61 36,39 90,60 63,80 29,58 T
34,24 30,18
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Fg. 3 Graphicalepresentationof temperature measured bya thermocouplein the furnace
in the testsamplesgypsumboard

Vyhodnot eni e ¢ e meRoweganel§R ni t e | dosky
Visledky hokdnme emtini ja® btr §lzw®k a .3 a

¢FodzUl o bilpilagde diB1LX gV20iP2a0A OSYSyilz20tt {yAiSe Rz2aie
Table 3Increasethe oven temperatureand weight losscementboard PowerpanelH,O

N8rast pepi of Dbyt ok hmotn(Pl ame
Vzorka _ _ horenie
Ta (AQ T ( AQ T (| mu(9) | m2(9) | am (%) (s)
Bl 77590 | 769,08 | 682 | 6786 | 5955 | 2% i
B2 777,90 770,00 7,90 74,44 65 .26 12,33 i
B3 762,70 | 756,00 | 6,70 | 6853 | 6021 | ‘24 i
7,14 12,24
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FIG 4 Graphical representatiorof temperature measured bya thermocouplein the furnace
in the testsamplescementboard

Vzg§jomn® porovnanie visledkov

Na obr8zku 5 je zobrazen® vz8§jomn® por
pecn®ho ter mol | 8nekmue nstaodvrl o§viklanSiokinei jat nedlj @ sapy i e me
hodnameranlch vedti d?aniodsmemaind mi §lhhoednot ami
STNEN13501-1 + A1l | e tzanb8wlbkren edn.® v
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¢FodzUlF n t2NRGYlFYAS LINASYSNYyeOK K2RYYSRYWESNI yéeOK @S
K2Ry 2GF YA LR2BOU+ALtb 9b wmo

Table 4Comparison ofmean valuesof measuredquantities of test materialswith the limit values

according to ENL35011 +Al

me d z r
hodnoty
podO i fi
. kl asi fi k§
hodnotiace SlgNSOE}N sadrovicement oV
. doska doska
krit@q qia1
sadroviicement
Al | A2 doska doska
®T (A{ O d
30 | © 3 !
@ m ({0 ls ¢ 4 12 he Al
50
t (S) 0 | 20 0 0

5.DISKUSIAAZ CVER

CieOom nagej pr8ce bopgor oevxnpaeS i rmeak gil in en a
dvoch druhovi sadtdeovVv B&ckenmetnetjov | §knita e ] do sk
prostredn2ctvom sk¥%gky nehor OQavosti podOa ST

Zvisledkov preaktmndbyami 2h3va 4 &ko aj na
kde s% uveden® mhOaedi §kyg hddasten®epl oty v
hmot nostapl damEmn®hos) hmognba kobnhgtatovas, ge
priemernich hodntt &eT a @e&m, |l epgie visledky

dosky, nakoOko priemerpe§ bbloodd AotAL mEYy@s au op e

priemerne,j hodnote teploty vtipegi prvizomeriks§
hodnot &u¥byotnost. cement®v¥%8hm@rgewn adm2s ko b
sadrovl 8knitou doskou. Tieto sWwashepgie soc
zlogen2m jednotlivlich mat er i 8 papiera, vodyadr ov Il § Kk

asadry. T 8e Ookb® amnug estw o krygtalicky viazane,]
tepl ot8&ch moldlpap ug ®ehi 9 ozn?2 geniswa htmokanobodnot
testovanlchhOmdieska8| pvameRov®ho horeni a, an

nebol o pozorovan®.
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Ak por onwvanm@imedosi ahmetr@nV et ( a@Tekyitein a
smedznimi hodnot pmid Oal SHBI-1IENe(ILVi8IN nt 3 b u Ok a
m: geme kondgjteatsoavdarSov! §kni t 8§ doska Fer macel
krit®ri 8 pre klaakti k§coniaucedmeRt e gk nirt §
PowerpanelbD spl nila krit®ri 8 pre klasifik8ciu

Nage experiment8lne pr8ce, vykonan® ze&
acementovl| 8knitej dosky z bkBO®adiOakasteaktiat
potvrdili zhodus k| as, fkk@c¥%ouvsg§dza virobca tlcht
aby mohli z2skaS uveden® materi 8§l §0l-t Y%t o &
1+Alokrem sk¥%gky nehor Oavosti ENUAGD prieS egt
triede Al)a est u podOa P(friNtriecBeN2)1 3823 [ 3
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Pozvan8 predng8gka

| MPLEMENTCCI AMPRBBRBAAKO NCSTROJA
NA ZVhGENI E ER®ENRN OBACTHRANY
ZDRAVI A PRI PRCCI

IMPLEMENTATION OF THE BBS AS ATOOL TO
IMPROVE THE SAFETY AND OCCUPATIONAL HEALTH

Anna NAGYOVA, Zuzana KOTI ANOVC

Abstract

This article represents a reflection and comparison of the efficiency and
functionality of standard OSHA systems and it describes the approach commonly
applied in this area. The increase of the safety level depends on multiple factors. The
legislative supprt, management awareness, staff's knowledge levels, and not least, the
willingness and competencies of the organization's employees represent indicators
significantly affecting the successful implementation of new approaches.
The creation of the envirorent where the occupational health and safety becomes
matterof-course is emphasized by mutual relationships between management and
employees. Therefore, stress should be laid not only on proper motivation but mainly on
mutual communication. The functiongli of numerous implemented management
systems fails due to the underestimation of the quality and quantity of information
crucial for the identification of dangers and threats. The BBS program provides for the
efficient monitoring of dangerous activitiesrfeach profession. However, like other
approaches, if misinterpreted, this approach shall become a burden without any effects
increasing the level of safety at work.
This article represents a reflection and comparison of the efficiency and functiohality

standard OSHA systems and it describes the approach commonly applied in this area.
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1.bvoOoD

Podstata YWspegn®ho manag®rstva bezpel nos
spol2va v konan2 a komuni k§&8ci i vedenia v

vget kT ch wrovni ach chgpu a Acz2tiaf Vvys:{

nadri adenlipcthujas liichakd8ev2zok ako pevnl a ne
mysl i a, ge vedenie demongtruje svoj z8v?a
politicky korektn®, avgak v skutol nosti S
alebo ngkl admi ,e npoontgotmm Sbhcu du¥s pdosknlYadda S za ni e
bud¥s cynick? voli bezpelnostnim iniciat?2yv
pogi adavi ek, organi z8cie | asto Kkr 8t si aha
pomohl.i pri preveanciiichv aldial wani ku Pme@i am
na s pan§l.vBahavor Based Safety (BBSp or i entuj e na | |l ovek
ako z8kl adnej pr2liny vzniku negiaduce]j u
BOZP. CieOom tohto oprreoRyrmenupejlenosv i giaS zYar
pracovnlich Yrazov t1m, ge pomocou pozi.
nebezpel n®mu konani u. Preto byprniechdam8 pr

hodnota mana@®r sikreihloom ylsd ®omaul nosS zal ogen§

Y jeexcelentnl n§8stroj zbieranie %%dajov o
T je syst®m nekompromi snej zodpovednosti,
T ak je vhodne =zavedeng§, smeruje k vytyv
BOzP, v ktorej je prevencia str8t (vr 8t
M jepoj movo Oahko pochopiteOng, ale Sagko

ACi eOom i mBB&Sm¢mrt gvilgi S spr8§vanie za
prostredn2ctvom vhodne zvol enei mot i
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2 . OUDSKE CHY BJEDENA KO ZDROJOV VZNIKU
NEGI ADUCEJ UDALOSTI

| mpul zom, prelo sa organiz8cie snagia za
CieO ale ost8va sté8le | edendi S Ocihcrhg n$ a zzoav
prostredn2ctvom probrafkl adhbgbn@hbi eaaotho

1. zapojenia vgetklch zamestnancov,
vhodne zvol enej moti vs8ci e,

3. dodrgiavania Abezpel n®ho spr8§8vania safi.

Dodr gi avanie tlichto pilierov m§ jedn®ho spo
potenjcél8¢ =mapoOahl iz8esal yu slpatoRyorveant® . v Spo Oahl i

zamestnancov pri zohOadnen2 je obvykle defi
bude spr&8&vne vykon8vaS urlit¥% pogadovan¥% | in
aklTchkoOvek vedOaj g2 @H yalkt iSv 2stp,0 Okathd 1i ® ols\® me@h
Vpraxi j e kvantitat2zvne vyj adreni e spoOa
pravdepodobnosti zlyhania (Human Error Probabilitd E P ) mogn® vyjadri$S
ukazovateO intenzity OudskTchr Schil2b ntaz vj. e dBeans

Error Rates (BER) Tab.1.

¢Fodm t NN1flRe @aN2IOREBRRIZ oNyRHESIWMT VIR & S22 OKeéoe

Table 1Examples oExpressionintensity andthe likelihood of human error

Typ Oudskej chyby BER HEP

Nesr8vne pochopghrekpi acov|64500 6,45.10°
Nespr8vna mont 8§g kr %gkov 66700 6,67.10°
Zl ® nastavenie mechani ck®h| 16700 1,67.10
Nedostatolne utiahnut® ven]104 1,04.10°
Nedostatol ne dotiahnut ® ma|500 5,0.10"
Nekvalitnev y r ob e n ®& IvaemKky | (yn eas pr §| 2083 2,083.10
Zabudnut® s¥% iastky v spoj |1000 1,0.10°

156



Aderssin Fire& Sfdy Egnering 2012 8¢

AFSE
2012

ProveR spoOahlprvacsdyvnolm opreksat rw d?2 Z8vi s?

faktorov:

fyzicklTch vliastnost 2,
psychicklach danost 2

vedomostnéyar o.v n i

Obecne je mogn® definova$S =z §wirsvikoasn , mekd zoir

ovpl yvRuj % nasl edovne:

vn¥%torn® vplyvy,
vonkajgie vplyvy, resp. vplyvy prostr

stres.

Vn¥Yat or n® prpeldysvtyavuj 2 z8kl adn® charakteri st

sem napr.:

Mot i vighcdl hovek vykong§vaS % ohu spr8vne

Psychi ck 8ivsyckhoonp8nvoasSS dan¥ | i nnosS.

Ment 8§l na igséhkopuo®Sinteligen|l n® predpo
Temperameti ako dl ho je schopnl | lovek zot
stresu pri vykon8van?2 danej l i nnost.

Koncents@komnosS | loveka vyl w iS in®
pogadovanej | innost.i

Rl chlosS saltakcje schopnl |1l owebdo reag:t

havsgri 2.

Vedomostij e i ch %roveR dostatoln§ pre vIKk

Vonkaj gi el puyeldsuyavuj 2 s¥bor kvpkypywovpr pcos:
vykong8§va dan¥% |innosS. Pabsoadn®emaktai k§|I
fyzi B8l /d kmajj m2 kvality pracovn®ho prostr

denn8/ noln8 zmena, chemick8 expoz2cia vil
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Strespat s2%] &snost.i medzi naj viac rozpracovsgva
pozit2vny ale aj nepageamn@mua svplekkotn uv ol |vozvSeakhau.
napr.of yzi ol ogi ck® a psychaechogimoh®tsmmes&r pr §c e
pod.

Chyba |daovteikemg definuje ako nespl ne
zak8zanej |l innosti ), rkcoy® zm¥ gadeib
norm8l neho chodu pl 8novanlich oper §c

3. FILOZOFIA PROGRAMU BBS

Program bezpel nos %ngkzBehavigr Basesl Safety (B&BR)r § v a n 2

orientuje na |loveka a jeho spr8vanie ako 2z
pri funguj bucom syst®me manag®rstva BOZP. Ci e
bezpel nost.i a zamedzi S vzniku pracovnlich ¥
ovpl yawnmRav sa zabr §ni nebezpel n®mu konani u.

chgpandriakan$ hodnota manad®rskeho syst ®mu
BezpelnosS zal ogen§ 3namesrpart8vCami2c hj ef akkotnobrionvg c i

1.1l ovek,
2. prostredie,
3.spr8vani e.

Il ba keN tietoidovak®P®Pompu PY¥Yoakombom miest e, n
pracovisku eliminovan®.

Tento program m8 svoju z8kladn% | 2niu kroko
byS ch8pans ako z8va@aznsg. Aby mo h o | progr a

prisptsobovasSnkamgpadnipowd,mive ktorom sa zav§gd
Postup zav8§dzadi a8keéadoziddl ¢mstdo

1 KOW ov® koncepty beizppdljmasten &hiol oszporf§ vea n
syst®mu manag®rstva BOZP a pozorovanie s

T zhodnotenie kult Yiemgejslanélvaymi @dohghadyvs
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1 posilnenie pripravenostic hec k!l i st na zistenie sl abl
T i mpl ement 8ci a pr ogr amupodpdBaSa rakavanier gan i :
managment u, ur| eni e pozorovateOov, g |
identifik8cia nreibazpepdétn®hovaspir&va sp?2
zl epgenia sprs8vani a, hodnotenie vIkon:
ZAVCDZANIE PROCES POZOROVANIA A SP TNEJV ZBY
Pprava
prostredia,
zariadenia alebo
Syst@mu
D
K® ov®
koncepty BS
Hodnotenie
i Neust§le pozorovan?
zlepgovanie
Prehodnotenie
kult¥anej zrelosti
i Pozorovanie
Checklist na zamestnancov
zistenie slabl ch
miest
imol t5ci Stanovenie
mp eénBeg cla Qudski ch Prprava BBS
zdrojov
.
hoNXd M t2a80dz2L TF @t RTFYAF LINRANI Ydz . . {
Hg. 1 Procedure fothe deployment ofBBS
Tento program je zalogenl na =zap§j an?

pretoge

bezpelnosS

j e osobnou

zodpovednos

nebezpe|l n®ho spr8vania na bezpe|l n® bez od
sa Oudia epp8lvap¥% PRebto zahRRa prevent 2
i ncidentov a Yarazov. Snag? sa pomenovas
odstrgni S zisten® ohrozenia, a ak to nie
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4. FCzZY | MP LEPREGRANICBBS

Pr2prava BBS

V. prvotnej fg8ze je nutn® identifikovaS <ciel

pr2pravy i Rpvémé&nb&cipeé8novania je urlenie pr

zodpovedaS za iimplement8ciu BBS. Pri def i
impleme nt §ci e BBS sa mus2 vichg&8dzaS z anallzy
bezpelnosti. Prg&§ve vysledok z tejto anallzy
rozsah i mplement8ci e. Podstatou BBS je pozo

nebezpel ntfch Abynbsel o toto pozorovanie obje

hodnotu, musia byS urlen®:

M pracovni t2m pozorovateOov,

M1 polet pozorovateOov,

1 kompetencie pozorovateOov (k-dex),

T Kkontroln® |isty na pozorovanie (check I is
1 program (frekvencia a miestp)o z or ovan 2 .,

Pozorovanie zamestnancov

Hl avnTm cieOom pozorovania je s¥%stredi S sa
negat?2vneho |javu. M§ pomicS zamestnancom, a

bol o @ &b gbdeez pse| nT mi postmipjm ma Nabfa@n ¥ cho ¢pp o

za svoje konanie, ktorTm mtgu ovplyvni S =
spolupracovn2kov. V organi z8ci 8ch mt g e poz
Zzoznamu nebezpelnlch Spr8van? a przjlin i ch
nefbezpel n®ho spr8vani a, vytvoren®ho na z8kl a

nehodovosti, pohovoroch a pozorovaniabha z 8§kl ade tTchto Ydajov
pomtcka vytvoriS zoznam, resp. al goritmus be
s¥%l asSouoppasoup®h Vgetky odchTlky v spr8varl
pracovnej J|linnosti pozorovateO poswdi z hOad

pos %di za nebezpeln®, urob?2 z8znam do kontro
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Hodnotenie pozorovan?

Kagd® iikdoevmatni® nebezpel n® Sspr8vanie mu s 2
pozorovanIim zamestnancom prekonzultovas.

aby vysvetlil svoje (nebezpeln®) spr8vani e
sp2tn¥% megdut ak iQlaehngtii fi kovaS pr2liny ne
zamestnanca. Sp2tng8 vazba by mala byS po
pochvala wudelen8 verejne), ktor8 by zame
bezpel n®ho spr8vani a.

Hodnotenie pozorovaniajopr ovn8vani e spr8vania sa zame:¢

pracovnich |innosti s tIim, ako sa o| ak§va
Y%l ohu v tomto pr2pade zohr8vaj¥% pracovn®
spracovana®, sam® brelzgpue | n ®me d zsapS §k amieu zan
pozorovanie = g¢giadne pozorovanie. Opakoval
Yar ov ni bezpel nosti (spr8van? Zzamestnancov
rtznymi pozorovateOmi majyl ¥dwemji av Iisaurbgmk &
zaujatosti pozorovateOov voli zamestnancor
vstupom do neust 8l eho zl epgovania definove
Neust8le zIl epgovanie

N a z8kl ade sp2tnej dw@z bpyo pkotzooor8o vl @2z pr os
pozorovateOom a zamestnancom m!ger 2blyiSh ala
odhal en®ho nebezpel n®ho spr8§vania sa zame
| i pr2linou je individu8S§lmeagzlruykani e za mee
alebo m8 pr2]lina hlbgie korene. Pr8ve an
zamestnancov mogno urliS n8pravn® opatreni

| mpl ement §ci a zBBeS us ip r\eyépa djye fzakestiancoy
schopnosS presvedl|li S ich, ge je to
pracovnej vikonkaoeotrii afeorzaems Sirw,ij
spr8vanie predch8dzaj “ace zraneni am.
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5. ZCVER

Efekt2vne fungovanie BBS sa nekon] i j eho
| ase menime(n?y vs?g at)echnol - gi a, Zamest-nanci , p
pracovn® podmienky, | o bude maS dopad aj na

trval amzileepgpsyt ®mu a dosahovanie cieOov |je

vykong§vaS a n8sledne presk¥mavaS z hOadi ska

Vihoda BBS | e, ge nem8 pevne stanovenl pos
nastavi S pre §poercgiafniiczk§& i o d nFiaekntkoyr om s pegno
pozorovatelia vedeli dynamicky vyug2vaS poz
zachovani ainbgekahmwassti pri posudzovan?z.

Pr2spevok bol vypracov@wililv \igsdoulncphr @j enlotvwo
vznikaj¥%cich riz2k priemyselnich technol -gi
predpokl ad pre riadenie trval ®ho rozvoj a.
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Pozvan8 predn8gka

RhCHLOSs ODHORALEKEQOHONOV A
PRETEPLENIE KVAPALINY V NCDOBE

THE BURNING RATE OF ALCOHOLS AND
OVERHEATING OF THE LIQUID

Miroslav N OV O T NJbzef MARTINKA

Abstrakt

The article deals with the influence of changes in the diameter of the vessel, the
physicachemical properties of the combustion velocity and temperature of the liquid.
Combustion was carried out in containers with a diameter ©418im with seleted
alcohols: ethanol, methanol, denatured ethanol and isopropanol. The temperature was
recorded four thermocouples. Readings are confronted with the results of international

studies.

KC)! ov ® $drning &te of liquid, ethanol, methanol, denaturedhahol and

isopropanol
bvOoD
Jeden maj z8kl achrag¢dgd elygi taej g2 ch Yadaj ov, ktor ®
hor OQavich kvapal2n, je rTchlosS odhorievani a

horenia hor Oawdlzdr rkevja plail 2enr. atvV%ar e s¥% veOakr §t
ocdhori evania t ej i st ej | 8t ky. Pod tieto roz

stanovenia tohto parametra.
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RTchlosS odhorievania je ovphgjvwengammejjs:

faktorov je geometria n8doby. icPpavrchhor en?
doch8ddpartkovani u kvapal¥Wmwyt, k okni okvia pjael i snpya j
hor Oav® paryoxsalatmiegaojriassri edkom, vznik:
dodan2 energie zal2na horiesS. Pri hor en?2
kvapaliny zoddgre®Hdaua richl osti odparovani a.
vystavovan8 %W inkom tepl a. Toto tvrdenie
v

skumom, ge8plmbehoreehdta na hladine dosa
hladinou bolabyt ok tepl a kongtantnl Zistilo sa.
vyggie hodnoty tepla na stierm8cdh 2re&kdeshtyi, [a
Yumot or akju v1965 pouk§8zali na taklTto rozdi
va| g% apoichkn8dob (mal ® priemery) ako v ic
pri zvygovan? priemeru n8doby, al e aj p o

[1].

RTchlosS odhorievani a | ek vwazphadaidnoum pnrae npernil ei
Na lz&ke sk®speosmenaov bolo zisten®, ge r°’
od veOkosti priemeru n8doby, zatiaO |o pr

ng§dobwBed@kism pri emer om.

PodOa niektorlTch autorov asnaZ avmgukedyagap:t
nez8visl 8 od priemeru dna n8doby alebo sa
Avgak viacer® gt¥“die poukazuj ¥% na Ybytok

m [ 3]. Priebeh rTchlostil horenia je zn§zor
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FIG. 1 curve mass burning rate of the diameter vessels [5]

Z8vislosS rTchlosti odhorievania od priemeru

tepl a medzakvapalineumee Rbmi e prestupom tepla cez
zmene priemeru mBadndm gdplchdEmure ah krteani BOK e j e
1.
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¢CFod ™ (LB Ea20 TKPNAYRE&(IARZ 2R ENNS YSNHz wc 6

Tab. 1 Method of burning pool fire, depeling on the diameter [6]

t NASYSNIm[t R20 @ { Lk &az2o K2NB
< 0,05 Y2Y@BSTOAI S f
<0,2 Konvekcia, turbulentne

nXu O mMXIn wlk RAY OALl T 2L
11,0 wlk RAFOAL T 2 LI

EXPERI MENTCELNA LASs

Experiment 8l na |asS bola zameran8 na zisS
priemeru n8doby. Priemer n8doby je dllegit
pri horen2 horOavich kvapal?2mrizgweirul sSo

samedzi prvIimi zaober &hiudrak&tV. vPd8ve BEbn
autorov sasWylchsStdo acidt asvar] ajobe. N8§g ex
zamer anl na porovnani e rTchlosti toodhor

denaturovan®feni e a¥dmahal), etardlB, izopropanolunzetanolu
vhn8§dob8ch rltznych -phamimek ® vv I &sytzn ksBtlinop o u
uvedenmn@®uOke 2. Mer ahabosat uskwydh | podmi enk
ng§doby ®Boh®. 100
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Ted dzU'{ |

H-OICSYMAY S yaf I ady24aiA

PGeoNIyeOK @I LkENY

Table 2 Physicehemical properties of selected liquids (source KBU)

Vlastnosti | IZOPROPANO METANOL (b 959b! ¢} w59b! ¢} wh
ETANOL
ETANOL
cel At Kvapalina Kvapalina | Kvapalina Kvapalina
stav
Farba . STFIFINB. ST FIFN. ST FINBoy|. ST FI NB6
pH Yy Sdzii NI €|y Sdzi N}|y Sdzii NI £ y S|y Sdzii NI f v
Teplota byH 6/ |cnZp Ty <cC/ TyzZo c/
varu
Teplota ypZp O6/-by 6/ |[-mMmmnc/ -MmMmnxIwmc/
topenia
| 2NV 4+ SUYA KxSUYA |[tSUYA K2NzxSUYA K2
K2 NU ¢
¢t 1 L 48 mbar 128 hPa 59 hPa 5,6 kPa
HNno/
Hustota 0,79 0,79 0,789 0,789
[g/cm3] pri
HNno/
w2 1 LJdzd Dokonale w21l Lldzdw21 LldzadGyélyS206 YSRI
vo vode YASOLI (S
az2f S1 d60g/mol 32,05 g/mol | 46,07 g/mol -
KY2Gy2
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Odhorievanie bml§dobgbbhgern&éh®ejykoweceBO mm

hr Yabkou stien 2,5 mm, ale s rt®'znymi vV n Yt
nasledovne:

X priemer n8daBgyobhé& mm

X priemer n8daBdobkba mm

X priemer n8daBdoB& /m

X priemer n8daBgoba rmm

x priemer n8daBdobBa Bmm

X priemer n8daBdobd4a 6Mm

Ng8dobmarilemer n8§doby 16 mm

Pri porovnan?2 kriviek rTchlosti odhori evall
rTchlosS odhorievania dosahuje metanol , k
etanolu lenaturovan®ho etanolu dosahujrevmraiki |
priebenk r i vi ek . Najdl hgie horela n8plR izoproc
naj mengie hodnoty —rTchlosti odhorievani a

metanol horel 1200 siaopropanol 1800 s.

0,03

281

0,025

0,02 ~ K\ ,.J‘W"qlt
/\/VV” D VY rereereve
0,015 / /\/v.f. k - izopropanol

etanol

0,01

0,005

hmotnostng rTchlost

0 T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

|l as hore

hoN}IT21 HO® wt prat2al0 Kyzliyz2aldySa NBOKf2alGA 2RK2|
LINASYSNJ yt R26& wmMc YY

Figure 2 The dependence of mass burning rate of burning time for different fluité mm diam
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N§dobmar i2emer n8§doby 22 mm

Na obrf%kuolBrazen® krivky hmotnostnej rlchlo

Najvyggi e hodnoty ailchbhp&riat pidhohbeeanimet
denat ur ov anekRhaon oeltua nsoYs ut aagk nperri erboevhn akkr® vai ek | e
zva@|l guj YeirmmpmiSaoby hodnoty rTchl osti odho
pribliguj%% hodnot8&8m etanol u.

0,03

0,025

0,02

—~denaturova
—=— izopropanol

metanol

etanol

0,015

0,01

0,005

hmotnostn§ rTchlos$ “osdl

T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800

las hore

hoN¥T 21 oo vt grat2al0 KyzldyzaldySe NeOKfz2aliA 2RK2NAS
LINASYSNJ yt R26&8 HH YY

Figure 3 The dependence of mass burning rate ofring time for different fluids- 22 mm diam

N8§8dobmar i3emer n8doby 37 mm

Krivky, ktor® s% zobrazen® na obr8zku 4, V)
odhorievania od | asu horeni a. Pri porovnan?
zistitianogehmeel edakohtBomel amajdl hgi e. RT ¢
i zopropanofjehozi@stlhorania saosahgjiéel dophbt
naj kratg? | as horeni amnaxZmgnoh bdthl asitsit en®h
v priebehu horemi . S rast¥%cim priemerom krivka I Z0f
hodnoty ako metanol , avgak tieto hodnoty rToc

| i ge cel kovs8 rTchlosS odhorievania metanolu
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hmotnostn§ rTchlos$ bsdl

0,02

0,018

1111 a ]
0,016 ;rﬂ#%mwwﬁ%@ﬂ%hﬁﬂw 1 'ﬂ
0,014 SRMIRE & [l el L Euw LTnylalieh, o
s SR AR ?mfy’{ﬁ l‘“ﬁxﬁ%‘“ "I."""ﬂ }mu\ 1 —~denaturovyg
0,012 Lh‘!h,,fii,,,i,ﬁ_ O sl g LT vl ——————————— = izopropanol
“ l | 1 metanol
001 1 M“‘y { J\ N A \ etanol
0,006 s
0,004
0,002
0 T T T T
0 500 1000 1500 2000 2500

las hor¢

hoNIT 21 no 1 GEBXIKERG (KRY 2RKNRMRYSPE YAl 2R-6Fadz K2 N

LINASYSNJ yt R26& oT1 YY

Figure 4 The dependence of mass burning rate of burning time for different fluigid mm diam

N§d

N a
RT ¢
z al
hor
| as
odh
v tom
hod

mt ¢

ob@mr 4emer n8doby 54 mm

obr&8zku 5 je zobrazenlz §priisdboesht ir Tocdh || oass
hl osti i zoprmrmiasmme uu dloeraeruijds rwwaj vyggi e
i atku horenia | ehspolursdtcehn colsnsi jdeo skaehQurmii ¥s m
enia najnil @giee hdidbdy nzogropanolu\étanolu vk r 8§ t k o m

ovom moment e vzrast aj Y, t Yat o Zzmenu S |
orievani a. Zauj2mavosSou | e, ge pri vV g
istomo k ami hu. Celkovg§8 rTchlosS odhoriev:
not 8m metanol u. Pri ppor readverhagnd?z arn d4ne rma nplr

eme kongtatovas, ge so vzrastaj¥%cim p

aet anol potr ebrug s idadthigee klvaasspana npy a n8doby

pri

ebeh rTchlosti odhorievani a.
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Figure 5 The dependence of mass burning rate of burning time for different fluii4 mm diam

Ng§dobmar 5emer n8doby 71 mm

Skokovg§ zmena rTchlosti odhorievani a, kKtor &
obr 8zku, postupne zani k§g. Na obr8zku 6 |je z
odhorievania od | asu horenia pre priemer n8§
odhori egame ap mz o rporv2apSa deeg tiezowpr opanol u. RT chl

etanol u postupne prech8dzaj % do pl ynul ®ho

viraznejgie nezmenila oproti krivke priemeru
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Figure 6 The dependence of mass burning rate of burning time for different fluiéls mm diam

N8§8dobmar ibemer n8doby 94 mm

Kkivky zobrazen® na obr 8zku 7 pd/svti lsFEn es on

zva@]l guj Y%acim priemerom n8doby. Najvyggie |
met anol , ktorl dosahuje aj rea jamiod g i o slaahs
rovnak® hodnoty rTchlosti | asé@or imMeimieas |

pozdg ovaS zvigenie hodnoty rTchl osntSisl|l edmaer i
tieto hodnoty kIl esaj %.
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Figure 7 The dependence of mass himg rate of burning time for different fluids 94 mm diam
VYHODNOTENIE
Na obr8zku (obr8zok 8) vid2zme z8vislosS hr
priemeru ng8doby rtznych | 8t ok. r aXtr¥oikm ma
priemerom kles8§8 rTchlosS odhorievani a. Naj v
vget kT ch odasd a&hmevaolc hmet anol Najviraznejgie r
proi mal Tch priemeroch ng§dob, kedy atrmizii el
krivkami je 0,005 kg.n2.s1 , i zopropanol dosahuj e naj ni ¢
odhorievani a. Pemerwzrast ajspoomadgani e Kri vi e

i zopropanglelhov Aroadsnto§ ya s a

pri bl

guj %
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Figure 8 Dependence of the mass burning rate of the averagesge

Visledky s¥% do istej mi ery prekvapujg¥ec e,

pl ameR. Tento fakt poukazuje napothdadge

vl astebemi cla®ho zIl ogenia z8visl§&8 |l en na

viastnost kvapaliny.

Ak vychS8tde-armee ,z cghee miiltlkokn 21 ogen?2 kvapalir

mnogstvo tepla s mehladneatna@®hom zp rp2l paarkeR at &t o
celkom pl at 2. Na zaliat ku kmdjvkdy| dpéem voibdsi ae
uhl2ka dosahovala najni ggilev ahpoad niontay, rkitcohrl
najni gg2z obsah wuhl 2ka, dosahovala najvygg
m:ge byS splsobenl tim, ¢get pkivimadom®mpu ifEn
teplazpovrchu plameR&aakamkwvapaPpade Yohr §vaj
fyzik8@8lemock® vlIastnosti, ako s¥% tepeln8 k
mol ekul ov8t hambt nas BtparhiOahd up §re.p elodulvarlh k ap a
m§8 tmen o | nNag opygagp an @l naj vye§ &l audsbpoodrni catdua,n 2|r
kriviek na obr8zku. N8sl edne pri zv?a| govarl

menej virazne, | o m:ge byS pslpalnseoRoae nnRa phrl8av
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Metanol dosahuj e aj po zva@] gen? priemeru st 8§l
odhorievania. Z Tcht o vIisledkov m:geme us¥%di S, ¢ge pr
hl avn¥% %l ohu begeVvVag8ukbhpbokt shkapalineak o obsah u

Pri experimente smeaznamenaliyp r 2 pade i zporpir ompiaelotl aur Tach pri e
etanolu skokovl n8rast rTchl osti odhorievan
najviraznej gie v i zopr opiectaowlke édenaturdvanomSaf ob §c h |
nedenaturovaerom) pgri n8do

ame

a.o4

= 0,012 } ]
0,003
skokova zmena rychlosti
odhorievania

a S00 1000 1500 2000 500
a5 horania [g

m <5

/

&

0,004

hmetesha rehlost edharewania g

B

hoNIT 21 o {12120t 1 YSWH aNge &RINBSENAS N2 R/K 2RO [pyhid Y YD

Figure 9 A step change in the rate of burning of burning tirf® mm diam

Pre objasnenie smeesoninlS8idodyt ér maoll |l 8§8nky, dv
umi estnili do vigky n@adolsy r @@ u mms§ dporbiy . s thean
termoll 8nky sme umiestnild.i do vigky n8doby
adruhT k okrajut eBdolbly§ n K/diNsvtgsrmaef ¥ z klerjazz §vi s |
teploty od |l asu horenia, ktorl ha@& abbgaaknl
11 pre metanol. Bamer anlch Ydajov m!geme tvrdi S, ge

~

odhorievamnag s twad rskeapdine,2bkdam varutal akom nasTtenlc

ps8r .
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Figure 10 isopropanol temperatures over time burning
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Picture 11 methanol temperatures over time burning
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Na obr 8zku SsY% zn8zornen® okami hy, kedy ter
kvapaliny. sKmaibvkd egive® 8azobrazuj % termol | §n
| asti ng§doby. Pri porovnan?2 otklod ?t ot ek rmoV il €k k
umi estnan®haji vzrast8§ sk!'r ako tstgudd ota pri
ng§doby. T8t o s kdudnoilnnuojsisc evhyop Ipirveastzupov ®h o mec

cez steny n8§dobw.etTmavoodm®&drky iaka n8m zobr a
vspodnej |.aZntaimem &addleyy hodn?t bolo zisten®, (
tak viraznl ako pri termoll 8nkoch wumiestne

sptsoben® zvigenou tvorbou p8r nad povrchom

ngdobu. Pri p dr osv noabnr2§ zokborng zlklu, 1na kt orom | e
tepl met amol e, m! § e me ka z osrkaBv8anSa satr o ztdeipel It t v p
termoll 8nkoch umi est ne pofoenhnia [kriviek mgtanbld ng8§dob:
ai zopropanolu vyplTva, §klesparji%cmeat ahiloal dei nplug m

vzrast§ teplota pr ez §glammnge Rae.z sRreinyi m@prodpya n
10,vl ase horenia 1200 s sa teploty oboch terr
varu kvapaliny. Z Tcht o meran2 m! glhommenmyvgeéemert 8rdig8er
skokov¥% zmenu rTchl ost.i odhorieg§doba. mBriza

ng§raste teploty sa zal2na tvoriS tak® mnod¢

kvapalinu. Tkvapaliseaaw ntSedmlbcet astvabi | i z kj,e,gel o m§
rozdiel medzi krajomat redomspeghéj Mast. j e minim8lny.
p&§r m§ aj tlak naslTtenlch p8&8r, ktorl je pri

hodnota tvorby p8r vyggia. Tl ak azZa akald kvar
| as sa paokysmi égquayptlosmaa hor Oavy¥% zmes.

Pri vzorke metanolu boli pozorovan® zmeny |

vrichnej | asitti uonvgadhogbeyd eav Ti et o zmeny s¥% d?t sl

~

chemi ck ®h o dairlyasg¥ nzi aap rk2vlaipn en® javom pop2sanlm
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hoNIP MH 58GFATYS F2i18& K&NDdDSYy OHS LEKIUY K2 11 &

FIG. 12 detail photos of turbulence and flame) view from the top b) c) side view

FANY AR

{OKSYIGAO1S TytT2NYySyAaAS LXFYSzl 0z 603 OO0
Schematic representation of a flame), b), c), this action is repeated cyclically
N a obrg§8§zku 12 jevanmn§S§pomamemraz pkiaé¢ afsi@) a Na)
vidiesS, akTm sptsobom prostredn2ctvom t L

kvapalinyav zap2t 2 sa jeho vigka plameRa zvlgi

kvapalinuvst rede n8doby.
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ZCVER

Znameranlch visl edkgoevr amit gagemen tpwri cim&r om n§c

zaznamenal i kl esaj %ucu rTchlosS odhorievani a.
za n8sledkom prestup tepla cez vsitselneyd kra§moby .
zahrani|lnlch gt¥%dii. VahOakdomonmamppemetpezar
vplyv ich chemicklch vliastnost?2priemaru rT chl os:
n § dsaprejavilhlavnep okl ese rTchlosti odhorievania, p
zatiaO lo pri izopropanelpl poulepgtlchlosti
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PDLI NNOSs SORPIMAARERI CLOV PRI
DEKONTAMI NCCIEIN KAY ZEIS AD

EFFECTIVENESS OF SORPTION MATERIALS BY
DECONTAMINATION OF ACIDS AND HYDROXIDES

Michal OR1 NL,CKDu@AMZ ARL & K

Abstract

This paper deals with effectivenesssoirption materials by decontamination of
acids and hydroxides in FRIPrelusion of this paper characterizes basic partition of
sorption materials and their propertids the next part of this paper is present
description of experiment and finding of saopt materials used by decontamination of

acids and hydroxides.

Keywords: sorption material, sorbent, adsorbent, decontamination, chemical agents

1.bVvOD
Odstr8neni e, znegkodenie (rozkl ad) nebe
| 8t pko)vrz hu objektu za ¥ elom zn2genia icht

nazlvame detoxi k8cia alebo odmor eniag.gePo]j
|l iterat%mpe. nRé @O, ktorT sa pri detoxi k8ci
fyzi k@hemi ak® spt! sfgby detoxi k8ci e

Vpraxi sa vgak jednot!l i v ®dospplRsaojbyy zvaz §Yslo

zvigenia %l innosti a vyugitia ich gpecific
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Vzhddm kt omu, Y%gln®&mu odstr8neniu kontaminant

ned?!j de (l asovg-tddlmsieRk® mayleav &n ineo, sorpeci
hovor dm&k omt ami n8§ci i nebemnpgalemi2c hg klo&tld kv ®la & o
nebezpelnlch lo&t8o kn emah r¥rzouvjeeR,| lkotdleka, zvi er a

Ur|l enie vhodn®ho spl!sobu je z8visl® na dru
| 8t ky, cdauadaktearu povrchu kontaminovan®ho ob]j]

prostriedkov, tepl dNtadlg@tc hp okmil mmksach a r ade

Najjednoduchgie spl!soby s%% mechanick® odst
pougitie povrchovo akt2zvnych | 8tok. Mogng |
extrakcia, adsorpcia alebo teplohtamfrantbe gr ad 8c i
a dostupnosti tpecthmeb migd lt kil @thok aa i aden?2 .

Pri tlchto sptsoboch je mogn® pougi S aj s
vi §mci Hazz. Tlka sa to najm2 kvapalnlTch ne
aor gani c k ® oztoky ioxidow g o d. ) , ktor® sa prepravu
mnogstvs8§chgebdtecestnej aieti. Avgak nie vgetl
pougiteOn® pri detoxi k8cii (odmoren2) nebezp

2. CHARAKTERISTIKAAROZDELENI E SORMANERHCL OV

Sorpln® materi 8ly s% produkt¥li Rkher ® maj %
naviazaS chemick® | 8§tky, ropn® | 8§tky, ale aj

sorplnlich materi 8l ov Saeh ui cahj vpyoh osvourjp¥eciai .pev no

Sorbentyg mézHeenl i S podCQa viacerlTch krit®ri?2
a) podOa gtruktwry, formy sorpln®ho materi §l

textil n®.
b) podOa ptvodu sorpln®ho materi §l u:

T syntetick®,
T pr2r-odmg@nacaé&a®gani ck®.
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c) podOa adsorbcie chemicklch | 8tok:

T univerz8Il nne,
T ol ej(ohw®r of - bne) ,

T chemick® (upratovacie).

21SorbentypodOa gtrukt¥%ry a formy sorpln®ho ma

Sypk® ssoar beynugy2 vaj % pri “oni koch kvapal?2
kl'i steniu pozemmintohy Rlug iu niickh§ crilT2chd e sprej a
lch schopnos $rasner gcioed j0g 5v do 4 | itroch

Vyr8bapti§glaowl ch, alebo granulovanlch modi
nasaS veOk® mnaoamsetfiRa| ki g p dh oizmeatehi® Pavrdhp r at a |

pevnejlo muni k8ci e dokonale olistia bez toho,
sa vgdy pr8gi, | o sptsobuje ich obmedzen®
Textiln®s%ovpedgiyeOn® pr i absorpcidi v a

zmen g e j pl ochypol Wyr ©ipaydt@mosre ( hAB) mi kr ovI] 8§k
ktor® je schopn® saS kvapalinu. SchopnossS
na 1 kg sorbentu. Delia sa na jednostran
al ebo obojstrannzacphrytePwasrein®na S| gk me k v g ¢
kvapal 2n. [ 2]

2.2Sorbentypod@®avodu sorpl n®ho materi §l u

Pr2rodn®s%othsehby dostupn® priamo na mi

~

z8§saHaedhh.absorpln8 schopnosS je n2zka. Pri

ekologick8 I|ikvid8cia n8roln8, preto sa pr

Pr2rodn® sorbenty sa m!gu upravovaS hyc
nasi akavosS pre nepol 8rne kvapaliny.

Do tejto skupiny patria:

T dreven® piliny,

T ragelina,
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1 piesok,
T uh o Qrach,
1 ai n®.

Syntetick®I| $orviygarnwvtoyr en® na uhOovod2kov® z|

gpecificky upravenl, aby mal sorbent schopno

2.3Sorbentyp o d@®@dsor bci e chemicklch | 8tok

Univerzg8l sa vgyrzdeamiyckou odolnosSou. I ch
m§& viznam predovget k1 manpirkiu haagvr8ersi28venhy,c hk dkev adpt:
chladiaca kvapalina, olej, benz2n). RozdeOu|j
a) sypk®,

b) textil n®.

Ol ejov®s%omubémrin®w i ba pre sorpciu olejov a
l ch vlIastnosti vopred urluj¥% k pougitiu ta
inTch kvapal2n. S% schopn® pl&vaS na vodnej

Poug?2 vmi ddloa@ hpvari jnom alebo prev8dzkovom %n

Chemi ck®s®ovpepben®r apy!l ®nu (PP) so gpeci

Yapr avou. Svoj2m pougit2zm s¥%% tieto sorbenty
m:t gu saS i samot n® yrpoyp nd®b slaghtukjy¥s nNeiperkiteopru®& t n

obmedzuje priesaku kvapal2n na podlahu al ebo

3.ZCKLADNh POPIISENEXPER

Ak o ug Ybvooldoe vspomenut ®, proi det oxi k8ci i
jednoduchg?2ch tzv. me ¢ h a oplachdvénie hapod)psos o b o v (
zl ogitej g2 mi-f ytzza k.81 mymimi cskpdt s o b mi (napr . ne.
adsorpcia @od.).

Vr §mci experimentu S me sd yziakm@lrmy i s mlas ot
odmorenia ¥ yugi t2m sorplnlch materi 8l ov. Konkr G
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neutralizovaS a adsorbovaS nebezpeln¥% ¢

materi 8§l mi WadZig2vanlmi v

VpraxisavHa ZZ streesSviamel mi, al ebo sypkT mi
vizbroji maj¥% aj vybran® nasleduj %ce mater

a) sypk® sorbenty:

1 ECO DRY,
1 SPILKLEEN PLUS,

b)) textil n® sorbenty:
1 E 1000,
1 HKZP 4446.

Sorbenty zaraden® d8pOR&3SbnafkedlagZceusi

T univerzg8lnoss§S,

f dobr§8 sorplng§8 schopnos§S,
1 skladovateOnos§S,

T ekologick® znegkodneni e,

I cena.

N a nasl eduj »com obr 8zku 1 SsYs zobrazen
pougitlch pri sk¥man2 Y%l innost8ci $orkpylsnellc?

az 8§sad.

h 6 NI 4Sarbent ECO DR, sorbent Spilkleen Plus, Sorbent E 1000 a sorbent HKZARdt4#6
DFYTFNBN{SZ HAMHDU

Figure IECCDRsorbent, sorbentSpilkleenPlus ESorbentsorbentHKZPLO00 and4446 Source:
DI yT L2BEN |
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Samotnl experi ment bol rozdel entd do gty
nasledovne:
a stanovenie pH sorbentu (pokus | . 1),
b) stanovenie hydrof- -bnosti (pr2padne hydrofi
c) stanovenie pH teplotyv z ni knut ®ho adsorb8tu (pokus | . 3

d stanovenie adsorbcie kvapalnej chemickej I

Pokusy boli reali zovan® na HaZd&r k(8cyhp k®or b
sorbenty ECO DRY, Spil kl een Plus aotextil nG
nebezpeln® chemBmk® pOkkgpobopoutgkyselar ozt oky
s2rov8 (anorganick8) 96 %, kyselinatooctov§g (
hydroxid sodnlT 98 % a hydroxid draselnl 85 %

Pre stanovenie plH vsiodrubhe nstour pbl deb8ldvaeuntgitte r i § |

vody. Po30& 0O mi n. bol o vykonan® meranie pH. Pre

hydrofilnosti) sorbentu bol filtr8ciou oddel
bola cez filtral ndesptaiplioevra npsr evfoid at rboevza ns§o rab e n
hmot nost 2 n8&m uk§gzal cel kov¥% hmotnosS pref
shmotnosSou such®ho sorbentu je mogn® ur]| i S,

Pri stantoeindt wHvani knut Phol achabebi88l bpst
ptsobeniu chemickejzg§gfavky esneztsolaywokpgsaébhn]

intervaloch (=5 min., $=10min., 4= 15 mi n. ) sa VyHhkeploys8 val o met
adsorbgtu. Namer an® hodnhodngtanis at zpvo.t oAl ipsatriocv
sorbentov.

Pri url|l en? adsorbcie kvapal nej chemi ckej
Yasek 15 min%t. Vzni knutT adsor b§8t sa po od\
aboli vyhotoven® jeho mikroskopick® sn2 mky.
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4. VHhSLEDKY SSOBMAMICM MATERI CLOV

Hodnoty vil uhu p H sorbentov namer an®

vhasl eduj wcej tabuOke 1.

¢FodzUll wm bl YSNIYS K2Ry2Gé& LJI LINR L}2{1d&AS 6dm 0 %RN

Table 1Measuredvaluesof pHin an attemptNo.1(SourceD I y T | hNNERNYIZD12),

VZORKA / pH pHpo30min | pHpo60min | Pr i emer
ECO DRY 5,96 6,06 6,01
SPILKLEEN PLUS 7,09 6,98 7,04
E 1000 7,05 6,83 6,94
HKZP 4446 7,44 7,46 7,45

Z vislhadleownich hodn®'t pH vyplTlva, g¢e
pri bpHgmeutpB8l @de. | Kge neutegpaymmerstae n@y i
sorbenty Spilkleen plusi& 1000. Ich pH sa pohybovalavo z me d £ 204.6 , 9 4

Znameranlch hodntt proi pokuse | . 2 pr e

hydrofilnosti vyplTva:
a hydrofiln® sorbenty:

1 ECO DRY,
Spilkleen Plus,
E 1000,

b) hydrof -bny sorbent:
1 HKZP 4446.

Visledky pokdsay .| s3taeapdwenyi evzonH kanut ®h o
stanoveni e adsorbci e kvapal nej chemi ckej
uvedvem® | eduj %ci ch5tabuOkg8ch 2,3,4 a

Sorbent ECODRYnavi az al na seba cel ®kyselinjogstvo

octvovej . Pr i kyns erineenus h8oaesijt udo@lpd oky a
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adsorb8tov sa vgak virazmadmagelemomodo Plro thy
kadsor bci.i i ch cel ®ho mnogstva, avgak proi
auvoOneniu plynu. VI slmrasnt®a lpaH laidssotrd|8nt $ vn &u ter

Sorbent Spilkleen Plusnavi az al na seba cel ® mnogst\
akyseliny octovej. FPor¥%r | ki wsedg | icnhee nsi 2crkoeyvj e jr edadkgeli
n8§rastom teploty adsorb8tu. Visledn® pH adso

Pri hydroxide sodnomar as el nom daodgsl cor btcaikit iiecgh kcel ®h o

Visl®e ¢pH adsorb8tov sa vgak virazne nezmenil c

SorbentHKZP 4446henavi azal na s ebakydelynwsoetbvejnu s2r ov
doglvol rlaznej kgset baiyi .s2Uovej] doglo k zvige
Visledn® pH adsor b8t ov ydoaide \sddnom Araselnome z meni | o

dogl o naeddsoogribociki chemi k81 i2 a visledn® pH ad:

Sorbent E 1000navi azal na seba cel ®kyseng st vo k)
octovej. Uk ysel i ny s2rovej dogl o kdnz®v TpgHe midus otr ebpslt oo
sa vgak virazne nezmemnirlacel Roim hizddtox@mekjt $§ @ d
adsorbcii, ale visledn® pH adsorb8tov sa vIr

Na nasl eduj Yacich obr8zkoch 2 a 3 s¥% zobr

kont ami n®ehin®o kh ysPrrooxvioduona dr asel nlT m.

= Ing. Michal Ormesh. PRD. g
Experiment &1 €as posobenia sorbentuschemikilie 15 mingy

sorbent l;;;linl sirs ’

ECO DRY oy

hoNYT21 v {2NBSyYyd 9/h 5w, SOVWRNRESSPI yIEHABNREYIRNAY S

Figure 2SorbentECCDRYand SpilkleenPluscontaminatedH2SO4SourceD I y T | hNNERN/1ZD12)
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Figure 3SorbentE1000 and4446HKZRcontaminated KOH(SourceD | y T | hiNSEANY12D12)
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Table 2Measured valuesn experimentNo. 3and No. 4for sorbent"ECCDRY (SourceD | y' T | hNNERNYjAD12)

6%RNRB2Y DIyl INBN]Z

hNRY 6112

Typ sorbentu ECO DRY ore= 10 g pHors = 6,01 Jore= 2 2 uc
| 2 &Xp.o druh, obj em, Hmot no
d8&t um, hustota, pH ateplota Hmot nos . % zostatok
. . . tepl ota { . . . . Hmot nos zostatkovej .
v min. chemi k8l ilpH adsd charakteristi chemi ckej . chemi ckeg
T aps adsor b &dsu chemi k§ ;
sorbentu Mcwisors z celkovej meu
McHLzosT
I .1 d§t (H:SO, Vew= tiexe | 1,00 | tiexe | 25,
1.3.2012 546 cm mey=10g naviazani e c gS0Of 17,00 g
o Jen=1,83213 g /crh texp | 1,00 | texe | 25, na seba, vytvoren!e hrudiek 20,00 g Jostatok sorbantu = 0.00 g 0%
tiex= 5 min. pHcr= 0,00 Tu= astvrdnutie ad 3.00
toexe= 10 min. 22,5 UC ; 093 | t 25 pH, zostatok 09
t3EXP: 15 min. 3EXP ’ 3EXP ’
! .2 d § t u CHgCOOH Vch= tiexp 1,94 tiexp 22 y do g |l o k adsor P q
1.3.2012 9,53cm  mey= 10g organickej ky
Jeu= 1,0493 g/CI’?’IpHCHL: toexp 1,94 toexp 22 y kn § rastu te o] | ot
) p . 20,00 20,00 0,00 0 %
tiexe= 5 min. 0,81 Tw= 22 U kyslosti. g 9 9 0
toEexr= 10 min.
taexe= 15 min. taexe | 2,37 | taexe 21,
! . 3 d §t [\ NaOHHZO Vch= tiexp 9,60 tiexp 22 y adsor pc i a cel
1.3.2012 571cm  mey=10g
=17509/C|’?]pH = toexe 9,60 toexp 21 vodn®ho r0~Zth 0
o bon= L, cHe ' ' sodn®ho, vhygl 20,00 g 20,009 0,009 0%
tiexe= 5 min. 11,00 = 22 U . ) =
v 10 Min viditeOn®ho un
2EXP— . .
taexe= 15 min. taexp | 7,62 | taexe 21, |iastoln8 ne
! .4 d § t u KOH.H 20 Veu = tiexp 11,27 tiexp 23 y
1.3.2012 6,25cmM  mep=10g okamgit§ adso 19,00 g
o bon=16g/em pHow= | texe | 1127 | e | 23, zagumemmi & @l yn 20,00 g zostatok sorbentu = 0,00 g 0%
tiexe= 5 min. 13,75 Twu= 22 ( kliastolnej neu 100
toexs= 10 min. ¢ 930 | t 21 such®ho sor 0 g
t3EXP: 15 min. 3EXP 1 3EXP 1
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Table 3Measured valuesn experimentNo. 3and No. 4for sorbent” SpilkleenPlus' (SourceD | y' T | hNNERNYjAD12),

h N& Y 6

Typ sorbentu Spilkleen Plus Bbre=10Q9  pHors= 7,04 Tre= 22 UC
| 2sl o druh, obj em, Hmot no
d8&t um, hustota, pH ateplota Hmot nos . % zostatok
. . . tepl ota { . . . . Hmot nos zostatkovej .
v min. chemi k8l ilpH adsd charakteristi chemi ckej . chemi ckeg
T aps adsor b &dsu chemi k§ .
sorbentu Mcwisors z celkovej meu
McHLzosT
! .1 d § tu HzSO4 Vch= tiexp 0,43 tiexp 36 od nasypan i a S
1.3.2012 546 cm mey=10g chemick8 reakc
Jen=1,83213 g /crh texp | 0,43 |texp |27 reakciasn §r ast o ml3,6 ¢ .
tiexe= 5 min. PHor= 0,00 Tu= Uc, VT pakihzspad 20,009 19,00 g- 20,00 g do 1,00 g Do 5%
toexe= 10 min. 22,5 UcC nezaznamenal, , zostatok
taexp= 15 min. koe |049 | Lee 126 chemickej |
! .2 ds8§t u CH;COOH VcH= tiexp 2,55 tiexp 22
1.3.2012 9,53cmt  mew= 10g . o
T _ dogladslorpcii ¢
o bon= 10493 g /ehpHon= [toexe (255 |t |22 kyseliny, mier 20,00 g 20,00 g 0,00 g 0%
tiexs= 5 min. 0,81 Ta= 22 ( .
_ ; -neutraliz§
teexe= 10 min. t 252 |t 21
t3EXP: 15 min. 3EXP 1 3EXP
! . 3 dgt y NaOH.H,0 VCHL: tiexe 11,70 tiexp 23
H 5’71—Cf750mc}4ch:hlgg = |1 15,70 |t 22 viraznl z8pach 19,00 g
o bon= 2,750 gICMpHcn= | Lexe : 2EXP pH nekldekloont am 20,00 g zostatok sorbentu = 0,00 g 0%
tiexp= 5 min. 11,00 -LEHL: 22 U
_ . zostatok such 1,009
teexe= 10 min. t 11,70 |t 21
t3EXP: 15 min. 3EXP 3 3EXP
! .4 d § t ul KOH.H zo VCHL: tiexe 13,20 tiexp 23
1.3.2012 6,25cm meu=10g do prv®ho kont 19,00 g
Jom=1,6 g/cm pHeu= texe | 13,20 |toexe |2 3 nedoct d zal tkaznej ’ h 0
tee=5min. 1375 Fu= 22 U chemi k§lie, z8§p 20,009 ZOStatikozorbe”t” 5 0009 0%
toex= 10 min. ‘ 1247 |t 99 sorbentu 200
t3EXP: 15 min. 3EXP 3 3EXP
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Table4 Measured valuesn experimentNo. 3and No. 4for sorbent" HKZP 4446(SourceD | y | | (NNERNY]Z0D12)
Typ sorbentu HKZP 4446 myors=1 g pHore = 7,45 Jore= 2 2 uc
druh, obj em
| 2sl o ex Hmot no
’ . hustota, pH ateplota Hmot nos . % zostatok
| as nfirt ) . tepl ota { . . . . Hmot nos zostatkovej .
’ chemi k8l |pH adsd charakteristi chemi ckej . chemickseg
T aps adsor b &dsu chemi k§ ;
sorbentu Mcwisors z celkovej meu
McHLzosT
| .1 d 8§t yHSO, Ver= | tiexe | 0,00 | tiexe 26
S 5’46—CT 83213 g /1c0ﬁ1g t 000 | t 26 nie je viditeo
o _[AemE b 9 2EXP | 2EXP nezmenilo, neb 11,00 g 1,90 g 9,10 ¢ 82,73 %
tiexe= 5 min. tex= | pHcu = 0,00 T= nsrast tepl
min texe | 0,00 | taexp 27
! .2 d § tu CH3000H Vech= tiexp 0,00 tiexp 22
S 9’53—CT 04920Hirﬁlo ’ t 0,00 | ¢ 23 sorbent vidit
o _[AemE b 9 il I 2EXP CH;COOH anezmenil farbu, pH 11,00 g 9,90 g 1,10g 10 %
tiexs= 5 Min. texe= | pHcw= 0,81 Ta= 1
. .. sa virazne n
10 min. texs= 15 22 UC
. tsexe | 0,02 tzexp 23
min.
! . 3 d § tu NaOHHZO Veu = tiexp 11,71 tiexp 22
22.3.2012 571lcm mey=10g sorbent nenavi
ycn= 1,750 g /crh toexe | 11,86 | toexe 22 NaOH, miernyn 8 r ast p o
tiexp= 5 Min. texe= | pHcw = 11,00 Ta= sa nezmenil a, 11009 1,609 9.409 85,45 %
1Q min. tex=15 |22 UC toexe | 11,91 | toee 29 roztoku NaOH.
min.
! .4 d § t ul KOH.H 20 Vch= tiexp 13,45 tiexp 22 nenaviazal v d
22.3.2012 6,25cnt mcu=10g . .
:169/C|'ﬁ pH = toexp 13,57 toexp 23 hydrOXI dLl, vidi
o A cHL : roztoku, na po 11,00 g 1,50 g 9,50 g 86,36 %
tiexe= 5 min. tex= | 13,75 = 22
10 min. texe= 15 t 1372 |t 23 kvap®lky, kto
i & =P ’ =P povrchu sorbentu.
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Table5 Measured valuesn experimentNo. 3and No. 4for sorbent” E 1000 (SourceD | y T | hNNERNY1AD12),

hNRAY 61t 12

Typ sorbentu E 1000 Bbre=19 pHors=6,94 Tre= 22 UC
| 2sl o ex L Hmot no
’ . hustota, pH ateplota Hmot nos . % zostatok
| as nfint ) . tepl ota { . . . . Hmot nos zostatkovej .
chemi k8l |[pH adsd charakteristi chemi ckej . chemi ckseg
Taps adsor b&dsul chemiks§ )
sorbentu meyisors z celkovej mep.
McHLzosT
| .1 d &t ulHSO, Vew= | tiexe [ 0,00 | tiexe 27,
22.3.2012 5,46_(:;&832%: /10ﬁ19 > °E viditeOng adso
I R glc Lexe | 0, Gexe ' I §tky, viraznl 11,00 g 770 g 3,30 30 %
tiexs= 5 Min. texs= | pHcu = 0,00 Ta= i
. N sa nezmenilo
10min.gex=15 |22, 5 UC
min. taexe | 0,00 | taexe 27,
| .2 d §t ul CH;COOH Vo= | tiexe | 0,00 | tiexe 23,
22.3.2012 9,53cmt  mew= 10g .
T Adsorpcia cel
. [yom=10493g/ch oe | 029 | Loe | 23, CHCOOH, pH sa 11,00 g 9,70 g 1,30g 11,82 %
tiexs= 5 mMin. texe= | pHcu= 0,81 Ta= i
. . nezmenilo, te
10min.tex=15 |22 UC
. tsexe | 0,31 tzexp 23,
min.
! . 3 d § tu NaOHHQO VCHL: tiexe 11,77 tiexp 23 y
S 5771—CT750mC7cL;10 ’ t 1,77 | ¢ 23 ViditeOn§ adsor
o _|Hen= L0 28xP | L 26XP ’ svoj objem, pH #eplota sa 11,00 g 7809 3,209 29,09 %
tiexp= 5 Min. texe= pHcn= 11,00 = T
0minte=15 |22 Uc virazne nez
. tsexe | 11,86 | taexe 23,
min.
! .4 d § t U KOH.H 20 VCHL: tiexe 13,15 tiexp 23 ,
22.3.2012 6,25cnt mcy=10g Nenaviazani e
. _|den=16 g/em pHow= | teexe | 13,50 | texe | 24, viditeOnT neads 11,00 g 5,909 510 g 46,36 %
tiexe= 5 min. texe= | 13,75 Tu= 22 Hat epl ot a sa v
10 min. Bexp—= 15 taexp 13,69 taexp 24, P P
min.
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5,ZCVER
Zvisledkov, ktor® boli z2skan® pri pokusoc
1T sorbent ECO DRY dok§gzal | iastol n® neutr al
sodn®ho,
f pri ostatnlch meviaami alcih clhhemiemk% | §t ku na
jejneutraliz8cii,

f je potrebn® presne poznaS sorptea®toevaStno
ich na vytipovanlch nebezpelnich | 8tkach,

T zkvapalnej formy vznikla pevn&tboBma2oebe.
| i astol ne uOahl uje mani pul 8ci u, avgak j e
rovnak®,

T takto vzni knutlT adsorbs§t j e nut n® bul
dekontaminalnimi |inidlami, alebo ho bezpe

f vzorky sorbentooud@i® priancodm® chemick?
prostredia kontaminovan®ho chemi ckT mi | §

experimentoch.

Pr2nosy pre prax je mogn® zhrn%S do nasl e«

T pri neutraliz8cipr axhiemjeklIwihhod8epkgi e« oka
dekontaminaln® | inidl8 ako sorbenty naj m?
kvapaln formu | 8tky na pevn% a uni kl o v@a]

f samotn® sorbenty mogno pougi S vtedy, ak pc

| 8t kpehyber eNal gej | k®aitiampr ostredi a vyt vor en?
nebezpel nej |l 8tky tzv. a dsiosrppa8z 2, cilio dvodsatka t|
veOk® mnogstvo sorbentu,

f pam?taS na to, ge vzniknutl adsorbg8t |e

nebezpeln8 | 8t ka.

Pri dekontamin8ci.i nebezpel nej | 8t ky s a
dekont ami nal rpbdpdnou $oibeniu,ddoe | n asj ma pri Yani koch
mnogstva kvapalnich | 8t ok. $8sbedhe t®9a ot en
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adsorpovEhuods@ nim*@ge sa hneN dekontaminovas,

i zol ovan® miest o.

Pri Yani koch va]l gieho mnogstva kvapal
aekonomicky vihodnejgie t¥%to | 8tku | okali:
aokamgite powm@il H®deék ontdad Bi. Takto vzniknut

nebezpel n®BmvjeassamostRowm bezpelne manipul ov

Pri takomto pougit? sorbentov je nutndc
sorbent u, ktorTm zasahuwmij%aa e djbeadtngeBnk§a | dei
obstar 8§8v atcohat oc edntfav.odzu j e vhodn® na | okali z

I mprovizovan® sorbenty najm? miestne pr2rc
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RETARDERY HORENI A

FIRE RETARDANTS

Anton OSVALD,Ad el ai da FANFAROVC

Abstract

The conference paper deals with fire retardants, their facts and theoretical
characteristics. In the analysis of the current state the principle of the fire retardants is
specified in relation to the process of burning and fire, chemical viewpoint, tlee bas
division of fire retardants, examples, properties, MSDS, advantages and disadvantages,
practical usage and technigues of application. The next section presents related test

methods and methodology, extension and importance of fire retardants in practise

Keywords: fire retardant, burning, application of fire retardants, methodology

1.bvOoD

OheR bol prvou zo (gtyroch neovpgdmoewnl
z2skas. P r woleni ppedneesbt 8 8 ¥ 0 tololb eoku 350gpred n. I. a
najstarg?2 historicky zaznamen aHlieke wokie R | e

356 pred n. I. %] asnosti pogi ar e zar aNuj eme |
mi mori adnyckir 2wdaliacsht 2sia u§§ci 2. VzhOadom n:
pogi ar oimesmid SRlaovenskej republ i ky nemaj %
prevencia, pogiarna ochnagayabéeerpelimd&tn®

Jednou Zmno gno st 2 protipogiarnych ogewmjomen? p
pogiaru je aplika8ci @t arregtiaar dI®ir toevr ahtoYirean i u v §
pr2padne antipyr ®nne Yapr avy, ktor ¥ pred
Aspomal oval .A Nehor Oavg ¥%pr avsat §loer Gaew T £ h a
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ngrolnl cbbbDasieel pnowi pooggtaamiest iveekd® . g tR&dine
vedeck® viskumy opakovane dokazuj % viznam re

Retard®ry maj ¥ svoju dl h% hist-riu, pregld.@i

narastal . Po i ch geraobwedam2msttay zwyi2 rrabkyo cah mi nu |
storolia viznamne poklesli straty na OudskT

N§roky na Wkivmhdoss rmretard®rov hlo@a&dii sk as ¥% s
bezpelnostn®ho, aplikal n®ho, ekonp@Ra % ®hjo i
technick®, hygieni cki®OQadomersd ed p lcikk®e m#urals t mats

negat2vne ovplyvRovaS jeho vlastnosti. (VAR
zariadeniami @r ostr i edkami |, ako sY napr.acehl 8si | e
zariadeni e, detektory dymu, pso¥gli aasr moes tuiz §jveed ny

z najviac efekt2vnych a dostupnlizcihogm@gnost ?
gi votn®ho prostredia pred %l inkami pogiaru [

2. ANALRZA SDBPETABNEHO

Retard®r alebo tieg spomaOoval vo vgeobecnos

f§ zchemi ck®ho hOadiska je to | &8tka spomaOuj Y
T vdoprave predstavuje mechanick¥ prek8gku n:

f sw asS vozidla ako prev8§dzkovg odOah| ovaci

FIRE

aaaaaaa

& EoLRating & as, =
E Flame retardant

decorating finish

Figurel lllustrative examples of fire retardants [3]
hoNdALZAdzA G NF G NGY S LINN{EFRe NBGFNRSNRG K2NBY
Horenie je chemickd y zi k81 ny-r edaxkil chd| ndej , ktorl
pri uvoORovanz2 t eplsetla(Peexpmtes homniacak i§i kremkEii @) &
je potrebnlT tzv. trojuhbtoéhkhk hboghnéel, pkeosi

nevyhnutn® podmienky pre horenie. Podmi enky
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f horOavsg§ | 8tka,
f oxidalnl prostriedok,

T zdroj i nici8cie.

2R
2

I 2 NUL ¢
YI GSNI
oft G

hEARL 6
prostriedok
(vzduch)

mieSanie thl:y a vzduchu

Figure 2 lllustrative picture of fire triangle

hoNYT 21 H LEdzZaGNI GNOye 20NI T 21 (GNR2dzK2f )

Z8kl adnim princlspanmgnleas enias pjodkR ¢ ednej
(zIl ogi ek) horeni a: hor Oavej | 8t ky, oxi dal
Retard®ry horeni a sY% chemick® i mpregnaln
fyzi k8l nym alebo kombinovamipml espptosnaatoum Y r
horenie horOapy®Phocmpaei d@@hmwmi eVretardal nej
prvok za %l el om hzoabCragnoem isa¥ibroeraek.c iM2 |vgi nou
znemognenia pr2stupu oxidaln®pomlguomidVplydy
pomer hor Oavosti a maj Y schopnosS ct
pred priamym kontaktom pl ame Rpar, e db ezwll gaemein
tepl ot ami . Retard§8cia novich materi §lov

u pr 2r otdenrlicthl ana (napr. drevo) je tento pro

Retard®r horenia (spgdhmandaka®h o h hrOamdii &)k

katalyz8tora, ktorT mtge meniS rTchlosS p
vprocese horeni a. Nemt getepgekn®eoi Sokunt ea
svypl Tvaj ¥%cimi zmenami podmi enok a prejavo
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horenia, najm2 pri vysoklch tepelnlich tokoch
obmedzen®. Pre Yl i nndr |rugtYacred 8ce ak chicer,e nk ao rs
na zaliatku jednotlivich et8&8p hdreplo)i a, t. |

propag8cie (uvoOinkyn® 2hko)r Oalv®bop |l tyemiymi n8§ci e (
zvyipgkysl 2k) [5,6].

Pri pogiarilesaausu®8RuUpe wvepi k§ veOk® mno
ako produktov horenia (sadze a dym), ktor ®
ptvodu, valginou tuh®hbasatebodlphytn®bsi ¢k Ome
vl astnost 2. R0 z lpriocaeds eh ohroCraevreija |j8e kwe Qrmi ci tl
anorgani ckTl chh Omalli isktal tcchelmdo ckej vedy, preds:
retard®r horeni a. Od najnovg2ch retard®r ov s
teda retard8cia niehem smametrn®@®haoa, prdee ay mhag
ktor® vznikn¥% pri horen2 hor Oav®ho materi §

mnogstvo produktov horenia a mal by upravova
2.1 Rozdelenie retard®rov horenia
Retar d®ry hoorzedreila Smidgoe nget yrr och skup2n [ 7]:

1. Retard®ry, ktor® uvoORuj % nehor Oav® plyny
hor Oav® plyny, |12m nast8§8va riedenie hor Oavl

sSaguje sa ich zap8lenie.

2. Retard®rytegpltor® kemel unPho zdroja a takto

retar d®ry maj Ya v SY|l asnosti mal Y4 apl i k8ciu
starnutiu a kles8 ich YW innossS

3. I ntumesocehtvo®nN® retard®ry horneaniga rmaj % n
mognost.i apliksg8cie. lch % innos$hemecks8.pods

V prvej etape plsobenia tepla reaguje jedna

vytvor2 niekoOko centimetrov¥% penu a tIm vl a

tpl a. Pena je veOmi zIT vodil tepla a sptls
Pri Nal gom ohriat2 doch8&8dza k chemickIm reak
horenia.
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4 . Retard®ry mechanick®ho typu ako s¥% na

mate i 81 ov. Apli k8cia taklchto retard®rov | e

2.2 Karta bezpelpndkt midyh réd ajrad®Wrav horeni

Ret ar d®r horenia je chemick8 | 8t ka, n e
potrebn® maS kartuTBeopslamaustenivglet %dgajpov.r
musia byS spr8§vne vyplnen®. Tieto infor mé

oapli k8cii naj vhodnej gi eho retard®ru na ho

¢FodzUlk M YIFNIGF 68T LIS6y2aiGyeOK gRI 220

Table 1Material SafetyData Sheet

D8§tum vydani a: D8§tum revz2zie:

1. I dentifik8cia chemickej | 8tky (pr

1.1 ldentifik8cia | 8tKObchodnl n8zov

1.2 Pougitie | 8tky/pr2pravku:

1.3.1 Virobca:

1.3 ldentifik8cia vTr(1_3_2 Adresa:

telef - - n, f ax

1.4 N8zov a adresa or
T

' (
' ' N l ef -
inform8cie v n¥%dzov { sdzov® tele

c
2. Zl ogenie chemickej | 8tky alebo pr
2.1 Opis:

2 2 Nebezpeln® zl ogky:

3. l denti fi k8cia rizz2zk

3.1 Nepriazniv® % inky na zdravie ||

3.2. Nepriazniv® % inky na ¢givotn® p

4 . Pokyny na prvY pomoc

4.1 Gpeci 8lne ingtrukcie:

4.2 DIichanie:
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4.5 Tr8viaci syst®m:

5. Protipogiarne opatrenia, opatreni
5.1 Vhodnl hasiaci prostriedok: voda
5.2 Zak8zanl hasiaci prostriedok:
5.3.1 Gpeci 8§l ner nepdoce ppd @inantw:o Vv
5.3.2 Gpeci 8lny ochrannl vistroj pre
6. Opatrenia pri Yniku-ltheai cke§ ¢i8t

nN® opatreni a

ezpelnostn®

6.1 Osobn® bezpel nost
6.2 Environment 88l ne Db
6.3 Met-da |ikvids8cie:

opa

7.Zaobch8dzani e a

skl adovani e

7.1 Zaohbc ani e

7.2 Skladovanie:

8. Osobn8 ochrana a kontrola expozzc
8.1 Technick® opatreni a:

8.2.1 Hodnota NPK:
8.2 Limitn® koncentr §

na pracovisku:

8.2.2 halgie
hodnot 8ch:

n

8.3 Prostriedky osobnej ochrany:

8.3.1
sa ochrany a hygieny:

8.3.2 Ochrana
8.3.3 Ochrana
8.3.4 Ochrana
8.3.5 Ochrana

Gpeci 8l ne

d
r
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8.4 nal gie Ydaj e:

9. Fyzi k8l ne a chemick® vlIastnost.

9.1 FyzikBhOgdstharba a z8&pach:
9.2 pH:

9.3.1 Teplota varu:
9.3 Inform8cie 0o zmen:¢
9.3.2 Teplota topenia:

9.4 Teplota z8pal u:

9.5 Hor OavosS:

9.6 Sklon k samovznieteniu:

9.7 Nebezpelenstvo vibuchu:

. 5 a/ doln§8 medza
9.8 VIibugnossS:
b/ horn8 medza

9.9 Oxidaln® vlIastnost.i
9.10 Tlak p&8&r:
9.11 Hustota /23AcC/:

9.12 RozpustnosS:

10. Stabilita a reaktivita

10.1 Podmienky za ktorlTch je virobok
10. 2 Podmienky, ktorTm sa treba vyhn
10.3 L&8tky a nmdterrd Bl ®.,s & twyHmu$ e

10.4 Nebezpeln® rozkladn® produkty:

11. Toxi kologick® inform8cie

11.1 AkWtna toxicita: (or 8l na, der m§
11. 2 Sub-chrromiick&8 toxicita:
11.3 Senzibiliz8ci a:

11.4 Karcinogenicita:
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11.5Mutagenicita:
11. 6 Reprodukt2vna toxicita:
11.7 Sk¥Yassenost.i u |l oveka:

11.8 nalgie Ydaj e:

12. Ekologick® inform8cie

12.1.1 Biodegrads§c
12.1 Perzistenci a
12.1.2 Chemick8 de

12.2 Bioakumul 8ci a:
12.3 PohyblivosS:
124St 81 0sS a odb¥%rateOnosS:

12.5 I n® negat?2vne Yl inky:

13. | nform8cie o znegkodRovan?

Sptsoby znegkodRovania pr2pravku a k

14. Podmienky prepravy

Doprava v zmysle pr2slugnich predpis
(n8&molraAQ/,Il ATA (|l et eck§8)

14. 1 ONMotNn§

14. 2 GeRlex ntirlineBda, ADR trieda No.: RI

14.3 Po morlUN No. SE

14. 4 Leteck§8: | CAO/ 1 AlTrieda, L2sl o

15. Regul aln® inform8cie

15.1.1 Symbol
i ndi k8ci a nebe:

pr2pravku:
15.1 I nform8cie 0 0znaé
15.1.2 Oznal en

rizika (R-vety)

15.1.3 Oznal en
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16. nalgie inform8cie

16.1 Zdroj uvedenlch d§t :

16. 2 Prehl 8seni e:

Retard®ry horenia maj ¥ aj SVOoOju negat?:

poug2van® chemick® | 8t ky, zal al i sa inten
Y%l inok na |l ovek&osaemterpp§eiukdlz abk®rsa pol
Ni ekt ord@®rryethaorenia s¥% zauj2mav® t1m, ge

maj ¥Ya podobn¥%% gtrukt %ru ako horm-n gt2tnej

Br Br
CH,
o))
CH,
Br Br Br, Br,
X+y=1-10
Br Br
Br Br
@]
Brx Bl’y
Br Br

Figure 3 The most frequently used brominated fire retardafiy

hoN}IT21 o bla6laiSaBAs NRESMBNBRZWNSYANE Y20S

H2
won, o Y4
Al(OH), *‘H)_Oj%* H, o
ONH, Bry y

H H
NH Cl— 2 2
H.N N (0] i
2 \( \\( 2 C I C—Cl
NS O
~
Y H3C o) CH,
NH, A
H,C C—ClI
H

205



Adasin Are& Sidy Bgneaing2012 o

W Arse 78
D) 2012 J

Figure 4 New types of fire retardan{8]

hoNX¥T21 n b2@S Ge@E NBGFNRSNRG K2NBYALl

2.3 Aplik8cia retard®rov horeni a

Spr8vny viber retard®r u, j eho samot ns§ a
podmi enok, v ktorTch bude r et arkdoovra® Tb updr& ok
na neho plsobi $r axdr e & sfwudnvkdl jmél e el ok retar
Nezanedbat eOnau dj®e uaja ¢ema maogst vo, ktor ® |
dosiahla potrebn8 % innosS. Sptsob aplik§gci

napr2klad intumescentn® retard®ry je mogn®
Sskupiny, kt or ® s1%t mlachb §z @z tvookdoovr oamor gani c k|
aplikovaS n8terom, m§lan2m alebo i mpregns8ci o

(@]

i mpregn8§ciou nemogno odporuliS vgade. S¥% vg

stavieb, kde je terf8.o postup mogn® odporuli$S

500

400

300

200

Q [bez rozmeru]

100

Figure 5 Fire retardants effectiveness depending on the application (&v material, 1- one-sided
coating, 2- two-sided coating, F impregnation, Q- value for inclusion in flammability class
according to STN 73 086[8]
hoNI T 271 INEGEANYRYSNHDH KRANK MG A 2 Ry 8 8ZKIRI BB A1 YOESNAb T X
1-2SRy2ai NI yR@2 &a (i SINEY & LINS 8 % Nddrdota pre aaradenie do triedy
K2NUI @g2a0A LERBUF {¢b To nycHO

Aj keN givotnosS retwalfj@e®Mduand opaldbcamgs e
pogkodeniioeden8t eprre padne prsobenie chemi k8l i al
Valgina retard®rov vpllva na fyzik8lne a me:
apli kovan® za Yl el onmakpmbo tpir®ogdidaer nesj ddd herga n y®
na skutolnossS, aby sa mechanick® vlIastnost.

neznigoval. (krivka 1). Ak krivka n reprezen
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mus?2 zabezpeli S pol as Naligvikeh 02,0 hirdeev8ul nper it
priebeh zmeny pevnd®sitsiedhtivliadt hasu2 pogi
krivky 3 (pozri obr8zok 6) [9].

——n
—-—1

[l )
- 3

pevn

Figure 6 The possible impact of fire retarding modification to change
mechanical properties during fir¢9]
hoNlIT 21 ¢ a20yeée QLI &g NBiIFINRIF&yS2 GLINI g Y
YSOKI yAO1eOK @t gdy2adN LI6Fa& L2 OAL NHz

Retard®ry horenia je mogn® aplikovaS na
Najl astejgie na dr e\stopov,lg d& gapropodiao o® k k adty i 13
text2lie, odevy, pl asty, el ektrick® zari a

i n®. Od novodoblTch retard®rov sa vygaduj %

procesu horenia materi 81l u, akeYaprinapor e
materi 8l u. Tu by mal retard®r zn2¢gi S mnog
ich toxicitu.

3. TESTOVANIE RETARDE ROV HORENI A

Ret ardg€mgomaOovanie horeni ar ehtoarr@ad®riyc hh omae
chemi ck® | 8t ky spomaOuj Yce chemi ck® a f
vs ¥4l asnosti posudzuj s testovac?2 mi met - dami
hodnotiar Pavu@®i m@t boi 8§81 y, piocrho vrneStvaarnd el m@& tla
Yal i nkov na maNedzi8lwhadn® koK Y%gabn @l0met - dy

1T testy z8palnosti,
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testy ohranilenim g2ren2m pl ameRa,
stanovenie kysl2kov®hb?2kasla (index obmedz
stanovenie spaln®ho tepla (testy na uvoOne

termick8 anallza,

= =2 4 A =

stanovenie opticke]j hustoty dymu (dymov® t

4. ZCVER

Vsl asnosti, v 21. storol 2, sa najviac VYy¢
materi 81 vy, ktwnmn® hd %4hpodgnhwam® obl astiach a z

podmi enok prostredia. Pogiarne nebezpelenstyv
materi 8l ov, ktor® spl!sobuj¥ straty na ¢givot
vIi §dnymi regul al,nTsnibj®kdtm epboi d debOwdd.c a rBip r &v n a
aplik8cia a pougitie retard®rowmatheriedl av k

(nielen polym®rov) sa st8va kO%W ovou s% asSo

Aby sme obmedzili nzm%®l an®i | kokpopbgravas:
t zv. retard®ry horeni a, ktor® spomaQOuj % hor
pogi ar u, | o zvyguje mognaans JUs me Grt®@®hd yu mas &

gkody na magkitkbehia progiekdignvoHD®Dav® mat
byS na z8klade svojich gpecificklch vlastno
horenia, ktorlT dok&8ge zmeni S tieto vlastnos
chemicklich pkywheohnl gneogdO&viremkt §vok u h

Vgetky tietosaSpekegte@rpygecha&dzaj % vivojonm
vyv2jan® nov® | 8tky, zI| Y4l eniny | zmesi . Re

m:tgu maS rtzne gpecifick® vlIastpipedese a r ! zn)

horenia aPspa@Qybamin®. zmes.i materi 8l ov | e P
pougitie konkr ®t nych retard®r ov horeni a, a l
splod2n horenia hor Oav®ho s¥Wboru | 8§8tok a mat

horenia @ et ar dal|l n® Yapr asvyl alde@!| is ov ysvt2§laen ®s av meni a

novich predpisov, noriem a sk¥%gobnlTch met . d.
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Key note

POGI ARNE | NGOAK & RMHNVC DA
NAVRHOVANI A POGBBRRELNOSTI

FIRE ENGINEERING 1

A METHOD FOR DESIGNING FIRE SAFETY

Anton OSVALD, VI aMii zni2 R

Abstract

This paper provides an overview of fire engineering asetnod of designing
the fire safety of buildings. It deals with its general definition, history, development and
the tools it utilizes, togethewith a description of individual steps involved in the fire
safety design process. As fire engineering is used in Slovakia to a very limited extent,
examples of fire engineering systems used abroad are provided. And although fire
engineering is generallyoosidered a useful method, allowing for innovative building
design, some of the risks associated are evaluated. The final part of the paper deals with
what should be done, i n the authorsoé opi
engineering in Slovaa.

Keywords: fire engineering, devefoment, aplication, risks, futur

1.bvoOoD

Pogiarne inginier st vwoe daekcok 8s adnmosscti aptl 8 at e ¢

inTch inginierskych discipl2n relat2vne m
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vgak discipl2na, ktor8 vygaduje od tlch, kto

poznaniani e jedn®ho, ale viaciechchzdpoms¥2i heehi
Pogiarne inginierstvo by wurlite oprednal o mas
urlenTch hodntt pogi arne| odol nosti, dOgky

priestorov na z8klade predp2sanich hodnoti ac
naopak, malo byS zalogen® mazwnyu k2owan?2adelke e
zvolenlTch na z8klade technick®haoi pOamani a
el i mi noddewaSt o anie je mogn® zn2gi S na akcept o)
pogiaru na g@givot h®majesokedi e.

Je nutn® z8roveR sil zunvaendno®@muS , p ogker oakju , n akptroire
inginierstvo od svoj hPonvzmhblkais tzia zkndaemejnal a a g
ne¥%pl n®, h®&hdbekaaperakticke]j apli k8cie vygad:!
Toto vgetko kladie na m@ma@ivkryndlo sian gilrkiae rj @& hw
Yywrovaé&r aveR aj veOkY% d8vku =zodpovednosti,
bezpel n®Jdo¥ld amol®n@a robust n®.

22HI STCRI A POGI ABNEHBRSTVA

Skor§ hist-ria pogiarnepbroawhglkainmii smo gp rae ur
konflagr ciamiznikt ¢i ® meavsasCkk® jivszraonzil a0 he . Ak o
m: geme spomen¥%S veOk®L opnodyli naar e( 1RE6nm6a) , ( 6a4l epbnol )k
vme s t 8§ cabo (%) &an Francisco (1904). Tietdam podobn® katastrof
kzavgdzaniu wur| iddmédzpngi,admaprekklaad gpeci fi
azak8zanlch stavebnlTch materi 8l ov, nutnossS
odstupov® vVvN.dyi akeoo®t ibolat vliastne predchodc
anoriem[1], [2].

Av gak rozvo,j pogiarneho inginierstva al
akontrolovaS ich pomocou Ainteligentn®ho ing
ag poliatkom 19. storo[BlialJmateecaerzo el oo dsel

spostupuj Yacou priemysel notuechkrwiod ®h @ up @z aa 0 iv ¢
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V19. stoW&IA2 hbalvamow hnaciomgismil eus tpwd i @c
poi sSovmprdtewae.huVtohto obdobia z8roveR vz
Mutual, Factory Insurance Association, National Board of Fire Underwriters,
Underwriters LaboratoriesMat i on a l Fire Protectvojichn Assc

aktivit8ch aplvkdeak® pngno? pymdetki pped c hr an

pogi[A]lr mi

Na prelome 19. 2 0 . st or ol Armourvnstitute ko Teamrelogy v
Chicagu vibec prvIli samostatwmidbbradalp®rgslay
inginierstvo, op?S za [flodpory odvetvia poi

Nelson[5]vo svoj ej pr 8ci uvs8§dza, ge hist - ri
rocdel iS do troch f§z: do dmodefyn®vebgvVva,
inginiposobyoowom obdob?2. Do druhej svet ov
prim8rne oblasSou poisSovn2ctva, ako bolo

i ngini egrsitaawalzeama ochr an wdropysRemy séidviilsé ack
Po druhej svetovej vojne | e ug ablastij mi a

podgi arneho vilw®ijnioadvettwd aa do podoby, tak a

Ni et pochyobmotsgé&t i @ f8za rozvoj a pogi

predstavuje najv2| g2 posun vpred, l-o j e o
technicklch discipl2n, ktor® tvoria jeho
samostatnej p ding iseienceeg mndhe iy samost atnlch ¢
programov pogiarneho inginierstva na uni Vve
gepagi arneho inginierstva sa stalo plnohod

3.POGI ARNE | NGOANI EHRGTAPLI KCCI A

3.1 Z8kl adp@j defARPSgiarne inginierstvof
Pogiarne inginierldt8nk uj 8. 4 4d dle1tBPDakd vRa n1& 3
[6]:
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Apl i k8cia i ngi zi8e eeskkpyec ht nperhion cp2opsovd,e ni a z a
vedeckom ch8pan? f eno mékci asph BRav,ani aho ae fOaldt?

Yal el o m:

FChrgni S givathomB8yaboli hosh®r pce®t dedi Esavo
fFKvantifikovaSrnebkgpighefégkyat u §a a
fAnal yticky zhodnotipS eophni m§hee opahrann@ aec

obmedzenie n8plredipédsamodgn amz sahu.

Tu by z8roveR Dbolo vhodn® uanglickejr ni S aj

termi noadmegrii ckey l idremat ¥Yama i nfiee pratectipmo ako
engineeringVbr i t sk ej | i t er afire’safety esgmeenngpojgrifrea poj em
protection engineeringn a pr ot i t omu oznal upreektavanih as S nav

pogitaeammni ckl c[i]. zBeijadens?a Vv Japojnantfireet §v ame

engineering kt orTm autori oznadSuh Yajp oK aarnngel iilntdiinne

Vhagej terminoligi mesadppegvagugéhani ngi ni
pogiarnej bezpel nostiings tnalebopestk §yzoa untp2t  avlniy tpearn
Vtomto || 8nku s¥% pohQad®moma divd&hnicw h ddomy seX t wi .

32 Ciele a %l ohy rmpt@gi arneho inginie

Hl avnTm cieOom pogmn@snehdméngjnakosiwg, ni
performat2vny pr2stup riegenia pogiarnej bez
dostatol nej Ysr ovne pogiarnej bezpel nost.i pr
pstupov nie je vhodn® pr2padne mogn® vzhOad
riegenej téchudcipe2p¥doch by napr2klad aplik
mohla znamenaS obmedzenie funklnosti, pr2pa
ng§klady.siZ8reovedRak nutn® uvedomi S, ¢ge pogi a
nahradi S preskript2vneumevidpgcvbhedgrmahosist ¥
Aobchg8dzani eh.

KT m preskr i pptrzevdnpei snyo runtyl ug Y, | i ug pri amo
povaghuQadi ska pogiarnej ochrany za bezpel n®,

pr2stupe s¥% tieto ciele (pr2p. i mity) stano
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TI mto sa t edpao dksdsatt&v afmengkovania inginie

pogi arnej dviegbzpel nosti st
Ni e s¥% navrhovan® | en postupy na dosi ah

Hore wuvedenl princ2p vgak zo sebou nes
zadef i nov apegforncance bbgectiveg awe d > | mpl ement 8§8ci i
alebo neprimeml ch postiwpjewmizma pa8dom nedostatoln

bezpel nosti

33 S% asnl stav pogiarnelSR inginierstva v

Celosvetovli trend vzostupu vyug2vania r
Je to dan® hl avne sekt Bivmgonvaan 2nvondeehron ed i zaarjc
vygaduj ¥ rovnako inovatz2vny optr&zsktaucph apjo go d
bezpelnosti. Na podporu tohto trendu | 2 m
of ici 8l ne prijal oni a npgoigniiaerrnsekjoy bpéri2psetfjunpd $rtiire

mi ere aj | egi sl at2\y8he jeho vyug2vanie oget

Vtomt o ohOade by sa idaslklakospm®nklrddgev
ochrany stavieb, ktorT na z8klade vgeobe
prostredn?2ctvom iSBuidinge Regulations[9]zuSnkoognRau j € na i
dosiahnutievyg i S nilrkdawn2, g8¥sslpstv na gpeci fi k!

1.%r ovieRr eskri pt2vny pr2stup, ktorl j e ur
gpeci 8l nych s ¥l ast 2Firesafetyfvplp&?2)ql®le d Document

2.%r oVERexi bilnT preskript?2vny kporntpslteuxpn, e jkjti
stavby ako napr 2 kdia-dn yn pokkui B$h8®9R20®OBoderof , gt a
practice for fire safety in the design, management and use of bui[dibjgs

3.%roviemgi ni er saky vihnydr fparkmetup, ktorT je wur
l.a2. Yr ovne kvl ich kompl exnost.i al ebo
7974:2001Application of fire safety engineering principles to the design of buildings
0 Code of practicg¢12].

Vget ky tri pr2stupy funguj %% na takzvano
bezpelnosti, teda naplnen? z §Klnm dzn¥ kcohn opno. ¢
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Je na pogiarnommetn-gd nZ \eoslaat,iu,8ck géackhavkzde | e t o
nutn® preuk8zaS, ¢ge vyugdgit2m inginierskeho p
danej stavby rovnak$8 al ebo wvyguogniyac,h apkoos tbuyp obvo.

ObdobnlT syst®m ekvNalageanlkilr djuinm&qgle. ahk o
mi geme uviesS USHWfe salety eoddMFPWAE dl20al ako rovnoce
mognosti na napl neni e ci eOov a pogi adavi

aper for mat 2 vietaucielmg®dprs a®laaz ky aj jasne definuje

Ustanovenia Sekcie 5 NFPAO 1 Nal e definuj % pogiadavky

musia byS pri vyugit?2 performat?2vie:; modgnost
9 potremd¥%fk k8ci u pogiarneho inginiera;

T mognosS kontr ol n@&heoz S§ovri gs8 nRu epxopdeirat dna®S poo s Yad e n
f lasti n8vrhu, pkesk®i mudvaespOdBaddavky norm
1 pogadovan® pogiarne scens§re;

T bezpel nostNa® ¢gfiaek.t or y a

Ot om, USAgeolh asS pogiarneho inginierstva veO
dt*kazom s% okrem vyggie spom2nanej] NFPA 101
Protection Association. Sem @BSBERErHangboaoka pr 2 k1 ac
of Fire Protection Engineerinffl4], SFPE Engineering Guide to Performari8ased

Fire Protection[15] aNal gi e, ktor® boli akceptovan® po
kontrolnl mi or g 8nmi po celom svete.
Lo sa tlka YWrovne I mpl ement 8 acelkevo me t - d p

inginierskeho pr2stupu stiagemi ar ap oSj ioavremesjk ub
kongtatovaS, ¢ge je veOmi I|imitovang. Niekto
0201[16]vyug2vaj ¥ re®avPpokt de®amepto-gdiya rvnyecj h §vdezdayj
aumogRuj % wurlitl stupeR flexibility. Napri e
alternat2vne postupy ( mi moor Imied s taknoiv ®z apdoesftiun
alternat2vne ciele sa nzg eroone Rl opsoiga harinS j e kowei:

Pogiarna bezpelnosS staviebndahmks2a,imgdad
rie@givad apdeatsnou [[1&48][K9]. atTEt ®u j e moment §l ne nas
spl!sobom, ge priamo nedefinuje akceptovateOn
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za ktorTch by bolo mogn® alteehmosdtvinespav

vyugir§mcV objekt2vnosti Grl ivglakh ppt ¥ gdac ®c

vyugi S alternat2vne mddJmadtkiov ®appak upgdn§

vipol et ekvivalentn®ho | asu trvania pogiar

4. APLI KCCI A POGIIANRQIENM ERSTVA

VzhOadom na rozsiahlosS danej t®my, m§
pribl2gi S vgeobecn¥% aplik8ciu inginierske
ng§strojov vgmg?*vaplck8cie pogiarneho ingiri
41 Vgeobpesndiup pri aplik8cii inginierskeho

ISO TR 133871 sumari zuje kroky, ktor® tvori a

pr2stupu riegenia pog[6larnej bezpel nosti n e
l.krok-Kvalitat?2vne vyhQuaitatoedesign review @DR) h u
Vtomto kroku je nevyhnutn®:

f ZadefinovaS <ciel e kroigti@rming&\pprbipjagteil apoosttri
konzuldmog&mBmis gt §tnej sprsgvy

f Urli S predp2san® parametre n8vrhu anal’
riegaeaavahavani-tdz polgnastnmli ch opatren?2;

f Charakterizovalby,st lewedju®baisdas vnach§dza$S, i
stanovenie parametr rhivt ekt @mi®c lnleb on § v uhl ¢ ra

T IldentifikovaS pot dmrdi Dirread ppkd iaadrame® ris=sil k
ZadefinovaS sh#gpbh®opog®anBuour hy;
UrliS vhodn® met-dy anallzy (vybraS vhe

pozn. autora)
2. krok - K v a n tvintaa ta2n a | T izQuantitadive anfalysis of design

Kvantitat2vna anallza ng8vr hu spol 2va vo

anal Vgyygst2m vhodnlch |1 SO subsyst®mov, pr:
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ako bolo ©GbRneswvem®ewedomamiae mat emati ckl ch r
pregli verifik®8ciou (ISO/ TR 13387

3. krokiVyhodnotenie vistupov anallzy oprot.i bez

Vpr2pade nesplnenia bezpelnostnich krit®ri?
kontrolug@Bgirastpwgiaar u, al ebo alternat2vne
evakugulgi 8 wroveR pogiarnej odolnosti

4.kroki Zhrutieapr ezent §cia vIisledkov

Graficky by sa dal vyggie uvedenl postup zn§

Kvantitat2vne
zhodnotenie

Kvalitatavne
zhodnotenie

n8vrhu n8vrhu
Nevyhovuj"/a Vyhodnotenie
F(rit(:Ti§§l11 \/T f;tl][)()\/
Zhrnutie a o
Koniec prezent§cia \liyhoyUJ /s
vl sledkov rit@rigm

Figure9 Basic fire safety design process

42 Met - hy8saroje pogiarneho inginierstva

Begne sa pri aplik8cii i nginierskeho pr
anal ytickImi met-dami pogiarneho inginierstyv
f jednoduch®i wil plddatme Ra teplota a vigka h

zjednodugen® model ovani e priebehu evakus8c

pogi ar u;

T pol 2tal ov @odelyipzg |letdyn oadkuogmepnl @ xan® model ovani e
pogiaru s ropitvdem2m ¢$pelhddivgdahouleama, SHZ
aZOTSH, detail n® model owadrdineo mpr iaskkee hwtdly ak
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T pravdepodobnosvtinp® i ttyi %edioe saa zaoberaj %
Spoj eprocesomrmstu@2reni a sa pojgedanmaj P§garYL hddnr

aktie8pogi arnotechnicklch zariaden?2 ale

T experi ment 81 axperna@yt vy Hynych mierkach pre
zaml gOan®ho n8vr hpuo darli ek ajcdhd ol asatjivi ac
re8l nemui weo@miaruari edkaadypmg?2nvaa nwWy swozkh,  f

ng§rolnossS.

Hore uveden® analytick® met-dy pogiarnetl
adetail nosSvolLstvspaw,ovako aj presnosSou a
vibere je teda rozhoduwjnade zposalckgnisd tk@Emp
(a akceptovateOnTlch) z j e d komgatibijita nsé i, e Oprd ¢§ a d

pogiarnej kreiztp®&rlinaomitii ah prijati a.

5 VAHODYRIAZ|I KC SPORENEARNYM | NBIMNI ERST

51 Vi hody aplik8cidupinginierskeho prz2s

Hl avnTm dtkazom vihodnosti apliksg8cie
rozvo,j obl asti p g &har ra Hap aij Wagien iveyrugjtzwa na e
pr2stup navrhovania syst®mov pogiarnej oC|

radbodl opr ot pres[gfs5:i pt2vnemu pr2stupu

T I'ngniersky pr2stup ¢gpecificky zohOadRuj
rovnako akotmgelkyi it lk®tzweanylughe satjr §mota e

komunity tam kde je to relevantn®.

T Inginiersky pr2stup pvoisbkeyrt ua let ezr§nkal ta2dv nprc
pogi arnej ochrany, zal ogenl ph?2 pnaad e p o tkreec
predpisompogadovan® riegenie nenapORa pogi a
strs8gn).
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T I'nginiersky pr2stup umognuj e porovani e Y
alternat 2 vami n8vr hmi . Porovng8vani e al t e

stanovenie akcepedtwaseOnegzhQadomenhengkl! ad

T I'nginiersky pr2stup vygaduje vyugitie gkg§

zvygovanie inginnevakéjivneg! snogdmsstii n&vr hu.
Ng§vrh zalogenl na inginierskom pr2stupe
ktor 8 syst®my pogiarnej ochrany integruje nan

vi zol 8ci i

52 Ri zi k8 aplik8cie inginierskeho pr2zstupu
Jednhmjza] g2ch ri zw®yku g 2kvtaonr2@n spao §s pa§ jnae ho i
vpraxi je snaha ®Bdkyrn8 pbgaor m@ pdob stearkieja mi
ktor8 m8 negat2vny vplyv na <cel ko200 pogi ar |
uvgdza pomé&opevizneépend, ktorl poukazuje na
inginierstvo na peygpadomchkzS8ckeNdeei BcgA®vbez
dosiahnuS vyhovuj %ce riegenie aj aplik8ciou

Aal gi e r i zvibkeor osma nsdptEtjdaogsov, ktor ® bud¥% pou
ngvrhu. V2| gina vipoltoulo® méebd, pbil 2tugl| sac
vyug2va al ebempbsiabkij ehsamébo plne empirick®
tieto met - dy posklyitugds milesdedlpy egnost.i pr e
platnosti, zva]ga vyjadrenim okrajovIl mi P OC
met - dy mi mo tTchto dpodmiue niodkh md arnvaleosz i ,

~

vviznamne skreslehimmp§demeadaemihtag| rkasotril i e

zhOadi ska pogiarnej bezpel nosti vyhovuj Yci .
hal g2 m probl ®mom | e rozsah, dkivsaploizt2aci a . p|
Wilkinson[20] uv8dza pr 2kl ad, kde v Tosdksutmn8in emri aec oj venh?

mat er mddai r8§rodnejd! podbi lodBive, gz nzm posky

nemusia byS platn®.

Pri praktickej8mapl ipko§gciairné®o Vv nginierstv
vgdy doah§dza, kniere extrapol 8§cii, vzhOadom
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bol i z2skan® sa | 2gia od podmienok, za k
pogiarny i m@imtiiersvwg heol expertn®h opozties udk u
hranice aplik8cie rovnako ako pri viber a

6. ZCVERKO AALEJ?

Opotrebe akceptovaS met-dy pogiarneho
poug2vanie na S| awerksyku,nysna md z2rgd jstheat$ vnym
vodbornTch kruhoch diskusia ug dlho. Prakt
to aby tieto met: - dyr ebsodrii pzarzownmrnyamg r 8mente-nd®a
vzahranil 2. Treba si vgak uvedomi S, ge t a
regeni a pogi arnej] bezpel nospiodpbavi emowmaphd

dizajnu, je z8&roveR nutn® byS pri prij2mar

Z8kl adom kagd®ho “aspedgne funguj Yceho
azrozumiteOne przawied!i §,0 vimocog®nuosstSh os Se kat 2 v n e |
Samozrej me, na dr uhej strane muesokou byS z

“%r ovRou odbornej pr2pravypgxkvteas$ 2 adaldWs twme

pogiarneho inginier@iysamni de, prakoakevylknu
ugpecialistov pogiar ne| ochrany, |#e®mne zad
bol i ng8sl edne opakovane overovan®.

Vid2zme teda, ge pre Yispegn® a bezpel nG
praxe je potreb® vi ac ne§ akceptovaS jeho met- -dy.

regul bovmatSr ad aveBSpeal i S pogadovan¥% odbornossS

Z§verom zost8va sn8N ug len dodaS, ge
funguj Y%cich syst®mov zapraniyd ar s ah o 8§ mn piomiYsekras
mognosS aby sme tieto sk¥sewasovalviyugal z b

chTb pri jeho zavg§dzan2?2 do slovenskej pr ax
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Pozvan8 predng8gka

SAFETY OF TRANSPORT OF DANGEROUS GOODS BY
RAIL AND THE RULES FOR FIRE AND RESCUE
EMERGENCY ACTIONS

Marek RYBAKOWSKI i Jozef MARTINKA

Abstract

The paper discusses the issue of rail transport of dangerous substances and the
conduct ofthe National Fire Service in the event of a failure. The notion of hazardous
materials is defined and the designations and safety rules associated with their transport
are presentedl The Rules for International Transport of Dangerous Goods. Disasters
and accidents in the rail transport do not happen as often as on the roads, but their
occurrence is always implicating a larger scale of the event and more adverse effects.
Special groups of chemical and ecological rescuers are necessary in accidentsginvolvin
hazardous substances. The principles of the rescue operatibgisting in crisis
situations and disasters in rail transport are the main part of the paper. A particular focus
is given in the article to the management and action procedures at theievelviag
hazardous materials carried out by the National Fire Service, using different types of

equipment in the rescue operations.

Keywords: Safety, hazardous materials, rail transport, disasters rescue and firefighting

action.

1. INTRODUCTION

Freight transport, both the road and rail one, is a daily picture of life and work of

human in technological civilization. It is very important that this transport held securely

224



Adassin Are& Sidy Bgneaing 2012 E

AFSE y
2012

and does not affect people and the environment negatively [8]. However, roaiie

to guarantee the total safety of the transport of geaududing dangerous goods. Ralil
disasters and accidents do not happen as often as the road ones, but their occurrence
always carries a larger scale events and effects. Safe transporigefaiasigoods by

rail is guaranteed by procedures that have to be restricted. These procedures shall be
governed by the legal acts on the transport of hazardous matefioalsail transport
described in detail in the Regulations for the International i&garof Dangerous
Goods,RID - (fr. Reglement concernant le transport desernationale ferroviaire

marchandiseBangereuses) [7].

In the following paper it was decided to answer the following questions:

1. What regulations normalize rail transport dangerous goods?

2. What are the steps and procedures for rescue andidinéing force in crisis
situations in rail?

3. What is the protection of rescuers involved in the rescue and fire fighting

activities involving dangerous goods?

The last part of the aitle is an analysis of the actual events involving ralil

transport of hazardous materiaisescue action on 8November 2010, in Bialystok.

2. BASIC INFORMATION ABOUT RAIL TRANSPORT

Rail infrastructure is divided into main, primary and secondary lmeklines of
local importance [4]. The main axes of railway transport in Poland shows Figure 1.

Figure 1Main axes of railway transport in Polan]
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Density of railway network in the European Union is 6.2 km per 100 &m
average. In Poland thiratio is 6.9 km per 100 KmHowever, the whole country is
varied depending on the geographical region.

3. DANGEROUS SUBSTANCES

Environmental Protection Act of 27 April 2001 [11]. Article 3 shows the
definition of hazardous substances, whicttheterm hazardous substance means: one
or more substances or mixtures of substances which, because of its chemical, biological
or radioactive may, in the event of improper handling, endanger the life or health of
humans or the environment; hazardous substaneg be a raw material, product,

intermediate product, waste and the substance which is the result of a failure.

The RID contract regulates the rail transport of hazardous substances, but all signs
are in accordance witADR (fr. L'Ac c or d E u r oap tRaaesport ineerhagidnal f
des marchandisd3angereuses pd&oute) [10]. The main indication in the ADR and
RID system is the orange, warning board. It is divided into two parts and contains a

string of numbers that determines the properties of the sudesteeing transported.

j-'l om

11088

Figure 2. The example of information board mounted on the vehicle and wagons

The plaque number in the numerator is the number of risk identification. The
number in the denominator is the number under which the substariasssied in the
catalogue of UN hazardous materials. The annex to the ADR and RID agreement

divides hazardous materials into nine classes of threats in 13 positions.
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Tab. 1 The digits in the numerator on the information board

The first digit specifiesthe type of hazardou] The second and third digits in the
material numerator are the additional hazardo

characteristics

1 2-gas 1 0-nodanger

1 3-flammable liquid 1 2 - gas emissions caused by pressur

1 4-flammable solids or chemical reaction

1 5 - material supporting burning or 1 3 - flammability of liquids (vapours)
oxidizing, organic peroxide and gases

1 6-toxic material 4 - flammability of solids

7 - radioactive material 5 - oxidizing effect

8 - corrosive material 6 - toxic effects
7 - radioactiveaction

8 - corrosive

= =4 =4 -4 -4 -4

9 - risk of spontaneous and violent

reaction

There is also a system of signs used in other countries such as the USA and the
UK. Such signs include among others, tiePA 704 a diamond with four coloured
sections, presented iRigure 3. It creates a unified by the National Fire Protection
Association (NFPA) system for rapid identification of major risks.

2YELLOW Tendency to explode

1WHITE Water allowed to extingui

Figure 3NFPA 704
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The ADR signs are not used in the UK. The country has its own system of signs
of hazardous substances that are carried. This indication is in the form of plate, which is
divided into five parts. Each section contains the information needed todeeiseons
and conduct of rescue fire: Hazchem- code, UN number, phone number to the
manufacturer of transported substances, graphic symbol representing a threat and the

brand symbol of the producer.

4. LEGISLATION GOVERNING THE CARRIAGE OF DANGEROUS
GOODS BY RAIL

The European RID and ADR agreements are the legal acts governing the carriage
of dangerous goods in Poland as well as the act on the transport of dangerous goods by
rail of 31 March 2004 [12], the act of #&f March 2003 on the rail transg [1] and
the rules of the transport of dangerous goods to the Agreement on International Railway
Freight Transport [2]. The law on the transport of dangerous goods by rail ffdm 31
March 2004 regulates the transport of goods by rail, the obligatiotie gfarticipants
in such transportation, rules for carrying out the assessment of transportable pressure
equipment, the power of safety adviser for the transport, and also the authorities and

bodies competent to exercise supervision and control.

5. THE PROCEDURES AND RULES OF CONDUCTING RESCUE AND
FIRE- FIGHTING OPERATIONS IN RAIL TRANSPORT INVOLVING
HAZARDOUS MATERIAL

While rail accidents involving hazardous material the National Fire Brigade is the
unit in charge of the direction of the rescue and figating operation. Due to the
specific nature of the risks, there is a special group of chemical and environmental
rescue involved in the activities. The tasks of the chemical and ecological emergency

are mainly:

- identifying types of threats angredicting possible development scenarios (sampling

of hazardous substances);

- evacuating people and animals from dangerous places;
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- warning about the threat, and the communicating of principles of behaviour;

- the act of preventing the spread of contzetion and the neutralization of the
hazardous substance (putting water curtains, use of sorbents, putting dams on

watercourses);
- decontamination of people and equipment;
- securing of hazardous substances recovered or left in the tanks;
- cooperation vith other agencies involved in the incident [5].

In Poland, in the National Rescue and Fire System there is a special group of
chemical and ecological emergency, called CHEM S@&KO. It is a sukunit, which
includes a minimum of 12 rescue workers who hgpvecialized training in chemical
ecological rescue operations and they have firefighting, technical and chemical rescue
vehicles and other equipment [6]. During the action of such a group should be
distinguished two zones of operation:

Zone | - is an aea ofdirect rescue operations in which there is a threat to human
life and health, and in this zone there are only allowed rescuers equipped with the
appropriate equipment.

Zone Il - is the area outside the zone I, in which emergency services are gvorkin
and in which is logistics security.

The first and fundamental principle of the GSC CHEMKO group is a safe journey,
taking into account the wind direction and the minimum distance from the point of
failure:

- for gases not less than 100 m,

- for sulstances creating explosive mixtura®ot less than 100 m,

- for other chemicalsnot less than 50 m.

The position of vehicles should allow the withdrawal of forces and resources in
case of changes in the situation on the spot. The entire selectiotimjssehould be
based on the observation of the scene in terms of terrain and weather conditions
prevailing at the time of arrival. The direction and strength of the wind is an important

factor that should be noted.
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The second rule says that rescuers gshbel secured by the appropriate personal
protective equipment, that is: respiratory protection and chemical protecting clothing.

The third principle concerns the identification of substances with which we are
dealing at the scene. Then the danger zonedcbal determined with the help of
instruments and detectors.

The fourth principle is the absolute priority actions to save human life and health
over the activities of others. Often it may be associated with making a decision about
the state of necessity.

Fifth principle is lifeguards safety. It is about the principle of action in the danger
zone for a minimum of two rescuers. They must also always be supported by a
minimum of two lifeguards equipped with protective equipment with the same degree of
protedion, as are lifeguards.

Another rule is to maintain caution near the overhead line. When you turn to the
appropriate services and the network is disconnected, you can safely proceed to action.
The seventh principle is the sudden return of action duhagevent. Hazardous
substances can react differently and the task of the commander is to follow the "rule of
10 minutes" talking about predicting the development of the situation in advance for 10

minutes.

Eighth principle applies to all kinds of leaksgpills that may pose an additional
threat to everyone in the area.

The ninth principle is that the decontamination of both people and equipment
must be done at the border of the danger zone.

The last of the principles is about the strict respecting ofcaksgupport in place
of action.

Only after the liquidation of immediate concern and providing assistance to all those in
need, the head of emergency operations may decide to terminate the action.

Firefighters work in an accident involving hazardous sultsts requires adequate
personal protective equipment, but also the security of the event, and a substance that
poses a threat. The State Fire Service to use for such everighfineg equipment
commonly used to extinguish the fire and also specializecsopal protective

equipment.
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5. FIREFIGHTER PERSONAL PROTECTIVE EQUIPMENT

Respiratory protection devices (Fig. 4, 5) and-tiglst chemical protective
clothing (Fig. 6, 7) are used for personal protection of firefighters during operations
involving hazadous substances. Lifeguard "set" in such equipment may, depending on
the hazardous substances, work in the danger zone.

Figure 4. Firefighter with the respiratory Figure 5Respiratory apparatus\ERIS

apparatus TYPE II

SourcefFirefighting and rescue units SourceFirefighting and rescue units

of School of Fire Service\iarsaw of School of Fire Servitdarsaw

The basic protection of firefighter rescuer is respiratongrotection. Respiratory
protection equipment ensures safetyexireme conditions related to the impact of
hazardous substances. It provides a high isolation from the harmful effects of the

atmosphere contained at work.

Figure 6. Gasight chemical protective Figure 7. Gasight chemical protective

clothing Type 1a clothing type 1b
[Training material of StatBire Service] [Training material of State Fire Service]
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The second element of protective equipment is tight chemical protective clothing.
Clothing such protection from dangerous substances in the form of: gases, vapours,
liquids and dusts. The use of such garments is essential for any kind of accident or

disaser involving hazardous substances.

6. ANALYSIS OF THE RESCUE AND FIRE-FIGHTING ACTIVITIES OF
THE STATE FIRE SERVICE IN THE EXAMPLE OF RAIL ACCIDENT
INVOLVING HAZARDOUS MATERIAL

Event accident took place in Bialystok, ofil8ovember 2010. After the cédion
of two freight trains caught fire and created a real risk of explosion and environmental
pollution. One of the trains consisted of 12 tanks of diesel and 20 of the raw material for
the reformate, and a second train consisted of two tanks of propanend wagons.
The scene area covered about 5000[3h The State Fire Service was informed by
witnesses of the accident and on the basis of descriptions of events provided by people
notifying, the duty officer said that the fire developed very quickbyecing the track
with tankers damaged in collision. The rapid development of fire was encouraged by
spills of flammable liquids from damaged tankd (lerivatives for the production of
leaded petrol and diesel). The whole event was noticed at abowtrb:Z8ig. 8 and 9).

The description of individual time steps [3, 9]: noticing and reporting the accident
T at about 5:28; disposaldirst alert of fire protection unit5:30; arrival of the first fire
units (road directions 3 km)5:36; firstof-entryto the action 5:39, location and fire
danger- 10:34, liquidation of the event at 17:59 off Hovember 2010; return of the
last unit- 18:27 on 8 November 2010. The total duration of the actid6 hours 59

minutes.
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Figure 8. During first hoursf the accident Figure 9. Actions of the firefighters during

Phot. Agnieszka Sadowska the catastrophy. Phot. Agnieszka Sadowska

7. THE ANALYSIS OF THE FIRE-FIGHTING AND RESCUE ACTION

The first units of the Fire Brigade on arrival found the spot flaneeghing
several meters in height, the number of fire tankers was unknown, in the first moments
there were contradictory information as to the type of burning chemicals and their
guantities. Firefighters did not have information about victims stayinpeanatfected
scene (it was about drivers). After short time, drivers reported to rescuers and provided
detailed information about the materials carried by them. All the action was divided into

seven main phases.

The first phase of operations lasted from Heginning of the event until 6:19.
Initial diagnosis was carried out on the risk of fire or explosion and possible attendance
of the aggrieved people (drivers and other staff station). Then there was carried the
evacuation of people from the most vulndeabuildings. Measures were taken to
determine the type and amount of cargo carried on both trains. Additional forces and
resources were requested. The head of the emergency operations received the
confirmation of switching off the voltage in the electrctraction. In defence of the
endangered buildings and two trains firefighters with respiratory apparatus gave four
streams of water, one for the control burning building, the second alternate for the
administration building and control room, and the d¢hin defence of the station
building, and the fourth on the tank. Water supply has been built for cars in the nearby
hydrants. Current of hard foam on the tank was provided.
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Figure 10. Situational sketch of the disaster [3]

The second phase of operatolasted from 6:19 to 9:47. At that time, additional
forces and resources were called. The area has been divided into sections combat.
Extinguishing and Rescue Unit Commanders were administrated to assume commands
on particular parts of combat. Firefigiht took actions to defend the threatened two
trains, including 13 tanks and 2 fuel tanks containing LPG with 2 locomotives.
Preparations have been taken to separate and pull up threatened wagons. Diesel
locomotive towed threatened tanker. Water and foa® eontinuously provided on the
burning tanks and buildings. Water supply was carried out on the basis of natural
reservoirs. Commanders tried to provide a sufficient amount of extinguishing agent for
continuous feeding it to the main group of misguidedgknimg tanks. Extinguishing
action positions with the greatest exposure to changes of rescuers in the system was
carried out every 15 minutes. There was continued cooperation with the Police, Railway
Protection and the Municipal Guard, which provided saj@m and protection of land
shares (see Figure 10).
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Figure 11. Extinguishing and securing of heav' Figure 12. Cooling the tankers [3]
foam [3]

The activities carried out in the third phase from 9:47 until 10:34 led the main
attack to make foam witlots of portable and transportable cannons, the purpose of
which was to extinguish the main group of misguided, burning tanks in front part of the
store. Cooling of fuel tank was carried out (Fig. 11, 12). Still Water supply was

provided, and changes ascuers in every 15 minutes.

The fourth phase of operations lasted from 10:34 to 18:24. The control of the zone
of explosion hazard was conducted, and also temperature of tanks shells and the
temperature of the liquid inside them. The cameras and inf@nesneter was used.
Cooling of tank shells was also continued. Spills from damaged tanks were protected.
Leaking liquid was collected in tanks substituted. Pumping was conducted to substituted

hydrocarbon tanks at the same time securing this practiceing@ghing currents.

The activities in the fifth stage were carried out from 18:20 to 0:30 ®n 9
November 2010. Those included pumping substances to substituted extinguisher tanks

as well as to secure and control the temperature danger zone and tanks.

The sixth phase lasted from 0:30 to 8:33. It was the surveillance of burnt. The area
was still controlled by the measurement of explosive concentrations of vapours. There
was the beginning of preparations for the security measures relating to the removal of

locomotives, tanks and cars to the side of the track.
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Last seventh phase lasted from 8:33 until the end of activities. At that time the
State Fire Service worked with the removal of railway locomotives and tanks outside
the track. All the time there wasrdad out the control of vapour concentrations.

There were measures to protect and ways of doing things tallespite the
extreme danger they proved to be effective. Firefighters working in the most dangerous
places used personal protective equipmentapate to the risk involved. The defence
of threatened tanks including the extinguishing two burning tanks of underailed part was
carried out using a protection of existing infrastructure and garbage containers. There
was used the position of lying fitghters on fighting points and changing positions
every 15 minutes. These principles used particularly during the outbreak proved to be
effective- no one was injured. Successive monitoring of the site in terms of fire and
explosion in the fuel tank temm@dure using explosimeters, pyrometer and infrared
cameras secured full control of the fire and explosive hazards and the safety of all
participants in the action. While gatheringcatching leaking fuel tanks and plastic
barrels pumped into tank cars amaicks, firefighters used respiratory protective
equipment. In addition, special clothes and suits were used to protect firefighters from
the negative effects of contact with vapours of petroleum products. All this ensured the
safety of rescue operationsdareduced the high risk of accidents. Emergency actions

taken as limited to a minimum of environmental pollution.

8. FINAL GENERALIZATION AND CONCLUSIONS

All the objectives have been achieved. Almost all threatened tanks were protected
against hepatitifwith the exception of two, which at the time of disconnection between
the train and the risk of towing tanks were covered by fire as a result of the very rapid
growth), the endangered buildings were also rescued. Successive explosions were not
allowed, atthe including the threatened LPG tanks. Soil contamination was limited to a
minimum. All cases of liquid petroleum release to the environment occurred before
extinguishing the fire. Measures to reduce contamination of the soil started immediately
after extinguishing- the collection of fluid leakage in areas with tanks, pumping liquid
from the local marshes in landfills. Dangerous action was carried out quickly and
efficiently. Despite the high risk of the occurrence of explosions was carried out without
incident tactical assumptions of rescue participants.
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In such an event is extremely important to have the proper assurance of
firefighters. It is unacceptable to carry out activities in the danger zone alone.
Firefighters should always work in pairs (callé&bta). If you need to work in
potentially explosive atmospheres are a good way to protect rescuers to act in the supine
position and the use of screensn this case, were the fragments of existing rail

infrastructure and even the garbage containers.

On the basis of described example, it was shown how well was the action
undertaken, how specialized equipment was used and how people were perfectly
protected with a lack of firefighters injured in action.
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INSULATION OF WALLS (ETICS) OF POLYSTYRENE VS.
FIRE PROTECTION

| ZOLCCI A FALGSDY Z( PODILYSTYRENU
POGI ARNEJ OCHRANY

Frank D. STOLT, Joachim KOWALKE

Summary

The issue of energy conservation / climate change is now a determining factor in
building construction, particularly in housing with leamergy and passive houses. So
far, so good but takes the view of the fire service Thermal insulation with combustible
materials on the facade particularly with plates of polystyrenea very high and
unnecessary fire risk with it. Improper connectidgiBICS can fire an additional a
potential source. For large building construction regulations require that the outer walls,

whether pregnant or not, consist of rmymbustible materials.

These consist of "foamed oil,” and are therefore highly flammable duarnrapid and
high energy output. So even a relatively small and limited fires, e.g. a room fire, quickly
trigger a disaster, should the fire on the facade extended to other projectiles, until finally

in the whole house fire rises.

In this presentationthe demand for "realistic fire tests for facades" is raised. The
previous attempts for the approval of ETICS polystyrene appear to be insufficient. In
this paper, supported by documentation that the insulation will be checked immediately.
The further obstrct must be stopped.

Building regulations apply to the plates to a thickness of 100 millimeters to as
"inflammable”. Which does not mean, that they do not burn. The Fire safety of external
thermal insulation composite systems (ETICS) with polystyrene ithenapproval

process with the fire tests (FHdtale Tests) tested.
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Compensation measures such as sprinklers etc. can indeed be planned but must
meticulously before approval to their effectiveness can be checked. Therefore, such
measures are still not the Building codes provided. The legislature assumes that this

problem can be decided only by Case on a case.

The author has in many expert witness testimonys documented with impressive photos

the relentless dynamic of a fire of house facade with EIRS frolystyrene.

It is obvious that the firefighters will be hampered by the facade WDVB with serious
consequences from polystyrene or even prevented. It stands firmly that prevent
combustible insulating materials by a total loss of the building in casegeoinf all
probability little more. And depending on the type of facade, the fire fighting for the fire
fighting themselves are very dangerous. Performance based on real cases of fire,

however, do not bode well and justify worst fears:

1 Flame and smoke sy@é largely unchecked in front of the space;

1 in the worst case, the fire kindled by the chimney effect of the facade the space
very quickly and just as quickly takes over on other floors;

1 especially important in the development stage of a fire the fireriheqat
comes to the little Source of fire approached. The attempt to provide for
avenues of attack in the front area, brings the fire fighters in most danger;

1 also, the escape of ladders is hindered significantly if, for example, escape

routes should be eated by instructors at windows.

Key words: Fire hazards, structural fire protection, ETICS, EIFS, combustible
insulation, fire wall, monitoring of construction, insulation, polystyrene

Content

Energy saving is up to date! Federal and state governments in Germany want to
major funding to advance energy conservation in buildings. A significant part of the
energy savings can be achieved for example through improved insulation. Up to 75
percent of he heat losses at the hands of an old building of the exterior walls. So the

ever more stringent requirements for energy efficiency require the "dams" in buildings,
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one of the most efficient measures. When constructing new buildings, the Renewable
Energy Surces Act, as amended (EnEV 2009) is required in every case. Therefore,
today, EIFS (exterior insulation and finish systems) are essential for ezféicggnt
buildings. As insulation in accordance with the requirements of Regulation location for
new andexisting buildings (Energy efficiency regulatierEnEV 2009) are expanded
polystyrene foam plates (EPS), mi ner al w0
80 percent of the insulating material is used for cost reasons to Styrofoam. Apparently,
however threatens not only millions of homes and their residents in the event of a fire
disaster. Styrofoam boards for insulation are not only flammable but also lead to rapid
fire spread across the entire facade. Thus even relatively small and limited fire, for
example a room fire, quickly trigger a disaster, should extend over the front of the fire

to other floors, until eventually the whole house in flamesrises.

Figure 1Burn with a facade insulation with polystyrenefirefighters helpless (Frankfurt/M
Berufsfeuerwehr)

Most owners have no inkling of this deadly hazard. But thefififgters are faced with

new challenges. So far, the escape route was through the window of the fire is still the
safest way. Because of thermal insulation with polystyreng masult in unexpected
places to fire forwards. Have fire events and their course in the last years and over again
often shows a startling way. Firefighters had to watch for fires that despite an apparently
accurate tactical behavior, a fire spread toapartments above the roof or facades of

these could not be prevented. Meanwhile, these findings in one way or another fire
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department or fire department arrived. In many fire departments and fire service, but the
horrific impact of EIFS polystyrene in casef fire are not yet recognized or
underestimated. Did the fire but only in the last 20 years with a faméigining and
improvements in personal Protective equipment and changing operational tactics tried to
changed conditions such as fire "Flash owet8 account. Find the additional insulation

of the facade by applying a-salled exterior insulation and finish system (EIFS), the

fire safety account. Play here next to the fire behavior of insulating materials as well as
the related cleaning and reinéing layer and structural design details (vents, fixtures)
play a role. For use in the EIFS insulation materials must meet the more demanding than
in the interior and thus are only a fraction of these insulators are available. Since the
mid-1990s is knownn the art that the crude oil produced from EIFS with polystyrene
insulation boards not "necombustible” but only "hard" flammable. With an
appropriate heat energy, it burns very quickly. Due to the flammability and fire spread
and fire propagation in ES with insulation made of polystyrene, in recent years by
manufacturers, the trade association EIFS in coordination with the (German Institute for
Building Technology) with the involvement of the competent Committee of Experts
(CoE) DIBt (Deutsches Institt f ¢r Bautechni k Berlin) and
designed new structural fire protection measures and tested in extensive series of tests.
The mandatory consolidation of this action was done in the general building approvals
for the ETICS made oftsyr of oam. The requi rements of
classification in the fire protection class, usually by the local building authority, after
considering the material class with the appropriate fire resistance rating in accordance
with DIN 41021 Fire bdavior of building materials and components and DIN EN
13501 classification of construction products and set fire to their behavior. Since EIFS
is not controlled types, for which there is no code of practice, nor national or European
standards, the evidemof the suitability of a proposed ETICS by a general building
approval (building permit) or a consent in individual cases (individual approval) will be
conducted. Admission includes all, contained in the system components (glue, dowels,
insulation, reinfocement layer, outer wall) and is thus a type seen building regulations
dar.Thermal insulation composite systems consist of the fixture, the insulation and the
top layer. EIFS with polystyrene insulation can be installed in the building material
class B1 ad may only be assigned to higke limits are used (the highest floor of the

residence area <22 m above ground level).
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Figure 2 Pictures of tests for the detection method in the testing laboratory (eg, the flame tip to the
second floor above the firdloor)

Be arranged with ETICS made of polystyrene with insulation thicknesses of 100 mm (in
earlier approvals by 80 mm) must be above any window or door opening in the head
area at least 200 mm wide strip of mineral fiber building material class A tadaeof

a fire melts away to prevent the polystyrene.

Figure 3 Fire loads behind the insulation and bonding of polystyrene plates

The same applies to the soffit area in the fall. Exceptions to this approval rules. For

singlefamily homes, these firbarriers such as not required.The most common brand
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favorable sources of error are not in the correct use and installation of thermal insulation
and finish systems (EIFS). In order to properly insulate with ETICS made of Styrofoam,
however wellfounded knav-how is urgently needed. Poor or processed incorrectly laid
insulation and finish systems (EIFS) may pose an additional hazard in the event of a fire
source. For these reasons, manufacturers have thermal insulation systems for years, the
need of correct se.The most cost effective attachment is bonding with a specially
adapted to the surface bonding mortar. For flat surfaces, and generally in very thin
thermal insulation is a fuburface adhesion: the adhesive is applied via a toothed eaves
entire area ahtook off with the serrated side. For surfaces with roughness is a point
edgegluing. For this purpose the Adhesive mounted linearly on the plate edges and
additionally supplemented with at least six adhesive dabs on the plate surface. If out of
ignoranceor saving on laboratory they Styrofoam plates fastened only with irregularly
attached adhesive dots and avoids the significant bulge component, arising behind the
insulation small and large gaps, which can result in a fire disaster, because hot on the
fighting forces (outside) unnoticed smoke compositions by the chimney effect behind
the insulating layer over the entire surface of the facade spread. The problem also is the
transition of the insulated wall and above it in the foundation, if on the groutidsin

area results in a smaller space.

Figure 4 The picture shows a typical installation of the defective EIFS without compliance

Can ignite the flame of a lighter by children playing can also cause a major fire, because

now the entire insulated wall ablaze .For this reason, the performing construction
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operations during the acceptance not only proof of the use of insulating material
required to be certified but also compliance with the prescribed methods (eg, bead
point) by appropriately trained workers. In this context, the application can be cheaper
and only semskilled labor is very expensive later. Besides these are found iticprac

however, are always fires, which occur despite the correct processing of styrofoam

plates to a complete erosion of the EIFS.

The discussion about the fire performance of EIFS polystyrene has a dramatic fire event
in Frankfurt / M. On the evening ©5.29.2012 new urgency given. In the aftermath of
this fire was the view of the fire department in Frankfurt / Main, again pointed to the
dangers posed by such EIFS. It also has been criticized in the testing standards.In a
recent opinion of the ETICS tradassociation is stressed again, however, that officially
approved EIFS result in a fire made of Styrofoam on walls in applicatiented
design of additional fire protection measures to be any increased risks. Also DIBt insists
that the admission tes&s described in the working draft of DIN 41PQ, are sufficient.
However, with this admission tests assumed that the flame of a dwelling (ie from
within) is. And it is only the fire behavior with regard to the second floor above the fire
floor is consideed. The lying directly above the fire floor space is called the "Lost
Levels" and is not included in the inspection process. Furthermore, is osstzaped

test bed, dressed in the ETICS made of styemn, tested. Neither the mass nor the
amount of builtexperimental setup, the thermal exposure of the ETICS under real fire
conditions meet. On a larger house facade, however, the soft fire behavior and fire
spread, as appropriate fires repeatedly show clear from these test conditions. For this
reason remain® verify whether this test of fire (EIFS), where the heat comes from the
outside, which it holds. It turns out that released large amounts of flue gas are
responsible for the high percentage of unburned carbon particles for rapid fire spread.
But it comes with a correspondingly large amount of smoke to a smoke gas ignition,
even the builin fire barriers simply bypasses, allowing a fire spread to the next
sections. The fire behavior, especially the rapid spread of fire and the extremely high
temperaturesiue to the dramatic smoke but make special demands on the firefighters.
Even a tactically correct fire compartmentation is undermined by the use of combustible
insulation. SeHobuilt blocking positions to the rapid spread of fire and even the

flashover des not prevent neighboring buildings. In addition, it always comes back in

245



Adersin Fire& Sty Engnesring 2012 ‘\ﬂy

unexpected places for fire spread (eg behind an apparently intact skin).Fire curves seem
to run especially dramatic when the thermal energy of the ignition source is applied
externdly on the facade. Through a burning dumpster on a wall favored by the EIFS

polystyrene was almost the entire front facade of an apartment building on fire.

Figure 5 This facade with EIFS burned down to the complete surprise of the fire fightersseQ@hds

Due to the extensive fire was even raised the alert level and the incident commander
alerts all fire fighters of the local fire brigade of the entire city. When burned, the new
building in Frankfurt / M did the fire spread, although in every seédéoor (floor) of

the required 20 cm thick fire locks was built entirely of noncombustible material. The
built-in windows were closed. In the course of fire burst the windows exploded and the
fire went on all floors of the building. The intensity of tledeased heat energy through

the fire wall was enough to bring the plaster and the concrete in these areas to flake off.
The existing fire load in these areas can be neglected as a cause for it. The first fire
engine was after only 3 minutes driving timethie work site .These new fire scenarios
make new tactical thinking is needed (eg simultaneous attack on all interior floors,
immediate evacuation of residents, etc.). But the personal safety of the crews of fire
fighters to make such a ladder outsidechttar to set up blocking positions) must be
reconsidered accordingly. On the basis of analyzes of various fire events is found again
and again flame retardant does not mmombustible". The classification of the fire
performance of EIFS polystyrene in thB" means that they are flammable and
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therefore represent an increased fire risk. However, this risk of fire would be
unnecessary, because the alternative to combustible EIFS polystyrene not flammable
building material class "A" is. Due to the alreadywkigh proportion of installed EIFS
polystyrene can be assumed that such courses of fire will continue to increase. Should
be no rethinking of preventive and protective fire protection, must also be expected that
there may in addition to high property alsan lead to personal injuries to residents and
possibly fighting forces.
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LABOUR INSPECTION T ITS GOALS, OBJECTIVES AND
PRIORITIES IN OSH

Jana SReANSKC

Abstract

The main mission of labor inspection is to promote the protection of employees
at work and the comprehews performance of the state administration in the field of
labor inspection.

Following legal provisions regulate basic requirements concerning occupational safety
and health and labour relations in Slovak republic. They are: Act No.311/2@®bur

Code Act No. 124/2006 on occupational safety and health (OSH) and Act No.
125/2006 on labour inspectiorLabour inspectionis performed by the control
authoritiesand may be calleds oneof the mainforms of activeparticipation of the
statein public policy. Labour inspectionits regulatory supervisory advisory and

repressivectionadvocated byhe currenneed to prote@mployees at work

Keywords: labour inspection, occupational safety and health
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podmi enok a n8rokov vyplTvaj%cich z pracoy

LinnosS ingpekcie pr8ce je zameran8 na do
aostatnlich predpisovoohraaystenaei aeppel po
technicklch zariaden2? (Nalej |l en ABOZPf),
prc ovn®ho prmadodrwediasta pracovnopr8vnych pr
askon] eni e pracovn®ho pomer u, pracovn®

pracovnich podmienokl!lisn, zmémaadnscu vpracavn
kol ekt2vneavypjpoedn§vamide gi avan2m pr 88vnych

nel eg8l nej pr 8ce a nel eg8l neho z gwmzeldwn §v
vypl T vakddce kth2 znych zml Yv .

nal gi e kompetenci e a W ohy vypllvaj Y%ce C

z8kanov

- A 30 z®@kaddo9pP9 Z. z. o technicklch po
posudzovan? zhody a o zmene a doplnen?
predpi sov. Toto ustanoveni e upravuj e
vobl asti trhov®ho dob®agudok®dadmedad ur
uv8dzanimi na trh patria aj org8ny ingpg

- A 17 z8kona | .pr2eépr/@2walviatz.Onkch ot l ak o\
aozmene alopl nen?2 ni ekt ortditw bblasi & amodvOa d Aj
ingpektoe8§had prBom (trhovl dohOad).

- A 26 zg8KAahnhaob2 z. z. o prevencii z8vag
zmene a doplnen2 niektorTch RPEKk®a otvo vt @
z8kona S a ingpekci a pr 8ce vykon8va p

z@VWYnlich priemyselnich havgri2 osobitn

kontr ol zabezpelovanlTch Slovenskou ingg
- A 32 z8kona | .or4g6a2n/i2z080c7 i Z.pracowen®ho |
zmene a doplnen? z8komr&c]| i hPe8EcE20@6 o0Z
dopl nen2 z8kona | . 82/ 2005 Z. z. o nel
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a o zmene a doplnen2 niektorlTch z8konov
znen? neskorg2ch predpisov.

- A 5 z8kona | . 82/ 2008BelZeg &l. noom nzed neegsstl m&yj
zmenealopl nen2 niektorTch z&8konov v znen2?2 ni
- A 28 z®KdrRd1D. Z. z . o podmienkach wuvede
chemickich zmes2 na trh a o zmene a dopl
z8kon)

P sobinmogpSe kt or 8t ov pr8ce je okrem vyggie uve
vygetrovanie pr2lin vzniku pracovn®ho Yr azu,
ujma na zdrav2 ako aj na zis6obpganiealbrelzptel
pr 21l i n powlamaadhpzerma chorobouovolania.

Viznamn® miesto v prevent2vne,j |l i nnosti ingp

- dozor v predprev8dzkovich etap8ch (%l asS

stavieb)
- dozor, | i pogi adavk8m ochrany pr 8c
umiestnenieuys por i adani e, poug?2 v ankosrola udr ¢gi

pracoviskap r a ¢ o v prostrigdkovo c hr annT c h pfakoot r i ed k ov
ovpl yvRuj Yocriaccho vknv@ahloi tpur ostredi a. . .

- odoberani eoopedlveren?2 , preukbhrzonosntaz vyko Q&
osobi temdmgihsopr a prever ovanpodmiedok, dza gi av ani
ktorl elydhaa®i

22Cieleapri ority ingpekcie pr8ce

Z8kl adnT mi met - dami pr8ce ingpektor8tov pr$8§
l innosS stavu a tendencianuvl ppBae shar ovsgtelt
pracovisk8ch =zamestn8§vateOov a fyzicklch ot
zamestngvateOmi, podl i ehaj Yci ch dozoru i ngp
Yal i nnosti nariadenlch opatren?2, predpisos,dzovani e
upl at Rovani e sankci 2 a poskytovani e bezpl a
fyzickT mzamsstméngom. a
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StrategickIim cie@®em pirr gpd keoviaeS (kr Srceeal i z § ¢

spololnosti, ktorTm je babhedpé&meniae ek®wnmo
Zz8Uuj mami na jednej strane a pracovnej sch
druhej. Tento cieO je v s¥W ade s podporou

R&§mcovim cieOomei nsgupog kocui & ipnrnScseSou akt 2vne

-k vytvs8raniu bezpeln®ho a zdraviu negl

mi ni mali zuje mognosS ohrozenia fyzick®®|
ohrozenia,

- k vgestrann®mu skvalitRovaniu podmienok
-k reekgpovani u pogiadavi ek ustanovuj ¥%ci

upravovan® najm& Z8konn2kom pr8ce a s Y\

-k rozgirovaniu I nformovanost. a pr
zamestn8vateOov a zamestnancov, emeruj!?
pr&ce, k znigovaniu vIiskytu pracovnlch

pracovnopr8vnych vzSahov.

Z anaVvVVyhgdaotenia ¢gtatisticklch ¥dajov z2:
Zzrejm®, Je najviac por whjsstoamrmnyr v EBrm pree
124/2006 Z. z. bezpel oobtraBne zdravia pri pr 8ci

predpisov a ostatnlch predpiraoay mdraai atp
dtsl edkom nesys+n®neo vs&h op | pnre2n$@c eppokp | e me st Bc v
z8kl adnTch z8konnTch povinnost2 zamestng§ve

U zamestngvateOov prevaguj % nedostatky,

prer eal i z8ci u Nal gi eho efekt?2vneho riadeni e
z8§vidl Ve®Okosti kontrolovan®ho subjektu, p
organi z8ci e, ale aj od predch?8dztaajk¥%ciiecgh okdc

toho, akIim splsobom jetzabhemipg&lSowdanugblmezp
o dad®WOskl spltsob, al eddoy ev lzaasbterzlpceH oz an
Vyug2vani e extebhbhehi sBOgPebt . y. zabezpe
z8konnTch pogiadaviek BOZP tomByateOskl ma
pr2padov tieto Vykne§Bawhdeslvbjch interval

alebo |l en administrat?2vnef,eklt@ van@asnigsliécdnmeé
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vpodni ku. Syst®m riadenia BGzZP edenédodkd raeh z av e
subjektoch ale aj subjektoch so zar ani | nou %l as Sou, kde j e dos
managmentut pbmdsiubj elaty maj % aj dostatok fi
prevenci uchWrdzdoovz apovol ani a. | ns¢t preekdtnd rcih  pr

podni koc Homio snsete dipottobonepriazhiv st a v .

Zabezpelovanie vhodnTch pracovnflicnhandomdmienol

mognos Sami zameshngypdtso®owm anysl eni a. val gi e
v e Omi dobre spracovan% dokument 8ciu upravuj ¥
osobitne praovn® podmi enky gi en, ml adi stvTlch a
pracovnou schopnosSou, mkog2sd Iz @ dn® s t pnoSvvead a¢
Nevyhovuj Yace pracovn® podmienky s¥% | asto a
zamestnancov.

Vysokl polet zisdehddbbaoerdaztbdtabsa§v gveyihrvadenT
technicklch zariaden?2 (Naljéjo béhadviTzin. t N&

neoverovani a bezpel nosti VTZ (el ektrickTch,
odbornT mi pslkWdkamkoamizmkaa mk . P tejpombladtino m v

dlhodobo aj evidencia VT4 | e j nedostatol n® vedeni e, nevy
dokument 8ci e, napr . prev8§dzkovich poriadkov,

je potrebn® vykonaS polmgnpmengdaky et tdiotho oz

do predpzsanej dokument 8ci e (napr. nevedi e
vodbornej splsobilosti obsl uhy.

ZpohOadu vgeobecnej bezpelnosti je jednIm z
ge p2somnl phdckadmerdtk ao nie je vypracovanl t
zohOadnen® vgetky |innosti podOa druhu pr §c

pr8ve pos¥%denia rizika spracovpowdneberz strany
zohOadnenia skutolnlTcbyisrkeu§l pych vikebdk pad

pracovnich |innost 2.

Zamestng8§vateOsk® subjekty nevenuj % dostat ol
faktorov pracovn®ho prostredia (hl uk, Vi br &

ahodnosBmtal nosti, epbrekratoj Mogoobyen® | i mit
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Vyggie uvedemn®st eproizanat k§yskhan® napbasti i ngpe
BOZP ovplyvRujhfhagxa@empanioei ay ingpekcie p
pr8&§ce je zameraS sa na:

- poradenstvo a Nal gpiree ionbfloarsnta | mi®a daekntiiav i
navypracovanie polittky BOZP pr ogr am j e] reali z8ci

nebezpelenstiev, spbobdpogeun?prizpé@sudzc

- poradenstvo zamer an® pr e donbolsatsntei nbae zppred

techniarkiladyeoreci di cky na technickIl stav
zariaden?2, pr2padneariadenia peroyEthclk@Ivety
at echnol - gi 8ch,

- presadzovanie zavs§dzania syst®movich p

pri mer amimmis t k 8w subjekt@s k ®

- prevenciu z8vagnich priemgeel nidecohh Ohdyv

urlenimi virobkami, ktor® s¥% uv8§dzan® ¢

- stavebn?yptewo f ac ka®s tlaivrerbond tcih prri§cach, n
pr8ce, prg&§ce vo vigk&wmn®vinkkgpmév &rpr §
pr8&§cach vykon§8§vanlch mkamtstalvanbpechc dazz

pr8cu vykon§8§va s¥% asne niekoOko podni

subjektov) - stavebn2ctvo je obzvlgghkOardiuzi k
bezpelatlvamyzidravia pri pr8ci
- tie faktory pracovn®ho prostredia, kto

trval ® pogkodeni e zdravi a,

- prevenciu zameran¥ na pgyantaos ckcainfplamee rS
2012

3.ZCVER

Na 2z 8kl adien gzpieskiceine2 kzo 8 g € atmovyan®, Je obl
pr8§ce je st§l ¢ ona apaiflagvi pEdEdiwwoeh na kov, s
ava@ | gie firmy sa tejto problemati ke venuj
|l T nnost.i pri z2skavanz2ohder tsitfavku§t 9% Kk & jami
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|l egislat2va a nedostatoln® pr8vne vedomie
bezpelm®shmiockT ch slugieb poskytovanlch

dodg§vateOskIm sptsobom, absBOZPa rerabsPombl e
nezamestnanost i, ktor8 umogRuje zamestngvat

zamest ngamonti m®mo vikonu pr8ce.

Vgeobecnou pogiadavkou bezpel nosti pr8ce ]
bezpel z®&hh@av &ho prostredia pr e paenesvgank bm
zabezpel|li S akt2vne plsobenie ingpektorov pr
osth (podni katelia, zamestn8vatelia, Z ame ¢

podmi enok pre pr8cu a na zmenu kult¥ry pr8ce

Poskytovan2ma, poudderksat nou | i nnosSou, Yal as
sozamestn8vateOmit 8§t wyemiej nhmit i ta%ci ami , organi
seming§rov na ingpektor8toch prg&8ce urlenim z

seming§roch organi z opSavnnlecn? no rngaa nvlledsHgorvaumii & s a k o
aj poskytovan2zm inform8ci 2 m®di 8m indgpektor
ver ej poanstéchap o gi adavk 8§ ph S8icegpeéRanizepygeparivaj %

pr 8vneho zyeddgdmivaeana u stavu ochrany pr 8ce.

Adresa autora

RNDr., Mgr. Jana Sr Ransks§
Ng§rodnl ingpektor 8t pré8ce,
Masarykova 10, 040 01 Kogice
Tel . | . + 421 55 7979 922

e-mail;: jana.srnanska@ip.gov.sk
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FCZY POGI ARU @SMBNEBRIOVEHO VOZI D

PHASES OF FIRE PERSONAL VEHICLE

Jozef SVETLE K

Abstract

Fires of cars are daily present. In the theory of combustion, for solids in fire
protection determine the different phases of combustion. in the article are based on
experiments identified above and desdliltbe different phases and the possibility of

extinction

Keywords: car, fire, experiment, phases of combustion

1. bVOD

Kagdodennl n8rast polctest mef orpawint§hv ky o i
val gie riziko vzniku pogiavamniaktombbal aec
porucha na kongtruklnlcimepoIsk ®edmomdo@dav m
|l innosS os'!b pPadpa®al stfwektévBE&meniza8 smadmadn
potrebn® vedieS aspoR piictlt iodatli @rgsrigukoght ani e
sprihliadnut2m nmajinth |kaossn gu o Qk®haw @2reni a
automobilu) @zmer nost i gktd s plpoodieanrincehj npar avxoiz i sda
pogiar pevnich | 8tok wurl uj % fg®zye npgoegisar wp,o
v automobile.
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2. FCzZY POGI ARU

Pogiar je kagd® nedgiaduce horenie, proi
pr2padne ¢givotnom prostred?2, s¥% zranen® aleb

sY% tieto giv® tvoryopenamoj-ehéwmzéek® pooeeasd m.

ktorom ddebgddaciki mat edu Bl we j( oxé @lkd¢ inio) . Sam
je limitovang piotdmi.enkambODayhwomdahglakopr astri ec
(najlastejgie vzdugnil kteil émpthpPdiea k®y Mo emii
paliva (hor Oavej | 8t ky) m!geme charakterizov

F8zy pogiaru predstavuj ¥% rozdelenie doby
| asovichchare&lbversi stickimi vlastnosiEami (par
teplota, plocha horeniaiant enzi ta vImeny plynov. Vget ky f

inici8cie ag po samovoOn® uhasenie pogiaru v

Vpogi arnej praxi s a najl astejgie vyug?2v
kongtrukci Bytyhac ekton ®s ¥4 unel y. tHaokroOatvol  prra2t pear di €
predstavuje zariadenie byt u,takptcttymgidne aut omo

Avgak tieto f8zy sa daj % urli S aj pri a
VzhOadom na rtznor o@&do®8 her Gmovginceh pmaetdepro k | a

pri ebehs atmeoptint@hoa g2renia sa plameRa po mater.i
Vo vgeobecnosti rozligujeme gtyri f8zy poc¢
1. Rozhorievanie.
2. Rozvoj pogiaru.
3. PIlne rozvinutl pogiar.
4. Uhas2nani e.

Tieto f8zy je mognPezn@zaved8n@®rahi oby§zal
f8za konl2, ak sa pogiarisko dostane na okol
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Max.

Teplota, plocha horenia

hoNYT i1 &mYLI2ZOAI Nz LSOy e OK 1+ (2]

Figure 1Fire phass of solid substances

3. FCZY POGIMOBWWUAUTO

Pri wurlen2 f8z pogiaru @magioamomydh ,6 s kbuge
boli vykiomaln®stvi na katedre ipogclardebboupm
visledBmeivEuUr-py.

t NASOSK GSLIX &G LI
1200
= 1000
-
Z 800
4 600
-
> 400 w4
«N /
oblllolIIC‘)“C‘)“‘OIIICSIIé“‘o“‘c‘)‘IélIIC)IIldllélllolllcl)lllolllc)lllcsl
o — N ™ < Lo o - N ™ < Lo o i N ™ < Te}
S ¥ © & © O b O M~ O 1 o ¥ © & © O
o o o i — [qV} N [qV} ™ ™ < < Lo Lo o o o i
S & &6 & & &6 O O O O 6o 6 &6 & & «H o« o«
Time [min]
Engine Interior Boot

hoN}T 21 HY ¢SLIX 20Gyeé LINASO6SK (e@vdidaiglSK2 L32 OAl NHz

Figure 2 Temperature course of total passenger vehicle fire [8]
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Vr § mc i riegenia viskumnlch % oh bolo vyl
experi mentov. Na Obr. 2 njiechyi kiteoS Tv Ivselrendek yo dj:
teplotnl ©prriiebehe ppot molm@jopmdoprRpauie Hel vo
aut omobi l rozdel enl do troch Z-n (obl ast 2]
automobilu, drubhtiekiab2 bat pgksa8pdkdym ppriiessdtoar. e V
sledovan®amens8vaep®yokamgi t ® t

A. MOTOROVh PRI ESTOR

Jeden z najrizikovej g2ch priestorov na \
Stret8vaj % sa tu rtzne s¥stavy automobil u, |
pohybuj %cich |ast2 a pod. Vmilpge phaldies I |k hpmngia

~

Samotnl priebeh horenia a vivoja tepl®t m
obr 8zku 3.

PrvY. f8zu predstavuje okamih od vzniku pof¢

to | as, kedy je vodil samosthatsieaczadi phrrweI r
pogiar wuhasi S. Na konci tejto f8&8zy je mognge
priestore, kde je ulogenl motor .

Druh¥% f8zu je charakteristick8 prudkIim n§
na vgetky hor OQav®omateer it 81j y200 fr@rzriyktsde ohveer.le8n i a

Tretie f8za je charakteristick8 dosahovan
tejto f8ze je plocha horenia v priestore (r

maxi m§l ne. Teplota sa pohybuje okolo 800 AC.

Gttv§ f8za je najdlhgia a zal2na pri postu

pokl esom teploty ag na teplotu okol i a.
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MotoNB @& LJ
900
« 800
= 700 v
=z 600 N \‘ A
2 500 4 N
—
s 400 /’J 0T} \\
P j q:ﬂt l OF4 | | b o~
o 200 + MOTH LS H | no¥ ~——
100
OOIIIOIIIOIIICIDIIICDIIICDIIIOIIblIICDIIIOIIICDIIICDIIICIDIIbIIICDIIIIoIIIOIIIOII
S o 8 ® ¥ » S Jd 9 o F H 9o d & ® ¥ 0
o < [ee] [qV} (o] o Ln (@)} (32] N~ — n o < (o] AN (o] o
e 2 @ <9 o o o N 0O 0 ¥ ¥ un»u n unu o o
o o o o o o o o o o o o o o o — — —
Time [min]
=—=FEngine

hoNX¥o t NA Swotbrivon Biesbore [8] O
Figure 3: The course of temperatures in the engcempartment [8]

Samotnl haSeah e atpoonjtioar ur ivest ore j e mogn
spozordugsasnat @al nej zr ulpnrovsetji fv8ozdei.| aZ an a%snik®a |
povagovaS najm? nedost attovl8§r¥anzr klanpotS , ( rni
priprawgmay®nasS vodila, | 1harg%coichplasemaf )mi
hasiacimi prostriedkamia neposl ednom rade nedodr gani e

hasen?2.

Vostatnich f8zach e mogn® pogiar zdo
sdostndtmolmnogstvom hasiacej | 8tky na b8ze c

B.KABENA VODI LA

Priestor ur|l enl pr e pos8dku j e kongtr
amot orovim priestorom sa nach8dza kongtr
pos8§dky na rilchlehQ@epskaemize en onit dlaa WOEHAJ ¢
priestoru do priestoru pre pos deskarenidoc h§d
preneseni a s a pogikabd ne Pvioehdéhlm tpepl titni

vmot orovom priestore je na obrs8zku 4.
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YIOoONYI
1200
]
- 1000 H‘D_'Fii/m
Z 800
%
5 600 oqaﬂi‘r\VA
) 400 77777777777 I'I(D-'Fiil
<
200 - MOTF Tt N
0 IIIIIIIIIIIT#IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
o o o o o o o o o o o o o o o o o o
e d 4 o § »u o d d »® ¥ 0 9 o d ® F B
o < [ce] N (o] o o (o] ™ N~ — Lo o < (e} N © o
e 2 2 o od d o o 0 0o ¥ ¥ v » 0 o o o
o o o o o o o o o o o o o o o — — —
Time [min]
= |nterior
hot 1 21SonSK tiNHLE NYiS G092 RAGE @y 6
Figure 4 The course of temperatures in the cab [8]
Vpr2pade priestoru pre pos8dku je prvs§g f8§
occa 8 min%t . Je to splsoben® oneskorenim pr
Druh8tfgg8acca 4 min¥Yty. Je to oveOa kr af
priestoru. Je toYsstpriesdoebreenj®j 2vnd | ngreany sat vom hor C
priestorepolPovibti gh€zy je mogn® pozorova$S n
splsoben® sphbugrebdlho akg sp édvkap®@t ovnom pr2sune
prudkl rozvoj (flashover) pogiaru.
Horeniewvt r et ej f 8ze je takisto rTchle. Pri v:
pomal giemu rozvoju retard®ry horenia. Ti e v
zvyguj ¥% intemaxitm§lmartetnje @b odf § z & . T8t o teplc
pohybovaS ag okolo 1200 AC.
Gtvrts§ fg8§za mé gepa$vmsd) diShpivd ag ni ekoOko

C.BATOGI NOVh

Posl ednl m

PRI ESTOR

ucel enl m

sl edovali

priebeh

tepl *t

priestorehnkde smeobnl ch

bol

batoginovl

prie
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teploty vi omt o pri est adrreuhBo Zv@x@nejjeg2dlanhgi a. Vzl
hor OQav®ho materi 8§l u |jpr echotpaku jteoed d @ ads Dmid
Yas e k . Najdl hgopro8zecsuuhasdnarm®zd pkedehs8d

priestoroch. Celkovl priebeh teplt je znsé
. G20Ay20
- 1200 oOFH T I
_ 1000
2
@ 0 f iy
| 600 HOFH I L
> ]
) 400 SR N X
<
200 - MOF 4
0_IIIIIIIIIIIIIIIIIIIIIII rr1rrrrrrrrrr1rrrrrrrrrrrrrr1r1r1r1r1rr1rrT1T
o o o o o o o o o o o o o o o o o o
S o 8 o § v S d g4 6 § »vm o o g a6 I B
o <t [ee] N (o] o Lo (@] ™ N~ — Lo o <t [e0] N (o] o
e 2 © ¢ o 9 o o o o % 3§ »m .o 1n o o o
o o o o o o o o o o o o o o o — — —
Time [min]
Boot

hoNIT 21 pY toNRBHGKY ABAY SLINS &G 2NB oy 8

Figure 5 The course of temperaturestime boot [8]

4 . HASENI E PAOTRDMARIYV

Zdol 8vanie pogiaru automobilu je mogn®

|l i nnosS do troch skup?2n:
1T Zdol 8vani e fiylzaiickkooauw (ovsoodbdu spol ujazdec
1T Zdol 8vanie profesion8l nymi jednot kami (

f Automatickl syst®m haseni a.

41 ZDOLCVANI E F YVDZ0BOK OU

Zdol 8vanie pogiaru fyzickpuvesoldduwres g oj
pomocou prenosn®ho hasi aceho pr2stroja,
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Pspegn® uhasenie jevmoyge® DEedp poljmeédne nad a

i mi t uj Yaci mi podmi enkami
T Teplota pri hor en2 |,
T Priestor vzniku pogiaru,
T Mnogstdroumham hasiacej | 8tky (typ hasiaceh
f SchopnosSou osoby pougi S danl pr2stroj pr

Teplota pri horeastrgm mril ejaseém2 ppopgmar o
najm2 typ hasiacej | 8thygeOdkuenul Bongtitelpdias
viesoP2kovn®mu r oz hoorheoni wy pviolzviadl mutznosS ochl

kongtrukcie, | ug opri hms®@maé , h@ad emioa.i hneN p

Priestor vzniku pogiaru vpbfrvamragkRodyi nia
automobile vk onel nom d!sl edku aj na ohrozenie o0s!t

pl ameRom.

Mnogstvo hashasxiegcolm8tkry2 st r oj i metere Nal g?
Naj|l astejgie poug2vanim hasihcpm2 padrmse r oy oms
kil ogr amami hasiaceho pr8gku, | o na z8kl ade
vdruhej f8ze pogiaru. Naviac pr 8npodkhlakd?2 hasi
hor Qav® materi §8ly pod teplotu zap8lenia.

Vpr2zpade vzniku pogiaru je rozhoduj Yci S a
hasi aci pr2stroj Erkiramal | &mearormanepaElRisomk o d ya a
disledku sa zvyguje pr aa HoetqioskupibynpodsiBnokiss pe gn ®h
je potrebn® zahrn%S aj fakty ako umiestneni e
priestor umiestnenia@o d . ) , schopnosS bhsofi Srkapebupopt
nechr&8nenlch r %k priieapadv §ran2, Jgtrbinov® otyv
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42 ZDOLCVANI E PQGI ARBWKhHI JEDNOTKAMI
Nasadenie hasilsklich jeddouhek pe2 modme

f8ze pogiaru. Je to sptsoben® voOnou dobo
Sspozorovani a, o h Idg sna nmiestp udaldst @p d v | n ujtd a s
aprostriedkov na haseni e. Naj |l astejgou

vysokotl akTm pr %dom. Vihoda z8sahu je sbY

n8§sledn8 |l okaliz8cia Ynvozdia. Npsdewn § @ z khaawslid Is
jednotky predstavuje profesion8lny pr2sturg

43 AUTOMATI CKE SHASHNAMY

Vs ¥l asnej dobe existuj % viacer® aut on
vautomobil och. Lphakpnpegteupeame gaakichodnot i
pougdgijtednovt |l i vTlch priestoroch predstavuj e

i ngtal ov a n®torgvami @ieswre aut omati ckim spwugSan2r
teploty nad kritick¥ hodnot u. Hasiaca | §t
aeosol u. Reakcia syst®mu je nez8vislg§ od |
ozmene prevs8§dzkovich podmi epokyS8pdezkpadne v

5. ZCVER

F8zy pogiaru automobilu predstavuj % | a:
Experimentya ¢ e sl edovan® pogiare poukazuj ¥ na
al asto kr 8t tot 8l ne znehodnotenie o0sobn®fr
retardovanich materi 8l ov pos¥%va hranicu r
mi n Yt | o zav yYgsup eeg ngBa nucheasneni e pogiaru a mi
strane pougitie retardovanich matyegugi gl ov
maxi m8l nym teplmotg§dmsthior emizaj2 meni a pogi ar
Vplyvom zvygovani apio@ldzlkke adione i@ bhizlanaw\k n8r a
pol tu pogi ar ov, | o vgak ni e ] e splsoben

automobilov, ale sk'r zg§kpdhovtkbuskuphas
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VPLYV RBWGNAFYZIKCLNE VLASTNOWBTI P

EFFECTS OF FIRE ON PHYSICAL PROPERTIES OF
SOIL

M&ria Gl MOMOWA TURI LEK

Abstract

The paper deals with the influence of fire on soil physical properties. Basic
theoretical knowledge is followed with a proposalnoéthodology to test the selected

features of soil. This methodology is then verified in the experiment

Keywords: soil, experiment, effects of fire, damage

1. bVOD

Vplyvom pogiaru sa migu zmeni S niektor® :

napr 2 k|l adu kptt*drnaa, gtte xt Yar a, p-rovitoss§S, sorplr
ptdy zadrgaS vodu. Rozsah % inkov pogiarov
znalne | 2¢gi v z8vislosti na intenzite pogiar
obl asti. l\ageéqgbdgene2d gi na pogiarov nezahreje
ptde prebehli viznamn® zmeny fyzik8lnych vl a
fyzi k8l ne vlIiastnost. kKtaody omej pr pdmetsomv é h §r
aexperimentr 8mcegelmakayv §r skej pr 8§ce gtudent c
inginierstva Fakulty gpeci 8 neho inginierstyv
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1.1 P*dna gtrukt¥ra a text %ra

Ovplyvneni e gtrukt Yary ptdy zvigenou [
Viacer ® gt ¥di e potvrdilii, ge vystaveni e
vytvorenie drobivejgej, mene|j s Yad Rizika e | gtr
er-zie pHenp®j eaktvileg odstr&nen2m veget §c
povrchovej vistvy ptdy m8 za n8sledok vy
at Twysychanie ptdy. Er-zia ptdy vgak nie
pogiarom, al e tlarkit i elya satjn otsoSpaong r addklomeks t i |,
svahu @ akti ed na mndoamsdjveolzlra8sytoik. vKor e Rov ®
veget §cie vgak zabezpeprugtw zed geinds Bt daypi h

bezprostredne po poagi ariiek oadkeo srao knoltvg ep 0o bpj o

Vdt sl edku vysok®ho prahu tepel nej degtr
neblTva miner8lna frakcia ptdy veOmi ovply
disl edok dehydrat§ciu ambolki md sl edkneh,y du plxy

Nal gi eho zvygovania teploty, i o he kktroyrgltcahl
ptdnych typov aj stabilitu agr egpfathov. Pr
api esku, ktor8 obsahuje va]l g2nepeploty il Kr el
pogiari veOmi viraznl. Pl!sobenie zvIigene]j
ptdach, kdadedgdh@8daankm zmen§m krygt gl ove
400AC. Pokraluj Yace zahrievanie na neepl ot

gtrukt¥%ry 21 ovitlchi8nalt eAQ Snmldgrel rd@mis Iz ekp || @t
vn¥%tornej gtrukt¥%ry niektorTch 2lovitlch
ptdu s¥% vgak pri pogiaroch vIini moftoch®, nas
avplyv teploty je obmedzenl |1 en nanemei ekoOl
gtrukt%ry ptdyzvpbhgmem peplaty memus2 d?j
mi ner 8l nycwhw? zgiteebu,kt &lr e at akti eg Pplosggd baeruz m az
organi ck¥% hmotu najm® na povrchu ptdy. Or
hlavhe vp* dach so sl abo vyvimnhlteosut igatcrhu kst dar wbh
podneb2m. Pri ptde, ktor8 bola vystaveng§g \
objemovejhmt nostznpdpia porovnapnd3tbsovstavom i
(Gi mk a2008)c
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1.2 Zm8l avosS ptdneho materi 8l u a charakter

Lasto wuvg§dzasnhwni sjivpbsymom pogiaru na ptdu
zm8|l avosS pltdnyechninkaut evo&é owdpKdi vich v ast
chemifckz®i k8l ne procesy, aj keN viIiastnost.i p?
prevagne dwah k.81 AjejkeN n8rast odpudivosti p?
jedenznaj |l astej g2ch d!s¥hweidkpoousdlves§s?zm nlecphl av na p
pogi ari, toto teplo m*ge taktieg vode odpu
Kzn2 geniu zne8hoavmasttar ip8ldun povrchov®ho hori zo
energie pri pogi ar.i m:ge d'jsS napr2klad vte
dostatolne vysok8 na to, aby zal alo prebiet
hmoty. Vznik @l edpuaciSvihch wlhastnost 2 ptd poc¢
disledok niekoOklch procesov. Pristrarahri evan
vody fyzik8lne, ako aj chemineglgyenv uazarfd jav o6
ptdneho materi 8| u. pVvtoddya dsoas tp8rvian edood li KBat nnty@arki t2u
| asticami gtrukt¥%r pr2slugpi%tent gaoadyg khbkcavh
meng2ch p-rov kptlodrneegjj jrmeatprahcyeb, wody ovpl yvRov
lenvmal om rozsahu. Vodeydodpwdiawsms S spladvy. jPd at 2

odpudi vosti vyvol anej vplyvom tepla pri pog
tepl a s a vgak od tepel nej dedgtrukci e ptdn
odpudi vosti vol. vode | e avmo§jjeomineso ozmeno§
organi ocnkiTncelr §lany c h | 8t ok, el iminovani e odpu

zahrievanibeljmi clhoyjedh® grsad8ci ou0 oz giadhoc&kmed mh

jej celkovtebbt obpahOGadZ vgak m!djiiewnes tpiovwadgloiv a

vode za irevemai pejnlobpoverse aje potreba dc
organi ckT mi | 8ztnk8almaiv.os Zime npy* dy , ktor® boli

zvigenej teploty pri pogiari, ovpl yvRuj % ch
apri spitewoarjbe kpr ef eren|l n®hovopbé&dpovachpo@Pheépe
an8sl ednej er - zie. Pre vplyv vode odpudi v®h
n8§sledky m8§ podstatnl vplyv, okrem reli®fu
pokrytia. hf i | t r 8ci a je@ahyb villod ep,* diylodavarn @ t 8 c h ktor ®
postihnut® intenz2vnejg2m pogiar om, m:t ge byS

vditsledku upchania p-rov (Kermadh2008n al ebo i nT mi
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2.Vplyv pogiar ® wvd acshemiseck pldy

21Ptdna organick8 hmot a

Organick8 |l asS ptdneho wuhl2ka je pogi:
priblidgoel KOW®Rho mnogst vpal dunhylc2hk amavtiear zi a8nl ®hcc
mnogstvo uhl2ka sa vyskytukle nmat efrorgrme pRka
vyskytuje na vrchnej vrstve ptdy, | 2 m |
vygarovan®ho pri pogiar i, popr2pade sa or
Vpl yv zvigenej tepl oty na ptdny organic
znaj ednoduchg2ch model npekspm®®9yanpeat bnpmhs
konelnTmi produktmi spaOoani axsd Ppheédovg
oxid uhoOnatT )aLdOpal ,mekts8or TI( Cjhle net 8hen € hnhE
Vpr2r dodzev,| §p@#Sd ny c h podmi enkach, val ginou |
dostatol n® mnogstvo kysl2ka pre kompl etn
spaOovac?2 proces prebieha | en | iasniesi| ne, |
inTch produk®mwaqd?2vkrodvt,angpeuchi fi ckTch pre o
disledkom spaOovania je pokles cel kov®ho
organi ck®hoplmaet.erlid&d® whl2kdvEtbBdKWBt okr mil
degrad8cie pri pogB8armidl pgeii kche mdok Bé6 63 5
prot i mi kr obi ol ggirck@mduthrods kslkaod/d mv | §t k a |
cel kov®ho obsahu pYrdenimé@haoyS$Shlvigkagk vsp?l s
pogi aru aj nepri amo, napr2bkl pdi oémegzeAz2 my
pogiar om. Naopak, sl abT, mene|j intenzz2vn
zvigenie cel kov®ho opsdbunarg8ki ad@®hdodhl 1

vpodobe obhoren®ho rastlinn®ho materi 81l u.

Ni ektor® | 8§t kvyl gseanep ! stcelpd m2tmy zodb¥%r avaj Y%
Medzi tieto | 8t ky patria napr. ni ektor ®
bielkovinyak ar boxyl ov® kyseliny. Termi cp8daeegr a
prebieha rpazmddznei 60 tAC200Hodnoty tepl:?
obmedzovanl tento rozsah, sY. z8visl® aj
organicklch | 8§8tok. Pri p!sopledhe jteepldal entg
faktorom aj pr2tomnosS 2lloywi timohRujak ead §
organicklch | 8tok na ich mtabirBlmn§cipovoecet
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mater ip8lde wi el en voli mi krobi 8l nemu odbYr a
zvigenej teploty. Jei mbge®§| e s piedvoa jkdii gea n)
kviznamnej odolnosti ¢gpecificklch humusovich
pogiari. Dan® ¢gpecifick® huimus5OvARCI| §ZkKY gend
podiel aromaticklch | 8tok, ptvodnich alebo
temol abi Il nejg2ch zI| % en2n, je typickIm visle

ptdneho organick®ho materi 8l u pri jeghmgi ari . l

tepel nej energie na pltdu je treba spomen®%S

oznal|akvemSpyrog®nna. Plsomekiremaspl|l an8§na abidd m:
tvorbu uhl2kovich |1 8tok, ktor® maj % znal n¥
Vs¥l asnej dobe neexistuje ¢giadna jednotn8§, v
sa poug2vaer mimaceroako napr. frakcia | iernet
uhl 2 k, pyromor fnli h®&mal¥r, andirlevenj® luihtl & rea ta¥%r e s
pojem | ierny uhl 2 k p(obul gaictk2 mc atrobhotno) , p oajvngua k v zs

mnogstvo probbkPmevbem®t bl gvene veOkou heterc
mat eri Bbpmanatos Sou dostupnich anal ytickTlcl
pyrog®nnej frapoidet authel 2 kanesj el 8t oKk od | i as
azuhoOnaten®ho materi 81 u r alsg§tlk mn®koorp® vedno
kondenzovan2m plynnich organicklch zI| %l en2n.
rozkl adu materi 81l u, prhrevvRone oragdhi nH®he @d .\
napr. | 8t ky podobn® uhliu nicggej Kwealiot ynat ¢
je vysoko vgpraématdiec kTe hao v zlnei skouc hp rlia sptoog i oabr soachhu
T menej chaoticky distribuovan® polohy vrstie
nemus?2 byS vgak grafitawmejffpévmBly, MbdPesstavV:
zal kylovich dom®n so (Kemmaid®R008 obsahom kysl 2ka

220bsahapr2stupnosS nutprtidlenIpoh pwrgv kaav v

Zhodnot en? z nficerni emmb svalhsuk ya u  nutri |l nlch p
pogiaru je zrejm®topgkevvpetdkowla oBga@hnolchmez\
naopak, celkovl obsah jednotlivich prvkov s
VniektorTch pr2padoch mtgu tieto obsahy ost a
zmen2 formy vI1 skly§tuorgmiizctkteg mravkmiwvea §l nu. To

ich zvigenou dostupnosSou pre or@aniRomy. Pr e
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s Yav i svilas k yst o m popol a, vpehoilpez®deonam ai
odparovan2m, evymiwvan? mdt Mikeamalez edno2 apkoesjt ishe
pogi ar om, upl atiRMjt% jpe drcetsloivy @ ez ur | uj %c a
rastlinstvo. Materi 8§l popol g,0vktcdrl ojdestl &
alebo redistribuovandy nkoovnovne md8midogic i protd 6 m2nm
Wwzemjaha girgpredmi ektonéml avetrom alebo tok
odt oku al ebpoajpvd]| giremud 2zn2Kgeni u obsahu pr

rastav ] ¢gi vu drtavsotd u? na gzmo & w mvvsotl Cagtgiid i@ &ch&§dza n

pri intenz2vnej g2ch pogiaroch. Naj zranit e(
pre rastiny @ ch vI1 givu je hlavne mat ertohpl nad I
horizont u, pri dostatolne intest¥g€nemviEoy

naj m2 (deanrsard ROA8)

Teplota
[°cl

1400 4
1240

1200 1107

1000 550
774 500 —

500 | 760 S

600 -

400 A
200

200 + |—|
O T

il &8 P 5 Ma [ils] Ca

Figurel0¢ KNB & K2t R @2t GAf AT I OAS1,208060GSR St SYSyi

230vplyvnenie pH ptdy

Pri procese horenia je urlit® mnogstyv
vel ement 8r nej forme alebo vo forme radik§8I
stabil n® pri konkr ponygyip8t epPotz®ch Skhaj &nin
popola alebo nesp&8lenich uhOovod2kov. Ak
pdy, kde si vymi evRasjl¥e dindt iz-vnlygethT obsah t
d*sl edok vyggiu hodnotu pH. TivtbpkymepM, s
pretoge vyggie pH v2&a] ginou zvyguje kolobe
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pre rast vegt 8ci e, n a pfreeskfl oard. dZusswvakgnasS vplyvu pr
l okalitu je z8visl 8 aj od mnogstva paliva,
vl okalite nachg8dza viac paliva pre oheR. P c

pr2padov sklTaide§ ozosoddl 2mt gu taktieg virazne

kati -nov sol?2 pri absorpci?2 cez ptdny profil

3. NCVRH METODI KY @RPBRREK PDDY

Vnhnas!| eduj %ce] | asti j e pop2sanl ng8vr h m
kont ami nov ameejt odli kya. jTe8troozdel en8 do dvoch | .
je pre odberdrwhomrui g ke jp ndghsa leeadrna® -orvneyrcehn i peo dvmi e
Met odi ka bola aplikovan8 pre odber vzoriek
testovani e slaabwskut-aliui [Katwdry pogiarneho

gpeci 8l neho inginie@Gisltivme .Gi |l i nskej wuniverzit

3.1 N8vrh-l meSotdi kpdber vzoriek

VeOkosS 1wz wrmkyx: 15 ¢cm x 7 ¢cm (d x ¢§g x V)
Potrebn® materplaseov®bmageobe,; rT O, | opat a,

Sptsob odwmbrfactrimae ucel enlfch vIisekov pomocou
odobrat?2 jednotlivich vzoripdkki &G dankyn o do b er
i st ®ho porastu.

Sptsob uskl adwnpasts hchvzogdgb8&ch veOkost.i vzor
kporugeniu alebo premieganiu jednotlivlich vr

Mogn® komploizk 8gieemsi e vzopkgyprrozryb@geming wzo
vkl adan?2 do plastovej ng§ed®kyst p)] aktdev @ g&d
krozrugeniu vzorim&dopbraimi ma nzinpeuhlo&cnio?t esi e vz
neolisten®ho n8radi a, znejhodmeojt ené @k ejzon § & & L

oddel enia vzoriek z8branou.

3.2 N8vrh-l meSodi kfesaonegpnvkaslyanboosrtait -priiduy v

Testovan§ v lpalsdnnao srSe apktcdiya .
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Potrebn® materips8H nme tveyrbavedh &, mi egadl o,
vzoriek, n8doby na pr2pravu viluhov.
Pol et \owzmriekppkOOggednot | i vich(lenm3dmj3em) vzori e

Sptsob pr2pravyzuerbpekowrdohbu alSO® g do hObky
val| ge] hmot nost.i odobraS cel¥% vrstvu do h
Nal gi u knmomostk 100 ¢ Nal gi eho cent i meptirsao bl @bk y
odoberaS Nalgie vzorky ag do pogadovane,j

rozdrviS hrudky na drobnejgie | asti

Postup experimentu:v zor ky ptdyi sbejppuwsned® vi: 5 (ptlda
pri 100 g pougi S 500nedmdS = cku adsadird zma e d
zmeraS pH viluhu pomocou pH metra. Pri me
mi n Yt y. Polas testovania dbaS na smpn §vne

meran2 dbaS na pilImebra pweigtazd.damapo

Zazn8m viwitsulpeovky merania zaznamena$S do

testovania dokumentovaS postup fotkami

Tab. 1 Pattern table for recording the measured values (Source: Author, 2012)

Meran8 vrstva Hodnota pH
Sp?! swhodnotenia: vyhodnot eni e realizovaS formou
visledkov ptdnej reakcie jednotlivich vTlu

Mogn® kommpleifhk&&i@mosS alebo chybnosS pH m
ng8doby pri pr2prave 100 g vbhori ehybn®dogn:

vzoriek, znehodnotenie jednotlivich viluhec
3.3 Overenie navrhnutej metodiky

Vzorky ptdy mesiskedioblrast® vPovagskej Bystr
bol i odobrat® dtorgg) ecdxma kbpolpd dyasizahnut 8 n
adruhg8 ni e, a |l bel 2nzakcohs§diz apoag isaar uv. Vzor ky pt
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vb | 2 z kpoosktiia Ca tmmym oi ¥t ®ho porast u, aby sme za
rtznych ptdnych typosti ktBr® maf{ prad! zge wbase
potrebn® odobraS v2a|] gie mnogstvo vzoriek pr
testovania viabt maoaste2zn plpdywvam pogiaru al eb
jednotiek vi abor atn-argioun. pV 2pade r §an gteldrn ptzkaosstt i v

Ouds kT chz Ohorydd .2 pYaostredne] bl 2 zkosti sa nacht
Aby sme sa pri testovan?2 vzoriek priblzgil.i
byS odobrat® vo forme ucelpmilkamivl sktkorv® psa
vzorke nach8dzajn®) (.t rS8avrmao,t nrda cond,o beer ani e vzor

pomocou z8kladn®ho z8hradn®ho ns8&8radia (rl0,

olisten® |listou vodou. TIimto smedymiini mali zo
procese odoberania vzorKky. N8§radi e, ktor ® poc
olisten® |istou vodou aj po kagdom odobrat?
kontamingci2 odobratlTch vzoriek medzi sebou.
umi estnili do pripravenlich plastovich ng8dob.
veOkej ng8doby bez toho, aby bol i od seba oc°

pretoge by mohlo d!jsS ku kontamin8ci?2 jedno

Po odbere vzoriek smelvabor at - ri u otestovtaddr eitdhckpéeHdn
poznatkov sme vedeli i, ge pltdna reakcia zho
nezhorenejohplayplZva, ¢ge awgoenhl a§wohbu Ymehc
bol o zmeur arSe apkicdnu odo bzriasntTicSh hvQebokrui edv pal yvner
reakcie pogiarom. Pred samotnim meran2m ptd
prvky pr e mer ani e podOa n8vr hu met odi ky, [

pogi aromadomhaprnv2zpade 3 cm.
Pri mer an?2 bol i niektor® veliliny kongtantn®

- teplotai 2 1 AC,
- tlakT 101,3 kPa,
- v 1| pdmere 1:5 (zem : voda).

Postup merania
Pred meran2m sme si pripravild. vget ky potret

Pr i real i z8ci 2 e x @legpirmentaw os me/lemat pky Spakud ly S
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100g, ktor® sme odv8gili na digit8lnej v§&8het
lopatku, pomocou ktorej smevzr chnej vrstvy odobral. 100 g
siahala do hObky 1 don ivgeolriktyo vsRrhee o/ d elcrkal.
| opat ku ol|tiTsmiilst lvio dpastaupom sme |rstiypr avi |
do 2 cm. Takto sme post bnomest 100 gpperdanvoitllii vl cy
hObok31l¢m2za zhoezhwmenpj ppdygy &t or® s¥% zobr a:

Figure 2Individual soil samples of 100 g (Source: Author, 2012)

N§sl| ednjeedsnmmet lzi vich vzoriek pripravili
pripravene,] metodi ky, g9gOymand Reveiyrsivpldyd
sme vodu d?t k]l and8nsel emlmemineegcahlail ia p*du wusadi
ptdy do vody sa vIiluh so zhorenou pltdou o
na dne w®dabyosa al a zakmeémrenilu stv§ |l utku do

premi egavan?.
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Figure 3Preparation of extracts from soil samples (Source: Author, 2012)

Po pr2prave viluhov sme zmeral.i pH jednoi
anameran® hodnoty S me zapzsal.i do tabuli ek
zn8zornasa®Pedaj “aci ch obr 8zkoch.

-

Figure 4Measurement of pH leachate with a pH meter (Source: Author, 2012)

Tab. 2 Evaluation of measuring soil acidity the burning land (Source: Author, 2012)

HObka ptdy Hodnota pH
1cm 8, 27
2cm 7,87
3cm 7, 67
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Tab. 3Evaluation of measurement of soil reaction nezhorenej soil (Source: Author, 2012)

HObka ptdy Hodnota pH
lcm 7, 60
2cm 7,55
3cm 7,53
4, ZCVER
Zmer an2? sme zistilinegbhorenmdjebl!gogWH go@done

povrchu, proizldormmlt enBt dodnotu 0, 67. Vo valg
men g ime.r a\h e | hObke 2 c¢cm dosi awhodb ktee n3t oc mi oz
rozdi el ptdnej reakcie 0, 14. Pre splneni
namer an® hodcneo,t yp rdeotsot ad auljds mer ani e uskut ol
pltdy. Pre d!'!kladnej gi e overenie navr hovan
merania na viacerlch vzork8ch, irademl cbhy
pogi ar2shycah p!tdhlalh2ztt.ypPwvi amer an? sme zi
pogiarom ovplyvnen8 |l en na povrchueOKDt o |
ai ntenz2vny pogi ar, preto nemal o zmysel
rozsiahlych pogiaroch byl gdtbshOba@vassvbd

vzoriek.
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HODNOTENI E KORIKOYIhALHNRK CH
MATERI CLOV Z AHREBIKEKE NA OHE

THE CORK INSULATION MATERIALS ASSESSMENT IN
TERMS OF REACTION TO FIRE

dudmila TERE®OVC

Abstract

This paper deals with the results of reaction to fire testing of two cork insulation
materials, one used for thermal insulation of facades and the secondaomasagation
material for floor constructions. Tests were executed according togiessanded STN
EN 119252 [1]. Test results have met classification criteriatfar categorisation into
class of reaction to fire E, in terms of STN ENSIB-1 + A1[2]. Concerning that both
materials acted very favourabl y boandady none

criteria for classification, we do recommend to put them through another testing.

Keywords: reaction to fire, cork, singilame source of heat

1.bvOoD

Korok, vpodobe ako ho pozn8§me je spracovan:t
(Korkovn2ka dubov®ho). Snirekryo @& sm%g ua gd asoi
ag 200 rokov. Medzi spajacdv@gielDope stao Eatre Qc
patr 2 k@ pPartugatsko,s Taliansko vama | e j mi er e aj Franc?V
produkcia korkovej k 1000yton,sz@ho piac hakob50 Poesa 0 k 0 | «
vyprodukuje vPortugalsky3].

Korok s% asne spORa 4 i zol al n @ntlvakearsits8nl onsut i

i zol 8ci u. Pr e tsdul ajs njoenh s tvawiedintticea vee j e hl a
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ktor § sa vyr8ba vo forme ewPparmOdoveawmrejpsdkrey
kl asifik8cie stpavkos btavieb; mmysielSTNoENKL8601-1 & Al

[2], mia g sk o v ® miaz @ylvardiv@ r o b c a mi dekl arovan¥% tri
oheR E. KeNge tianki%tho itzroileaduim T m& materi §l ov
ktorlT pri pogiari degraduje, zakp2mal spn8sa
pipt soben2 vysoklch tepl*t.

22EXPERI MENTCLNA L ASs

Testovaniu boli podroben® dva druhy Kkork
korkovs§8 doska, ako vzor Ba dloaskoed vazoakti Vi.br 2
VzhOadom na triedu reakcie na oheR E, uv §d:
sk %gke jednopl ame Rojvolbrm e d rnoojromy, -BHIHNd ORN sk 1¥/9

ktor8 sa v zmysle kIl asG0Fli kel Adj [2dr npyouT N a
kl asifii ls§@avebn®ho virobku do tr i ebdly reakeci

uskutolnen® v sk¥%gobnom | aborat-riu Katedry
Zvolene.
2.1 Testovanl materi §lI

Vzor kaprl2.rlodjnd i zol alnlT materi 8l z vybra
ptsoben2m vysokej tepl oty vodne,j pary, bez

materi 8l u okrempahd8§thejpy gavioegufEe obj emov
nasi ak a&%pas Sz |1(elp qwjiz ot ap@l§ schoprepshaviehbpr:?
N§ s | gedsnper acovanl aadavaen®hmoerop8d(obr &§zok 1

Poug2?va sa ako dybs%®mavbzolkaljogSiaud 8 sekpae | pnrie
i zol 8ci u ( podrQae nBBT ApG uedWQs4f)@e muiostavbiDo s ky s %
pripevnen® Kk podkl adu b uN, alelopmedharocky n a cerm
kotevnlmi prvkami

Trieda r eaikzadleal|nnal cohh ed® s i STKEN 18501tAl eda E po
[2]. Di f Y4z i a viokbefidieotrsa gotg/buje medi e = 2 ag €& = 8, [
12086, mebj d mo s h madti M20sk§m™ jp ® d B\a 101510.
Koeficient tepel nej 5060t ievas 2ivnpyi vi Bpbete €
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hodnotu 0,056N.m*K*Pevnos$S wo8dau ENIBABEB8®at at ol ne
vysok§

L osat T ka uo bas aelb o unveobOeRzopvealnniTap b d D&t &k aj ov
izolaln® dosky neolMpahuj Ya nebezpel n® | 8t k\y

Figure 1 Sample no.d.insulation corkboard
hoNIT 21 McAT 2R} BYyé6 D1 @N) 20t R2a1l

Vzorka |. 2 je expandovan8 korkovsg do
pozoruhodn® protiotrasov® vl ast nadrgatoi . Je
flexibilnTmi spojivami tnaak Tgnivtio ngep e chig8&len y ni
zaruluje dl hodob® technick® vlIastnost.i an

VNaka vysok®mu obsahu voskov uzavretlch
dl hodob¥% technick¥% stabilitu (obr8zok 2).

Vstavebn2citvebrsadn8&nti zol 8§8ci a poug?va |
azari adeni a, pod cestn® nosn?kKpy, padimasooeV
kongt ratklcii @nsvky c hpr i cebmytsrellenil c @l o & doo Ktciha ¢ hv
timenie kmitovas i b r § c i 2re reufnatikov & n @2 hposr T mi k Ob mi

Trieda reakcie na oheR korkovej antivibi
1+A1 [2]. Obj emov§ hmotnosS is265 ky.othyzb&ujies | mdst L 7 (
doporul en®ho tl akdvidbbostminod mobijte MonBe jk ole
tepelnej vodivosti pi0052Wenp'lKd[6le 20AC hodnot

283



AdassinAre& SHdy Bgneaing 2012

Figure 2 Sample no. Qantivibration corkboard

hoNI T 21 HctyVENPR ONDGYA R2571 1

22Testovacia met - -da

Skugobnl powaenlp ped@@d a3[I]N Ed&Nstld®&a2&i a met -
stanovuj e z8palnosS stavebnTch virobkov v
usmernen®ho jednopl ameRov®ho horreaxdia§ cpird p o
pougit2m vzoriek sk¥@Panl cthejvoo zsvkivsjEeeej noarli®hno
vzorky testuj¥% na pl,aohumoal stiasm&abhihbarebov 36
sek¥nd.

Figure 3 Testing devicegeording to STN EN 11925

hoNYT21 o ¢SaiG2010AS TERNAIFIRSYAIF LER2RUF {¢b 9
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Polas testovania sa sl eduje
T 1i sapwvzprkhogzapylpisaaneR8! eni a
f ak sa,lzapgtlioideg 2k eniwac akd IHOmenkva zvislom smere od
bodu prikladania pl ameRa
1 | a dosiahnutia tejto hranice vepr 2 pade k rh8otrkeondicab ®% @ t e n

Zzaznamen§

T las n%ten®ho sf Yk nsuptri8v asnki¥eg osban ey z ovrzkoyr kwy

sa
T 1 sa zaps8li, fkitlorrTal né s padreejs k LE&H WA h o
zariaderma,
T Y%byt ok Ilzomek.nost i
Pre kagdl mat ervizlr kuv zZor k2upo gseas 3t dasutsoowa

vzori ek mdraduajsaploéhutakistopogesS kusov vzmari ek

hranu @ na plochu. Ay sme dok§8zal. odls leé o vnaaS vzznoern
vdisledku plsphbeshicangl 4« meb®a ,@ax gesroil menr§t nna |
(300 s) ol t okasy na plochu & r i na hranu pre obidva
Sk“gobn® zariadenie je vyobrazen® na obr §z

CA3IdzNB n

hoNYT 21 n
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Pred mer an?2 mv zsoar krea vkyagqnddji | i hranice prilk
sk¥%gani e ma Iprdarcthuvaor ky. Po odv&8§gen2 sa skbpb
drgi aka, ktorl sa vkl adal do spaOovace,] kor
pl ame R kpsitejtb wedrky,140 mnmad spodnou hranoulfor § z)o.k P4&r i t est ov al
na hranu vzorky sa plameR pribro§a)dRok5 osi V
zap8l en? hor 8§k a S an ap omeorcaorui e z av hiaghdija n ipd a me R
pogadovang vigka 20 mm NO, hom&k VYmalvodbobvda
posuvom puvzorkeiMnomaint k Em&Rsdotphkol vzorky, S
digit8lne stopkgnepPodoabyypusébenibaopl ameRa s

B.3VYHODNOTENI E VhSLEDKOV

Skwugka sa miglkomalsailvazbaormeagmingglch podmi en
skuganlTch vzork8ch rozmaiekodD kT ch9plr2padmchi
kr§tkodob®@ilke&kteniieh wzoajek%beh® pobasebni®e
Pl ameR ktorT viaedhkej , vaar kaaciakeu50 zmgm? r i | o]
Zaznamenan® visledky: hmotnosS vzorky pred
Yobyt ok hgotmoshi percentu8lny Ybytok hmotnos
vzorkwzlorklu d . n2stbeddegtw®i ¢eh tabuOkgch.

3.1 VI gdstevdkiayv z or kyi ilz.ollal nej korkovej dosky

¢FotS wm ¢SalAy3 NBadZ da 2F AyadzZliazy O2N]o62FNR a2y

¢hodzUlk m +téatSR1& YSNIyAL AT2tl6ySe 12N} 2052 R2ale
Vzorka | . 1 (na plochu)

Las 15s 30s 5 min

L2sl o vzorky 1123|456 |7 8|9

Dbyt ok hmot nos|013/0,18/0,14/0,34/0,23/0,19 0,56|0,44|0,57

Percentus8l ny %|0090,13 0,1/0,230,16/0,12/0,38 0,3 0,33

Zap8l eni e ( 8noj|nie|nie| nie| nie| nie| nie | nie| nie | nie
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¢FrofS H ¢SaldAy3a NBadz Ga 2F AyadzZ A2y O2N]J o2l NR a2

¢FodzUlt w xéafSR1&@ YSNIyYyAL AT2tr6ySe 12N 2082 Rz2a
Vzorka | . 1 (na hranu)

Las 15s 30s 5 min

L2sl o vzorky 1123|456 /|7|8]29

Dbyt ok hmot no|0,220,17/0,22/0,38/0,35/0,43/0,43/0,61|0,52

Percentu8l ny |015/0,12/0,14/0,26/0,25 0,3| 0,3| 0,4|0,35

Zap8lenie (8n|8&8n|nie|nie|8n|nie|8n|nie| nie| nie

Vt abuOkeées z azname rrama®a ploths it eadbkg@kheanu.

Pri sk¥%gke nadpkepcbhk¥%gannepap&logkiyu,neidm
vzor kedvla2 sslao ukg§8zal jasnl plameR, ktorl p
vzor kiScth mi estach prikladania plameRa ost §
def or m8ci e.

Pri testovan? na hranu sa o]l ak8val o,
horeniu. Staloastak ibaut r och vzori ek, pri ktorTch sme
| as 15-ts$ cpo s 2 @mysledn®rmhumelo zahasilidhal gi e dve pri
na | as 30 sek?and, kr 8t kod4lpos)upl ysamdvad @i
(obr §)zRiikst e plsobenia ipdlmmmiRm%“tpo( 280 ps at s
dl hgie pretrv8vanie horenia vzoriek po ic
na pl ochu aj nap hireamiuu nedogl eza&r k8§ch sa
priehlbinyvd * s | etl hgi efhtosdmesrui a pl HmeRa (obr §zok
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Figure 6 Sample was in flames even after the source o Figure 7The place of flame contact after 5
heat was withdrawn YAYydzuSa 2F 0SauAy3a

hoNiT21 c =1 2NiAl KedaBp L NONIT21 1 arSadz Rz
pri teste na hranu

32VI1 s | etdskoyaniavzor kyialnt i i bralnej korkovej d

¢FofS o ¢SalAay3a NBadzZ GalDBalyiAGAONI yi O2N] o62FNR az2y

¢CFodzultr o xéafSR1@&@ YSNIVYAL FYGAGAONI 6ySea 1 2N] 20S2 R?2
Vzorka | . 2 (na plochu

Las 15s 30s 5 min

L2sl o vzorky 1 (12|34 |5 |6 |7|8]|°9

Pbyt ok hmotnog0,2|0150,310,26/0,24/0,26/0,53/0,79]0,62

Percentu8l ny 10,090,07/0,15/0,12/0,12/0,12/0,26/0,39|0,31

Zap8lenie (8n¢nie|8n|nie|l8n|8n|nie| nie| nie| nie
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