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Zvyseni srozumitelnosti opatieni ochrany obyvatelstva
s vyuzitim procesniho modelovani

Improving the Intelligibility of Population Protection
Measures by Means of the Process Modelling

Ing. Veronika Brabcova
doc. Ing. David Rehik, Ph.D.

VSB - TU Ostrava, Fakulta bezpe¢nostniho inzenyrstvi
Lumirova 13, 700 30 Ostrava - Vyskovice
veronika.brabcova@vsb.cz, david.rehak@vsb.cz

Abstrakt

Ochrana obyvatelstva v soucasné dobé spociva v piipravé
a realizaci jednotlivych opatieni, ktera jsou tvofena nejriznéjsimi
ukony, jejichz provazanost je mnohdy velice slozitd. Na plnéni
téchto opatfeni se navic podili fada vyznamnych subjektd,
jejichz spravna koordinace je jednim z faktort uspésnosti zasahu.
Z tohoto diivodu je nezbytné, aby byly struktura provadénych ukont
téchto opatfeni a cinnosti jednotlivych subjektd prezentovany
srozumitelnym a ptehlednym zptisobem.

Na zaklad¢ vyse uvedeného ¢lanek pojednava o mozném zvyseni
srozumitelnosti opatfeni ochrany obyvatelstva s vyuzitim procesniho
modelovani. Prvni ¢ast pfispévku je orientovana na charakteristiku
subjektti zapojenych do ochrany obyvatelstva a popisuje zasady
a postupy tvorby vyvojovych diagramti. Nasledujici ¢ast se vénuje
popisu ¢innosti subjektd zapojenych do ochrany obyvatelstva
a organizacnim zabezpeCenim vybranych opatfeni ochrany
obyvatelstva. V zavéru piispévku je uveden navrh procesniho modelu
jednoho z vybranych opatfeni ochrany obyvatelstva.

Klic¢ova slova

Ochrana obyvatelstva, proces, model, opatieni.

Abstract

Currently, the population protection is based on the preparation
and implementation of individual measures, which are made up of
various actions, the complexity of which is often very complex.
The significant subjects are involved in the implementation of the
measures, whose correct coordination is one of the success factors
of intervention. For this purpose, it is essential that the structure
of the actions carried out by these measures and the activities of
the individual subjects be presented in a clear and comprehensible
manner.

Based on the above article deals with a possible improving
the intelligibility of population protection measures by means of
the process modelling. The first part deals with characterization
subjects interested to the population protection and describes the
principles and procedures of flowcharts. The next part deals with
the description of activities of subjects interested to the population
protection and organizational security of selected measures of
population protection. In the end of this article is a suggestion
of the process model one of the selected measures of population
protection.

Keywords
Population protection, process, model, measures.
Uvod
Spole¢nost je zalozena na fungovani procesi. Kazda opakované

vykonana ¢innost v disledku piedstavuje proces. Procesy na sebe
mohou navzajem navazovat, dopliiovat se a v nékterych situacich

si 1 odporovat. Z toho vyplyva, ze vSechny procesy nejsou na
stejné urovni a mohou byt na zéklad¢ kritérii podrobné&ji ¢lenény.
Jestlize jeden proces dopliiuje jiny, je mozno fici, Ze jeden z nich je
nadfazeny tomu druhému.

Ochrana obyvatelstva pfedstavuje komplexni souhrn
¢innosti, které jsou vymezeny pravnimi predpisy a stanovuji
prava a povinnosti subjekti zapojenych do problematiky ochrany
obyvatelstva. Na problematiku ochrany obyvatelstva je také
mozno nahlizet jako na soubor procesu, tvofenych diléimi procesy
v podobg jednotlivych opatieni ochrany obyvatelstva a ty jsou zase
tvofeny podplirnymi procesy.

Cinnosti subjektll pti realizaci opatieni ochrany obyvatelstva
vychazi z pravnich ptedpist feSicich zminénou problematiku.
Konkrétné se jedna o jejich prava a povinnosti stanoveny legislativou.

Subjekty zainteresované do ochrany obyvatelstva

Ochrana obyvatelstva vyzaduje soucinnost nékolika subjektu,
které behem jejiho zajisténi spolupracuji, aby bylo efektivné
dosazeno cile v podobé zajisténi ochrany zivoti, zdravi a majetku
obyvatelstva. Kazdy jednotlivy subjekt svou ¢innosti zabezpecuje
urcitou ¢ast problematiky. Mezi subjekty zainteresované do ochrany
obyvatelstva spada integrovany zachranny systém (IZS), organy
statni spravy a samospravy a v neposledni fadé také obyvatelstvo
a dal$i zainteresované subjekty v daném tzemi jako jsou napiiklad
Skoly, podniky (PO a PFO) apod. znazoriujici obr. 1. [5]

£ / organy statni } I
/[ spravya |/ /

samosprivy, | POaPFO | obyvatelstvo |

mistni [

samosprava /
— \E‘/

Obr. 1 Subjekty zainteresované do ochrany obyvatelstva [1]

:' 1ZS

Zakladni zasady a postupy tvorby procesnich modeli

Princip procesu lze charakterizovat mimo jiné jako ucelné
naplanovany postup ¢innosti, které jsou poté prostiednictvim
dostupnych a odpovidajicich zdroji realizovany, aby bylo
co nejefektivnéji dosazeno pozadovaného cile. Ucelend série
jednotlivych ukolli pfedstavuje v daném procesu Cinnost, ktera
je realizovana pomoci zdroju. Zdroje jsou chapany jako material,
technologie, financni prostiedky, lidské zdroje nebo také informace
a cas. Kazdy proces ma vzdy jasné vymezeny zacatek, probihajici
¢innosti, konec a mimo jiné i rozhrani, které je chapano jako
navaznost dalsi procesy. [2]

PROCES A

PROCES B

Obr. 2 Provazanost procesu [1]
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V praxi je bézné, ze jednotlivé procesy jsou mezi sebou
provazany (viz obr. 2). Nejcastéjsi vazby predstavuji navazné
procesy (proces B vychazi z procesu A) a podtizené procesy (proces
C je soucasti procesu A).

Z davodu existence nejrizngjsich druhli procest, je tieba tyto
procesy Clenit. Volba rozdéleni se odviji od ithlu pohledu. Procesy
mohou byt rozdéleny na zaklad¢ jejich obsahu, struktury, doby
existence, frekvenci opakovani, vyznamem, dilezitosti nebo jejich
samotnym Uc¢elem. V ramci prace bylo vyuzito nejcastéji pouzivané
¢lenéni z hlediska dilezitosti a icelu. Tento typ rozdéleni procesu je
tvofen tfemi kategoriemi. [2]

» Prvni kategorii prezentuji hlavni neboli kliCové procesy, které
Ize chapat jako procesy znazorfujici stézejni ¢innosti k zajisténi
ochrany obyvatelstva.

» Druha kategorie je reprezentovana fidicimi procesy, které vychazi
z hlavniho procesu a reprezentuje ¢innosti zajisténi jednotlivych
opatfeni ochrany obyvatelstva.

 Treti kategorii tvofi podptirné procesy, piedstavujici spolupraci
mezi jednotlivymi subjekty zapojenymi do realizace vybranych
opatieni ochrany obyvatelstva.

Ke grafickému znazornéni procesu lze vyuzit fadu kreslenych
znaku, kdy kazdy znak predstavuje ¢innost uréitého charakteru.
Pro upfesnéni vyznamu znaku, jsou do nich vpisovany komentare.
Proces je nasledn¢ tvofen kombinaci jednotlivych znakt
s konkrétnimi komentaii. Piehled jednotlivych znaku, které lze
vyuzit pfi tvorbé procesnich modelt znazornuje obr. 3.

Znak Popis znaku

:) Mezni znacka — zacatek/konec; zahajeni/ukonceni ¢innosti

Zpracovani — zapis jednoduchych piikazi prifazeni

<> Rozhodovéani/vétveni — zapis podminky

I:I:D Piedem definovana ¢innost, piedstavuje jinde rozpracovanou

¢innost

l Spojovaci ara

% Vznik mimofidné udalosti

Obr. 3 Znaky vyuzity pii tvorbé vyvojovych diagramti [1, 3]

Navrh procesniho modelu ¢innosti subjekti zainteresovanych
do procesu varovani a vyrozuméni

Cinnosti jednotlivych subjektti zainteresovanych do procesu
varovani a vyrozuméni zndzorfiuje navrh procesniho modelu
(viz obr. 4). V ramci navrhu je dand problematika fesena pouze od
operativni urovng, tj. krajska uroven, nize.

Vsechny ¢innosti v ramci procesniho modelu jsou pro lepsi
orientaci v textu a grafickém zpracovani oznaceny Ciselné.
V grafickém zpracovani jsou navic barevné rozliSeny Cinnosti
jednotlivych zapojenych subjektu.

Z obecného grafického zpracovani procesu varovani
a vyrozuméni (viz obr. 4) je zfetelné, ze vyrozuméni piedchazi
varovani, avSak vyjimeéné muze prob&hnout bezprostiedni
varovani obyvatelstva. Cely proces je k dispozici v diplomové praci
autorky [1].

Procesu varovani a vyrozumeéni pfedchazi fada ¢innosti, které
se odvijeji od samotného vzniku mimotadné udalosti. Zpravu
o vzniku mimoradné udalosti pfijima OPIS IZS (01.01) na zakladé
informaci, které obdrzi od osoby ohlasujici vznik mimoradné
udalosti. V ramci pfijeti zpravy operacni distojnik zjisti od

volajiciho veskeré potfebné informace jako je naptiklad, co se
stalo, kde k udalosti doslo, kdo ohlasuje vznik mimofadné udalosti
a zda jsou na misté zranéné osoby. Po pfijeti nasleduje ovéfeni
avyhodnoceni ptijaté zpravy (01.02), kdy distojnik OPIS IZS ovéfi,
ze se nejedna o plany poplach. Dale na zakladé Poplachového planu
1ZS vyhodnoti, jaka stupeni poplachu je potieba vyhlasit a od toho
odvijejici se slozky IZS potiebné pro zdolani mimotadné udalosti.

0101 - Piijeti aprivy o vaniku MU

v

| 61,02 - Ovéfeni 3 vybodnoceni pHjaté zprivy

|

l ) 4
01.03.02 - Potieba™. 4xp
01.00.01 - Vyrozuméni slodek 125 beaprostiedniho varovini
I obyvatelsta?

NE

0104 - Vjerd slodek 1ZS k 24sabu

¥

| 0105 - Dojesd sloiek IZS na misto zésabu
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¥
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Obr. 4 Procesni model ¢innosti subjektti zainteresovanych pii
varovani a vyrozumeéni (nahled) [1]

Nasleduje provedeni vyrozuméni slozek I1ZS (01.03.01),
které v sobé sdruzuje dalsi Cinnosti, kterymi je vyhlaSeni
poplachu jednotce, ktera ma vyjet k zasahu a zaslani informaci
o ohlasené mimotadné udalosti. Pokud v této chvili nastane potieba
bezprostfedniho varovani obyvatelstva (01.03.02), mtize byt v této
chvili provedeno varovani obyvatelstva (04.01), av§ak pfi varovani
je potieba postupovat obezietné, protoze neopodstatnéné vyhlaseni
varovani je dle trestniho zakoniku [4] Sifeni poplasné zpravy.

Jakmile jsou slozky IZS vyrozumény, vyjizdi na misto zasahu
(01.04). Nekteré slozky IZS maji zdkonem stanovené dojezdové
Casy, které musi byt dodrzeny. Po piijezdu na misto zasahu (01.05)
je stanoven velitel zasahu, ktery koordinuje provedeni zachrannych
a likvida¢nich praci (01.06). Dle potieby si mize velitel zasahu
ziidit $tab velitele zasahu. V piipadé, ze béhem zasahu vyvstane
potieba spoluprace s dalsimi slozkami IZS (01.07), mize velitel
zasahu vyslat pozadavek na OPIS 1ZS (01.08.01) k vyrozuméni
dalsich slozek IZS potiebnych ke zdolani mimotadné udalosti.
Jakmile jsou tyto slozky vyrozumény (01.08.02), vyjizd€ji na
misto zasahu (01.08.03) a zapojuji se do feseni mimoiadné udalosti
(01.08.04).

Pokud dochazi k zasahu na tizemi obce, ma starosta obce
pravo byt informovan o provadéni zdchrannych a likvidacnich
praci (01.09). Timto okamzikem mutze byt do feSeni mimotradné
udalosti zapojen dal$i subjekt v podobé organi obce. Pokud
vznikld mimotéadna udélost svym ptisobenim ohrozuje i PO a PFO
nachazejici se na izemi obce, musi byt tyto osoby také informovany
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(03.01). BEhem feseni mimoiadné udalosti mize velitel zasahu
rozhodnout o potiebé provedeni varovani obyvatelstva (01.10)
a dochazi k aktivaci koncovych prvka varovani (01.11), ¢imz
je provedeno varovani obyvatelstva (04.01). Jakmile doslo ke
zdolani mimotradné udalosti (01.12), jsou ukoncené také zachranné
a likvidacni prace (01.13), odjizdi zasahujici slozky IZS z mista
zasahu zpét na zéakladnu (01.14). Po navratu (01.15) musi byt
zasahujici jednotka a technika uvedena zpét do stavu akceschopnosti.

Zapojeni organi obce zacina ve chvili, kdy je starosta obce
informovan o probihajicim zasahu na uzemi obce (02.01). Poté
starosta zhodnoti situaci (02.02) a pokud dojde k zavéru, ze k feSeni
mimofradné udalosti potfebuje na pomoc poradni organ (02.03),
muize si za predpokladu, ze ma na tirovni obce zfizen krizovy Stab
(02.04), vyslat pozadavek k aktivaci krizového stabu obce (02.06).
Krizovy zakon [6] uklada povinnost zfidit krizovy §tab pouze
ur¢enym obcim. Dalsi moznosti starosty je vyuzit poradni organ,
ktery ma k dispozici (02.05) z fad svych zaméstnanct. V piipadé
potieby je provedena analyza situace (02.07) a nasleduje zapojeni
starosty do feseni mimofadné udalosti (02.08), protoze povinnosti
starosty obce je zajistit informovani obyvatelstva (02.09) o ohrozeni
na uzemi obce. Jakmile pomine ohrozeni, dojde k deaktivaci
krizového $tabu (02.11), za piedpokladu, ze byl zfizen (02.10)
a ukonci se také spoluprace organti obce se slozkami IZS (02.12).

Cinnosti PO a PFO pii varovani a vyrozuméni se odvijeji
od prvotniho rozhodnuti, zda je potieba informovat PO a PFO
(03.01) o vzniklé mimofadné udalosti, pokud ne, neni potieba
PO a PFO do procesu zapojovat. V pfipadé, ze situace vyzaduje
jejich informovani, jsou jim pfedany potiebné informace o zasahu
na uzemi obce (03.02). Dale se mohou v piipadé potieby (03.03)
zapojit do feseni mimotadné udalosti (03.04) a po jejim zdolani je
spoluprace nasledné ukoncena (03.05).

Obyvatelstvo je do procesu zapojeno prostiednictvim varovani
(04.01) a predani informaci o vzniklé mimotadné udalosti (04.02).

Nahled  grafického  zpracovani  Cinnosti  subjektd
zainteresovanych pfi varovani a vyrozumeéni prezentuje obr. 4.
Zavér

Vznik mimotadnych udélosti i ptfes veSkerou snahu moderni
spolecnosti nelze zcela vyloucit, ale mize byt minimalizovan.
Prostfednictvim preventivnich opatieni je kladen daraz na
pfedchazeni samotného vzniku mimotadnych udalosti. Pokud vSak
mimotadna udalost i pfesto vznikne a svymi negativnimi u€inky
ohrozuje spolecnost, je potieba zajistit jeji neprodlené zdolani.

Mimotadné udalosti, které na tizemi Ceské republiky vznikaji,
se 1isi nejen svou povahou, ale také moznym vyvojem a dal$imi
znaky. Z tohoto vyplyva, ze kazda vznikla mimotadna udalost

vyzaduje ke zdolani specifické feSeni na zakladé charakteru dané
udalosti.

Problematika ochrany obyvatelstva je zaloZena na piipravé
a realizaci jednotlivych opatfeni, které upravuje fada nejriznéjsich
pravnich predpis, metodickych pokyni a dal§ich dokumentu.
Procesy realizované v ramci opatieni ochrany obyvatelstva
predstavuji komplexni ¢innosti subjekti zapojenych do zabezpeceni
ochrany obyvatelstva. Jejich jednotlivé ¢innosti na sebe navazuji,
prolinaji se a navzajem se ovliviiuji. Nelze vzdy jasné tici, ze dany
ukol bude plnit pouze jeden uréeny subjekt, ale na tomto tkolu se
muze podilet subjektt vice, popf. mize byt feSen v kompetenci
vice subjektti a zalezi na dané situaci, kdo pfevezme prioritni
odpovédnost za feseni.

Grafické znazornéni cinnosti realizace opatieni ochrany
obyvatelstva prostfednictvim procest zvySuje jejich miru
srozumitelnosti. Jejich samotné tvorbé predchazi fada analyz. Prvni
z nich je analyza jednotlivych ¢innosti subjektl, které se zapojuji
do realizace vybranych opatfeni ochrany obyvatelstva. Nasleduje
provedeni zhodnoceni organiza¢niho a technického zabezpeceni

vybranych opatfeni ochrany obyvatelstva. Na zakladé provedenych
analyz lze vytvorit grafické znazornéni procesnich modeld.

Vytvofeny navrh procesniho modelu tak svym grafickym
znazornénim c¢innosti realizace opatfeni ochrany obyvatelstva
prostiednictvim procesti napomahd ke zvySeni srozumitelnosti
dané problematiky.

Vazba na projekt

Prispévek byl zpracovan v ramci projektu studentské grantové
souteze ,, Definovani resilience systému kritické infrastruktury*,
identifikacni ¢islo SP2016/99.
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Abstrakt

Clanok sa zaoberda moznostami hasenia lesnych poZiarov
v extrémnych terénnych podmienkach. Zaobera sa problematikou
pouzivania systému jazierka pre vodnt dopravu na miesto poziaru
pri haseni poziarov za akych podmienok je vyhodné nasadit’ tento
druh vodnej dopravy, ako postupovat’, ked’ je to potrebné a jeho
nasadenie. Preprava vody v otvorenom teréne je riadena zakladnymi
hydraulickymi pravidelnostami, ktoré urcujui spésoby nasadenia
pondelnajsieho systému.

Kli¢ova slova

Lesny poziar, taktika poziaru, systém rybnikov, poziarne
zariadenia, nedostupny terén.

Abstract

The article deals with the possibilities of overcoming forest
fires in extreme terrain conditions. It is devoted an issue of using
pond system for the water transport to the seat of fire during
firefighting under what conditions it is advantageous to deploy this
mode of water transport, how to proceed when it is required and
its deployment. Transport of water in exposed terrain is governed
by the basic hydraulic regularities that determine the ways of
deployment pond system.

Keywords

Forest fire, firefighting tactics, pond system, firefighting
equipment, inaccessible terrain.

Introduction

One of the most devastating type of a wildfire in our country
is exactly a forest fire in mountains. Many of them from this kind
of localities are for the most used fire appliance hardly available
nor unavailable at all. The supply of seat of fire with water for
extinguishing requires to create a firefighting tactics applied on
mountainous terrains cover by wood vegetation. In this case one
of the options is deployment of the pond system. Pond system is
a method of long-distance ground transport of water to the seat
of fire. This system is possible to use in extreme and inaccessible
terrain conditions. Pond system is a system of transport link from
hose lines and a low-capacity artificial tank. To make the transport
of water into terrain with elevation possible, pumps have to be
connected into the system which ensure the transport of water from
the source to the seat of fire.

Pond system

A pond is a smaller tank with capacity of thousands liters. It is
possible to pack and put the tank into a bag what makes the transport
to the required place easier. At the deployment of the pond system
it is important to create a so called nest for the pond. That is how
the tank is secured against displacement, sliding or outpouring. The

pump adds needed pressure for the water to overcome the height
and length loss. Each kind of pump must reach such a power that
the pumped water has the sufficient pressure to overcome the terrain
differences, sufficient feed pressure before next pump and necessary
pressure for extinguishing. Height loss is caused by elevation of
the terrain. From the last pond one or more, if necessary, offensive
hose lines are being stretched. The number of lines is determined
by the number of seat of fire. Offensive hose line can be created
from hoses type C or from hoses type D, according to the required
pressure. Offensive line is finished with a branch with which the fire
is extinguished. The branch can be full flow rate, water curtained
or combined [1, 2].

Fig. 1. The connecting of a pond with pump and hoses
(photo: author)

Deployment of the pond system
Option of the deployment and advantages of the pond system:

 transport of water into extreme inaccessible terrain for fire
appliance,

« transport of water in terrain with high elevation,
* securing big enough flow necessary for extinguishing,

 at optimal setup of the parameters required pressure is secured
for extinguishing also a larger seat of fire,

* in case of larger seat of fire it is possible to move the ponds
upwards if needed,

 transport of water by pond system is economically more
convenient as air transport,

* the pond system is possible to deploy in bad weather [2, 3].

Deployment of the pond system

At making the pond system it is important to plan and execute
each of the activities in a way that the time requirements should
be as short as possible. Connecting a system of ponds into action
consists of this single steps [4, 5, 6]:
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natural source, fire engines. .

SOURCE OF WATER
TERRAIN CONDITIONS steepness and segmentation of
terrain, terrain shapes. ..
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T LP;;H;ET OFG“?jTER C: pumping of water between pounds

Fig. 2. Process of the deployment

Hydraulic calculation of the basic parameters for transport
of water by the pond system

At placing each of the components of the pond system it is
important to respect the physical laws of transportation of water.
Optimal location of pumps and ponds means to calculate each
parameters of the system in a way to reach effective flows of
water [6].

Transport of water with pond system is controlled by basic
hydrodynamic laws. Forest terrain is characteristic mainly by its
segmentation and elevation. When water goes through a hose, some
energetic loss is made. This losses are caused by height difference,
friction and overcoming places in which the parameters of the flow
are changing. For example reduction or enlargement of the hose
diameter, overcoming potential obstacles so on.

To define the head loss by friction it is possible to use Darcy -
Weissbach equation (1):

v2

. (1)
g

h=A4-

U~

t

h, - head loss by friction [m], 4 - friction factor (dimensionless unit),
L - length of hose line or its part [m], d - diameter of hose [m],
v - velocity of water flow [m.s].

For using Darcy-Weissbach equation it is necessary to find out
the friction 4 and velocity of the transported water v. The length of
the hose line L is the distance between the place of extinguishing
and source of water in meters. It is counted with a specific length
of used hoses. The diameter of a hose is set by the characteristics of
the used fire equipment [3, 7].

Velocity of the flow of water is defined as (2):

y=2_2Q 1572 )

S rz-d? d?

v - average velocity of the flow of water [m.s'], O - volume rate
[m.s!], S - cross sectional area [m?], d - inside diameter of a hose
line [m].

Friction factor 1 is possible to define with Reynolds number.
The value of the Reynolds number characterizes the type of the
flow. The flow of water in hose line can be laminar, turbulent or
transitional (3).

Re, =—— (3)

Re, - Reynolds number for flow in pipe (dimensionless unit),
v - kinematic viscosity [m>.s'], d - inside diameter of a hose line
[m], v - average velocity of the flow [m.s™'].

Flow of water in a hose line consists of more layers. At laminar
pipe the layers of water slide on themselves, flow is steady. During
turbulent flow each of the layers are mixed together and making
whirls. Transitional flow represents the stage when one type of flow
turns into another. Laminar flow turns into changes into turbulent
especially at increasing the velocity of the flow and diameter of the
hose. Exactly for the reason of necessary velocity is the flow of
water in a hose line turbulent. Limit value of the Reynolds number
is 2320. The flow of water with value of Re higher than 2320 is
turbulent [6, 8].

Friction factor A for turbulent flow is defined from the equation
of Nikolajev - Lobanov (4):

0,22

A=t
ReO,le

“)

A - friction factor, Re - Reynolds number for flow in pipe.

Another losses at long-distance transport of water are pressure
losses caused by terrain elevation. They are determined according
to formula (5):

hg = hgk - hgz (5)

hg - geodetic loss height caused by elevation of the terrain [m],
h,, - geodetic height of ending point [m], A, - geodetic height of
initial point [m].

Overall loss height H presents the sum of loss height caused by
elevation and head loss because of friction (6):

H=h+h, (6)

H - overall loss height [m], hg - geodetic loss height because of
elevation [m], 4, - head loss from friction [m].

In the next step it is important to determine the specific energy
loss for overall loss height (7):

Y.=g-H @)

Y_ - specific energy, which is necessary to expend on overcoming
the overall loss height [J.kg™'], g - gravitational acceleration [m.s?],
H - overall loss height [m].

From the value of loss specific energy we determine the number
of needed pumps (8):

x=-% )
Y

c

x - number of pumps, which are necessary for overcoming overall
losses [ks], Y. - specific energy, which is important to expend for
overcoming the overall loss height [J.kg'], Y, - specific energy of
the pump [J.kg']). [3, 7]
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Location of the ponds in terrain

The graph is developed for three stages of elevation, and it is
15°, 25° and 35°. On the y axis the value of elevation is marked,
which will be overcame at specific length of a hose line and for
all the three elevation. The values of the length of the hose line
are marked in 20-meters intervals, what response to the length of
a single hose. This helping tool is created specifically for the pump
Honda WH20X with operating pressure 0,81 MPa. At making the
helping tool the values of volume flow 500 1.min"' and diameter of
hoses 52 mm (hose type C) were used.

Elevation [m]
300

250
200
// Slope 15°
150 ——Slope 25°
/
100 ] — Slope 35°

SZ =TT

vvvvvvvvv

Fig. 3 Graph of determining the number of ponds and their
location according to elevation and distance

Critical points in transport of water with the pond system:

e time consuming process of determining or calculating the
parameters of locating the ponds,

* requirement of previous experience for the choice of the suitable
way and the single places on the base of specific characteristics
of terrain surface,

* time consuming process of building the pond system,

* placing the pond in dangerous area of the fire ground, where can
be located sharp rocks or overhangs, incoherent terrain and so on,

« threat for the firefighters in response with fire, falling rocks,
trunks and so on,

 danger for the components of the Pond system (falling rocks or
branches can damage the pumps, hoses and other),

« if performing the activities is not automatic for the intervening
firefighters, organization faults and wasteful time loss come up [9].

Deployment of the pond system

In case of using the pond system it is necessary to come out
from two following assumptions. Firstly, it is important to respect
the properties of specific terrain and situation on the seat of fire.
Suggestion and placement the components must come out from
individual research of the terrain, which is appropriate to combine
with using modern informatics systems. Secondly, it is needed to
know the theoretical laws and hydraulic principles, with which the
transport of water in hose line is controlled. The pond system is
a solution suitable only for specific situation and conditions. If there
is a fire in unavailable mountain environment and the situation is
in addition complicated because of weather (alternatively another
unfavorable factor) it is optimal to use the pond system for securing
the seat of fire with water. Its main advantage is, that in extreme
terrain conditions it is possible to secure necessary flows of water
for extinguishing. On the other side the disadvantages are the time
requirements for specification the parameters and making the pond
system at the scene of incident. Transport of water using the pond
system is managed by hydraulic laws, with which it is possible
to calculate the needed placement of pumps. For simplification
the activity and fast estimation of deployment the pond system
and calculating at intervention a diagram was made using this
calculations. With this diagram is helping for fast defining the
necessary number of ponds and their location.

References

(1]

(2]

(9]

BLASKO, D. 2008.: Technické zabezpeéenie na zdolavanie
lesnych poziarov. In SPRAVODAJCA - ProtipoZiarna ochrana
a zachranna sluzba. ISSN 1335-9975. 2008, ¢. 1, s. 20 - 25.

SUBA, J.; CHROMEK, I. 2007.: Jazierkovy systém dopravy
vody na hasenie poziarov v naro¢nych horskych terénoch. In
SPRAVODAJCA - ProtipoZiarna ochrana a zachrannd sluzba.
ISSN 1335-9975.2007, €. 4, 5. 20 - 22.

KOZICOVA, B. 2015.: Doprava vody na hasenie lesného
poziaru v extrémnych terénnych podmienkach. [Master
thesis]. University of Zilina. Faculty of Security Engineering,
Zilina: FSI ZU, 2015. 80 p.

DANKO, J. 2010.: Doprava vody do vySok v horskom teréne.
In: Spravodajca - Protipoziarna ochrana a zachranna sluzba.
ISSN 1335-9975. 2010, ro¢. 41, €. 2, s. 12-15.

HLAVAC, P. 2008.: ZvySenie efektivnosti vyuzitia vody pri
zabraneni Sirenia lesného poziaru. In: Delta. ISSN 1337-
0863. 2008, ro¢. 2, ¢. 4, s. 15-20.

KVARCAK, M. 1998.: Pozdrni taktika v prikladech. Ostrava:
SPBI, 1998. 232 s. ISBN 80-86111-08-3.

DRUSA, M. a kol. 2003.: Hydraulika a hydrolégia. Zilina:
EDIS vydavatel'stvo ZU, 2003. 260 s. ISBN 80-8070-037-0.

SVETLIK, J. 2003. Doprava vody na poziarisko. In Sbornik
prednasek z medzinarodni konference Pozdrni ochrana 2003.
Ostrava: VSB - Technicka univerzita, 2003. ISBN 80-86634-
17-5, 5. 426 - 430.

HUDEC, O. 2015.: Modul pozemného hasenia STRED.
Informacie o jazierkovom systéme.

SPEKTRUM 1/2017



Meranie nizkofrekvenéného hluku s dérazom na sluchové
a mimosluchové uc€inky na ¢loveka

Measuring Low Frequency Noise with Emphasis

on Auditory and Non-auditory Effects on Human

Ing. Martina Dulebova
doc. Ing. Michaela BalaZikova, PhD.

Technical University of KoSice, Faculty of Mechanical Enginnering
Letna 9, 042 00, Kosice, Slovakia
martina.dulebova@tuke.sk

Abstrakt

Nizkofrekvenény hluk sa stdva vyznamnou vyskumnou
témou uz viac ako osemdesiat rokov. Ako typicky hluk, ma vplyv
nielen na sluchovy systém ale taktiez aj na mimosluchovy systém
¢loveka, napriklad na kardiovaskularny systém, moze sposobovat’
podrazdenie a mat psychosocialne Uc¢inky. Tieto G¢inky moézu
byt zdrojom rizika na pracovisku. Meranie a hodnotenie
nizkofrekvenéného hluku na pracovisku nie je zahrnuté v platnej
smernici Eurdpskeho parlamentu a Rady 2003/10/ES. Ciel'om
prispevku je porovnanie nameranych hodnot nizkofrekvenéného
hluku v pracovnom prostredi pri operaciach zvarania a brisenia
s roznymi vahovymi filtrami. V diskusii na konci tohto ¢lanku su
vyhodnotené namerané hodnoty.

Kracové slova
Nizkofrekvenény hluk, bezpecnost na pracovisku, riziko,
ucinky na Cloveka.

Abstract

Low-frequency noise has been found in many systems and
has become a hot research topic for more than eight decades.
Like typical noise, it has also effects not only on auditory system
(threshold shift) bud also on non-auditory system of human, for
example cardiovascular system, annoyance and psychosocial
effects. These effects can be the sources of risk at workplace.
Measurement and evaluation of low frequency noise in workplace
is not included in the valid directive of the European Parliament
and Council Directive 2003/10/EC. The aim of the article is
a comparison of measured values of low frequency noise in work
environment in operations welding and abrasion with different
frequency weightings filters. In discussion in the end of this article
are values evaluated.

Keywords

Low frequency noise, safety at workplace, risk, effects on
human.

Introduction

Sound is a mechanical oscillation that propagates through
particles of compressible media. Noise is an unpleasant,
unfavourable, annoying or harmful sound to human health,
caused by everyday human activities. [1] Low frequency noise is
usually defined as a broadband noise with the dominant content of
frequencies from 10 (20) to 250 Hz. [2] Low-frequency noise is
a common component of occupational and residential noise which
has received less attention. However, low-frequency noise has
features not shared with noises of higher pitch. [3]

Many cases of noise annoyance deal with noise that has
a significant content of low frequencies. The complainants typically
describe the noise as "rumbling". Low frequency noise is also in the

occupational environments, especially in industrial control rooms
and office-like areas. Examples of low frequency noise sources
are ventilation systems, pumps, compressors, diesel engines, gas
turbine power stations or means of transport, indoor network
installations, ventilation, slow-running or idling engines, heating
and air conditioning systems. The cases are often solved, either
by use of traditional noise limits and measurement methods, or by
use of special low-frequency procedures as introduced by some
countries, for example Austria, Denmark, Germany, Poland, The
Netherlands, Sweden. [2, 4]

Frequency weightings filters in noise measurement

The human ear responds more to frequencies between
500 Hz and 8 kHz and is less sensitive to very low-pitch or
high-pitch noises. The frequency weightings used in sound level
meters are often related to the response of the human ear, to ensure
that the meter is measuring pretty much what you actually hear.
It is extremely important that sound level measurements are made
using the correct frequency weighting. During the perception of
noise distortion occurs, and for this reason weight filters A, B, C,
D, G and Z are introduced which are used for the conversion of the
actual measured values of noise level to other levels. These filters
are inverse to the curves of the equal noise volume at levels of
40 dB, 80 dB and 120 dB, and their frequency sensitivity is similar
to the frequency sensitivity of the human ear. [1]

The most common weighting that is used in noise measurement
is A-Weighting. Like the human ear, this effectively cuts off the
lower and higher frequencies that the average person cannot hear.
Although the A-Weighted response is used for most applications,
C-Weighting is also available on many sound level meters.
C Weighting is usually used for Peak measurements and also in
some entertainment noise measurement, where the transmission
of bass noise can be a problem. Z-weighting is a flat frequency
response of 10 Hz to 20 kHz £1.5dB. This response replaces the
older "Linear" or "Unweighted" responses as these did not define
the frequency range over which the meter would be linear. This
change was needed as each sound level meter manufacturer could
choose their own low and high frequency cut-offs (-3 dB) points,
resulting in different readings, especially when peak sound level
was being measured. [5]

Auditory and non-auditory effects of low frequency noise

In the field of occupational medicine, several studies claim that
low-frequency noise is an agent that interferes with the performance
of work tasks and that low-frequency noise can affect mental and
physical health. Exposure to noise has harmful effects and constitutes
a risk factor for human health. The most cited effects on human
health refer to emotional changes, namely agitation, distraction,
disappointment, stress, hypertension and the association of
low-frequency noise with cognitive impairments, the development
of cardiovascular diseases, disturbances in sleep and heart rate and
hypertension. Exposure to low-frequency noise has significant
impacts on human health. This impact is absorbed by auditory
sensation, which is a function of the perception that encompasses
aspects of physiological, pathological and sociological order. There
are caveats in relating certain harmful effects to a single source of
noise, but human exposure to multiple sources of noise must be
used as a criterion. [6]
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Effects of low-frequency noise on hearing have been examined
in terms of permanent loss of auditory acuity permanent threshold
shifts and in terms of temporary threshold shift. Laboratory studies
of noise at various frequencies show noise-induced changes in
blood pressure with vasoconstriction or vasodilation, and heart rate
change. The primary, and most frequently reported, perceived effect
of low-frequency noise is not that of loudness or noisiness, but that
of annoyance. The degree of annoyance or disturbance generated
by a specific noise, regardless of frequency, is difficult to predict
accurately for individuals. [3]

Some of the symptoms that are related to exposure to low
frequency noise such as mental tiredness, lack of concentration
and headache related symptoms could be associated with a reduced
performance and work satisfaction. [7]

Figure 1 shows the auditory and non-auditory effects of low
frequency noise.

—[ Auditory effects of low frequency noise

*Permanent threshold shifts and in terms of temporary threshold shift
* Aural pain

*Balance and the vestibular system

*Respiratory effects

+Annoyance, loudness, and noisiness

—[ Non-auditory effects of low frequency noise

*Cardiovascular effects

+Endocrine effects

+Sleep disturbance

+Effects on communication, SAFETY, performance and cognition
*Psychosocial effects

*Mental health

Fig. 1 Effects of low frequency noise on human

Measurement of low-frequency noise on workplace

Measurements are essential for assessing the negative effects of
noise and for setting permissible values (criteria) which influence
health, comfort and performance in a negative way. Measuring
the exposure of employees to noise during work is among the
quantitative measurements, and it is done for the purpose of
assessing the health-risk of noise exposure and the assigning
of a job to a category. An important part of any management of
acoustic risks is introducing appropriate criteria for determining
a favourable solution to the problems of noise. The required
minimizing subsequently determines the resources for making
alternative proposals for reducing noise and in the end the resources
for estimating costs when meeting the required criteria. [8]

Measurement of low frequency noise exposure was at
a workplace, where the production process consists of setting up,
welding of the divided and shaped sheet metal into the final product
and subsequent abrasion of welds.

The measuring of low frequency noise was performed at
the workplace of the equipment operator during operations of
welding and abrasion, low frequency noise was measured using
a 2250 noise analyser from the company Briiel & Kjer (Fig. 2),
which serves for performing broadband measurements of noise
exposure in the field. The B&K 2250 host a number of software
modules, including frequency analysis, logging (profiling) and
recording of the measured signal. [9]

Key features of hand-held Analyzer Type 2250 [9]:

* General-purpose Class 1 sound measurements to the latest
national and international standards;

* Occupational noise assessment;
» Environmental noise assessment and logging;
* Product development and quality control;

* FFT analysis of sound and vibration;

 Building acoustics, loudness and noise rating measurements;
» Tone assessment using 1/3-octave and FFT methods;

* Low-frequency building vibration according to ISO 8041:2005
and DIN 45669 - 1:2010 - 09;

* Infrasound (G-weighting) measurements according to ISO
7196:1995 and ANSI S1.42 - 2001 (R2011).

Fig. 2 Hand-held Analyzer Type 2250, module for frequency
analysis and time module

The noise meter was placed at a height of 1.5 m above the
floor; the axis of the microphone was focused on workplace. The
results were stored in the memory of the measuring device and
subsequently processed using the relevant computer software.
Operator of technical device is not using hearing protectors (Fig. 3).

Fig. 3 Workplace of measurement of low frequency noise

During the experimental measuring the equivalent level A
of acoustic pressure LAeq and the equivalent level Z of acoustic
pressure L, were measured over time during the performance of
the machining work. The main reason and aim of this measurement
was to point out the different levels of acoustic pressure using
the A-scale filter and the Z-scale filter at low frequency 100 Hz
and at frequency 500 Hz. Records from measurements at various
frequencies and weightings are shown in Fig. 4 - Fig. 7.
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Fig. 4 Record of measurement of noise level A exposure at 100 Hz
(welding)
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Fig. 5 Record of measurement of noise level Z exposure at 100 Hz
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Fig. 7 Record of measurement of noise level Z exposure at 100 Hz
(abrasion)

Summary of measured values in operations welding and
abrasion with frequency weightings filters A and Z 100 Hz are in
Table 1.

Tab. 1 Summary of measured data

Work Value L Acq at 100 Hz Value LZEq at 100 Hz
activities [dB] [dB]
Welding 44,4 61,7
Abrasion 46,4 65,5

Discussion

The measurement of low frequency noise load during welding
and abrasion points to the fact that acoustic wavelengths of low
frequency (specifically at 100 Hz) have a higher value with weighted
Z than with the weighted A, with the difference in values of 17,3 dB

in welding and 19,1 dB in abrasion. Such low frequencies are able
to influence the cardiovascular system, the neuropsychic system
and the sensory-motor functions of a person.

It is impossible from the viewpoint of the working of energy
to correctly evaluate the acoustic wavelengths at low frequencies
of the A-weighting; therefore, it is more appropriate to use
the Z-weighting, or even the C. A small sensitive portion of the
population can feel discomfort of very low frequencies (infrasound)
even from levels of 65 dB, if the relevant combination of frequency
and length of working occur.

Conclusion

At present, when one of the most significant problems is
becoming the securing of reliable operation of newly proposed
mechanical systems, questions on studying the origin, spread and
isolation of low-frequency wavelengths from machines and their
parts are very topical. It is possible to ensure the required reduction
of the unwanted effects of low-frequency noise on a person and the
surrounding environment using vibrodiagnostics and vibroisolation.
Because low - frequency noise is a major component of many
occupational and community noises, the effects of such noises may
be controlled.

This contribution is the result of the project implementation
“VEGA 1/0150/15 Development of methods of implementation
and verification of integrated systems for safe machines, machine
systems and industrial technologies.”
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Abstrakt

Koncept resilience prosel béhem 40 let, od prvniho zkoumani
az do dnesnich dnt, vyznamnym vyvojem. Béhem tohoto badani
a rozboru pojeti resilience nedoslo ke sjednoceni pochopeni
a definice pro obory, které se resilienci zabyvaji.

Dlvodem zabyvani se konceptem resilience jsou stale se
zvyS$ujici nezadouci udalosti, které ohrozuji bezpecnost spole¢nosti,
respektive obyvatelstva.

Cilem ptispévku je seznamit se s podstatou vyrazu resilience
a dal$imi souvislostmi.

Kli¢ova slova

Resilience, resiliency, nezadouci udalost, obyvatelstvo.

Abstract

The concept of resilience during 40 years, from the first
examination to the present day, an important development. During
this research and analysis of the concept of resilience not to unify the
understanding and definition of the fields that deal with resilienci.
The reason for dealing with the concept of resilience are increasing
adverse events that threaten the safety of the company, respectively,
of the population. The aim of the paper is to get acquainted with the
essence of the term resilience and other contexts.

Keywords

Resilience, resiliency, adverse event, population.

Uvod

Clovék ani systém, neni natolik dokonaly, aby ho ng&ak
neovlivnila nezddouci udalost. At uz jsou to nasledky zptisobené
povodni, teroristickym utokem, vyskytem epidemie, ekonomickou
krizi, nebo nejnovejsim tématem - uprchliky. VSechny tyto udélosti
mohou ohrozit Zivoty a zdravi lidi na celém svété. Na zakladé téchto
udalosti je tedy potieba, aby stat, obce, spole¢nost, nebo jednotlivei
byli schopni pfizpiisobit se a vyrovnat se s disledky zptisobené
témito nezadoucimi udalostmi.

V této souvislosti se do podvédomi zacal dostavat ,,novy*
pojem resilience. Pii intenzivnéj$im patrani po internetu zjistujeme,
ze se na ném da najit ptes 46 milionii odkazti zabyvajici se timto
pojmem. Béhem prozkoumavani vybranych odkazi se clovék
dozvida, ze existuje nepfeberné mnozstvi pohledli na resilienci.
Nekdo resilienci vysvétluje jako odolnost systému, jiny jako
adaptaci daného systému. Kde je ovSem pravda?

Pocatek slova resilience a adaptace resilience do védnich obori
ve svété

Pojem resilience vychazi z latinského vyrazu resalire. Sklada
se z predpony RE a slova SALIRE = skakat, naskocit. Preklad slova

@ X

, resalire“ mize tedy znamenat ,,odskocit™ ¢i ,,navrat zpét™. [1 - 3]

Grafické znazornéni rozboru slova je na obrazku nize (obr. 1).

RE j SALIRE

predpona skakat/naskocit

Odskocit
Navrat zpét
Schopnost navriaceni se do puvodniho stavu

Obr. 1 Grafické znazornéni rozboru RESALIRE - vlastni
zpracovani [1 - 3]

Termin resilience byl nejdiive pouzit na zacatku 19. stoleti
v ptirodnich védach, kdy se jednalo o charakteristiku chovani
pruziny (ukézka na obr. 2). [4, 5]
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Obr. 2 Ukéazka chovani pruziny [6]

Pozdéji, v poloving 19. stoleti byl pouzit i v oboru psychologie
[3, 5], kde se jednalo o popis skupiny, u které nedochazi ke zméné
chovani v dusledku vzniku nezadouci udalosti. A o nékolik let
pozdgji byla pouZita v oblasti ekologie [3] pro popis ekosystému,
ktery i po vzniku nezadouci udalosti funguje skoro stejné.

Béhem této doby vyvoje védy a vyzkumu zacala resilience
pronikat i do dalsich védnich oborli a byly pokusy o vznik
riznych definic, které se snazily charakterizovat pojem resilience.
Prikladem muze byt spojeni resilience s pfirodnimi katastrofami
¢i mimofadnymi udalostmi jako schopnost pfijmout a zotavit se
z téchto nezaddoucich udalosti. [7]

V nasledujici tabulce jsou vybrany definice resilience, které
reprezentuji nékteré z oblasti zabyvajicich se védou. Zachovani
spravného fungovani ekosystému je dilezité nejen pro obyvatelstvo,
ale i pro rostlinnou a zivocisnou fisi. Bez kolob&hu latek a toku
energii by byl problém zabezpeceni zékladnich Zivotnich potieb
a sluzeb obyvatelstvu. V ekonomii je potieba rychle zajistit pribéh
toku penéz, aby si obyvatelstvo nemuselo ,utahovat opasky*
a v piipadé nezadouci udalosti mélo moznost zajistit si nezbytné
potieby a sluzby.
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Zajisténi spravného fungovani infrastruktury je dalsim
z dilezitych bodu zabezpeceni obyvatelstva. Z psychologického
hlediska je resilience chapana jako schopnost ¢lovéka prizplsobit
se dané zadouci situaci a patfi¢né na ni reagovat. [3]

Tab. 1 Vybrané definice pro rizné védni obory [3]

souvislostech zminit. Vyrazy ,resilience a ,resiliency” se
pouzivaji pfevazné v anglicky mluvicich zemi. [5, 8]

Resilience oznacuje dynamicky proces, kterym jedinec
dosahuje pozitivni adaptace pti vystaveni nepiizni, kdezto resiliency
oznacuje osobni charakteristiku jedince, ktera ov§em nepiepoklada
zadné vystaveni nezadouci udalosti. [5, 8]

V cestiné bohuzel nemtizeme takto jednoduse

) . o ottc amsalh. .4 Y pouzit tyto dva vyznamy. Jako ,resilienci®
SCPOPHOSt,ek,OSySteI?u}l,dr.zet Ecosystem services and resilience budeme muset brat dynamicky proces zminény
svij normalni kolobéh zivin - L ol « . .

EKOLOGIE a produkei biomasy poté, co byl vyse a resiliency poplsovgt jako odolnost
vystaven poskozeni zpiisobenym ve smyslu nezdolnosti (hardiness), ve smyslu
ekologickym narusenim. soudrznosti (sense of coherence) nebo ve smyslu

sebeuplatnéni (self-efficacy). [5, 8]
Proces, kterym komunita vyviji Ego-resiliency se zaméfuje na vlastnosti
a efektivné implementuje svoji jedinct, které prispivaji k resilienci. Zahrnuje
kapacitu absorbovat prvotni vlastnosti, jako jsou vynalézavost, odolnost
Sok prostfednictvim mitigace, charakteru a flexibilita fungovani. Tento termin
EKONOMIE Z:Eg;);at a asapt(l)veg;ipo nem popisuje schopnost jedince adaptovat se flexibilné
» a0y zachovaia funket na meénici se prostiedi. Jedinci s nizkou urovni
a podpotila obnoveni, stejné jako o . ., o . ,
byt v lepsi pozici pro redukei ztrit ego-resiliency jednaji ve stresujicich situacich
7 budoucich katastrof. stalym zptisobem, nebo naopak chaoticky, coz
vede k nepfizpisobeni se dané situaci. [5, 8]
Kapacita systému/infrastruktury [ 5= Zavér
absorbovz}t naruéem’v B | = Prispévek prezentuje vychozi stanovisko
INFRASTRUKTURA | 2 feorganizovat se behem i — pojeti resilience, které¢ bude dale rozvijeno v ramci
pusobeni zmény tak, aby : X i o
i nadale zachoval stejnou funkei, Py 2 projektu Studentské grantové soutéze.
strukturu, identitu, a zpétné vazby. dl =1 = Na zaklad¢ zjisténych informaci byla
resilience jako prvni pouzita v piirodnich védach,
pozdégji také v ekologii a psychologii a chapana
jako reakce na nezadouci udalost.

Schopnost jedince udrzet, navratit Naopak v dobach Ceskoslovenska byla u nas

PSYCHOLOGIE nebo zlepsit své dusevni zdravi po resilience piekladana jako pruznost, na rozdil od
vaznjch zdravotnich udalostech. dnesni doby, kdy je brana jako odolnost vybraného

systému ¢i infrastruktury.

Jak je mozné vidét z tabulky, objevuji se rtizné zpisoby
vyloZeni si jednoho pojmu. A tiebaze se do dnesnich dni pojem
resilience adaptoval do riznych védnich obori, neexistuje zadna
jednotna obecna definice, ktera by byla pouzitelna pro vsechny tyto
obory. [7]

Resilience v ¢eskych zemich

Predchazejici odstavec se vénoval zapojeni resilience do
podvédomi ve svété. Tento odstavec se bude naopak vénovat
resilienci v ¢eskych zemich.

Pojem resilience se u nas objevil jiz v dobach Ceskoslovenska,
presnéji v druhé poloviné 20. stoleti. Dle dostupnych informaci
[2] se pod timto pojmem rozuméla pruznost. Chapani a preklad
pojmu jako pruznost, se odvijela od doby a situace, ktera v t¢ dobé
v Ceskoslovensku vladla. Pouzivani anglickych slov nebylo v této
dobé¢ podporovano, a proto se vSechna slova pouzivana v anglicky
mluvicich zemi prekladala.

Na slovo pruznost se nahlizelo jako na schopnost, kdy pii
kterémkoliv titoku nedojde ke zhrouceni, rozbiti socialni struktury,
ale odola takovému tutoku, a pruzné se navrati do ptivodniho stavu
pred utokem. [2]

V dnesni dobé se na resilienci nahlizi spiSe jako na odolnost
systemu/infrastruktury, nez nareakci daného systému/infrastruktury
na vznik nezadouci udalosti. [2, 4]

Resilience - vzajemny vztah s resiliency a ego-resiliency?
Vyraz resiliency byva casto spojovan s resilienci nebo
s ego-resiliency. Je tedy nezbytné se aspon okrajoveé o téchto

Prispévek se snazil rozebrat pojem resilience,
od samotného vzniku az po dnesni dobu. I pies velké vyuzivani
slova resilience nedoslo ke sjednoceni definic pro samotny pojem
resilience.

Po zkoumani velkého mnozstvi definic, nazor a pfipominek
je resilienci mozné chapat jako reakci na nezadouci udalost, diky
které je mozné se na ni dostate¢né ptipravit do budoucna.

Koncept resilience mtize byt vyuzit jako nastroj pro vytvoreni
vhodné strategie ¢i navrhu opatieni, které by reagovaly na nezadouci
udalosti, které ohrozuji bezpecnost obyvatelstva.
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Abstrakt

Prispevok sa zaoberd tematikou bezpecnosti pri pouzivani
poziarnych vytahov, konkrétne svojimi poziadavkami na ich
oznacenie a prevadzkovanie. Nato, aby sa tieto vyt'ahy mohli zaviest’
do budovy musia spifiat’ stavebné, konstrukéné a iné poziadavky,
ked’ze zlyhanie pri ich nezastaveni moze mat’ nepriaznivy vplyv na
zivoty zachranujucich, ale aj okolitych l'udi. Sucast'ou prispevku
je analyza a postdenie rizik v uzavretych priestoroch poziarnych
vytahov pomocou grafu rizika.

Krucové slova

Bezpecnost', hasi¢ské jednotky, poziarny vytah, riziko.

Abstract

The paper deals with the theme of safety in the use of fire
elevators, specific requirements for the labelilng and operation. In
order the bring these elevators into the building, buildings must
meet construction, design and other requirements, as failure to do
so may have an adverse effect to rescue, but also the surrounding
people. Part of the contribution is to analyze and assess the risks in
the closed premises of fire elevators using the risk chart.

Keywords
Safety, Fire units, Fire elevator, Risk.

Introduction

As the population increases, there is a need for fire elevators
which are of great importance for the safe and rapid evacuation
of persons, and are also extremely important for incendiary fire
brigades. In the past, this issue has not been addressed due to the
low occurrence of high-rise buildings, but today the importance of
fire lifts is rising sharply. Although there are several dozen high-rise
buildings above 60 m, in Slovakia it is not known to exit a building
that would have two fire elevators or one evacuation and one fire
elevator at the same time.

Fire elevator

Fire elevators, Fig. 1, there is a technical equipment reserved for
the transport of fire units as well as fire fighting equipment. From
this elevators, fire brigades have to be secured to all floors of the
planned intervention. The elevator must be located in a protected
escape route, properly protected and fully under the control of
firefighters or other authorized persons. It is also secured by power
supply from two independent sources, which is the main difference
between a classic elevator and a fire or evacuation elevator.
A evacuation lift is also considered a fire elevator. [2]

The protected escape route is understood as a separate part of
the building, which forms a separate fire section that is protected by
building elements and other protection from other spaces. This part
of the building is intended primarily for safe firefighting of fire units
but also for safe evacuation of persons. Buildings are equipped with
the necessary elevators, according to their type or need, From the
point of view of fire protection, fire and evacuation elevators are
equipped according to the relevant technical standards. Failure of

STOP SWITCH IN DEPRE SSION

any part of the lift or insufficient number of fire and evacuation lifts
may have adverse consequences. [2]

Requirements for fire elevators

For proper use and operation of fire elevators, it is necessary to
create a number of technical measures. Failure of any part of the
elevator or insufficient number of fire and evacuation elevators in
buildings with increased fire risk can have adverse consequences
for both life and property. [3]

The technical requirements are divided into three basic areas:
 requirements for building solutions,
 ventilation,

« electrical requirements.

However, experience and experience show that two more
new requirements are needed to effectively operate fire elevators,
namely:

* requirements for the size and design of the elevators,

* human factor requirements. [3]

Requirements for the construction solution concern the
allocation of an evacuation or fire elevator shaft to a separate fire
department. In such a shaft, a maximum of two fire or evacuation
elevators may be located. The shafts of these lifts can not be shared
with the ordinary elevators. If hydraulic equipment is used to drive
the elevator, then these fluids must be non-flammable. [3]

The project documentation states that the evacuation lift
function is performed by a fire elevator, which closes this case
and does not address its need. The necessity of installing two fire
elevators in buildings over 70-90 m is necessary because of the
higher incidence of people, which prolongs their evacuation time.

Each elevator consists of the main parts, which are shown in
Fig. 1.

MAIN SWITCH ER(Q - EMERGEMNCY RUN

SWITCHGEAR
ENGINE ROOM INSTALLATION

POSITIONAL AND DIRECTIONAL SIGNALING
STATION DRIVERS

DRIVER REVISION DRIVING LIMIT SWITCH

POSITIOMING SYSTEM —— CABLE TERMINAL BLOCK

CABIN INSTALLATION "
CABIN CONTROL COMEBINATION

SHAFT INSTALLATION
INSTALLATION CHANNELS

HANGING CABLES CURVE FOR LIMIT SWITCHE S
SHAFT LIGHTING

SOCKET @0y

STEEL STRIP FOR MAGHETS

Fig. 1 Fire elevator and it's parts [6]
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Development of fire

Fire elevatros in buildings also have an important function.
They facilitate the firefighting of firefighters in the upper floors of
buildings by delivering them quickly and effortlessly to the site of
fire, thereby effectively using their forces for extinguishing. [4]

When hitting the stairs fire fighters would get very exhausted
and the output would take too long. It is also their advantage to
easily transport even heavier fire-fighting devices such as hoses
or automatic breathing apparatus. This will leave the fireman
enough energy to perform rapid intervention. From the mentioned
time-heat curve of the fire development, Fig. 2, it can be seen that
the fire in its beginning can be more quickly and easily quenched
due to its low temperature. In the case of a full-fledged fire, the
fire-extinguishing action and the number of incendiary firefighters
are involved. [4]

A Temperature

Reducing flame
intensity

Total flashing
(flashover)

Ignition

Fig. 2 Time-heat curve development of fire [4]

Safety marking of elevators

Each lifts must be marked with a pictogram in the elevator
car and the elevator shaft door. The fire lift must be marked with
the pictogram shown in Fig. 3. The label is used in a combination
of symbols, texts and various dimensions. It allows use with fire
control unit and serves for fire intervention. The pictogram is places
in a visible place nest to the elevator control and on the given floor,
with the assumption of the intervention of the fire units. To compare
the difference between the fire and the evacuation elevatros. The
evacuation lift is indicated by a similar pictogram, but instead of
the red color the green color is used, and instead of the flame is
a running person, Fig. 4.

EVACUATION

ELEVATOR

Fig. 3 Fire elevator [5]

Fig. 4 Evacuation elevator [5]

KONE has complete solutions for refinement elevators to meet
specific customer requirements. Fig. 5. A fire service elevator can
be used as a normal passenger elevator even if it has the additional
protection, controls and signalization to enable it to be used under
the direct control of the fi refi ghter. [7]

Ceiting
TS Suarescent tubes LFAY, LFFZ,
LED spot lights LFS6, LF 68, LFSS, LF97, LF9S

Car Operating Pane!
Pastial heigh K5C D20,
Full hueigit K5C D0, KSC 373, K50 673, K5C 675

Handrail
HRATT, HRSE, HILAT, HRLSD

o L
Stainless steel (F,K,M)

Floor

@ Rubiber (R4, RCS, BCS, RO, BCT),
Composite stone (352, $F3, 3F6, SEI1, SF22,
SN, Sewandeis steed (55)

Fig. 5 Car interior options for firefighter elevators [7]

Operation fire elevators

Fire elevators and their illumination must be connected to two
sources of electricity, both primary and secondary (contingency,
emergency, spare), Fig. 6. The replacement source mus be sufficient
to start and operate the fire elevators. [5]

Main source Rq;l:uma
H H
I —
T — R -
1 ! :
Normal elevators Fire Other critical Other elevators
(no replacement elevators services in the a group with fire
source required) building elevators

& o1

= = == Supply protected against the effects of fire
——— Normal supply

Fig. 6 Example sources of electricity for fire elevators [5]

Analysis and risk assessment in confined spaces

The life of elevators, whether personal, evacuation, fire or other,
is very low due to a non-compliant technical site. If we look at this
from th elater outdated period, it can be said that they corresponded
to the level of safety. Security is evolving every year and brings new
systems to reduce the level of risk to the current state of safety. [1]
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Fig. 7 Risk chart with an indication of the required level of risk [1]
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Reference

The identification, assessment and risk assessment are made
they are currently using many methods. One is alos the ,,risk chart*
which is a graphical output for risk assessment. Coming from so
called. Decision tree, where each node of the graph represents
a certain quantity, the risk arameter and the graph direction represent
the degree of severity of the parameter. [1]

Risk cahrts illustrate and describe the individual risk parameters
that allow them to dexide how to reduce them to the desired level,
Fig. 7.

Tab. 1 Parameters for risk assessment [1]

small injury (easy injury, reversible), e.g. scratches, cutting
wound, bruise

serious injury (e.g. usually irreversible, including death, secession
or tingling of limbs)

twice or less for working hours (rarely) or shorter than 15 minutes
exposure (short exposure time)

F2 | more than twice for work change or loger than 15 minutes

possible under certain conditions (e.g. if the parts move at
O1 | alower speed as 0,25 m/s, workers are using personal protective
equipment)

02 | not possible

Tab. 2 Risk calculation using the spot method

Danger / Threat

The heat of sulfurisation into the shaft /
machinery space (electric elevators shortcut 2111
option)

Do not protect or block the elevator (prevention
of firefighting)

Draining the water into the shaft (electric short) | 2 | 2 | 2

Fighting in the firehouse (elevator failure) 112]1

The construction structure is twisted (rather than
firefighters ending the liberation of people)

Insuffiient or incorrect placement of fire elevators
for firefighting in a building (fire brigade)

Disturbance or malfunction of the switchboard
(elevator failure)

Invalid marking of manual elevator control 111112l R

(latch lock)

Power supply failure (elevator disability) 1121 1|b
”I.'he presence of harmful combustion products 21212 e
(inhalation of burns from evacuated persons)

Drive with incorrect stopping accuracy a1 e

(stopping the elevators on the mezzanine)

The risk graph as shown in Tab. 2, than fire elevators and hance
evacuation elevators belong to a group where MR - medium risk.

Conclusion

The importance of fire elevators is increasing due to the
construction of higher buildings. Therefore, these elevators are
subject to specific requirements. The project documentation lacks
the participation of fire protection specialists in th eimplementation
projects and then submission of documentation to the competent fire
and rescue authority, whereas the introduction of fire elevartos can
not only rely on the availability of fire elevarots and fire ventilation
without verification by functional tests.
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Abstrakt

Clanok poukazuje na rozdielnost’ vnimania pojmu kultira
bezpecnosti v odbornej sfére ako aj na nejednotu definicii pojmu.
Prezentuje mozné modely fungovania kultiry bezpecnosti
a zakladné otazky, ktoré je nutné zodpovedat’. Dalej poukazuje na
nevyhnutnost’ zapojenia managementu firmy pre dobré fungovanie
systému, ako aj na d’alSie faktory, ktoré¢ firemnu kultiru bezpe¢nosti
ovplyviluju.

Krucové slova

Kultura bezpec¢nosti, modely, psychosocialne faktory.

Abstract

The paper refers to the difference of perception of the concept
of safety culture in the professional sphere as well as the definitions
of disunity. It presents possible models of functioning safety culture
and the fundamental questions that must be answered. Furthermore,
it highlights the need for the involvement of the company
management for the proper functioning of the system as well as
other factors that influence the corporate culture of safety.

Keywords

Safety culture, models, psychosocial factors.

Introduction

Developing and enhancing a strong company safety culture
can change the landscape of an organization and pay incredible
dividends. Without active participation by all members of an
organization, a safety culture will not evolve and the safety
management system cannot reach its full potential [1].

The issue of safety of operations is generally a broad term
which experts engaged for a long time. The concept of safety
culture is not novel, but it began even more relevant after the
world-changing events with large-scope effect, e.g. tragedy at
Chernobyl nuclear power station. The report of the International
Advisory Group (i.e. INSAG) Nuclear Safety states that:
“Safety Culture is that assembly of characteristics and attitudes
in organizations and individuals which establishes that, as an
overriding priority, nuclear plant safety issues receive the attention
warranted by their significance." [2]

Understanding of Safety Culture

By the definition, safety culture is difficult to measure.
Moreover, there exist numerous definitions of safety culture in the
literature, see Tab. 1. Safety cultures evolve gradually in response
to local conditions, past events, the character of the leadership and
the mood of the workforce [3].

Tab. 1 Various definitions of Safety Culture [4]

Reference | Definition

Cox and Safety culture reflects the attitudes, beliefs, perceptions,

Cox (1991) | and values that employees share in relation to safety.

Geller In a Total Safety Culture (TSC), everyone feels responsible

(1994) for safety and pursues it on a daily basis.

The safety culture of an organization is the product
of individual and group values, attitudes, perceptions,

Lee (1996) | competencies, and patterns of behaviour that determine the
commitment to, and the style and proficiency of,
and organization's health and safety management.

Safe culture is an informed culture and this, in turn,
depends upon creating an effective reporting culture that

Reason . . . . . .

(1997) is underpinned by a just culture in Whlch the line between
acceptable and unacceptable behaviour is clearly drawn and
understood.

Safety culture is an abstract concept, which is underpinned
by the amalgamation of individual and group perceptions,

Kennedy . . Lo

and Kirwan thought processes, feehngs, and behav10u'rs, whlch in

(1998) turn gives rise t(? the particular way of doing things in the
organization. It is a sub-element of the overall organizational
culture.

Safety Culture refers to the attitudes, beliefs, and perceptions

Hale (2000) shared by natural groups as defining norms and values, which
determine how they act and react in relation to risks and risk
control systems.

Culture is the product of multiple goal-directed interactions
between people (psychological), jobs (behavioural),

Cooper and the organizational (situational); while safety culture is

(2000) that observable degree of effort by which all organizational
members directs their attention and actions toward improving
safety on a daily basis.

Safety culture is a sub-facet of organizational culture, which

Mohamed . . .

(2003) affect§ WQrkers attltl.ldes and behaviour in relation to an
organizations on-going safety performance.

Fang etal. | Safety culture is a set of prevailing indicators, beliefs, and

(20006) values that the organization owns in safety.

Safety cultures consist of shared beliefs, practices, and

OSHA attitudes that exist at an establishment. Culture is the

atmosphere created by those beliefs, attitudes, etc., which
shape our behaviour.

In all types of activities (and for both of organization and
individual at all levels), the attention to safety involves several
elements [2]:

* [ndividual - awareness of the importance of safety.

* Knowledge and competence - conferred by training and
instruction of personnel and by their self-education.

o Commitment - requiring demonstration at senior management
level of the high priority of safety and adoption by individuals of
the common goal of safety.

* Motivation - through leadership, the setting of objectives and
systems of rewards and sanctions, and through individuals'
self-generated attitudes.

* Supervision - including audit and review practices, with readiness
to respond to individuals' questioning attitudes.

* Responsibility - through formal assignment and description of
duties and their understanding by individuals.
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Safety Culture has two general components. The first is the
necessary framework within an organization and is the responsibility
of the management hierarchy. The second is the attitude of staff
at all levels in responding to and benefiting from the framework
[2]. These components are considered separately, because Safety
Culture particularly concerns individual performance and many
individuals carry safety responsibilities. Fig. 1 demonstrates the
major components of Safety Culture.

Statement of safety

[ policy
|| Management
structures
Policy level
Definition of commitment
responsibilities ] (- Resources
Definition and control_ I
of safety practices | Self - regulation

Qualifications and Managers'
training commitment
Questioning
T attitude
Rewards and
sanctions [
Individuals' Rigorous and

commitment prudent approach

Audit, rewie and
comparison

—| Communication

Safety
culture

Fig. 1 Illustration of the presentation of Safety Culture [2]

In any important activity, the manner in which people act is
conditioned by requirements set at a high level. Establishment
of a management structure, assignment of responsibilities within
the Safety Culture and allocation of resources are all primary
responsibilities at corporate policy level. These arrangements are
compatible with the organization's safety objectives.

Safety Culture model

Researchers and practitioners have proposed a variety of
models of Safety Culture in recent years. They agreed on a number
of 5 steps that should lead to a good Safety Culture. Even with
the change of nomenclature, it is still essentially the same. The
definition of these levels by Hudson et al. is presented below and
also shown in Fig. 2 [5, 6].

e Pathological: Who cares about safety as long as we are not
caught?

Reactive: Safety is important: we do a lot every time we have an
accident.

* Calculative: We have systems in place to manage all hazards.
* Proactive: We try to anticipate safety problems before they arise.

* Generative: Health, Safety and Environment (HSE) is how we do
business round here.

The UK Coal Safety Management Systems implements steps
that should lead to a good Safety Culture differently, see Fig. 3. The
model was designed in a such way, that the bottom level includes
only few or none of the standards definitions for organization and
as a site moves up through upper five levels these standards are
more specified and the amount of requirements are increasing. This
increase also includes the improvement of compliance with, and
effectiveness of these standards [7].

GENERATIVE (HRO)
HSE is how we do businass
round here

PROACTIVE
Safety leadership and values
drive continuous improvement

CALCULATIVE
We have systems in place to

manage all hazards

REACTIVE
Safety is important, we do a lot
every time we have an accident

PATHOLOGICAL
Who cares as long as
we're not caught

Fig. 2 The Health, Safety and Environment (HSE) Culture
ladder [6]

urity
oving tevel of ™
1mp!

Fig. 3 UK Coal journey model [7]

On the other hand, theoretical background underlying Safety
Culture may also be based on a dynamic definition of Safety
Culture, which embodies three major questions representing core
dimensions of Safety Culture:

* How committed are we to safety?
* How are we involved in safety?
* How do we learn?

These questions underlie the diagram of main elements of
Safety Culture presented in Fig. 4, [8].

Acceptance at the organisational
and individual levels of the
responsibility for safety.

The priority given to safety

in organisational planning and day
to day operations, both at the
management and operational levels

Employees' and Managers'
participation in safety

- discussions, activities and
- |improvements.

Safety
Culture

Cooperation and coordination
between team members ( within
a team, across teams).

People are willing to report safety

- | are efficient, and people

Vertical and horizontal
communication channels

have faith in the
processes, their peers
and managers.

occurences, without fear of begin
blamed and the Organisation having
the will and capability to learn from
safety occurrences.

Fig. 4 Main Elements of Safety Culture

However, all models endorse that the Safety Culture is not
only the responsibility of employees but also the basic obligation
of management. Safety Culture is a subcomponent of corporate
culture, which alludes to individual job and organizational features
that affect and influence safety. The concept of Safety Culture is not
specific unequivocal [9].
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Psychosocial factors and safety culture

One way to frame safety culture is to examine it within
the broader context of organizational culture. Although these
constructs were developed separately (i.e., Safety Culture was not
originally a subculture of organizational culture), they are related
concepts. Schein (1990) defines organizational culture as: “[A]
pattern of basic assumptions, invented, discovered, or developed
by a given group, as it learns to cope with its problems of external
adaptation and internal integration, that has worked well enough to
be considered valid and, therefore is to be taught to new members
as the correct way to perceive, think, and feel in relation to those
problems". [4]

Among input factors which also influence Safety Culture,
we should also include psychosocial factors, ergonomics factors,
social situation and more, see Fig. 5. These factors are affecting
the workers and work collectives. The causes of adverse effects
and causalities of these factors are well known, however, there are
still missing preventive measures. The Safety Culture also suffers
from this deficiency. To the basic psychological factors belong
motivation, satisfaction, human relations, health and safety, worker
nature that accompanies and influences employment. Sufficient
working conditions are characterized by physical comfort (adequate
physical exercise, good climatic conditions in the workplace, the
elimination of harmful physical agents, to ergonomic principles,
good social background). Using simple words, it is important to
ensure social welfare [10].

However, it is difficult to change the attitudes and beliefs of
adults by direct methods of persuasion. But acting and doing, shaped
by organizational controls, can lead to thinking and believing.
An ideal Safety Culture is the “engine" that drives the system
towards the goal of sustaining the maximum resistance towards its
operational hazards, regardless of the leadership's personality or
current commercial concerns [3].

Fig. 5 Factors influencing the Safety Culture

Future development

In this work, we shown that the definition of the concept of
Safety Culture using one sentence is not simple and straightforward
(see Tab. 1). We also presented outputs related to interconnection
between Safety Culture and Safety climate. In our opinion, the
most interesting approach was presented by Cooper [9]. He claims
that the individual human complacency and psychological welfare
plays the key role in Safety Culture. Usually, these factors are
disregarded and considered only as black-white area -workers
are happy or unhappy. However, we should consider all grayscale
which influence the probability of human error. We should ask what
was the real reason why the error occurred and what have been
other reasons which contributed to this failure. These questions
are heading towards “new" risk analysis in the workplace. This
multidimensional problem will be investigated in Master's thesis,
which focuses precisely on the Safety Culture in companies.

Conclusion

Safety Culture is now a commonly used term. However, there is
areal requirement of a deep understanding of'its nature because only
such understanding leads to the transformation of convenient term
“Safety Culture" into a concept of practical value. Every company
wants to keep safety culture on high level and reduce occupational
injuries. These values are important to achieve a comparative level
with high advanced world companies. Every company can obtain
such a good quality of safety culture and this is not only a case of
the large companies.
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Abstrakt

Pispévek popisuje mozné chemicko-mechanické cesty (mleti
v kulovém mlyné, sonikace, mikroviné zatfeni) exfoliace grafitu
s cilem ziskat nanografen. Jsou uvedeny piiklady morfologie
a zékladni chemické analyzy produktd pomoci FTIR a schéma
predpokladané exfoliace grafitu ptsobenim sil pii kulovém mleti.
Dale byla u nami vyrobenych produkti provedena termicka analyza
pomoci TGA a DSC kiivek.

Klic¢ova slova

Grafit, exfoliace, kulovy mlyn, nanocastice, tepelna stabilita,
kontaktni toxicita.

Abstract

The paper describes the possible chemical-mechanical ways
(ball milling, sonication and microwave radiation) exfoliation
of graphite to obtain nanographene. The examples of product
morphology are presented and basic chemical analysis of the
products by FTIR is given as well. This contribution introduces
predicted diagram of exfoliation of graphite created by interaction
of forces during a process of ball milling. Finally a thermal analysis
of our manufactured products was made by using TGA and DSC
curves.

Keywords

Graphite, exfoliation, ball milling, nanographene, nanoparticles,
thermal stability, contact toxicity.

Uvod

Mezi vyuzivané metody exfoliace vrstevnatych sloucenin patii
sonikace (ultrazvukova kavitace), dale plsobeni mikrovinného
zateni a v neposledni fadé vysoce energetické mleti (kulovy mlyn).
Vétsinou se tyto metody kombinuji a navazuji na sebe, sonikace-
mleti. Sonikace v urcitém typu rozpoustédla je obecnou metodou
exfoliace v kapalné fazi. Vhodné medium kapalné faze by mél mit
hodnotu povrchového napéti blizké 40 mJ/m? (EtOH, THF, DMF
a pod) [1]. Vyhodné je tato metoda aplikovana vuéi vrstevnatym
slou¢enindm, jako je grafit, BN, MoS,, WS, jily apod., kdy lze
jejich exfoliaci ziskat jako produkt oddélené jednotlivé vrstvy [2].
Zaroven sonikace slouzi k fragmentaci ¢astic a tim i k usnadnéni
mleti.

Vysoce energetické mleti je jedna z metod pfipravy nanocastic
kovi, jejich oxidl a to tzv. cestou TOP-DOWN. Mleti v kulovém
mlyné¢ mize byt tzv. suché mleti, spole¢né s anorganickou soli,
v kapalné suspenzi, v ruzné atmosféie (vzduch, argon, dusik,
amoniak).

Priklady vyuziti:

» Exfoliace vrstevnatych sloucenin [2].

* Dopovéni uhlikaté miizky grafenu dusikem, sirou, halogenem
[3, 4].

* Piipojeni funk¢nich skupin na okraje miizky grafenu
(-H, -COOH, -SO,H), [5].

» Exfoliace grafitu na grafen [1].

 Pfiprava GO [6] a jeho redukované formy [7].

 Ptipojeni vodiku, chloru, bromu a jodu na okraje miizky grafenu
[8] (mleti grafitu v atmosféfe H, a halogenu).

» Pripojeni - OH skupin na okraje mtizky grafenu [9] (spolecné
mleti grafitu s KOH).

» Exfoliace grafitu na grafen po tepelném odstranéni karboxylovych
skupin po spole¢ném mleti grafitu a kyseliny $tavelové [10].

* Ptiprava porézniho kompozitu rGO/celuldza [11] (spolecné mleti
GO, NH,NH, a celulozy).

* Mikrovinné zafeni bylo aplikovano na exfoliaci a Castecnou
redukci GO a takto byl pfipraven produkt pro aplikaci jako
elektrodovy material v kondenzatoru [12]. Grafit byl exfoliovan
mikrovlnym zéfenim a nasledné michan v oxida¢ni smési H,SO,/
HNO, 1 : 1 po dobu 24 hodin. Takto byly ptipraveny grafenové
nanodesticky. Pomoci FT IR byly identifikovany kyslikaté
funk¢ni skupiny [13]. GO spole¢né¢ s HAuH, byl vystaven
mikrovinnému zafeni a ziskal se produkt s dispergovanymi
nanocasticemi zlata na povrchu uhlikatého skeletu [14].

Dalsi cesta k exfoliaci grafitu na grafen je vyuziti dynamiky
kapalin-jeji smykové sily. Smykovou exfoliaci umozni vytvoieni
turbulentniho proudéni, které presahuje kritické Reynhorcovo
¢islo (10%) a lze ho docilit béznym kuchynskym mixerem [15].
Timto zplisobem se da pfipravit kvalitni vicevrstvy grafen a to
bez zavedeni zoxidovanych skupin na hrany grafenu a deformaci
C-mfizky v planarnim seskupeni. Smykova exfoliace grafitu
v kuchyiiském mixeru probiha casto v suspenzi s organickymi
latkami nebo detergenty (povrchoveé aktivni latky) napf.
N,N-dimethyl formamidu [15], N-methyl-2-pyrolidonu [16],
polyvinyl pyrolidonu [17] apod.

Experimentalni ¢ast

Pristroje

» Jednopozicovy planetovy mlynek ,,Pulveresette 6 FRITSCHE
(obr. 1);

e Ultrazvukova ¢isti¢ka Baldelin SONEREX RK 100H, 320W;

» Meéfeni FTIR spekter: spektrometr Brucker alpha/FT-IR, software
OPUS 6.5., rozsah 375-4000 cm’';

» Analyza SEM: Skenovaci elektronovy mikroskop FEI Quanta
650 FEG (FEI, USA);

» Twist Digital microscope Learning Resource, Inc. USA.

e Mcéteni TGA a DSC, STA i 1500, Instrument Specialists
Incorporated.

e Meéfeni TGA/DSC2 Mettler-Toledo

Chemikalie

Grafit (KOH-I-NOOR, CR), kyselina §tavelova, hydroxid
draselny, kyselina sirovd, kyselina dusicnd, ethylen glykol
(Sigma - Aldrich).
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Obr. 1 Jednopozicovy planetovy mlyn

Suché mleti

Do mlynku byla piedlozena smés grafitu (0,5 g) a kyseliny
Stavelové (3,9 g) a nasledovalo mleti 3 hodiny pfi 550 rpm. Teplota
na vnéjsi strané¢ naddoby se pohybovala v teplotnim rozmezi 65 -
67 °C. Produkt EM (I) se druhy den smyl proudem destilované
vody z mlecich kulicek a nadobky a nasledné byl piefiltrovan
s promytim etanolem a destilovanou vodou a nakonec byl suSen
12 hod pri 55 °C.

Do mlynku byla ptedlozena smés grafitu (0,5 g) a hydroxidu
sodného (5,5 g) a nasledovalo mleti 5 hodin pii 550 rpm. Teplota
na vné&jsi strané nadoby se pohybovala také v teplotnim rozmezi
65 - 67 °C. Druhy den se produkt EM (II) proudem destilované vody
smyl z mlecich kulicek a nadobky a byl ptefiltrovan s promytim
etanolem a destilovanou vodou a nasledné byl susen 12 hodin pfi
55°C.

Do mlynku byla pfedlozena smés grafitu (0,5 g) a kyseliny
stavelové (0,25 g) a manganistanu draselného (0,25 g) nasledovalo
mleti 6 hodin pfi 550 rpm. Teplota na vn&jsi strané¢ nadoby se
pohybovala v teplotnim rozmezi 66 - 68 °C. Druhy den se produkt
EM (IV) proudem destilované vody smyl z mlecich kulicek
a nadobky a byl prefiltrovan a promyt etanolem a destilovanou
vodou a nasledn¢ susen 12 hod pii 55 °C.

Mokré mleti

Do mlynku byla predlozena smés grafitu (0,5 g) a 20 ml
dimethylsulfoxidu (DMSO) a manganistanu nasledovalo mleti
5 hodin pii 550 rpm. Teplota na vn&jsi strané nadoby se pohybovala
v teplotnim rozmezi 81 - 90 °C. Druhy den se produkt EM (III)
smyl proudem destilované vody z mlecich kulicek a nadobky
a byl prefiltrovan (intenzivni zapach) a filtrat promyt etanolem
a destilovanou vodou. Nasledné byl vzorek susen 12 hod pii 55 °C.

Do mlynku byla pfedlozena smés grafitu (0,79 g) a 10 ml
dimethylformamidu (DMF) a nasledovalo mleti 5 hodin pfi
550 rpm. Teplota na vnéjsi strané nadoby se pohybovala v teplotnim
rozmezi 81 - 90 °C. Druhy den se produkt EM (V) smyl proudem
destilované vody z mlecich kuli¢ek a nadobky a byl piefiltrovan
a filtrat promyt etanolem a destilovanou vodou. Nasledné byl
vzorek susen 12 hod pii 55 °C.

Sonifikace

Grafit (0,44 g) byl prevrstven v Erlenmeyerové bance 20 ml
ethylen glykolem a tato suspenze byla 4,5 hodin sonikovéna pfi
teploté 45 °C. Po piefiltrovani nasledovalo promyti filtratu etanolem
a destilovanou vodou, suseni produktu ES (I) pfi teploté 55 °C po
dobu 12 hodin.

Grafit (0,5 g) byl pievrstven v Erlenmeyerové bailce
20 ml dimethylsulfoxidem a tato suspenze byla sonikovana
6 hod pii teploté 45 °C. Po prefiltrovani a promyti filtratu etanolem
a destilovanou vodou nasledovalo suSeni produktu (ES II) pfi
teploté 55 °C po dobu 12 hodin.

Grafit (0,62 g) byl pievrstven v Erlenmeyerové bance 8 ml
dimethylformamidem a tato suspenze byla 5 hodin sonikovana pfi
45 °C. Po prefiltrovani a promyti filtratu etanolem a destilovanou
vodou nasledovalo suseni produktu (ES III) pii teploté 55 °C po
dobu 12 hod.

Mikroviné zdreni

Grafit (0,56 g) byl vloZen v Erlenmeyerové baiice do mikroviné
trouby 700 W po dobu 1 min. Po vychlazeni byl grafit pfevrstven
15 ml 65 % HNO, a 15 ml H,SO,. Tato smés byla michana pfi
laboratorni teploté¢ 4,5 hod. Druhy den byla smés vylita do
100 ml destilované vody. Po usazeni produktu EW (I) nasledovala
dekantace, pridani 100 ml destilované vody, usazeni a dekantace
(opakovani 7x do neutralniho pH).

Supinky z folie grafen oxidu 0,28 g byly na Petriho misce
vlozeny na 3 min do mikroviné trouby 700 W po dobu 3 min. Cile
tohoto experimentu bylo testovani, zda dojde k redukci, oxy skupin
u grafen oxidu pusobenim mikrovinného zafeni. (Produkt dostal
oznaceni rGO).

Vysledky a diskuze

Zdrobnovaci procesy pomoci drtict a mlyna jsou nedilnou
soucasti fady technologii, napt. zpracovani rudy, nerostd, strusky,
v potravinaiském primyslu apod. Raketovy rozvoj nanotechnologii
mél vliv na renezanci a vyvoj novych typa laboratornich
a poloprovoznich kulovych mlynu k vyuziti v zakladnim vyzkumu
a farmacii (metoda pfipravy nanocastic tzv. TOP-DOWN). Nové
konstrukce umozni mleti za intenzivniho chladu, pfitomnosti
intenzifikacnich pfisad a to jak tuhého, kapalného ¢i plynného
skupenstvi. Kulovy mlyn diky svému systému mleti a to pisobeni
kouli na material tlakem, Gderem, stithem a smykem se vyborné
osveédcil pii delaminaci u vrstevnatych sloucenin. Toto ptisobeni na
vrstevnaty grafit zjednodusené vyjadiuji schémata na obr. 2.

Obr. 2 Schéma delaminace grafitu pfi mleti v kulovém mlynu

SUCHE

(HOOC - COOH)
SUCHE
(NaQED
MLETI (EM) MOKR
DMS0 EM (D
5.5 hod ,550rpm SUCHE
KMnO, M@
MOKRE EM
V)

EM (1)

EM(I1)

ETHYLEN GLYKOL ES ()
(4,5 hod, 50°C)
DMSO (20ml), 0,5¢
(6hod, S0°C)

DMEF (8ml) ES (1IN
(Shod, 40°C)

MIKROVLNE 1 min, TO0W
(HNO,, H:804 1:1)

GRAFIT SONIKACE
ES (I

EW (1)

Obr. 3 Schéma realizovanych experimentt s cilem exfoliovat grafit
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Pfi naSich experimentech jsme v kulovém mlynu mleli
grafit s pevnou pfisadou (suché mleti) a bez pfisady v suspenzi
s dimethylsulfoxidem a dimethylformamidem (mokré mleti).
Reakéni podminky jsou patrny ze schématu, viz obr. 3.

Co lIze na zaklad¢ literarnich udaji predpokladat za vysledky,
u vzorku EM (I) navazani skupin -COOH na hranach desticek
grafenu , u vzorku EM (II) navazani skupin -OH, u vzorku EM (IV)
skupiny -COOH, C=0, -OH.

V prvni etapé identifikace a produktu exfoliace grafitu jsme
vyuzili elektronovy mikroskop obr. 4, opticky mikroskop obr. 5,
a FTIR spektroskopii obr. 6. V dal§i etapé chystame provést
tepelnou stabilitu produkti a jejich toxicitu (fytotoxicitu).

Zajimavy produkt (EM (II)) byl ziskan mletim pfitomnosti
NaOH, kdy byly pomoci SEM identifikovany uhlikové nanostuhy
(NANORIBBONS, obr. 4 -EM (II)). Toto si vysvétlujeme stithem
nanografenu (grafenovych listkil) pii kulovém mleti za aktivni
ucasti radikali HO'. U tohoto produktu byly identifikovany pomoci
pfifazenych vibraci i skupiny - OH, C-O-C, =C-O-C (1105,
1049 cm™). Tyto skupiny byly identifikovany i u mokrého mleti
s DMSO (EM (III) a such¢ho mleti s KMnO, (EM (IV)).

T EMIV

EST

Obr. 4 Priklady elektronovych snimkt nove pfipravenych
produktt exfoliace grafitu

Produkt obsahuje i karbonylové popf. karboxylové skupiny
(1791 cm™), které byly identifikovany i u mleti v prosttedi DMSO
(1730 cm™) a produktd sonikace v prostiedi ethylenglykolu ES
(I) a to s vibracemi pii 1736 cm™ a 1790 cm!. U vSech produktt,
u kterych byly potizeny IR spektra 1ze najit vibrace charakterizujici
grafenovy skelet (-C=C-C=C-), EM (I) 1609 cm’!, ES (I) 1611 cm!,
EM (II) 1623 cm™, EM (1II) 1615 cm™ a EM (IV) 1654 cm™.

U produktu EM (IV) - suché mleti grafitu s KMnO, se podaiilo
sejmout IR-spektru umoznujici snadngj$i pfifazeni vlnoéti
a porovnani intenzit absorpci. Po pfitazeni vibraci funkénim
skupinam u produktd, lze konstatovat, ze doslo k oxidaci
uhlikatého skeletu, a to za vzniku -OH skupin (2500-3000 cm),
-COOH (1702,1736 cm™), -C=C- (1654 cm™),C-0O,C-O-C,=C-O-C
(1384 cm™, 1140 cm, 1119 cm™).

MLETI EM
EM- (II)10x
o 39
EM-(111)10x EM-(IV)10x
SONIKACE ES
ES-(I) 10x ES-(II) 10x
MICROWAVE (EW)

EW-(1)20x
Obr. 5 Priklady mikroskopickych snimk nové ptipravenych
produktii exfoliace grafitu

EST

Obr. 6 Priklady IR spekter u nové ptipravenych produkti exfoliace
grafitu
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Vedle grafitu jsme testovali vliv mikrovinného zafeni na
grafen oxid, kdy by mélo dojit k ¢asteéné redukci. 0,4 g GO bylo
v Petriho misce vlozeno do mikrovinné trouby na 3 min, vykon
700 W. [12] Sejmuté IR spektrum produktu, ktery jsme znacili rtGO,
obr. 6 ma prubéh kiivky absorbance / vinovy rozsah odlisny od GO
ve forme folie pfed ozafenim, al vlnocty hlavnich absorbanci jsou
v podstaté totozné: 1728 cm™ (C=0,COOH), 1617 cm™! (-C=C-C=C),
1358 cm™! (C-0), 1041 cm™ (C-O-C, =C-O-C) a charakterizujici
oxoskupiny, viz obr. 7.

Odlisnaje tepelna stabilitarGO oproti vychozimu GO zjistovana
TGA a DSC analyzou. U obou ma rozklad s dvéma exoefekty.
U GO 1. exoefekt max. 225 °C - vahovy ubytek 43,6 hm. %.
U rGO 1. exoefekt max. 228 °C - vahovy ubytek 20,1 hm. %, u GO
2. exoefekt max. 450 °C - vahovy ubytek 18,1 hm. %, u rGO 2.
exoefekt max. 508 °C - vahovy ubytek 37,5hm. %. Celkové tepelné
zabarveni kompletniho rozkladu je u rGO 5xvyssi nez u folie GO
pied ozafenim. Z toho je patrno, ze pocatek rozkladu je pfi stejné
teploté, ale s niz§im vahovym Ubytkem. Druhy exoefekt je u rGO
posunut cca o 60 °C, ale s vy$$im vahovym tbytkem.
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Obr. 7 IR spektrum produktu po mikroviném ozéteni (rGO)

Pro podrobnéjsi termickou analyzu jsme zmeénili pristrojové
vybaveni a rozsah méfeni (viz experimentalni ¢ast). Velmi podobny
prubeh termického rozkladu (25-1200 °C) mély produkty suchého
mleti EM (I), EM (II) a EM (1V), viz obr. 8-10. Rozklad probihal
jednim exoefektem, a to, v tomto teplotnim rozsahu a potadi rtistu
stability max. EM (IV) spole¢né mleti s KMnO,. Teplotni rozsah
exoefektu 339-546 °C s max. pti 483 °C, vahovy ubytek 67,4 %.

EM (II) spole¢né mleti s NaOH, teplotni rozsah exoefektu
457-583 °C s max. pti 553 °C, vahovy ubytek 73,1 %. EM (I)
spole¢né mleti s kyselinou $tavelovou, teplotni rozsah exoefektu
600-769 °C, s max. 706 %, vahovy ubytek 88,5 %.

Z tohoto vysledku je patrno, ze nejméné teplotné staly produkt
byl pii spolecném mleti grafitu s manganistanem draselnym.
Srovnavali jsme teplotni prub&hy rozkladu s GO,rGO a GO-
MWCNT ziskanych chemickou cestou. Je zakladni rozdil v tom, ze
chybi I. Exoefekt s max. cca 200 °C, ale druhy exoefekt (max. u GO
450 °C, max. u rGO 508 °C, max. u GO-MWCNT 557 °C) vcelku
koresponduje s hodnotami nasich produkt po kulovém mleti EM
(IV) a EM (II), odkazy viz obr. 8, 9, 10.

|

Obr. 8 Termicka analyza (TGA a DSC ktivka) produktt
spolecného mleti grafitu a KMnO, [EM (IV)]

J—
e mnﬂ|||‘” ””l‘" il

Obr. 9 Termicka analyza (TGA a DSC kfivka ) produktu
spoléného mleti grafitu a NaOH [EM (1I)]

Obr. 10 Termicka analyza produktu spolecného mleti grafitu

a kyseliny stavelové [EM (I)]

Ew s g

Obr. 11 Termicka analyza (TGA a DSC ktivka) produktl sonikace
a vychoziho grafitu

SPEKTRUM 1/2017

%



Sonikace grafitu byla realizovana ve tfech typech
rozpoustédel, ethylenglykolu ES (I), dimethylsulfoxidu ES (II),
a dimethylformamidu ES (IIT). Sonikace probihala v podstaté za
obdobnych reakénich podminek (viz obr. 3). Vysledek termalni
analyzy produktu a vychoziho grafitu je patrny z obr. 11.

Z vysledki tepelného rozkladu, ktery je provazen jednim
exoefektem, lze ziskat pouze tyto hodnoty: pocatecni teplotu
rozkladu, teplotu maxima efektu exoefektu a tepelné zabarveni
rozkladu. Ve vSech téchto hodnotach je stejna zavislost jejich ristu
u jednotlivych produkti, viz tab. 1:

Tab. 1 Sumarizace vysledku ziskanych TGA a DSC analyzy a jejich
vzéajemna zavislost

Produkt
Zméiené hodnoty
Grafit | ES(T) | ES (I) | ES (TIT)
Pocatecni teplota rozkladu [°C] 681 694 697 710
Teplota pfi max. exoefektu [°C] 766 787 778 781

Tepelné zabarveni rozkladu [kJ/g] 11,18 | 13,99 | 14,38 17,18

Porovnani hodnot tepelného
zabarveni produktl k grafitu

1,00 1,25 1,33 1,54

Vysledky mokrého mleti grafitu v DMSO a DMF neumime
zdtivodnit, pouze interpretovat zajimavy prabéh DSC kfivek
a vysokou stabilitu produktii do teplot 1150 °C (vychozi grafit je
rozlozen od 100 °C - do teplot 800 °C).

U produktii tzv. mokrého mleti jejich rozklad byl pouze
20-30 % celkové hmotnosti s pribéhem exotermnim tak
endotermnim. Viz TGA a DSC ktivky produkti EM (III) a EM (V),
obr. 12, 13.

). 14,2010 mg

Obr. 12 Termicka analyza (TGA a DSC kiivka) produkty mleti
grafitu v prostitedi DMSO [EM (11I)]

Sample: EM(V), 6,9350 mg

BIVED-TU Gatrava: NETTLER

Obr. 13 Termicka analyza (TGA a DSC kiivka) produkty mleti
grafitu v prostiedi DMF [EM (V)]

STAR AW

U produktu EM (III), mleti v prostiedi DMSO je identifikovany
teplotné dlouhy exoefekt v rozmezi 130-568 °C s minimalnim
ubytkem hmotnosti 5,5 %, druhy exoefekt s max. pii 771 °C
s hmotnostnim ubytkem 16,3 %. Mezi obéma exoefekty a za
druhym exoefektem jsou endoefekty s teplotnim rozpétim
zacCatku a konce cca 100 °C v podstaté¢ bez hmotnostni zmény
s malym tepelnym zabarvenim 448 J/g. U produktu EM (V),
mleti DMF je dlouhy spojeny exoefekt v teplotnim rozsahu
150-731 s dvéma identifikovanymi maximy pii 349 °C a 622 °C.
S celkovym teplotnim zabarvenim 3842 J/g a vahovym ubytkem
29,4 %. Odteploty 732 °C do 853 °C endoefekt bez vahového ubytku
s teplotnim zabarvenim 775 J/g, tj. celkové tepelné zabarveni Y AH
je -3110 J/g. U produktu EM (III) je > AH je -1422 J/g.

Zavér

Provadéné experimenty mély za cil najit alternativni cesty na
pfipravu grafent, jinak nez oxidaci grafitu a naslednou redukci
grafen oxidu na grafen. Ziskané vysledky je nutné brat jako
pilotni a autofi jsou si védomi nedostatkd pti formulovani zavéru
k ziskanym experimentim. Napi. u vysledkl termické analyzy

produktu po sonikaci grafitu v rGznych rozpoustédlech si zatim
netroufame dat do zavislosti stupen exfoliace a uvolnéné teplo AH.

Je nutné provést dalsi experimenty k vytvoreni zavéru, ktera
cesta je ekologicka a ekonomicka, napf. rozsifeni pfisad na spolecné
mleti nebo u sonikace upravit reakéni podminky apod.
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Abstrakt

Trvaly rozvoj a fungovanie mestskych sluzieb zavisi aj od
infrastruktary, ktora je v mestach. Pochopenie rozdielov v odolnosti
a zranitelnosti infrastruktary je dolezité pre bezpecnost’ mesta.
Pozornost’ je venovana infrastruktire, najmad dopravnej, a jej
zranitel'nosti. Niektoré typy infraStruktury alebo niektoré Specifické
prvky infrastruktury mézu byt, viac alebo menej, zranite'né ako
ostatné. Na zaklade uvedenych skuto¢nosti sa prispevok zameriava
na hodnotenie zranitel'nosti mestskej infrastruktary voci u¢inkom
katastrof ako sucasti koncepcie odolného mesta. Vytvoreny navrh
hodnotenia zranitelnosti infrastruktiry ma sluzit' pre potreby
kritickej infrastruktury.

Kruacové slova
Zranitelnost, mesto odolné pri katastrofach, dopravna
infrastruktura.

Abstract

The sustainability development and operation of the city
services are dependent on city serviceable infrastructure.
The understanding of different infrastructures resilience and
vulnerabilities is important for the city security. Focus in article
will be paid on infrastructure, mainly transport infrastructure
and its vulnerability. Some infrastructure types or some specific
infrastructure elements can be more or less vulnerable than the
others. Following mentioned facts the paper focuses on assessment
of the city infrastructure vulnerability to the effects of disasters
as a part of the resilient city concept. The proposed assessment is
intended to be applied to the critical infrastructure.

Keywords

Vulnerability, —Disaster resilient city, Transportation
infrastructure.

Introduction

Based on the statistics and literature review [1 - 4] it can be
argued that there is an increasing trend of disasters occurrence.
At the same time due to disaster higher intensity the more severe
impacts can be observed. As a trigger of such events were identified
mainly climate change aspects [1 - 3] current disasters development
several guidelines (directives) and measures have been adopted by
the organizations of international crisis management. The climate
change was address in the Paris climate Agreement (2016) and in
frameworks Sendai (2015), Hyogo (2005) and Yokohama (1994).
These documents are focused mainly on the issues of society
resilience as a concept of civil protection.

The resilient city concept is based on anticipation, mitigation
and reduction of physical, economic and social impacts of disasters
within a city (mainly for natural disasters with association on climate
change but it is applicable also for manmade or intentional ones -
we will consider natural disasters only). This is done by creating
an appropriate conditions for dealing with such situations through
application of various measures e.g. ensuring organized services
for whole community (from common to rescue); adhering sensible
building codes and spatial planning (without informal settlements
built on flood plains or steep slopes); incorporating monitoring
and early warning systems to protect individuals (residents),
infrastructure, community assets, environment, and cultural heritage;
preparing and implementing of recovery strategies, etc. [5].

Cities are dense and complex systems. They are characterized
by intense, regular interactions that are structured into identifiable
activity areas, or in key resource management or mobility
sub-systems. In resilient city concept are divided into several
components [6]: health, environmental, social/cultural, infrastructure,
education, disasters, economic. In this paper we deals with
“infrastructure” part and closely with its sub-part transportation
infrastructure.

The character of cities as complex place-based systems is very
different to that of lower-density rural areas where activities are more
spatially separated and interactions are less intense. In the urban
environment in particular, the resilience of a place-based system is
only as great as its weakest part [5]. Therefore the understanding
of the transportation network weak points (vulnerability) and its
resilience to disasters is important in general and in particular
critical for ensure the city security and safety.

We argue that in many instances transport infrastructure
(network) spans other components of society and its reliability
and performance have significant influence on services which
are provided by the other city components (healthcare - health,
business continuity and industry - economic, delivering disaster
relief or facilitating mass evacuations - disasters, etc.). Therefore,
a vulnerability analysis of transportation network in a resilient
city concept should always be viewed in a broader context - with
relation to geo-spatial, industrial, social context, etc.

Transport system as a part of resilient city concept

Transport systems are designed to have an operational
performance and are expected to contribute to a city's overall
sustainability. However, under climate change related hazards,
the transport system is at risk of being in a failed state, either
below its expected operational performance level, or unavailable
all together [7].

Civil infrastructure such as roadways and rail lines in extreme
weather conditions can be disrupted by impact of natural hazards
as flood and landslide. High temperatures can trigger reductions
in speeds due to rail buckling risk and overhead catenary sag.
Both road and rail can be disrupted due to bush fire damage of
infrastructure in high temperature and high wind events. Each of
these can result in delays or suspension of transport services due to
these localized effects [8].
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Transport activity is the result of bringing together resources
of quite a different nature: appropriate infrastructure, equipment,
vehicles, trains, airplanes and ships need to be provided. Service
providers put together these resources to make transport services
available for different needs, thereby using different transport
modes: rail, road, aviation, inland water or maritime shipping.
Regulators at the various levels provide the basic rules to facilitate
operations to run smoothly, efficiently and with minimum impacts.

The role of transportation in cities has layering principles. In
operational view it is just transport citizens, cargoes, or something
else with existing infrastructure from one place to another.
However from strategical point of view it is more about building
infrastructure, making land use plan, taking for consideration also
environmental pollution and a lot of other issue. Resilient cities
have to understand the requirements of stakeholders on transport
systems from many perspectives. One of the most important is
disasters perspective on which is focused next chapter.

Transport system and its role in disasters solving

Transport network is vulnerable to a wide range of hazards
that may lead to a deterioration of its operating parameters and
result in a crisis situation. These hazards and risks are associated
mainly with external conditions affecting the transport network.
Mentioned hazards are partially recognized as the effects of climate
change. From disaster or crisis situation perspective resilient cities
should be prepared to handle such a situation. Protecting vulnerable
infrastructure against the potential effects of climate change is
a vital part of a secure transport network strategy, however, it is not
sufficient on its own [9].Therefore a transport system must be able
to adapt to hazards, so as to maintain an acceptable level of service.

Based on FUTURENET’s methodology (see Fig. 1) the
requirements for the crisis situation solving can be incorporated

into building of resilient cities in two aspects: (1) through transport
planning and (2) resilience analysis.

Each threat can affect the capacity of the transportation network
and/or produce demand on network (cause people to use transport
network). Even if the transportation infrastructure is not directly
affected during such incidents, it is important in providing of common
services e.g. freight and package delivery, production processes
ensuring, commercial and business travel, etc., it plays critical role
in providing security for public e.g. emergency response - police,
fire, medical services, armed forces, as it plays key role in delivering
disaster relief, or facilitating mass evacuations (all these is transport
demand). This could result in identification of the critical functions and
assets which are critical for particular area (transport assets). During
disasters increase the level of risk factors which result in unpredictable
behaviour of people with following impact on transportation (transport
behaviour). Therefore the ensuring of the required level of safety across
the affected area (city) requires in some cases use of non-standard
forces and resources, restrictions and grant specific duties which can
vary depending on selected country e.g. restriction on freedom of
movement and residence in the affected or threatened areas, limitation
of integrity and privacy by evacuation to the designated place, no entry
for vehicles or their use restriction, the command of civilian duty of
maintenance of roads and railways, the traffic operability, etc.

Identification of critical transport assets condition, identification
of susceptible services within transport demand, and consideration
of transport behaviour in condition of climate change is essential
for planning of appropriate programme within transport strategic
planning cycle to achieve increased level of transport system
resilience as well as increased level of city resilience itself.
Strategic system planning should therefore consider and respect not
only results of risk assessment but as well the results of resilience
assessment of the city.

s
R,

—0—
£
9

Transport Strategic Planning
Cycle

Resilience Assessment Methodology

Fig. 1 The interface between the resilience assessment methodology and a typical transport strategic planning cycle [9]
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Background and Rationale

There is no consensus on the definition of vulnerability.
Basically it depends on subject area (context) in which the notion
vulnerability is used. In the context of transportation network one
can define the vulnerability as overall susceptibility to a specific
hazardous event. It is also the magnitude of the damage given the
occurrence of that event [10]. There is common agreement that the
vulnerability in the context of transportation network represents
a measure of loss of the transportation network’s capabilities to
perform its functions [11 - 13]. This agreement result in determining
of transportation network most vulnerable points which can cause
that performance loss. Such determination requires an assessment
of the specific physical parameters of the transportation network
elements as well as their close surroundings (e.g. bridge piers
surrounding or roads subsoil).

Some authors [14, 15] argue that a system might be vulnerable
to certain events but be resilient to others. Therefore is important
take to account the specific risk and threat profiles to the area
under analysis. Particular city areas with corresponding transport
infrastructure elements can be on the one hand considerably expose
to the danger of landslide because they are locate close to the steep
slope but on other hand there is no danger of flood. There is also
association with above mentioned requirements for assessment
of specific physical parameters. In order to protect transportation
elements, e.g. due to location within a flood area, can be performed
e.g. hard (technical, construction) measures (pylons, barriers, etc.)
which allow use these elements without limitations also in time of
flood and this way decrease the sensibility of a particular element.

As the fundamental idea of resilience is derived from
Ch. Darwin’s research results who declares: ,,Not the strongest
or the most intelligent will survive but a one who is the most
adaptive®, the assessment of transportation network infrastructure
vulnerability means that we should take into account also adaptive
ability of the system under analysis. It can be seen as the ability of
a system to change in a way that makes it better equipped to deal
with external influences (disasters) [16]. Adaptive ability is also the
combination of the strengths, attributes, and resources available to
an individual, community, society, or organization that can be used
to prepare for and undertake actions to reduce adverse impacts,
moderate harm, or exploit beneficial opportunities [17].

Based on above mentioned facts and partial conclusions
a system or society that is highly exposed to a threat, susceptible
to its effects and less able to adapt is more vulnerable. Following
these relationships a vulnerability of transportation network in the
context of the resilient city can be assess by considering three types
of factors:

« disasters particularities and their impacts (ability of disasters
cause dysfunction of transportation network elements) - exposure,

« characteristics of the transportation elements and its susceptibility
to effects of a disaster - susceptibility,

« ability or capacity of transportation network in conjunction with
society to adapt to changing conditions - adaptive capacity.

Vulnerability Core Factors

The newer vulnerability assessments [18, 19] also address
various factors (in literature mostly called “core factors”) of
vulnerability and their interplay such as linkages among exposure,
susceptibility, and adaptation (see Fig. 2). Questionable is what
should be the content of such factors.

Exposure

Following the EPSON CLIMATE project [20] and previous
research [13] exposure refers to the nature and degree to which
a system is exposed to climatic variations (it means exposure
to change in climatic conditions) - for our case exposure of

transportation infrastructure refers to the possible effects and
impacts of disasters. It depends also on the system’s (transportation
infrastructure) location - on spatial variations of assessed systems
[21] as well as on disasters occurrence distribution in selected
area. Refer to these facts we assume following characteristics as
important.

EXPOSURE
- ability to cause

ASDAPTIVE CAPACITY
- redundancy
- availability of
resources
- capability of rapid

SUSCEPTIBILITY
- sensitivity

damage
- duration of a disaster
- activitability

- protection
- accessibility

response

POTENTIAL IMPACT

|

VULNERABILITY

Fig. 2 Vulnerability and its core factors (Adapted from [18])

Ability to cause damage - is associated with an occurrence of
particular crisis event and its intensity, type, mode of action, range
and in overall with its destructive effects. E.g. earthquake with
different intensity may have various destructive impacts. It also
depends on the environment conditions in which it operates.

Duration of a disaster - is expected period of exposure to the
effects ofadisaster. Itis also a period necessary to restore the required
level of operational state of a transportation element. Increasing
duration of a disaster indicates more severe consequences.

Activatability - means time necessary for threat activation. The
longer this time period is, the less devastating a disaster could be.
In cases with longer activation period it is possible to adopt some
mitigation measures (e.g. warning, evacuation, makeshift dykes,
enhancing resources and capacities, etc.). This argument cannot
be apply across the board, e.g. in the case of a tornado it is not
reasonably possible to be prepared to cope with such a disaster
without impacts of a tornado (an evacuation is possible but it is
not possible to make some hard construction measures). It results
from destructive potential of a disaster and from limited resources
for disaster prevention (resources could also be used inefficiently).

Susceptibility

As some authors [14, 15] argue that a system might be
vulnerable to certain event but be resilient to the others. Our
intention was to identify characteristics which reflect this fact.
As important characteristics of susceptibility we assume (1) own
ability of element to prevent and handle effects of disasters, (2)
external ability of protection measures to help prevent or cope with
effects of disasters, and (3) location of an element.

Sensitivity - is a tendency of a transportation element to
be functionally damaged by effects of particular disaster. This
characteristic is related to the ability of a transport network element
to resist to and cope with expected negative effects on its own.
It is based on an element construction parameters (robustness
of construction, quality of materials used, age of construction,
etc.). Critical infrastructure elements have characteristics and
assumptions to better resist to the negative impacts of disasters.

Protection - it can be seen as additional feature to the

“sensitivity”. “Sensitivity” is about own ability of an element to
handle situation, on other hand “protection” take into account
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external measure which are already applied on element or outside
of element in order to protect this element, mainly with aim of
decreasing the negative effects of a disaster. It include application of
hard measures as dam construction, windbreaks, slope support, etc.
as well as soft measures (security measures) which are applicable
mainly against intentional crisis events (enhancing guarding of
specific elements against terrorist threats, etc.).

Accessibility - is the level of simplicity with which an element
of transportation network can be affected by a disaster. When it
comes to natural hazards location of the property have to be taken
into account e.g. flood area, tectonic area, area with possible
landslides, etc.

Adaptive Capacity

Following literature review there is a close relationship
between vulnerability, adaptive capacity and resilience and it is
still not well articulated. According to previous research, resilience
is an integral part of adaptive capacity [22]. Other concepts sees
adaptive capacity as the main component of vulnerability [23] or as
nested concepts within overall vulnerability structure [24]. In our
approach for measuring vulnerability we understand resilience as
integral part of adaptive capacity and adaptive capacity belongs to
the core factors of vulnerability (see Fig. 1).

Taking into account definitions of adaptive capacity
(see Background and Rationale) and according to research about
resilience features in which resilient means robust (this is include
in part “sensitivity”), redundant, resourceful, and capable of rapid
response [25], core factor “adaptive capacity” could contain
following parts.

Redundancy - is the ability of other elements of the system
take over the functions of failed elements. In the perception of
transportation network it means replacement impassable network
segment by setting detours. Redundancy is closely linked to the
density of the network and its structure. Dense transportation
network offers more opportunities to replace an element. Therefore,
there is a remarkable difference in redundancy of road and rail
transportation network. From such point of view is rail network
and its elements more vulnerable than the road elements. Moreover,
particular network elements or network as whole may be unable to
handle demand from other (others) inoperable network elements
due to unsuitable structural features (weight restrictions, maximal
traffic density, etc.).

Availability of resources - is access to the sources of city reserves
or state material reserves which disposes with construction material
for reconstruction of transportation elements or with spare parts for
its immediate replacement (temporary bridge constructions, etc.)

Capability of rapid response - is ability of responsible authorities
and rescue services (professional and voluntary) effectively (1)
prevent effects of disasters by adoption of rapid measures (from
coordination of traffic to building of makeshift dams) or (2) remove
impacts of such events in short period of time and recovery to the
previous state.

Vulnerability Index

For determination and calculation of final value of transportation
network elements vulnerability we assume to use Vulnerability
Index (equation 1). It represents an integration of all vulnerability
core factors and their additional characteristics (from chapter 5).
We argue that identified core factors and related characteristics
have different influence on vulnerability final value. From that
reason a weighted assessment of all factors and characteristics is
assumed (multicriteria methods are suitable to use). We assume
using specific value for vulnerability index calculation (e.g. from
1 to 5). Increasing values will indicate increasing vulnerability.
The vulnerability index and interpretations of specific values
(or probably it will be ranges of values) should serve for evaluation

of current state in specific city as well as for decision making
purposes. Some recommendations for vulnerability reduction
in terms of crisis planning, risk management and preparedness
enhancing for decision makers should be also provided.

Vi = f(E,S,AC) = f[f(CH 4cp,CHpp,CH 4.),

(M
J(CHg,CHp,CH 4.), [ (CHg,CH 4z,CH g )]

where:

VI - Vulnerability Index, E - Exposure, S - Susceptibility,
AC - Adaptive Capacity, CH, ., - Characteristic - Ability to
Cause Damage, CH,, - Characteristic - Duration of a Disaster,
CH,, - Characteristic - Activatability, CH, - Characteristic

- Sensitivity, CH, - Characteristic - Protection, CH,
Characteristic - Accessibility, CH,, - Characteristic - Redundancy,
CH,, - Characteristic - Availability of Resources, CH, -
Characteristic - Capability of Rapid Response.

If the given approach is applied on more elements or network
parts simultaneously, it is possible to compare them and it allows the
identification of more vulnerable parts. The responsible authorities
should manage their reaction based on their current possibilities
and with cooperation with crisis management representatives. They
should apply some specific measures (hard or soft, or combination)
based on particular hazard which should be addressed (e.g. different
measures could be applied for floods or landslides). Moreover,
by adopting specific measures authorities may also address and
enhance unsatisfactory characteristics of vulnerability, e.g. we
found out that the particular element is not redundant, but there
is still option for construction of more dense network (add some
links / roads to the network). Space for enhancing is mainly in
core factor “adaptive capacity” and partially in “susceptibility” in
which robustness (part “sensitivity”’) of transportation element can
be enhanced. As was discussed, adaptive capacity and resilience
are closely interconnected - they have common ground (common
characteristics), and together with robustness built basis of
resilience definition [25, 26].

In this point, an important relation (complementary relation)
between resilience (resilient city concept) and vulnerability can
be seen. By enhancing some parts (core factors or subsequent
characteristics) of transportation network vulnerability, increased
resilient of the city can be observed. On the contrary, by enhancing
resilience characteristics, vulnerability of particular element or
system can be reduced.

Conclusion

Within academic and also practitioners’ communities there is
no common agreement of vulnerability understanding in relation
to resilience. However, this subject is active interest of both sides.
In particular, understanding of vulnerability can help to identify
weak components of a system (in our case - the city transportation
network) and by adopting of suitable measures make a city more
resilient to the impacts of disasters. In our research we assume
complementary relation between vulnerability and resilient. Such
connection offers enough space for application of vulnerability
assessment results into the resilient city concept.

The article does not address possible domino effects which
can occur in structural systems but it is only focus on individual
vulnerability of transportation network elements. The article also
does not discuss possible dependency or interdependency with
other components of whole city system. In order to address these
influences higher complexity of approach should be achieved.
Complexity of approach could provide more accurate results but
on the other hand could lead to unwelcome side effects as difficulty
in understanding of approach and achieving results, time delays of
results providing, overlapping of some features and effects, etc.
This could lead to ineffective decision making.

SPEKTRUM 1/2017



We agree with opinion of Taylor and D’Este that it is not
practical and cost-effective to undertake a geophysical or other
risks assessment throughout the whole transportation network [11]
- in our opinion also vulnerability assessment of all transportation
elements. This is dictated by practical considerations - (1) the
elicitation burden placed on experts whose knowledge is necessary
to provide assessment should be limited; (2) importance of
some infrastructure elements is significantly lower than the
other ones. The proposed approach is intended to be applied to
critical infrastructure elements, rather than to all transportation
elements. The critical infrastructure elements in transportation
can be identified by the experts through impacts based assessment
approaches [27] or through simulations.
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Plan konferenci FBI a SPBI na rok 2017 - 2018

26. duben 2017 PoZarni bezpe¢nost stavebnich objektu

Narodni konference pofadana ve spolupraci s Fakultou bezpecnostniho inzenyrstvi. Jednani
konference je zaméfeno do oblasti tykajici se pozarni bezpecnosti staveb, legislativnich postupti pfi
vystavbé, problematiky pozarné bezpecnostnich zafizeni a logickych navaznosti bezpecnostnich
a protipozarnich systémt.

6. - 7. zari 2017 Pozarni ochrana

Mezinarodni konference pofadané ve spolupréci s Fakultou bezpenostniho inzenyrstvi, Ceskou asociaci
hasiéskych distojniki a Generalnim feditelstvim HZS CR. Jednani konference je rozdéleno do téchto
sekci: Pozarni prevence, Pozarni represe, Civilni nouzova pfipravenost, Protivybuchova prevence,
Bezpec€nost osob a majetku, Véda a vyzkum v pozarni ochrané, Zkusebnictvi a certifikace v pozarni
ochrané.

3.-6. fijen 2017 WOS 2017

Konferenci spolupofada Fakulta bezpecnostniho inZenyrstvi VSB-TU Ostrava spolu se Sdruzenim
pozarniho a bezpenostniho inZenyrstvi, z.s. a Ceskou technologickou platformou bezpe&nosti
primyslu, z.s. Vice informaci o konferenci najdete na oficialnich strankach http://www.wos2017.net/.

10. - 12. Fijen 2017 Fire Safety

Pozarni bezpecnost jadernych elektraren - mezinarodni seminaf, ktery se kona vzdy 2 roky
v Ceské republice a 2 roky na Slovensku. SdruZeni pozarniho a bezpeénostniho inZenyrstvi, z.s. ho
spolupofada s Fakultou bezpecnostniho inzenyrstvi a Slovenskou spole¢nosti propagace védy a techniky.
Seminaf je zaméfeny na problematiku pozarni bezpecnosti jadernych elektraren, zucastiuji se ho zastupci
viech jadernych elektraren z CR a Slovenska.

prosinec 2017 Vano¢ni konference

Nérodni konference poradana ve spolupraci s Generalnim feditelstvim HZS CR v prostorach Institutu
ochrany obyvatelstva Lizn& Bohdane¢. Konference je pojimana jako sympozium odbornikil z nejriiznéjsich - VWL EETRIR-CE
odvétvi oblasti ochrany obyvatelstva. Jednani je rozdéleno do 4 diskusnich bloki, probiha formou
diskusnich stolt, kdy kazdy je zaméfen na jeden ze strategickych cilit Koncepce ochrany obyvatelstva do
roku 2020, s vyhledem do roku 2030. FAKULTNI
NEMOCNICE

OSTRAVA

31.leden - 1. inor 2018 Ochrana obyvatelstva - Zdravotni zachranaistvi

Mezinarodni konference pofadand ve spolupraci s Fakultou bezpe¢nostniho inzenyrstvi, Generalnim
teditelstvim HZS CR a Fakultni nemocnici Ostrava.

duben 2018 Bezpecnost a ochrana zdravi p¥i praci VM

Mezinarodni konference potfadana ve spolupraci s Fakultou bezpeénostniho inZenyrstvi, Ministerstvem
prace a socialnich véci CR a Vyzkumnym ustavem bezpecnosti prace, v.v.i. Hlavni témata konference se
tykaji novych vyzev v fizeni bezpe€nosti prace a procestu.

Blizsi informace ke konferencim najdete na www.spbi.cz




