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Abstract

The extent of the fire hazard area from open fire areas in the perimeter of structures significantly limits the use
of space close to the structure, affects the location of buildings, escape routes, construction economy, structure’s
use and many other contexts. This generally applies to both new buildings and renovations. The article describes
the search for points of fire hazard area boundary more efficiently and for finding a suitable approximation to the
critical node with critical intensity at the boundary of the fire hazard area uses advanced mathematical methods
and the application of numerical iterative methods for the exact definition of the fire hazard area from the open
fire areas. Subsequently, the data were used to create a software tool for the accurate determination of fire hazard
areas. Aside from speed and reduction in fire hazard area visible at first glance compared to simplified solution, a
giant benefit is also the economic potential in the areas of radiant component impact on persons within escape
routes, radiant component impact on flammable materials and structures, EW/EI glass structure plans,
determination of mutual building distance, overlap of fire hazard areas on other property or in mutually influencing
fire sections.

Keywords: Fire hazard area, radiation, numerical iteration method, Lambert law

1 Introduction 1 Uvod

The calculation of clearance distances and Vypocet odstupovych vzdalenosti
the definition of the fire hazard area is one of a vymezeni pozarn¢ nebezpecného prostoru je
the key tasks of fire prevention with jeden zkli¢ovych ukoli pozarni prevence
consideration towards the completion of s ohledem na splnéni pozadavkll na zajiSténi
requirements for ensuring the fire safety of pozarni bezpecnosti staveb. Jde zejména o tyto
buildings. It concerns these areas in particular: oblasti:
- the impact of radiant component on persons - dopad salavé slozky na osoby napf. na

for example within escape routes, unikovych cestach,

- mutual clearance distances between buildings, - vzajemné odstupy staveb,
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building placement,

- the impact of radiant component on
flammable materials and structures,

- mutual influence of fire sections,

- proposal of glass structures (cheaper type
EW instead of EI),

- the overlap of fire hazard space.

To define the fire hazard area from the open
fire areas we use the radiant component as a
basis. This component can transfer fire over
fairly large distances and threaten for example
neighbouring structures, fire sections, escaping
persons, animals, etc. The clearance distance
from the open fire area is determined using
traditional procedure based on the construction
system fire risk and the percentage of open fire
areas. Subsequentially, the fire hazard area with
a potential risk of fire transfer, is defined. If we
pass over this practical, simplifying point of
view and if we are to prevent fire transfer and
the ignition of flammable materials, it is
necessary for the intensity of the radiant
component to be lower than the critical intensity
value. The methodology of defining clearance
distances was seen as key already in former
Czechoslovakia and was incorporated into
norms in the 1970s. Those norms derived
knowledge especially from experimental
researches abroad. Between years 1976 and
1979 an extensive experimental program
aiming to refine the basis for the creation of
clearance distance norms also took place at the
Research Institute of Structural Engineering in
Prague [9]. During these years 45 fire tests in
total were realized, 29 of which were aimed at
detailed monitoring of the intensity of radiant
components from open fire areas [9]. The tests
simulated a fully developed fire and records of
these tests, as well as numeric simulations,
provided valuable knowledge and information.
Materials gained by this program were
additionally evaluated for several years starting
in 1980, and furthermore the methodology for
the determination of fire intensity within a
burning area, which influences the definition of
clearance distances through the radiant
component, was refined. Experiments of this
magnitude are even today valuable source of
information and the basis for the ever more
refined defining of fire hazard area using
computer technology. Determination of the
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umisténi staveb,

- dopad salavé slozky na hotlavé materialy a
konstrukce,

- vzajemné ovliviiovani pozarnich tsekd,

- navrh prosklenych konstrukci (levnéjsi typ

EW misto EI),

- pfesah pozarné nebezpecného prostoru.

Pro vymezeni pozamé¢ nebezpecného
prostoru od pozarné¢ otevienych ploch
vychazime ze salavé slozky, ktera dokaze
prenést pozar na pomémné velké vzdalenosti a
ohrozit tak napf. sousedni objekty, pozarni
useky, unikajici osoby, zvitata apod. Tradi¢nim
postupem se zjisti odstupova vzdalenost od
pozamé oteviené plochy a to na zaklad¢
pozarniho rizika, konstrukéniho systému a
procenta pozarné otevienych ploch. Nasledné
se vymezi pozarné nebezpeCny prostor ve
kterém je potencidlni riziko pieneseni pozaru.
Pokud pomineme tento prakticky,
zjednodusujici pohled a pokud mame zabranit
preneseni pozaru a zabranit vzniceni hotflavych
materialtl, je nutné, aby intenzita salavé slozky
byla niz§i nez hodnota kritické intenzity. Jiz
vbyvalém Ceskoslovensku byla metodika
urCovani odstupovych vzdalenosti vnimana
jako klicova a =zallenéna do normativi
v 70.letech  20.stoleti. Tehdej$i normativy
Cerpaly poznatky zejména ze zahrani¢nich
experimentalnich vyzkumt. Mezi lety 1976-
1979 se i ve Vyzkumném tUstavu pozemnich
staveb v Praze realizoval rozsahly
experimentalni program s cilem zpfesnéni
podkladti pro tvorbu normativii odstupovych
vzdalenosti [9]. V prubéhu téchto letech bylo
uskutecnéno celkem 45 pozéarnich zkousek
znichz 29 bylo zaméfeno na podrobné
sledovani a monitoring intenzity salavé slozky
od pozarné¢ otevienych ploch [9]. Zkousky
simulovaly plné rozvinuty pozar a zaznam
ztéchto zkouSek anumerické simulace
poskytly cenné poznatky a informace. Podklady
ziskané z tohto programu byly jesté¢ od roku
1980 a v prub&éhu nékolika nasledujicich let
vyhodnocovany a dale probihalo zptesnovani
metodiky pro urceni intenzity pozéru v hoficim
prostoru, ktery ma vliv na stanoveni
odstupovych  vzdalenosti  prostfednictvim
salavé slozky. Experimenty tohoto rozsahu
jsou i dnes cennym zdrojem informaci a
podkladem pro zptesiiujici vymezeni pozarné
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border of the fire hazard area was with regard
to simplicity of the practical use simplified to a
formation marked by a parallel with the open
fire area within the established clearance
distance, on the sides marked by cylindrical
areas with deflection of 20° - see Fig.1.

The norms allowed a more detailed
determination of the fire hazard area, however
with the knowledge that this solution is
complicated and very time consuming.

PUDORYS

=
nrerRER) M

nebezpecného prostoru s vyuzitim vypocetni
techniky.  Vymezeni  hranice  poZarné
nebezpeéného prostoru bylo s ohledem na
jednoduchost praktického pouZiti zjednoduseno
na Utvar ohrani¢eny rovnob&zkou s pozarné
otevienou plochou ve stanovené odstupové
vzdalenosti, po stranach ohraniceny valcovymi
plochami s odklonem 20° - viz. Obr.1.

Podrobnéjsi vymezeni hranice pozarné
nebezpecného prostoru normativy pfipoustély,
ovSem s tim, Ze jde o fesSeni slozité a Casove
velmi narocné.
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Fig. 1 Simplified determination of the fire hazard area from the open fire area.

Obr. 1 Zjednodusené vymezeni pozarné nebezpecného prostoru od pozarné oteviené plochy.

2 Material and Methods

Stefan — Boltzmann law defines radiation
intensity as directly proportional to absolute
temperature of a body, hence we can express
intensity of a radiant component from a burning
object as:

I=¢.0.T*

where:
¢...body emissivity (-),
o...Stefan-Boltzmann constant
5,67.10°% (W.m2.K*),
T...absolute body temperature,
re.. T'=T,+273 (K),
T,..temperature within a burning area (°C).

During a fire, temperature 7}, in a burning area
changes as time progresses, usually in the range
from approx. 20°C to approx. 1200°C
depending on the fire risk, which we
normatively express with computing fire load py
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2 Material a metody

Stefan — Boltzmanniv zakon definuje
intenzitu salani pfimo umérmou absolutni
teploté télesa, pak miZeme intenzitu salavé
slozky z hoticiho objektu vyjadtit jako:

(KW.m?) (1)

kde:
&...emisivita télesa (-),
o...Stefan-Boltzmannova konstanta
5,67.10°% (W.m2K™*),
T...absolutni teplota t¢lesa,
tj. T= T, + 273 (K),
T,..teplota v hoticim prostoru (°C).

Teplota pfi pozaru v hoficim prostoru T, se
méni v pribéhu cCasu, zpravidla od cca 20°C
do cca 1200°C a to v zavislosti na
pozarnim riziku, které normové vyjadiujeme
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[kg.m] or with equivalent fire duration period
7. [min.].

We can find out the temperature within space
and time ¢ by performing a detailed gas analysis,
using a parametric solution of with the help of
simpler nominal scenarios. To establish 7, we
use normative fire scenario — mnominal
temperature curve ISO 834:

vypoltovym pozarnim zatizenim p, [kg.m?]
nebo ekvivalentni dobou trvani poZaru z. [min.].

Teplotu v prostoru a ¢ase r muZzeme ziskat
podrobnou analyzou plynd, parametrickym
feSenim nebo pomoci  jednodusSich
nominalnich scénait. Pro stanoveni T,
pouzijeme normovy pozarni scénaf — nominalni
teplotni kiivku ISO 834:

Tn =20 + 345.10g,0(8t + 1)  (°C) )

To establish critical radiation intensity, i.e.
the value of radiant component /p landing on
flammable material, a sample of wood, a
common building material, was chosen as a
representative. Threshold value /o for wood is
expressed by value 18,5 kW.m™ [9]. The value
of critical radiation intensity [, differs
depending on the desired computation. The
value is different for example when computing
radiant component towards escaping persons,
stored materials, etc., where the Ip value is
lower. After that we search for the distance
where the radiation intensity / falls to the value
of critical radiation intensity /lo. Most
engineering tasks rest in the solution to so called
surface radiator. It represents open fire areas
(common filler material such as a window or
door). Radiation intensity by itself is then
dependent on the shape and mutual positioning
of the radiator and the irradiated place. This
state is illustrated in Fig.2.

Pro stanoveni kritické intensity salani, tj.
hodnoty salavé slozky /o dopadajici na hotlavy
material byl jako reprezentant stanoven vzorek
dfeva, tedy Casty materidl staveb. Mezni
hodnota /o pro dievo je vyjadiena hodnotou 18,5
kW.m? [9]. Hodnota kritické intenzity salani /o
se 1isi podle pozadovaného vypoctu. Hodnota
je odlisna napt. pii vypoctech salavé slozky viuci
unikajicim osobam, skladovanému materialu
apod., kdy je hodnota Iy nizsi.Nasledn¢ hledame
vzdalenost pii které poklesne intenzita salani /
na hodnotu kritické intensity salani /,. VétSina
inzenyrskych uloh spocivda v feSeni tzv.
plosného =zafiCe. Ten predstavuje pozarné
otevienou plochu (bézna vypli jako je okno ¢i
dvefe). Samotna intenzita salani je nasledné
zavisla na tvaru a vzajemné orientaci zafie a
ozatovaného mista. Tento stav znazoriuje
Obr. 2.

Fig. 2 Spatial dependence of the radiator and irradiated point in 3D.

Obr. 2 Prostorova zavislost zafice a ozareného bodu ve 3D.

Delta 2019, 13(1): 3245
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Fig. 3 The relationship between the radiator and irradiated point: (a) Computational model;
(b) Spatial model
Obr. 3 Vztah mezi zaficem a ozafovanym bodem: (a) Vypoctovy model; (b) Prostorovy model

Radiant component intensity is expressed as Intenzita salavé slozky je vyjadiena jako
radiant power per spatial angle unit and thus we zativy vykon na jednotku prostorového uhlu a
can write: proto miiZeme psat:

___4dq
IO - €c0s0.dA,.dN2 (3)

Then we express radiation power and Silu a intenzitu zafeni pak vyjadiime

intensity with following equation: vztahem:
E  &o0T*
1 0 — ; - T (4)

Now we are searching coordinates of a point Nyni hleddme soufadnice bodu, leziciho na
lying on a curve which defines the border of fire kiivce definujici hranici pozarné nebezpecného
hazard area at known threshold critical value /o prostoru pii znamé mezni hodnot¢ kritické /o —
— see Fig.3. Radiant component intensity viz. Obr.3. Intenzita salavé slozky okolo
around the open fire area in arbitrary point P — pozarné oteviené plochy v libovolném bode P -
Fig.3(a) is expressed in accordance with Obr. 3(a) se vyjadfi podle Lambertova zakona
Lambert law as: jako:

__ r Ip.cos®
I(nyiZ) - fs r2ds (5)
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In the following need of a definition of
irradiated point P we use as a basis variables
x,y,z in equation (5), which describe the position
of irradiated point P and xI, yl define the
position of element dS. Thus we must find a
surface € where the following applies:

[(xy,2) = Ir, provsechny(xy,z) €12

i.e.. /in (x,y,z) for coordinates (x,y,z) € 2, where
Ir is the desired radiant component intensity
threshold value see Fig.3. Equation (5) can be
rewritten into the following form:

Hu) =0

where u = (x,),z) and

Hw =1, — [

For the determination of a specific point of
searched specific intensity we use numerical
iteration methods. Iteration methods [1], [2], [3]
are used for a broad range of computations of
non-linear systems. They are usually used for
equations of the following form:

Hu) =0 H:

The principle of iteration method is very
simple: to calculate part of a number of
solutions close to one solution, then to choose a
different solution from this set and to repeat the
whole process. In case this new step covers new
part of possible solutions, the calculation moves
forward. Therefore, the following questions
form the basis:

- how to calculate possible solutions close to
point ui: (F (ui) = 0),

- how to select a new point,

- how to avoid calculating the same part.
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Pii nasledné potiebé definice ozaifeného
bodu P vyjdeme z proménnych x,y,z ve vztahu
(5), které nam popisuji umisténi ozaieného
bodu P a xI, yl definuji pozici prvku dS.
Musime proto najit takovy povrch Q, kde plati:

(6)

tj. I v (x,,z) pro soufadnice (x,y,z) € Q, kde Ir
je pozadovana hrani¢ni hodnota intenzity salavé
slozky viz. Obr. 3. Rovnice (5) muize byt
prepsana do tohoto tvaru:

0

kdeu=(x,z) a

Ipg.cos@

ds (8)

Pro nalezeni konkrétniho bodu o hledané
urcité intenzit€¢ vyuzijeme numerické iteracni
metody. Iteraéni metody [1], [2], [3] se
pouzivaji pro Sirokou skalu  vypocta
nelinearnich soustav. VéEtSinou se pouzivaji pro
rovnice tohoto tvaru:

R - R €))

Princip  iteratni metody je  velmi
jednoduchy: vypocitat ¢ast z mnozstvi feSeni
blizkych jednomu feseni, poté vybrat jiné feSeni
z tohoto souboru a cely proces opakovat. Pokud
tento novy krok pokryje novou ¢ast moznych
feSeni, vypocet postupuje kupiedu. Takze
zékladem jsou otazky:

- jak vypocitat mozna feSeni blizko bodu
ui: (F (ui) = 0),

- jak vybrat novy bod,

- jak se vyhnout poc¢itani té samé ¢asti.
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There are many approaches towards
reaching the final, desired solution. Various
methods of numerical iteration thus also differ
depending on these approaches.When using
pseudo arc-length iteration method we can view
equations (9) as equations describing the curve
precisely defined by an implicit value.

Let’s assume that we have a point uy e R""/,
therefore H (ug) = 0

Projection H represents curve c(s). We will
attempt to find point sequence u; u> ...u,
approaching this curve so that || H(ui) || < ¢ for
sufficiently small ¢. Let’s further assume, that
we have a tangent vector t; = ¢ (H'(u;)). Curve
c(s) is defined here according to Cauchy in the
following form:

U= t(H'(ul))
v(0) =uo

This task can be solved using predictor-
corrector method. We will select indicator of the
type Euler in the following form:

Ui = u; + ht;

Corrector is of Newton type with the first initial
approximate estimation:

k+1 _ ~
Y = Uit

Because matrix H‘ is not usually a square
matrix, it is not possible to use Newton method
in its standard form:

Fl+1 — gk _ (F'(Uk))_l F(U®)

We need to add an additional equation:
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Je mnoho piistupti jak ke konecnému,
hledanému feSeni dospét. Rizné metody
numerické iterace se pak podle téchto pristupti i
odlisuji. Pii vyuziti pseudo arc-length iteracni
metody muzeme rovnice (9) chapat jako
rovnice popisujici kiivku presné urcenou
implicitni hodnotou.

Piedpokladejme, Ze mame bod uy € R""/, takze
H (ug) =0

Zobrazeni H predstavuje kiivku c(s). Zkusime
najit posloupnost bodil u;, u ...u;, ptiblizujicich
se této kiivce tak, ze || H(ui) || < ¢ pro
dostateéné¢ malé ¢. Dale piedpokladejme, ze
mame te¢ny vektor ¢, = ¢ (H'(u;)). Kiivka c(s) je
zde definovana podle Cauchyho ve tvaru:

(10)
1
Tato uloha se mize fesit s pouZzitim predictor-

corrector metody. Indikator vybereme typu
Euler ve tvaru:

(12)
Korektor je Newtonova typu s prvnim
pocate¢nim ptibliznym odhadem:

(13)

Protoze matice H‘ obvykle neni Ctvercova
matice, neni mozné pouzit Newtonovu metodu
ve standardnim tvaru:

(14)

Pottebujeme piidat dodatecnou rovnici:
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g(w) =0 (15)
In case of pseudo arc-length iteration the V pfipadé¢ pseudo arc-length iterace je
condition is defined as: podminka definovana jako:
gw) = (u-U°%¢) (16)
This condition expresses the fact that we are Tato podminka vyjadiuje skutenost, Ze
finding a new point in a hyperplane nalézame novy bod v nadroviné kolmé k
perpendicular to a tangent vector. Now we can te¢nému vektoru. Nyni jiz mlizeme napsat:
already write:
F(Ux)(U**t —uk) = —F(U¥) (17)
where : kde :
H(U) )
F(U) = 1
( ) ((U.—Uo,ti) ( 8)
and a
, H'(U)
Fan=(";") (19)
l
After designation § = (u — U°, t;), we receive a Po oznateni & ={(u—U%¢t;) obdrzime
set of equations n+1 for n+1 unknown variables soustavu rovnic n + 1 pro n + 1 neznamych ve
in the following form: tvaru:
4 k , k
(H w )) P (H w )) (20)
t! 0
After resolving this equation set for 0 we Po vyfeSeni tohoto souboru rovnic pro o
receive the next point as: dostavame dalsi bod jako:
Uktl =gk + 6§ (21)
Furthermore, we establish new tangent vector Dale ur¢ime novy te¢ny vektor t;,q.
t;+1. This vector must be perpendicular to Tento vektor musi byt kolmy k fadam matic
matrix series H'(u;41) and must keep their H'(u;41) a musi zachovavat smér. Toto
direction. This eventually leads to following nasledn¢ vede k souboru rovnic:
equation set:
H(Ui41)\ - 0
(") e == (%) (22)
i
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The last step is bringing the new tangent
vector into normal:

liv1 =

Pseudo arc-length method principle and one
step is illustrated in Fig.4:

y [m]

tit1

[£i44]

Poslednim krokem je uvedeni do normalu
novy te¢ny vektor:

tiv (23)

Princip metody Pseudo arc-length a jeden krok
zobrazuje Obr. 4:

NOVY TANGENT VEKTOR

\\\ NEWTONOVA METODA
__——=" KROK

\H
PREDIKTOR KROK

TANGENT VEKTOR

X [m]

Fig. 4 Pseudo Arc-length method — principle
Obr. 4 Pseudo Arc-lentgth metoda - princip

3 Results and Discussion

The Radiation theory is elaborated in
scientific publications, for example [6], [7], [8].
Publication [8] in particular and publication [7]
partially also served as a basis for Ing. Vladimir
Reichl, DrSc, when he elaborated his doctoral
thesis and fire safety norms in a part concerning
clearance  distances. These  scientific
publications from abroad also served as a basis
for domestic publications  “Preventing
damages” No. 11, 12, 13 by Ing. Vladimir
Reichl, DrSc, which are also dedicated to the
radiant component and defining of fire hazard
area, for example in No. 12, pgs. 47 — 67.
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3 Vysledky a diskuse

Teorie salani je zpracovand ve védeckych
publikacich napt. [6], [7], [8]. Zejména pak
publikace [8] a Castecné [7] slouzila také jako
podklad Ing.Vladimiru Reichlovi, DrSc., pii
zpracovani jeho doktorské prace a normativi
pozarni bezpeCnosti v Casti veénujici se
odstupovym vzdalenostem. Z téchto védeckych
zahrani¢nich publikaci rovnéz vychazely
domaci publikace Ing. Vladimira Reichla,
DrSc. Zabranujeme $kodam ¢. 11, 12, 13, kde je
vénovan prostor salavé sloZzce a vymezeni
pozarné nebezpecného prostoru, napi. v ¢. 12,
str. 47-67.
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The basis of these publications is the Stefan

— Boltzmann law (1) and Lambert — Kosin law,
where:

Zakladem téchto publikaci je Stefan-
Boltzmanniv zakon (1) a Lambert-Kosintv
zakon, kde:

dly, = dS .cos a;.cos ay .c.0.0* (24)

Fig. 5 The relationship between the radiator and the irradiated point in 2D
Obr. 5 Vztah zarice a ozareného bodu 2D

and furthermore, also for surface S (with

constant angle, because of neglectability of

changes) in point 4 the following relation
applies:

anasledné i pro plochu S (s konstantnim uthlem,
pro zanedbatelnost zmén) v bodé 4 " plati:

Iy = Ifds cosa, .dp (25)

Because radiation intensity between the radiator
and the receiver (points A and A’) is dependent
on the shape of the object and relative distance,
so called position factor @ is introduced and the
following relation applies:

(a)

Protoze intenzita salani mezi zaficem a
ptijemcem (bodem A a A”") zavisi na tvaru télesa
a pomérné vzdalenosti, zavadi se t.zv. polohovy
soudinitel @ a plati:

I=1.¢ (26)
1 5 2
7 B2
)
e 8
A,/én
(b)

Fig. 6 Representation of @ using 4, 1 and, d; ratios
Obr. 6 Vyjadieni @ pomoci pomért Ay, [, d;

Delta 2019, 13(1): 3245
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The situation in Fig.6 illustrates a surface
containing point A’, which is concurrently
parallel to the radiator surface (points 1234),
thus it applies relation:

b =¢1+ Py + b3 + Py

The advantage for practical use lies in the fact,
that we can add and subtract position factors.
For the situation in Fig. 6, the ratios A, [, d;are
deducted like this:

X =
d1

Furthermore, for the expression of the position
factor is applied relation:

y__
d

Situace na Obr.6 znazoriuje plochu s bodem
A", ktera je rovnobézna s plochou zafice (body
1234), pak plati:

@27

Vyhodou pro praktické pouziti je, ze polohové
soucinitele mizeme scitat a odecitat. Pro situaci
na Obr. 6 jsou pak dovozeny poméry k., I, , d;
takto:

(28)

1

Naésledné pro vyjadieni polohového soucinitele
plati:

[q=

The described procedures are based on
searching for the X and Y values in equations
(28), respectively the d; clearance distance. The
calculation is repeated for each case several
times until a match between the position factor
@ in equations (27) and (29) is found.
Considering what was described above, this
procedure is very laborious and time
consuming.

The article "Calculation of critical intensity
of radiant flux for definition of fire hazard area
using numerical iteration methods and software
application" describes the search for points of
fire hazard area boundary more efficiently and
for finding a suitable approximation to the
critical node with critical intensity at the
boundary of the fire hazard area uses advanced
mathematical methods. Border element method
- BEM is not appropriate due to unknown
border and limited usefulness for linear
relationships with subsequent density of
resulting matrix, which leads to high memory
and computational requirements. Final element
method — FEM is inappropriate for the purpose
of finding correctly converging root due to very
small differences. Only numerical iteration
methods thus come into consideration.
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Y = X
"o Wy

(29)

Uvedené postupy pak spocivaji v hledani
hodnot X aY vrovnicich (28), respektive
odstupové vzdalenosti di. Pro kazdy ptipad se
vypocet nékolikrat opakuje tak, az se dosahne
shody v polohovém souciniteli @ v rovnicich
(27) a (29). S ohledem na vyse uvedené je tento
postup velmi pracny a ¢asové narocny.

Clanek ,,Vypodet kritické intenzity salavé
tepelné slozky pro vymezeni pozarné
nebezpecného prostoru za pouziti numerickych
iteracnich metod a softwarové aplikace™

popisuje hledani bodi hranice pozarné
nebezpeného prostoru efektivnéji  a pro
nalezeni  vhodného pfiblizeni  k hledanému

uzlovému bodu s kritickou intenzitou na hranici
pozamé nebezpecného prostoru  vyuziva
pokrocilé matematické metody.

Metoda hrani¢nich prvka-BEM neni vhodna

z divodu neznamé hranice a omezené
pouzitelnosti na linearni vztahy s naslednou
hustotou vysledné matice, coz vede na vysokou
pamétovou a vypocetni naro¢nost. Metoda
konecnych prvkil - FEM je k nalezeni korektn¢
konvergujiciho kotfenu nevhodnad vzhledem k

velmi malym diferencim.
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The suitability of a specific mathematical
solutions was solved based on publications [1],
[2], [3]. Originally two paths of solution, i.e.
direct solution methods (for example the Gauss
elimination method or modified frontal method)
and iteration methods, were narrowed down to
only methods of iteration character [3]
considering the non — linear conduct of the
environment and also taking into account the
relatively large memory requirements and low
solving speed of direct methods. Equation (9) of
used pseudo arc-length method describes a
curve precisely defined by the implicit value.
The pseudo Arc-length method is used in
combination with the Newton method [1] and
the solution principle is very good apparent in
Fig. 4. The combination of both methods, their
practical application (described in the article)
and use in software tool leads to high
calculation speed and locating the desired point
of specific coordinates with the desired critical
radiation intensity value (for example 18,5; 15;
12,5; 10 kWm™ — depends on the type of
calculation). The procedure described in this
article was reviewed by calculations and
confronted with theory published in [6], [7], [§]
and by Ing. Vladimir Reichl, DrSc. and a very
good match was found with higher efficiency.

On the basis of described theory and
experiments undertaken in the 1970s, software
“Salani” (Radiation) 2018[5] was developed in
numerical code Agros2D[4] for the purposes of
precise generation of fire hazard area.

Software Salani (Radiation) 2018 [5] on the
basis of entered geometric parameters (the
dimensions of open fire area — for example
windows), critical intensity (for example 18,5
kWm™), fire scenario — temperature within
flaming area T, over the course of time (2) in
dependence on the entered fire risk p, [kg.m?]
or T [min.], construction system surcharges and
entered emissivity generates the boundaries of
the fire hazard area, see Fig.7. After clicking on
the border of the fire hazard area curve, the
coordinates of this point of entered critical
intensity are generated — see Fig.7.

Software [5] was among other things used to
evaluate and precisely define the fire hazard
area from the open fire area of the belt window
of the “A” building of the Faculty of civil
engineering of VSB in Ostrava. The results
gained from this program allowed for a more
efficient solution of planned modifications.
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Vhodnost  konkrétniho  matematického
feSeni byla feSena na zaklad¢ publikaci [1], [2],
[3]. PGvodné dvé mozné cesty feSeni, tj. pfimé
metody feSeni (napf. Gaussova eliminacni
metoda ¢i modifikovand frontalni metoda) a
iterani metody byly zizeny pouze na metody
iteratniho  charakteru [3] vzhledem k
nelinearnimu chovani prostfedi a vzhledem k
relativné velkym pamétovym narokim a
pomalosti feSeni u metod piimych. Rovnice (9)
u pouzit¢ pseudo arc-length iteracni metody
nam pak popisuje kiivku piesné urcenou
implicitni hodnotou. Metoda pseudo Arc-
lentgth je pouzita v kombinaci s Newtonovou
metodou [1] a princip feSeni je velmi dobie
patrny z Obr. 4. Kombinace obou metod, jejich
prakticka aplikace (popsana v ¢lanku) a vyuzita
v softwarovém nastroji vede k rychlému
vypoctovému feseni a nalezeni hledaného bodu
o konkrétnich soufadnicich s pozadovanou
hodnotou kritické intensity salani (napf. 18,5;
15; 12,5, 10 kWm™ — dle typu vypoctu). Postup
popsany v tomto ¢lanku byl vypoctove ovéten a
konfrontovan s teorii publikovanou [6], [7],[8]
a Ing.Vladimirem Reichlem DrSc. a bylo
dosazeno velmi dobré shody pti vyssi efektivite.

Na zaklad¢ popsané teoric a experimentt
provadénych v 70. letech vznikl v numerickém
kodu Agros2D [4] software pro presné
generovani pozarné nebezpecného prostoru
Salani 2018[5].

Software Salani 2018 [5] na zakladé zadané
geometrie (rozméril pozarné oteviené plochy —
napf.okna),kritické intenzity (napf.18,5kWm2),
pozarniho scénafe - teploty v hoticim prostoru
T, v prubéhu ¢asu (2) v zavislosti na zadavaném
pozarnim riziku p, [kg.m?] nebo 1. [min.],
prirazky na konstruk¢éni system a zadavané
emisivit¢  vygeneruje  hranici = pozarné
nebezpecéného prostoru Obr. 7. Po kliknuti na
hranici kiivky pozarn¢ nebezpecného prostoru
se nam vygeneruji soufadnice tohoto bodu
o zadan¢ kritické intenzit¢ — viz Obr. 7.

Software [5] byl pouzit mimo jiné na
posouzeni a presné stanoveni pozarné
nebezpecného prostoru od pozarné oteviené
plochy pasového okna budovy “A” fakulty
stavebni VSB v Ostravé. Vysledky ziskané
timto programem umoznily ekonomictejsi
feSeni planovanych uprav.
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(Modifications of FAST FAST buildings, VSB
TU Ostrava, PBR, Ing. Isabela Bradadova,
CSc.). An example of “Salani” (Radiation) 2018
[5] software output is shown in Fig. 7.

( Upravy budov FAST, VSB TU Ostrava. PBR.
Ing. Isabela Bradacova, CSc.). Ukazka vystupu
ze software Salani 2018 [5] je uveden na Obr.7.

Fig. 7 Comparison of fire hazard area defined in detail and in a simplified way — output of “Salani”
(Radiation) 2018 [5] software

Obr. 7 Porovnani pozarné nebezpe¢ného prostoru podrobné a zjednodusené vymezeného —
vystup ze softwarové aplikace Salani 2018 [5]

It is apparent from Fig. 7 that there is a
substantial difference between fire hazard area
as defined by normative simplified procedure
and area as defined by the detailed procedure,
which makes use of advanced mathematical
methods. For individual points of the border
curve of the fire hazard area as defined by the
detailed procedure we seek converging roots —
coordinates (in 2D or 3D) considering critical
intensity of radiant heat, which depends on the
type of calculation. Preciseness and smoothness
of the border curve is determined by the number
of its border points. The long duration of
manual calculation is handily replaced by
computer technology, which allows for quick
generation of the border curve with elected
number of points. Another indisputable
advantage of the software tool is its quick
response to a change in entered calculation
parameters such as for example fire risk, size
and shape of open fire are, fire scenario type etc.
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Z Obr. 7 je patrny podstatny rozdil mezi
pozarné nebezpeCnym prostorem vymezenym
normativnim zjednodusenym postupem
apostupem podrobné vymezenym, ktery
vyuziva pokroc¢ilé matematické metody. U
jednotlivych bodl obalové kiivky pozarné
nebezpeéného prostoru podrobné vymezeného
hledame konvergujici kofeny-soutfadnice (ve
2D nebo 3D) vzhledem ke kritické intenzité
salavého tepla, ktera je odvisla od typu vypoctu.
Presnost a hladkost hrani¢ni kiivky je pak dana
poétem jejich hraniénich bodi. Casovou
narofnost manualniho  vypo¢tu  vhodné
nahrazuje vypocetni technika, ktera umoziuje
rychlou generaci hrani¢ni kfivky o zvoleném
poctu bodd. Dalsi nespornou vyhodou
softwarového nastroje je rychla odezva na
zménu zadavanych vypoctovych parametrt
jako je napf. pozarni riziko, velikost a tvar
pozarné oteviené plochy, druh poZarniho
scénafe a pod.
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4 Conclusion 4 Zavér

Scientific benefits described in this article lie Pfinosy pro védu popsané v tomto clanku
in the application of numerical iteration spocivaji v uplatnéni numerickych itera¢nich
methods for the purpose of precise definition of metod pro prfesné vymezeni pozarné
fire hazard area. Software tool “Salani” nebezpecného prostoru. V kombinaci
(Radiation) 2018[5], which allows for practical s dostupnymi  experimenty  pak  vznikl
and quick use in practice, was then developed in softwarovy nastroj Salani 2018 [5], ktery
combination with available experiments. umoziuje praktické a rychlé vyuziti v praxi.

Practical ~ benefits are  indisputable Pfinosy pro praktické pouziti jsou nesporné
considering the arecas mentioned in the s ohledem na jiz uvedené oblasti v uvodu tohoto
introduction of this article. Aside from speed ¢lanku. Kromé rychlosti ana prvni pohled
and reduction in fire hazard area visible at first uspoie pozarné nebezpe¢ného prostoru oproti
glance compared to simplified solution, a giant zjednoduSenému feseni je obrovskym piinosem
benefit is also the economic potential in the i ekonomicky potencial v oblastech dopadu
areas of radiant component impact on persons salavé slozky na osoby na Unikovych cestach,
within escape routes, radiant component impact dopadu salavé slozky na hotlavé materialy
on flammable materials and structures, EW/EI a konstrukce, navrhu prosklenych konstrukci
glass structure plans, determination of mutual EW/EI, urovani vzajemného odstupu staveb,
building distance, overlap of fire hazard areas presahu pozarn€ nebezpecného prostoru na cizi
on other property or in mutually influencing fire pozemek ¢i pfi vzijemném ovliviiovani
sections. pozarnich tusekd.
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