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Izvod

U radu je prikazan novi koncept proracuna otpornosti
gradevinskih konstrukcija na realni pozar koji koristi racu-
narske modele zasnovane na realnom pozZarnom opterecenju.
Modeli su zasnovani na Eurocode EN 1991-1-2. Proracun
ponasanja konstruktivnih elemenata u uslovima pozara
sastoji se iz sledecih faza: izbor scenarija pozara, odredivanje
vrste pozara, definisanje razvoja pretpostavljenog pozara,
toplotne i temperaturne analize u prostoriji i kroz konstruk-
tivne elemente i mehanicke analize konstruktivnih materi-
Jala.

Na osnovu rezultata dobijenih termickim i mehanickim
analizama i ulaznih podataka o konstrukciji, analizama
konstrukcije se moze izracunati smanjenje nosece sposob-
nosti njenih elemenata.

Kriterijum nosece sposobnosti konstruktivnog elementa
se moze izraziti kroz jedan od tri domena: vreme, ¢vrstocu i
temperaturu. Kada su poznati toplotni efekti pozara i meha-
nicki odgovor objekta na dejstvo pozara, moguce je projek-
tovati gradevinsku konstrukciju sa zahtevanom otpornoscéu
na pozar. Novi koncept proracuna otpornosti na pozar
omogucava stvaranje realnije slike o pouzdanosti gradevin-
skog objekta u slucaju realnog pozara.

UvVOD

Pozari gradevinskih objekata izazivaju ogromnu Stetu.
Oslobadanje velikih koli¢ina toplote koje su praéene viso-
kim temperaturama uti¢e na noseéu sposobnost gradevinske
konstrukcije. Velike koli¢ine dima koje nastaju pri pozaru
predstavljaju direktnu opasnost po ljude u objektu.

S obzirom na Cinjenicu da nije moguce predvideti gde i
kada ¢e nastati pozari, u svetu su poslednjih godina prisutni
veliki nauc¢noistrazivacki napori da se shvati proces nastan-
ka, razvoja 1 Sirenja pozara. Danas postoji jedna grana
nauke koja se naziva Nauka o pozarima. Moze se slobodno
re¢i da je poslednjih godina skup znanja o poZzaru postao
vrlo opsezan i da je prerastao u jednu novu inZenjersku
disciplinu pod nazivom PoZarni inZenjering. Pozarni inze-
njering nudi sve savremenije metode predvidanja razvoja
pozara i njegovog uticaja na gradevinske objekte, /7/.
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Abstract

This paper presents a new concept of real fire resistance
calculation of structures using computational models based
on real fire load. Models are based on Eurocode EN 1991-
1-2. Behaviour calculation of structural members in a fire
consists of several steps as follows: selection of a fire
scenario, determination of fire type, determination of design
fire scenario in a growth phase, analysis of thermal distri-
bution in the compartment and through its structural members
and mechanical characteristics analysis of structural mate-
rials.

On the basis of the results obtained by thermal and
mechanical analysis and on the structural input data, the
reduced load-bearing capacity of members can be calcula-
ted in the structural analyses.

Load-bearing capacity criterion of a structural member
can be expressed in one of the three domains: time, strength
and temperature. When the thermal effect of fire and
mechanical response of buildings in case of fire are known,
it is possible to design building construction with the re-
quired resistance to fire. The new concept of fire resistance
calculation enables the creation of more realistic image of
the reliability of the structure in case of a real fire.

INTRODUCTION

In buildings, fires cause significant damage. The release
of large amounts of heat accompanied by elevated tempera-
tures, affects the bearing capacity of the building structure.
Large amounts of smoke generated in a fire pose a direct
threat to people present in the building.

With regard to the fact that it is not possible to predict
where and when fires will occur, great scientific efforts
have been made in recent years worldwide, aimed at under-
standing the process of ignition, development and spread of
fire. Nowadays, there is a branch of science called Fire
Science. It may be observed that the acquisition of knowl-
edge about fire has become fairly extensive and has grown
into a new engineering discipline called Fire Engineering.
Fire Engineering offers all the sophisticated methods of
predicting the growth of fire and its impact on building
structures, /7/.
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Direktna posledica navedenih istrazivanja je donoSenje
evropskih normi u ovoj oblasti. Strukturni evrokodovi su
evropski paket kodova za projektovanje konstrukcija koji su
razvijeni tokom perioda od vise od dvadeset godina. Prihva-
tanjem evropskih normi u gradevinskoj regulativi definisa-
na su, pored ostalog i opSta nacela u delu projektovanja i
gradenja u oblasti zastite od pozara. One daju osnovne
koncepte i pravila za opisivanje toplotnog delovanja pozara
na izlozenu gradevinsku konstrukciju i njenog mehanickog
odgovora na pozar.

NOVI KONCEPT PRORACUNA OTPORNOSTI KON-
STRUKCIJA NA DEJSTVO REALNOG POZARA

Savremene norme projektovanja naglasavaju ¢injenicu
da otpornost konstruktivnih elemenata prema pozaru zavisi
od nivoa napona pri pozaru. Zbog toga postoji Koncept
zastite od realnog pozara na osnovu koga se vrsi proracun
konstrukcija izlozenih pozaru. On primenjuje racunarske
modele bazirane na realnom pozarnom opterecenju. Prora-
¢un se vrsi na osnovu Eurocode EN 1991-1-2 i sprovodi se
dokazom u tri podrucja: vremenu, Cvrsto¢i i temperaturi.
Ova metodologija obuhvata statisticke analize, u nekim
sluajevima dopusta deterministicki pristup, ali isto tako
daje mogucénost primene savremenih probabilistickih metoda.

Koncept zastite od realnog pozara je potpuno inzenjerski
koncept jer omogucava da se zastita objekata od pozara
optimizira putem proracuna.

Koncept predlaze akcije koje treba razmotriti u proceni
ponasanja objekta u slucaju pozara. To su:

- toplotne akcije, od strane dizajniranog scenarija poZzara,

- mehanicke akcije, usled sopstvene tezine, aktivnosti u objek-
tu ili akcije izazvane direktno ili indirektno pozarom.

Kada je poznato toplotno delovanje pozara i mehanicka
akcija konstrukcije u slucaju pozara, tada je moguce dimen-
zionisati gradevinsku konstrukciju sa zahtevanom otpornos-
¢u na pozar.

Analiza otpornosti konstrukcija na pozar je komplikovan
proces jer ukljucuje vise promenljivih kao $to su rast i traja-
nje pozara, distribuciju temperature u konstruktivnim ele-
mentima, promene u karakteristikama materijala, interak-
ciju izmedu konstruktivnih elemenata i uticaj opterecenja
na gradevinsku konstrukciju. Generalno, proces ukljucuje
tri razli¢ite komponente:

- analizu pozarnog hazarda za identifikaciju scenarija poza-
ra i utvrdivanje uticaja svakog scenarija na susedne
konstruktivne elemente,

- termiCke analize za izraCunavanje temperature tokom
vremena u svakom konstruktivnom elementu,

- strukturne analize za utvrdivanje Cvrstoce i napona u
svakom elementu i verovatno¢e da dode do lokalnog ili
progresivnog kolapsa konstrukcije tokom bilo kog scena-
rija pozarnog hazarda.

Na slici 1 su prikazani zahtevi Eurocode EN 1-1-2 i
njihovo uklapanje u proces projektovanja zastite konstruk-
cija od pozara.

Uopsteno, postoje Sest koraka za projektovanje konstruk-
tivnih elemenata za slucaj pozara. Prva tri koraka i Sesti
korak procesa projektovanja obavljaju se iskljuéivo u okviru
zahteva navedenih u Eurocode EN 1-1-2. Korak ¢etiri pod
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A direct consequence of those studies is bringing Euro-
pean norms into this field. The Structural Eurocodes are a
European suite of codes for structural design that have been
developed over a period of more than twenty years. Accep-
tance of European norms in the construction regulations has
defined, among other things, the general principles of the
design and construction in the field of fire protection. They
provide the basic concepts and rules for describing thermal
effects of fire on the exposed building structure and its
mechanical response related to fire.

NEW CONCEPT OF NATURAL FIRE RESISTANCE
CALCULATION FOR STRUCTURES

Contemporary norms emphasize the fact that fire resis-
tance of structural elements depends on the level of stress in
a fire. Today there is the Natural Fire Safety Concept that
calculates structures exposed to fire. It applies computa-
tional models based on real fire load. The calculation is
based on Eurocode EN 1991-1-2 and conducted by provid-
ing proof in three domains: time, strength, and temperature.
This methodology includes statistical analysis, occasionally
allowing a deterministic approach, but it also allows the
application of modern probabilistic methods.

The Natural Fire Safety Concept is completely an engi-
neering concept, because it allows optimization of build-
ings’ fire protection through calculation.

The concept proposes actions to be considered when as-
sessing the behaviour of a building in case of fire. These are:

« thermal actions, from the designed fire scenario,

» mechanical actions, due to deadweight, activities in the
building, or actions induced directly or indirectly by the fire.
When the thermal effect of fire and mechanical action of

building in case of fire are known, it is possible to calculate

characteristics of a building construction with the required
fire resistance.

The analysis of structural fire resistance is a complicated
process because it involves many variables such as fire
growth and duration, temperature distribution in structural
members, changes in material properties, interaction
between structural members, and the influence of loads on
the structural system. The process generally includes three
distinct components:

« fire hazard analysis to identify fire scenarios and deter-
mine the impact of each scenario on adjacent structural
members,

- thermal analysis to calculate the temperature over time in
each member,

« structural analysis to determine the strength and stresses
in each member, and the probability of a local or progres-
sive collapse of the structure during any of the fire hazard
scenarios.

Figure 1 provides an overview of Eurocode EN 1-1-2
clauses and shows how it fits into the overall structural fire
design process.

Generally, there are six steps for the design of structural
members in fire. The first three steps and the sixth step of
the design process are carried out solely within the confines
of the clauses set out in Eurocode EN 1-1-2. Step four
involves a combination of EN 1-1-2 with the corresponding
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razumeva kombinaciju EN 1-1-2 sa odgovarajué¢im akcija-
ma pozara koje su obuhvaéene kodovima materijala (Evro-
kodova 2 do 6 i Evrokod 9). Peti korak se vrsi prvenstveno
u okviru granica kodova materijala.

. Selection of Relevant Fire .
Design Scenario

ocalised fire

Determination of the Corresponding Fire Design

Nominal fire curves
Natural fire models

fire actions provided in the material codes (Eurocodes 2 to
6 and Eurocode 9). The fifth step is carried out primarily
within the confines of the material codes.

Thermal and Temperature Analyses

Radiative and convective transfer
Heat conduction of member

Mechanical Analyses
Stress-strain relationships at elevated temperatures
Reduction factors for strength, and stiffness
Elongation due to elevated temperatures

Structural Fire Design
Time domain
Strength domain
Temperature domain

Slika 1. Koncept proracuna otpornosti konstrukcije na dejstvo realnog pozara
Figure 1. The concept of calculating the real fire resistance of the structure.

Izbor relevantnog scenarija pozara

Prvi korak u procesu dizajniranja pozara je definisanje
akcidentne situacije u kojoj relevantni scenariji poZara treba
da budu determinisani na osnovu usvojene strategije zastite
od pozara.

Definisanje odgovarajuc¢eg scenarija pozara je kljucni
aspekt projektovanja zastite od pozara. Dizajn scenarija poZara
je kvalitativni opis pozara u vremenu i prostoru. On razma-
tra izvor i mehanizam paljenja, razvoj i Sirenje pozara i
interakciju pozara sa okruzenjem, kao i njegovu fazu stiSa-
vanja i gaSenje.

Postoji beskonacan broj moguéih scenarija pozara u
svakom objektu. Nemogucée je da se analiziraju svi verovat-
ni scenariji ¢ak i uz pomo¢ najsavremenijih racunarskih
resursa. Ovaj veliki skup mogucénosti treba da bude sveden
na konacan skup scenarija pozara koji su pogodni za anali-
zu. Dizajn scenarija pozara za analizu treba da se zasniva na
optimalnom broju najgorih scenarija pozara.

U pozarnom inzenjeringu postoji Sirok spektar numeric¢-
kih racunarskih modela, manje ili vise komplikovanih za
dizajn pozara. Numericki modeli treba da razmotre potpuni
skup parametara pozara. Nivo preciznosti metoda za prora-
¢un zavisi od dizajna scenarija i njegovih ciljeva.
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Selection of relevant fire design scenario

The first step in the fire design process is to define the
accidental situation in which the relevant fire scenarios
should be determined based on an adopted fire safety strat-
egy design.

The specification of adequate fire scenario is a crucial
aspect of fire safety design. A fire scenario design is a
qualitative description of fire with respect to time and
space. It considers the source and mechanism of ignition,
growth of fire, the spread and interaction of fire with its
environment, and its decay phase and extinction.

There are an infinite number of possible fire scenarios in
each building. It is impossible to analyze all possible sce-
narios even by means of the most sophisticated computing
resources. This huge set of possibilities needs to be reduced
to a finite set of fire scenario designs which are suitable for
analysis. Fire scenario designs for analysis should be based
on the optimal number of worst-case fire scenarios.

In fire engineering, there is a wide range of more or less
complicated numerical computational models for fire design.
Numerical models should consider the complete range of
fire variables. The accuracy of the applied method depends
on the scenario design and the design objectives.
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Za predvidanje dinamike poZzara u objektima koriste se:

- deterministicki modeli koji se baziraju na koriS¢enju pozna-
tih fizickih i hemijskih zakona,

- probabilisticki modeli koji predvidaju razvoj pozara na
osnovu zakona verovatnoce.

Tipi¢ni deterministicki modeli su modeli numericke
simulacije: zonski modeli (dvo- i jednozonski modeli) i
modeli polja (CFD modeli).

Dvozonski model je baziran na pretpostavci akumulacije
toplih produkata sagorevanja u sloju ispod plafona, iznad
hladnog sloja. U toplom gornjem sloju pretpostavljaju se
uniformne karakteristike gasa. Ostale zone (donji sloj, pozar
i njegov plamen, vazduh i konstrukcije) su definisane. Raz-
mena mase, energije i produkata se izratunava izmedu ovih
razli¢itih zona. Model predstavlja pre-flashover uslove
pozara (flashover je definisan kao tacka vremena u kojoj
sve materije u prostoriji spontano sagorevaju).

Generalno, jednozonski model se primenjuje za razvijeni
post-flashover pozar. Homogene osobine gasovitih produkata
(temperatura, opticka svojstva i sastav) se pretpostavljaju.
Temperatura se izracunava uzimajuéi u obzir odrzanje mase
i energije tokom poZzara. Prenos mase sa spoljasnjim vazdu-
hom se ostvaruje preko otvora. Energija oslobodena iz proce-
sa sagorevanja se provodi kondukcijom kroz okolne zidove
i podove i prenosi kroz otvore (konvekcijom i radijacijom).

Modeli polja dele prostor zahvacen pozarom na male
zapremine i numericki reSavaju diferencijalne jednacine
koriste¢i ulazne vrednosti termodinamickih i aerodinamic-
kih parametara prostora. Metodi turbulencije se najcesce
koriste za CFD proracune uklju¢uju¢i metod Reynolds
Averaged Navier-Stokes jednacina (RANS), Veliku Edi
Simulaciju (LES) i Direktnu Numeri¢ku Simulaciju (DNS)
/6/. 1zlazni podaci obuhvataju vrednosti temperature i brzi-
ne i koncentracije produkata u celokupnoj zapremini pros-
tora tokom pozara. Slozenost i vreme potrebno za proracun
kada se koriste modeli polja ograni¢ava primenu ovih
proracuna za odredivanje otpornosti na pozar. Modeli polja
se Cesto koriste za pocetnu fazu i fazu razvoja pozara. Oni
ne pruzaju zadovoljavajuée rezultate za potpuno razvijen
post-flashover pozar.

Svi modeli zahtevaju odredene ulazne parametre, kao §to
su: geometrija objekta (povrSine, visina sprata, kompozicija
zidova i podova, veli€ine otvora, tip zastakljivanja), vrsta i
koli¢ina masenog pozarnog opterecenja (zapaljivog materi-
jala), stepen oslobadanja toplote iz pozarnog opterecenja (iz
literature ili ad hoc testa), ponasanje konstruktivnih eleme-
nata na visokim temperaturama. Termicki ulazni podaci su
koeficijenti prenosa toplote elemenata, toplotna provodlji-
vost 1 toplotni kapaciteti materijala.

Odredivanje vrste pozara

U principu, vrsta pozara zavisi od zapremine prostorije,
vrste, koli¢ine i razmestaja prisutnog masenog pozarnog
opterecenja, kao i odnosa povrsine prisutnih otvora i povrsi-
ne poda, tj. stepena otvorenosti. U zavisnosti od prethodno
navedenih parametara, odreduje se vrsta moguceg pozara u
objektu.

Eurocode EN 1991-1-2 predvida dve vrste pozara:

+ opSte poZare u zatvorenom prostoru i
- lokalne pozare u delu zatvorenog prostora.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 13, br. 1 (2013), str. 51-62

Models for prediction of fire dynamics in buildings are:

» deterministic models based on the use of known physical
and chemical laws,

- probabilistic models that predict fire growth on the basis
of the laws of probability.

Typical deterministic models are numerical simulation
models: zone models (two- and one-zone models) and field
models (Computational Fluid Dynamics (CFD) models).

The two-zone model is based on the assumption of accumu-
lated hot combustion products in a layer beneath the ceiling,
above the cold layer. In this hot upper layer, uniform character-
istics of the gas are assumed. Other zones (lower layer, fire
and its plume, external gas and walls) are defined. The ex-
changes of mass, energy, and chemical species are calculated
between these different zones. The model represents pre-flash-
over conditions (flash-over is defined as the time point at which
all materials in the compartment spontaneously combust).

Generally, for a fully developed post-flashover fire, the
one-zone model is applied. Homogeneous gas properties
(temperature, optical properties and chemical composition)
are assumed. The temperature is calculated by considera-
tion of mass and energy conservation during the fire. Mass
transfer occurs with external gases via openings. The
energy released by the combustion process is transferred by
conduction through surrounding walls and floors, and trans-
ports through the openings (by convection and radiation).

Field models divide the space of a fire compartment into
small volumes and numerically solve differential equations
using the input thermodynamic and aerodynamic variables
for the compartment. Turbulence methods commonly used
in CFD include Reynolds Averaged Navier-Stokes Equation
Method (RANS), Large Eddy Simulation (LES), and Direct
Numerical Simulation (DNS), /6/. The output data include
the temperature and velocity of the gas, and species concen-
tration in all parts of the compartment during the fire. The
complexity and the time needed for calculations using field
models limit the application of such codes for fire resistance
determination. Field models are often used for the early fire
and fire growth phase. They are considered inaccurate for
fully developed post-flashover fires.

All models require certain input parameters, such as:
building geometry (surface area, storey height, wall and
floor composition, size of openings, type of glazing), type
and amount of fire load mass (flammable material), rate of
heat release from fire load mass (from literature or ad hoc
test results), thermal behaviour of boundary construction
elements. Thermal input data include heat transfer coeffi-
cients at boundaries, thermal conductivity, and thermal capac-
ity of the materials.

Determination of the fire type

In general, the type of fire depends on the volume of the
compartment, type, quantity and placement of fire load
mass, and on the ratio of the surface areas of the openings
and the floor, i.e. the opening factor. Depending on the
above mentioned parameters, the type of possible fire in the
building is determined.

Eurocode EN 1991-1-2 prescribes two types of fires:

+ compartment fires and
+ localised fires.
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Ako je pri bilo kojoj koli¢ini masenog poZarnog optere-
¢enja, povrsina poda zauzeta njime, 4;, zadovoljava nejed-
nadinu, /8/,

If at any quantity of fire load mass, the floor area occu-
pied by it, Ay, satisfies the inequality, /8/,

opravdano je po¢i od hipoteze da moze nastati iskljucivo
lokalni pozar.
Kada se maseno pozarno opterecenje, my, u koli¢ini

it is justified to start from the hypothesis that only a local-
ised fire may occur.
When a quantity of the fire load mass, my,

2 .3
Mg >V Vinlta, (2)

nalazi na povrsini poda

is located on the floor area

Ag>7(Vsty,) 3)

treba poc¢i od hipoteze da ¢e u slucaju pozara doéi do flash-
over-a i opsteg pozara.

U jednacinama (1)—(3) je vy, — brzina kretanja plamena
po povrSini opterecenja, ., — vreme trajanja faze razvoja
pozara, v, — brzina sagorevanja pozarnog optereéenja.

U prostoriji, lokalni pozar obuhvata samo ograni¢enu
povrSinu masenog pozarnog opterecenja. Ukoliko postoji
mala verovatnoca pojave flashover-a, strukturnom analizom
treba da budu obuhvacene toplotne akcije lokalnog pozara.

U slucaju opsteg pozara temperature gasovitih produkata
treba da se odrede na osnovu fizi¢kih parametara uzimajuci
u obzir najmanje gustine pozarnog opterecenja i uslove
ventilacije.

Na osnovu utvrdenih uslova za razvoj ocekivanog pozara,
usvaja se odgovarajuci zakon brzine sagorevanja, odnosno,
zakon oslobadanja toplote. Uniforma raspodela temperature
kao funkcija vremena se pretpostavlja za opste pozare. Ne-
uniformna raspodela temperature kao funkcija vremena se
pretpostavlja za slucaj lokalnog pozara, /5/.

Definisanje razvoja pretpostavljenog pozara

Za proracun termickih akcija gradevinskih konstruktiv-
nih elemenata mogu se koristiti sledece vrste pretpostavlje-
nih pozara:

+ podaci dobijeni na osnovu eksperimentalnih istrazivanja
pozara, koji su u direktnoj vezi sa geometrijom i pozar-
nim opterecenjem objekta,

- rezultati dobijeni numerickim prora¢unima za simulirani
poZar,

- nominalni pozar (standardna kriva temperatura—vreme,
ugljovodonicna kriva, eksterna kriva) kada su vrednosti
parametara izraZeni u funkciji trajanja pozara,

- parametarski pozar koji razmatra parametre koji imaju
uticaj na temperaturu produkata. Parametarski pozari su
samo gruba aproksimacija realnih pozara.

Vreme otpornosti na pozar specificirano u vecini nacio-
nalnih gradevinskih propisa se odnosi na testiranje perfor-
mansi elemenata kada se zagrevaju u skladu sa krivom tem-
peratura-vreme, definisane medunarodnim standardom ISO
834 (ili Eurocode-om EN 1991-1-2). Standardna kriva tem-
peratura-vreme, dobijena ispitivanjem konstruktivnih ele-
menata u peci, moze se prikazati jednac¢inom (4):

it leads to the hypothesis that flashover and compartment
fire
will occur in case of fire.

In Egs.(1-3) are v, — the flame velocity of the fire load
mass surface, f,,— the time of the fire growth phase, v. — the
combustion velocity of fire load mass.

In the compartment, localised fire envelops only a limited
area of the fire load mass. Where flashover is unlikely to
occur, structural analysis should take into account the ther-
mal actions of a localised fire.

In case of compartment fires, gas temperatures should be
determined on the basis of physical parameters considering
at least the fire load density and ventilation conditions.

On the basis of expected fire growth conditions, an appro-
priate combustion velocity law and a heat release law are
adopted. A uniform temperature distribution as a function
of time is assumed for compartment fires. A non-uniform
temperature distribution as a function of time is assumed in
case of localised fires, /5/.

Determination of the corresponding fire design

The following types of fire designs can be used to deter-
mine the thermal actions of the building structure compo-
nents:

- data from an experimental fire, which are in direct con-
junction with the layout of a relevant part of the building
and with the fire load,

numerical calculations results for simulated fire,
nominal fire (standard temperature—time curve, hydrocar-
bon curve, external curve) when performance levels are
expressed in terms of fire duration,
parametric fire, taking into account the main parameters
which affect the gas temperature. Parametric fires are
only a rough approximation of real fires.

Fire resistance times specified in most national building
regulations relate to performance testing which involves
heating according to an internationally agreed temperature—
time curve defined in ISO 834 (or Eurocode EN 1991-1-2).
Standard temperature-time curve, obtained by examination
of structural elements in the furnace, can be described by
the following equation (4):

6, =20+345log(8+1) 4)

gde je f,—ambijentalna temperatura u pozarom zahva¢enom
prostoru, ~~vreme.

Standardna otpornost se definiSe kao sposobnost kon-
strukcije ili njenog dela da zadrzi stabilnost tokom izlaganja
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where @,—ambient temperature in the compartment fire, -
time.

Standard fire resistance is defined as the ability of a
structure or its part to keep the capacity during standard fire
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standardnom pozaru za standardni vremenski period (30, 60
ili 90 min, itd.). Prema konceptu ispitivanja otpornosti na
dejstvo standardnog pozara odreduje se otpornost konstruk-
cije (F30, F60, itd.) bez obzira na karakteristike gradevin-
skog objekta (namena, pozarno opterecenje, preduzete pre-
ventivne tehnicke mere zastite od pozara). Koncept se odli-
kuje i nedostacima u proracunu tokom projektovanja.

Alternativni metod u odnosu na metod odredivanja
vremena otpornosti na pozar na osnovu kriva nominalnih
pozara, je pokusaj da se modeluje realni poZar kori§¢enjem
krive parametarskog pozara. Ovo omogucava jednostavnije
modelovanje temperature u fazi zagrevanja i fazi hladenja
post-flashover pozara (pocetna faza razvoja se ne razmatra)
i vremena za koje je postignuta maksimalna temperatura.
Pri koriS¢enju parametarskih krivih neophodno je imati
podatke o osobinama materijala (gustinu, specificnu toplotu,
toplotnu provodljivost) u prostoriji, gustinu poZarnog opte-
recenja i povrsine ventilacionih otvora.

Nominalni i parametarski poZzari ne predstavljaju nijednu
vrstu realnog pozara gradevinskog objekta.

Pre-Flashover |

- ==

Gas
temperature

1200 -

Flashover

sava A

Growth Phase

exposure, for a standard time period (30, 60, 90 minutes
etc.). According to the concept of testing resistance to the
effects of standard fire, the construction resistance is deter-
mined (F30, F60, etc.), regardless of the building character-
istics (purpose, fire load, preventive technical measures of
fire protection taken). This concept is also characterized by
lacks in the calculation of the design.

An alternative method to the method for determining fire
resistance times based on nominal fire curves is to attempt
to model a real fire by use of a parametric fire curve. This
enables simpler modelling of fire temperatures in the heat-
ing and cooling phases of a post-flashover fire (the initial
growth phase will not be considered), and the time in which
the maximum temperature is reached. When parametric fire
curves are used, it is necessary to possess data on the prop-
erties of materials (density, specific heat, thermal conduc-
tivity) in the compartment, the fire load density, and venti-
lation surface areas.

Nominal and parametric fires do not represent any type
of real building fire.

Post—Fiashover_ .

*ISO 834 Standard
*  Fire Curve

.

*Real Fire

Decay Phase

a -

Time

Slika 2. Faze realnog pozara u poredenju sa temperaturom atmosfere prema ISO834 krivoj standardnog pozara
Figure 2. Phases of a real fire, comparing atmospheric temperatures with the ISO834 standard fire curve.

Realni pozar u objektu se razvija i opada u skladu sa
masenim i energetskim bilansom unutar prostorije u kojoj
se pojavljuje (sl. 2), /1/. Oslobodena energija zavisi od koli-
¢ine 1 vrste masenog pozarnog opterecenja i od preovladu-
jucih uslova ventilacije. Moze se usvojiti da se realni pozar
sastoji od tri faze, koje se mogu definisati kao faza razvoja,
razvijena faza i faza stiSavanja. Najbrzi rast temperature se
javlja u periodu nakon flashover-a.

Termicke i temperaturne analize

Termicka analiza obuhvata odredivanje temperaturnih polja
tokom vremena u prostoru i konstruktivnim elementima
zahvacenih pretpostavljenim pozarom.

Analiza temperaturnog odgovora u konstruktivnom ele-
mentu se moze podeliti na dva dela. Jedan je prenos toplote
od pozara na povrSinu elementa, koji je kombinacija kon-
vekcije 1 zradenja i obi¢no se tretira kao graniéni uslov.
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A real fire in a building grows and decays in accordance
with the mass and energy balance within the compartment
in which it occurs (Fig. 2), /1/. The released energy depends
on the quantity and type of fire load mass, and on prevail-
ing ventilation conditions. It is possible to consider a real
fire consisting of three phases, which may be defined as the
growth phase, the full development phase, and the decay
phase. The most rapid temperature rise occurs in the period
following the flashover.

Thermal and temperature analyses

The thermal analysis comprises the determination of
temperature fields versus time in the compartment and the
structural members within the fire design.

The analysis of temperature response in a structural
member can be divided into two parts. One part is the heat
transfer from the fire into the surface of the structural member,
which is a combination of convection and radiation and is
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Drugi deo je provodenje toplote kondukcijom unutar kon-  usually treated as boundary condition. The other part is the
struktivnog elementa. conductive heat transfer within the structural member.
Prenos toplote do konstruktivnih elemenata Heat transfer to structural members

Na osnovu odredene temperatura-vreme termicke akcije, On the basis of defined temperature-time thermal action,
toplotni fluks do okolnih konstruktivnih elemenata se moze  the heat flux to surrounding structural members can be cal-
izracunati koriS¢enjem jednacine prenosenja toplote. Jedna-  culated by an adequate heat transfer equation. The equation
¢ina mora da obuhvati relevantne parametre kao $to su: has to involve the relevant parameters such as:
- konvektivni toplotni fluks i - the convective heat flux and
- radijacioni toplotni fluks. « the radiative heat flux.

Konvektivni toplotni fluks treba da se odredi na osnovu The convective heat flux should be determined by taking

koeficijenta prelaza toplote konvekcijom, temperature gasa  into account the coefficient of convective heat transfer, gas
u okolini elementa izloZenog poZzaru i temperature povr§ine  temperature in the environment of the member exposed to

elementa. fire, and the surface temperature of the member.
Radijacioni toplotni fluks treba da se odredi na osnovu The radiative heat flux should be determined taking into
temperature zracenja u okolini elementa (temperatura plamena,  account radiation temperature of the member’s environment
temperatura gasa, grani¢na temperatura), temperature na povr-  (flame-, gas-, and boundary temperature), the member surface
§ini elementa, emisije i absorbcije od strane ozracenog ele-  temperature, emissivity and absorbtivity of radiated member,
menta i ugaonog faktora izmedu izvora toplote i elementa. and viewing angle factor between heat source and member.
Ukupni toplotni fluks, /tne,, do povrSine elementa se The net heat flux, /tne,, to the surface of the member is
izratunava na osnovu jednacine defined by the following equation:
hnet =hnet,c + hnet,r (5)
gde su where
hnet,c =a, (eg - gm ) (6)
; 4 4
Pyt = 90€ 6 [(0, +273)" =(6,, +273)"] (7
gde je fznet’c —konvektivni toplotni fluks, fznet’r -radijacioni  where fznet’c —the net convective heat flux, and ﬁm’r —the
toplotni fluks, a.—koeficijent prenosenja toplote konvekci-  net radiative heat flux, a—the convective heat transfer coef-
jom, ,~temperatura okoline (gasa), &,~temperatura povrSine  ficient, ~the environment (gas) temperature, §,~the member
elementa, f—temperatura zracenja plamena, ¢-konfigura-  surface temperatures, 6—the effective radiation temperature
cioni faktor, o—Stefan-Boltzmann-ova konstanta, g,—koefi- of the fire environment, ¢-the configuration factor, oStefan
cijent emisije povrsine elementa, g—koeficijent emisije plame-  Boltzmann’s constant, g,—the emissivity of member surface,
na pozara. &—the emissivity of fire flame.
Provodenje toplote kroz konstruktivne elemente Heat transfer through structural members
Apsorbovana toplota se sa povrsine konstruktivnih ele- Absorbed heat from the surface of structural members is
menata prenosi provodenjem u njihovu unutraSnjost. Provo-  transferred by conduction into the interior of the members.

denje toplote kroz gradevinske elemente usled dejstva poZara ~ Heat conduction in structural members due to effects of fire
definiSe se kao nestacionarni proces. Za izraCunavanje toplote  is defined as a nonstationary process. To calculate the heat
unutar gradevinskog elementa primenjuje se nestacionarni  inside the structural member, a nonstationary nonlinear

nelinearni model provodenja toplote. model of thermal conductivity is applied.

Provodenje toplote kroz elemente se moze izraziti preko Heat conduction through members may be represented
Fourier-ovog zakona: by Fourier’s law:

q=—AVao ®)

gde je g—protok toplote po jedinici povrsine, A-koeficijent =~ where g—heat flow per unit area, - thermal conductivity,
provodenja toplote, V 8-gradijent temperature. V 6- temperature gradient.
Temperatura u konstruktivnim elementima Temperature in structural members

Primenom modela nestacionarnog nelinearnog provode- Application of the model of nonstationary nonlinear
nja toplote dobija se temperaturno polje u preseku elementa  thermal conductivity gets the temperature field at the cross-
iu ¢itavom elementu. Ta¢no predvidanje promene tempera- section of the member and in the whole member. Accurate

ture tokom vremena u okviru konstruktivnih elemenata je  prediction of temperature fluctuations over time in struc-
od sustinskog znacdaja za utvrdivanje osobina materijala na  tural members is essential for determining material proper-
relevantnoj temperaturi i sprovodenje analize konstrukcije.  ties at a relevant temperature and applying the analysis of
U analizi raspodele temperatura koristi se metod konacnih  structure. The finite element method is used in analysis of

elemenata. On je baziran na matricama i veoma je prilagod-  temperature distribution. It is based on matrices and is very
ljiv za izraCunavanje temperatura elemenata u poZaru. adaptable to solving temperature in members exposed to fire.
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Dobijene temperature u jednom elementu koriste se za
analizu delovanja toplote pozara na ostale elemente i na
celu gradevinsku konstrukciju.

Mehanicki odgovor

Mehani¢ko ponasanje konstrukcije zavisi od termickih
akcija i njihovog toplotnog efekta na osobine materijala i
indirektnih mehanickih akcija, kao 1 direktnog efekta meha-
nickih akcija, /2/.

Za procenu mehanickog ponasanja konstrukcije u slucaju
pozara neophodno je:

- poznavati karakteristike materijala pri poviSenim tempe-
raturama,

« odabrati odgovarajuéu metodu dimenzionisanja na osno-
vu primene jednostavnih i sloZenih procedura proracuna,

- odrediti mehanicko opterecenje koje deluje na konstruk-
ciju izlozenu pozaru.

U principu, gradevinski materijali gube ¢vrstocu i krutost
na visokim temperaturama $to dovodi do opadanja njihove
nosece sposobnosti i povecanja deformacija, /2/.

Pri prora¢unu mehani¢kog ponasanja treba da se uzmu u
obzir relevantni podaci kao funkcije temperature za svaki
materijal, kao §to su odnos napon-istezanje na povisenim
temperaturama, redukcioni faktori ¢vrstoce i krutosti i izdu-
zenje usled povisenih temperatura.

Proracun mehanickog odgovora cele konstrukcije ili njenog
elementa mora da se vr$i odgovaraju¢om metodom proracuna
(kao Sto je metoda konacnih elemenata). Jednostavni modeli
ili tabelarni podaci mogu se koristiti samo za procenu poje-
dinacnih konstruktivnih elemenata. Ovi jednostavni modeli
se uglavnom zasnivaju na ograni¢avanju vrednosti tempera-
ture koja se ne sme prekoraciti tokom pozara.

Kada se razmatraju mehanicke akcije zbog primenjenih
opterecenja, verovatnoca kombinovane pojave pozara u
objektu zajedno sa ekstremnim nivoom mehanickih akcija
moze se smatrati zanemarljivom, jer je pozar gradevinskog
objekta akcidentna akcija. U tom pogledu, nivo opterecenja
koji se koristi za procenu ponasanja celog objekta ili konstruk-
tivnog elementa mora da odgovara specificnim faktorima
sigurnosti, a ne onima koji se koriste pri projektovanju objekta.
Opsta formula koja se moze koristiti za izracunavanje
relevantnih efekata mehanickih akcija ima oblik, /2/:

Ejas =27640x 91,

gde je E; ,—efekat opterecenja, G,—karakteristi¢na vrednost
stalnih akcija (mrtvo opterecenje), Qi —karakteristicna vred-
nost jedne (glavne) promenljive akcije, Oy —karakteristicna
vrednost ostalih promenljivih akcija, A,(f)—projektovane
vrednosti akcija usled izlozenosti pozaru (uglavnom indi-
rektne akcije usled termiCke ekspanzije, ako se ne uzimaju
u obzir proracunski modeli), y;4—parcijalni faktor sigurnosti
za stalne akcije u akcidentnoj situaciji (usvaja se vrednost
1.0), w11, w»,—kombinacioni koeficijenti objekta.

Za konstruktivne elemente, maksimalni nivo optereéenja
tokom izloZenosti pozaru je 65-70% od nosece otpornosti
na normalnoj temperaturi. Eurocode EN 1991-1-2 dozvoljava
da efekti (akcije) optereCenja za otpor pozaru budu jednaki
delu efekta (akcije) ambijentalnog opterecenja, tako da je

The obtained single member temperatures are used for
analysis of the fire heat effects on the other members and
the entire building structure.

Mechanical response

Mechanical behaviour of a structure depends on thermal
actions and their thermal effect on material properties and
indirect mechanical actions, as well as on the direct effect
of mechanical actions, /2/.

To assess the mechanical behaviour of structures in case
of fire, it is necessary to:

+ know the characteristics of materials at elevated tempera-
tures,

+ choose an appropriate method of dimensioning, based on
application of simple and complex calculation procedures,

+ determine the mechanical load acting on the structure
exposed to the fire.

In general, building materials lose strength and stiffness
at elevated temperature, which leads to a decrease in their
load-bearing capacity and an increase in deformation, /2/.

Mechanical behaviour calculations should take into
account the relevant data as a function of temperature for
each material, concerning stress-strain relationships at ele-
vated temperatures, reduction factors for strength and stiff-
ness, and elongation due to elevated temperatures.

Calculation of mechanical response of the whole struc-
ture or a part thereof needs to be performed with advanced
calculation methods (such as those based on finite elements).
Simplified models or tabulated data can only be used for
the assessment of individual structural elements. These
simple models are generally based on temperature limits
which may not be exceeded during fire.

On consideration of mechanical actions due to the
applied loads, the probability of combined occurrence of
fire in a building, together with the extreme level of
mechanical actions, can be considered negligible because
fire on structures is an accidental action. In this respect, the
load level used when assessing the fire behaviour of an
entire building or a structural member has to correspond to
specific safety factors and not those used for normal design
of buildings. The general formula which can be used to
calculate the relevant effects of mechanical actions is, /2/:

O +2W2,0,; + 24, (1) ©

where E;,~load effect, Gj—characteristic value of permanent
action (dead load), Oy, —characteristic value of one (main)
variable action, O, —characteristic value of other variable
actions, A(t)— design values of actions from fire exposure
(mainly indirect actions due to thermal expansion, if not
taken into account by calculation models), y;4—partial safety
factor for permanent actions in the accidental situation (a
value of 1.0 is suggested), i, ¥, —combination coeffi-
cients for a building.

For structural members, the maximum load level during
fire exposure is 65-70% of the total load-bearing resistance
at normal temperature. Eurocode EN 1991-1-2 allows the
load (action) effect required to be resisted in a fire to be set
equal to a proportion of ambient load (action) effect, so that

Egai=n4iEq (10)
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gde je E;projektovana vrednost bitnih efekata akcija koje

poti¢u od osnovne kombinacije, 77—redukcioni faktor, Cije

se vrednosti uzimaju iz relevantnih kodova materijala.

Vrednosti 7 iznose 0.6-0.7 zavisno od tipa konstrukcije.
Prilikom procene otpornosti konstruktivnih elemenata na

pozar takode treba razmotriti i druge mehanicke akcije izaz-

vane pozarom direktno ili indirektno:

- akcije usled pritiska koji se javlja tokom razvoja pozara.
U potpuno razvijenoj fazi pozara vertikalni gradijent pri-
tiska iznosi 8 Pa/m,

- sila i momenata izazvanih termickim istezanjem ili skup-
ljanjem okolnih konstruktivnih elemenata,

« deformacije pojedinacnog elementa (kao $to su grede ili
podovi) koje mogu dovesti do prenosenja optereéenja na
nenoseée pregradne elemente,

- uticaje, ukoliko postoji opasnost od kolapsa okolnih eleme-
nata na strani izlozenoj pozaru,

- uticaj vode za gaSenje pozara zbog moguce intervencije
vatrogasaca.

PROJEKTOVANJE KONSTRUKCIJE NA DEJSTVO
POZARA

Projektovanje gradevinske konstrukcije na dejstvo pozara
ukljucuje implementaciju postupaka temperaturne analize i
akcija za mehanicku analizu, /2/. Na osnovu dobijenih
rezultata termicke i mehanicke analize i ulaznih podataka
za konstrukciju, smanjenje nosece sposobnosti se moze
izraGunati na osnovu analize konstrukcije. Ulazni podaci
obuhvataju mehanicke karakteristike konstrukcije (¢vrstocu,
modul elasti¢nosti i odnos napon-deformacija) kao funkciju
temperature i grani¢ne uslove.

Principi projektovanja otpornosti na pozar u Evrokodu

Proracun uticaja pozara na nosece konstrukcije u Euro-
code EN 1-1-2 zasniva se na polu-probalistickom konceptu
pouzdanosti konstrukcija u uslovima pozara.

Projektovanje otpornosti konstruktivnog elementa na pozar
se vr$i u skladu sa zahtevima nacionalnih gradevinskih
propisa, na osnovu njegovog izlaganja odgovarajucoj krivoj
nominalnog pozara tokom odredenog vremenskog perioda.

Kriterijum noseée sposobnosti, R, znaéi da konstruktivni
elementi moraju da zadrze nosecu funkciju tokom zahteva-
nog vremena otpornosti na pozar. Kriterijum noseée sposob-
nosti elementa se moze izraziti na jedan od tri nacina:

- Na osnovu vremena: Vreme trajanja otpornosti na pozar
treba da bude duze u odnosu na proracunato, za pretpos-
tavljene zahteve koriS¢enja i tip objekta kada je opterecen
projektovanim nivoom opterecenja i podvrgnut tempera-
turnoj krivoj pozara:

where E,~the design value of the relevant effects of actions

from the fundamental combination, 77,—the reduction factor,

values of which are given in relevant materials design
codes. Typically 7; takes values around 0.6-0.7 depending
on the type of construction.

During the fire resistance assessment of structural mem-
bers, other mechanical actions induced directly or indirectly
by the fire should also be considered:

« actions due to pressure of fire growth. In a fully devel-
oped phase of fire the vertical pressure gradient is of the
order 8 Pa/m,

« the forces and moments induced by thermal elongation or
shrinkage of surrounding members,

« the deformation of single members (such as beams or
floors) which can lead to the transfer of load to non-load-
bearing separating members,

- impacts, if there is a risk of collapse of surrounding mem-
bers on the fire-exposed side,

- effect of water for fire extinction due to a possible inter-
vention by fire fighters.

STRUCTURAL FIRE DESIGN

Structural fire design involves implementation of proce-
dures for temperature analysis and actions for mechanical
analysis, /2/. Based on the results obtained in the thermal
and mechanical analysis and on the structural input data,
the reduced load-bearing capacity can be calculated in the
structural analysis. Structural input data include mechanical
properties (strength, modulus of elasticity, and stress-strain
relation) as a function of temperature and structural bound-
ary conditions.

Eurocode principles of fire resistant design

Calculating the impact of fire on bearing structures in
Eurocode EN 1-1-2 is based on the semi-probabilistic
concept of reliability of structures in fire.

Structural fire resistant design of a member is concerned
with ensuring that it satisfies the requirements of national
building regulations over a designated time period when
subjected to the appropriate nominal fire curve.

Load-bearing criterion, R, means that structural members
must maintain their load-bearing function during the whole
required fire resistance time. Load-bearing capacity crite-
rion of a structural member can be expressed in one of the
three ways:

+ On a time basis: The fire resistance time should exceed
the requirement for building usage and type when loaded
to the design load level and subjected to a fire tempera-
ture curve:

tﬁ,d thi,requ (11)

« Na osnovu c¢vrstoce: Noseca sposobnost elementa treba
da ima vecu vrednost od vrednosti projektovanog optere-
¢enja kada se zagreva zahtevano vreme:

+ On a strength basis: The load-bearing resistance of the
member should exceed the design loading when it has
been heated for the required time:

Ria;2Efa, (12)

+ Na bazi temperature: Kriti¢na temperatura elementa odre-
dena za projektovani nivo treba da prekoraci projektovanu
temperaturu koja nastaje pri zahtevanom izlaganju nomi-
nalnom pozaru:
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+ On a temperature basis: The critical temperature of a
member loaded to the design level should exceed the
design temperature associated with the required exposure
to the nominal fire:
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gde je #; —projektovana vrednost vremena otpornosti elemen-
ta na pozar, tﬁ,,equ—zahtevano vreme otpornosti na pozar,
Rpaprojektovana vrednost otpornosti na poZzar, Ej,—
projektovana vrednost relevantnog efekta optereéenja, 6,
projektovana vrednost temperature materijala, 6., ,—projek-
tovana vrednost kriti¢ne temperature materijala elementa.

Odredivanje otpornosti na pozar

Noseca sposobnost gradevinske konstrukcije u realnom
pozaru se razlikuje od noseée sposobnosti odredene na
osnovu standardnog pozara. Naime, sa porastom temperature
u realnom pozaru konstrukcija gubi svoju Cvrstocu, ali
nakon odredenog vremena njena Cvrstoéa raste. Otpornost
na pozar konstruktivnih elemenata u standardnom i realnom
pozaru je prikazana na sl. 3.

Real fire

Standard fire

Load-bearing resistance

-
Time
Slika 3. Otpornost konstruktivnih elemenata u standardnom i
realnim pozarima
Figure 3. Fire resistance of structural members in standard and
real fires

Razvoj numeri¢kih metoda i poznavanje termickih i
mehanickih osobina materijala na poviSenim temperatura-
ma su omogucili da se prora¢unom utvrdi otpornost razlici-
tih konstruktivnih elemenata na pozar.

Precizniji pristup za odredivanje otpornosti konstrukcije
na pozar, ili tacnije, pojedinih elemenata koji je ¢ine, razma-
trani individualno, moze biti definisan na osnovu dijagrama
toka prikazanog na sl. 4.

Kao sto je prikazano na sl. 4, na osnovu propisa se odre-
duje zahtevano vreme otpornosti elementa na pozar. Projek-
tovano vreme otpornosti na pozar se odreduje na osnovu
kodova ili standardnih testova. Zatim se proverava da li je
zadovoljen uslov #; .. > t;4. Preskriptivni metod moze
obezbediti potrebne pozarne performanse u slucaju betona i
celiénih konstrukcija nizeg stepena zastite od pozara ili
kada uopste nema zastite od pozara. Treba napomenuti da
je ovaj metod jo$ uvek dozvoljen u veéini kodova, ukljucu-
juci i Evrokodove.

KONCEPT POUZDANOSTI
POZARU

KONSTRUKCIJE PRI

U zastiti od pozara, veoma bitan aspekt ponasanja kon-
strukcije pri pozaru je njena pouzdanost. Globalni koncept
odredivanja pouzdanosti konstrukcije u uslovima pozara se
sastoji od slede¢ih postupaka:
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cr,d (13)
where ?; ;—~design value of fire resistance time of member,
tireg—Tequired fire resistance time, Rj; 4 —design value of the
fire resistance, Ej;,~design value of relevant load effect,
6,—design value of material temperature, 6,,.,design value

of critical material temperature of member.
Determination of fire resistance

Load-bearing resistance of the structure in a real fire is
different from the load-bearing resistance determined on the
basis of standard fire. In fact, with increasing temperature
in a real fire the structure loses its strength, but after a while
its strength increases. Fire resistance of structural members
in standard and real fires is shown in Fig. 3.

Determine
Iﬁ.mqu
L]
Determine b raqu .
. N YES Design
b requ satisfactory
rd.rt,-qa.r
'
NO
L]
Redesign
member

Slika 4. Preskriptivni pristup za odredivanje otpornosti
konstruktivnih elemenata na pozar
Figure 4. Prescriptive approach for determining the fire resistance
of structural members.

The development of numerical methods and knowledge
of thermal and mechanical properties of materials at elevated
temperatures have made it possible to determine the fire
resistance of various structural members by calculations.

The prescriptive approach for determining the fire resis-
tance of a structure, or more correctly, the assemblage of
members comprising the structure considered individually,
can be defined based on the flow diagram shown in Fig. 4.

As shown in Fig. 4, the required fire resistance time of a
member is determined on the basis of regulations. The
designed fire resistance time is determined based on design
codes or standard tests. This is followed by the verification
whether the condition #;,.,, > ;4 is satisfied. The prescrip-
tive method can provide the necessary fire performance in
the case of concrete and structural steel with a lower level
of fire protection or no fire protection whatsoever. It should
be noted that this method is still allowed under most design
codes including Eurocode.

CONCEPT OF RELIABILITY STRUCTURE IN FIRE

In fire protection, a very important aspect of a structure’s
behaviour in fire is its reliability. Global design concept for
determining the reliability of structures in a fire consists of
the following procedures:
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+ Polazi se od Cinjenice da su karakteristike gradevinskih
objekata (geometrija, pozarno opterecenje, predvideni
pozarni sektori, uslovi ventilacije) relevantne za usvojeni
scenario pozara.

« Rizik od nastajanja i Sirenja poZara se povecava sa veli¢i-
nom pozarnog sektora, ali takode i sa smanjenjem nivoa
aktivnih i pasivnih mera (tehni¢kih i organizacionih)
preduzetih u cilju zastite ljudi i objekata u sluéaju pozara.

 Analiza rizika od pozara se bazira na statistickim podaci-
ma, kao 1 na pretpostavkama i simulacijama pozara.

+ Na osnovu usvojenog scenarija pozara odreduje se kriva
temperatura-vreme realnog pozara kao funkcija prisutnog
pozarnog opterecenja.

- Globalno ponasanje konstrukcije pod uticajem krive tem-
peratura-vreme realnog pozara i pod uticajem ostalih sta-
tickih opterecenja konstrukcije (vlastita tezina, dodatno
stalno opterecenje, atmosferski uticaji, tj. vetar i sneg) se
analizira.

« Vreme otpornosti konstrukcije na dejstvo realnog pozara
t5q4 se odreduje. Vrednost #;, moZe biti beskonacna kada
konstrukcija ima takvu otpornost da moze da izdrzi static-
ka optereéenja i nakon poZzara.

+ Odreduje se zahtevano vreme otpornosti konstrukcije na
realni pozar, ;... Zahtevano vreme otpornosti mora da
obezbedi bezbednu evakuaciju ljudi i imovine, kao i rad
vatrogasnih i specijalnih jedinica za intervencije u slucaju
pozara. Ovaj parametar se posmatra kao aspekt pouzda-
nosti konstrukcija pri pozarima.

« DefiniSe se vreme pouzdanosti konstrukcije u pozaru na
osnovu 0dnosa #; 4 > 4 requ-

Globalni koncept pouzdanosti gradevinskih objekata u

pozaru prikazan je na sl. 5.

We start from the fact that the characteristics of buildings
(geometry, fire load mass, designed fire sectors, ventila-
tion conditions) are relevant to the adopted fire scenario.
The risk of emergence and spread of fire increases with
the size of the fire sector area, but also with the decreas-
ing levels of active and passive measures (technical and
organisational) taken to protect people and buildings in
case of fire.

The fire risk analysis is based on statistical data, as well
as on assumptions and fire simulations.

Based on the adopted fire scenario, the temperature-time
curve of a real fire, as a function of the present fire load
mass, is determined.

Global behaviour of structures under the influence of real
fire temperature-time curves and of other static loads of
the structural system (dead load, additional constant load,
elements, i.e. wind and snow) is analysed.

The value of real fire resistance time of a member, #;,, is
determined. The value of #;, can be infinite when the
structure has such resistance that it can withstand static
loads even after the fire.

The required fire resistance time of structures to the real
fire, g equ, 15 determined. In case of fire, the required fire
must provide safe evacuation of people and property and
enable the intervention of fire fighters and special emer-
gency units. This parameter is viewed as an aspect of
structural reliability in fires.

Reliability time of a structure in a fire on the basis of the
relation #; 4 > #; equ, is determined.

The global concept of structural system reliability in a

fire is shown in Fig. 5.
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Slika 5. Koncept pouzdanosti konstrukcije u pozaru
Figure 5. Concept of the reliability of a structure in the fire.
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ZAKLJUCAK

Zastita gradevinskih objekata od pozara, u praksi se naj-
¢es¢e sprovodi ogranicavanjem upotrebe i smanjivanjem
koli¢ine zapaljivih materijala i primenom gradevinskih kon-
strukcija zahtevane otpornosti na dejstvo pozara. Primenom
gradevinskih konstrukcija sa odgovaraju¢im nivoom otpor-
nosti na pozar obezbeduje se ocuvanje osnovnih funkcija
njihovih konstruktivnih elemenata u pozaru, bezbedna eva-
kuacija ljudi i bezbedna akcija lokalizacije 1 gaSenja poZzara.

Analiza nosivosti konstrukcija u poZaru zasniva se na
konceptu proratuna kao i za normalne temperature. U
staticka optereéenja gradevinskog objekta uracunava se i
pozarno opterecenje kao akcidentno opterecenje. Uticaj
delovanja pozara na konstrukcije odreduje se maksimalnom
vrednos$cu prostorne temperature dostignute u zavisnosti od
pozarnog opterecenja, veli¢ine prostora i uslova ventilacije.
Delovanje realnog pozara na konstrukcije izrazava se para-
metarskom krivom temperatura-vreme koja se odreduje na
osnovu relevantnih fizickih parametara. Otpornost kon-
strukcije u poZaru se ra¢una primenom racunskih modela
po nacéelima termodinamike.

Novi koncept prorac¢una otpornosti konstrukeije u pozaru
omogucava stvaranje realnije slike o pouzdanosti konstruk-
cija u slucaju delovanja realnog pozara.
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CONCLUSION

Fire protection of buildings is usually implemented
through limited use and reduced amount of flammable
materials and through the use of structures with prescribed
fire resistance time. The use of structures with the appropri-
ate level of fire resistance preserves the basic functions of
their structural members during fire, safe evacuation of
people, and safe localization and extinction of fire.

Analysis of load-bearing ability of structures in a fire is
based on the concept of calculation, the same as for normal
temperatures. Fire load, as an accidental action, is included
in static structural system loads. The effect of fire on the
structure is determined by the maximum value of the spatial
temperature reached depending on fire load mass, compart-
ment dimensions, and ventilation conditions. The real fire
impact on structures is expressed by the parametric tem-
perature-time curve, which is determined on the basis of
relevant physical parameters. Fire resistance of a structure
is calculated by means of calculation models based on the
principles of thermodynamics.

The new concept of fire resistance calculation paints a
more realistic picture of the reliability of structures in case
of a real fire.
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