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In this article, the behavior of a compartment undeal fire scenarios
has been studied .The fire model OZONE is emplwyedder to predict
the temperature development in the fire compartmé&he influence of
different parameters such as fire area, active mess opening factor,
compartment area, compartment height, compartmestangularity, type
and boundary wall thickness, presence of protecttrape of protection
and type of protection on the steel beams insidetmpartment has been
investigated. The fire resistance for the steelnfieavas calculated and a
comparison between the results was carried out.
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1- INTRODUCTION

Traditionally, the fire resistance of load-bearstguctures is assessed by considering
the behavior of single structural components, rathen the composite behavior of a
complete structure. In the traditional approach,dglements which are considered to be
critical are isolated from the whole structure. Tire resistance is assessed on the
basis of the behavior under fire of this isolatézhreent. This assessment could either
be based on an existing design rule. Or, when slesiign rule is not available, the
isolated element is taken to a furnace for firdirigs In order to perform the fire test,
the single element is incorporated in a test rig s subjected to a certain set of
boundary conditions. Also, a certain schematizedlilg is applied. By this approach,
the real fire behavior of a whole structure is taéen into account properly.

Also in the single structural component approadinongly schematized,
standard fire conditions are taken into accountelhs in reality, fire conditions can
be quite different from case to case. Dependingvarious parameters, the fire
development in a compartment can differ signifiggnboth in the time and the
temperature regime. This is not taken into accamrthe standard approach for fire
resistance testing.

The standard fire curve describes the variatiotheftemperature of the fire
gases within a standard furnace but bears litHemdlance to any natural fire curve. It
takes no account of the different thermal exposwbich result from different
compartment geometries, ventilation conditiong frads and compartment boundary
materials [1]. With the t-equivalence approach hieating effect in a compartment is
calculated based on real compartment fire beharidrthat heating is related back to
the standard furnace test. However, the energyraass balance equations for the fire
compartment can be used to determine the actuah#ihexposure and fire duration.
This is known as the natural fire method. This rodthallows the combustion
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characteristics of the fire load, the ventilatidfeets and the thermal properties of the
compartment enclosure to be considered. It is thst migorous means of determining
fire duration. This is not related in any way te tetandard fire resistance test and
represents the real fire duration, once flashower ¢ccurred. Local fires can only be
determined by natural fire curves.

Standard fire tests are conducted worldwide and defned by the
International Standards Organization in ISO 834 §hndard fire tests in the United
Kingdom are defined in BS 476 [3]. The first ASTMamsdard for fire resistance
testing, C19 (now E119), was published in 1918 Téle ASTM standard fire curve is
prescribed by a series of points rather than amtexjubut is almost identical to the
British Standard curve.

The fire resistance test has been criticized byyntasearchers over many
years. One major criticism is that the temperatuweéshe furnace gases do not
represent the fire exposure to the element unddrlecause the fire exposure is
dependent on the physical properties of the furn@loe construction shape influences
the degree of turbulence and thus convective naasfier. However most significantly
the thermal inertia of the wall linings affect trediative heat transfer to the element
under test [5]. Indeed Drysdale [6] suggests tlmatwo furnaces will give the same
fire exposure. Furnaces also differ in the fuelpadd. They may be gas or oil fired.

Another criticism of the standard temperature-tio@ve is that it bears little
resemblance to a real fire temperature-time histibriyas no decay phase and as such
does not represent any real fire although Malhpttareports that it is designed to
typify temperatures experienced during the posthitever phase of most fires. Figure
(1) illustrates the temperature-time histories @af" fires, of varying fire load and
ventilation, together with the standard curve. Te load is in kg/i and the
ventilation is a fraction of one wall e.g. 15(1&)rresponds to a fire load of 15kg/m
and ventilation equal to half of one wall [6]. THigyhlights that the standard curve
does not represent many real fires in the poshdéasr phase or otherwise.
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When dealing with realistic fire scenarios, the fgafety design is based on
physically determined thermal actions. In contraéth conventional fire design,
parameters like ignition source, the amount ane tyjpfuel, the size of the enclosure,
the amount of ventilation, the growth rate andrtite of heat release play an important
role in the fire design. The specification of apprate and realistic design fire
scenarios is a crucial aspect of fire safety desitpe assumptions made with regard to
these factors have a major influence on the theomatlitions within a compartment
and have a significant impact on the fire desigme @esign fire scenarios used for the
analysis/development of a building fire have todeeluced from all the possible fire
scenarios. In most buildings, the number of posdiié scenarios is infinite and need
to be reduced. Only credible worst case fire seesahould be studied. If the design
fire scenarios are chosen, a number of fire maglelsvailable to calculate the thermal
actions.

The compartment fire process can be described f@e tHistinct phases, the
pre-flashover fire, the fully-developed fire (or gpdlashover fire) and the cooling
phase. There is a rapid transition stage calleshfiger between the pre-flashover and
fully developed fire. This is shown in Fig. (2) [@hich illustrates the whole process in
terms of heat released against time. While stilalsrfduring the growth phase) the
compartment fire will behave as it would in the pAs it grows the confinement of
the compartment begins to influence its behavibrthere is sufficient fuel and
ventilation the fire will develop to flashover amid maximum intensity, when all
combustible surfaces are burning. If the fire iirepuished before flashover or if the
fuel or ventilation is insufficient there will onlige localized damage. Post-flashover
the whole enclosure and its contents will be dextadt Structural damage and fire
spread beyond the compartment of origin is alssllikinless the fire is in a fire rated
enclosure.

During the last decades, many analytical and enpsrial researches have
been carried out to investigate the behavior of mamments and steel structures and
under fire [7, 8, 9, 10, 11, and 12]. A compreheasiurvey for fire and smoke models
can be found in [13]. The results are differentnfrease to case according to the
assumptions and test circumstances.
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Y. Tsuchiya and K. Sumi [14] studied the behavibrfiee in an enclosure.
They found that smaller fuel packages with incrdaserface area produce higher
maximum temperatures but large fuel packages resliinger decay periods. Decay
periods vary with the size of the fuel rather thgpening factor or wall material
properties.

Most models for compartment fires are tested onlegghaped compartments
with small openings. Buchanan [15] states that @nngents with floor areas up to 6m
X 6m can be modeled with confidence. This seemsam@ative although researchers
have always recognized that the validity of compartt models to large, long or tall
compartments is questionable.

The most comprehensive analysis of compartmerg firdong enclosures has
been conducted by Thomas and Bennetts. [16] Theydumied an experimental
program designed to investigate the enclosure shap®pening width and their effect
on the burning rate. Fire tests were conductednmosures 1500mm by 600mm by
300mm high with vents of several widths. The maimausions were that the fuel
mass loss rates of fires in long and wide enclasdiféer markedly if the width of the
ventilation opening is less than the full widthtleé enclosure.

Kirby et al [17] conducted a series of 6 experiments on lomgpartments.
The ventilation was provided by a window at one @fidhe compartment (short
elevation). Tests were conducted with each of the entilation levels, 1, 1/2, 1/4
and 1/8 of the end wall. The wood cribs were sédah lines over the depth of the
compartment. The cribs furthest from the ventilativere lit first. The fire moved
towards the ventilation igniting each line of cril#s the same time the cribs at the
back of the compartment ceased burning. The cilas the vents burned until there
was ho fuel left then the fire moved back over ¢hibs again towards the rear of the
compartment. This pattern of behavior was obselivedll six tests. It was also
observed by Thomas and Bennetts [16]. The behafimompartment fires in long
compartments is still not well understood howewersiclear the behavior is quite
different from our understanding of "regular" comtpgent fire dynamics.

Fire protection of steel can be achieved by threghods: insulating the
element with spray material or board type protegtghielding or hollow sections can
filled with concrete or liquid to form a heat sirikcaditional fire protection materials
have included concrete, blockwork and plasterbdandil the late 1970s, concrete was
the most common form of fire protection for stealkvolrhe major disadvantages are
cost, the increase in weight to the structure dmdtime it takes to apply on site.
Nowadays modern lightweight sprays and boards heplaced these.

Passive fire protection materials insulate thecstme from high temperatures.
The insulation materials can be classified as mactive (e.g. boards and sprays) or
reactive (e.g. intumescent coatings).

Boards are fixed dry usually to columns. Beamsnamee commonly protected
with spray materials. The main advantages of spoagrings are, they are cheap and
they easily cover complex details. However appilicais wet and may delay other
work on site.

Site applied intumescent coatings are paint likestnces or mastics. Paints
are stable at low temperatures but swell at ar@@@3C to provide a charred layer of
low conductivity material to insulate the steel.dtles are applied using a trowel or as
a heavy duty spray. They form a thick protectivatow which is impervious at
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ambient and at high temperatures. They can bedraderamic in appearance or soft
and tar like. The main advantage of intumesceritggpaver other protection products
are their appearance. However they are more exmgeriban sprays and boards,
application is wet and there is a limit to the fiesistance periods they can achieve
typically 30 and 60 minutes. [18] A limited numbgrovide longer fire resistance
periods but the cost increases considerably. Paiatalso applied off-site.

2. NATURAL FIRE MODELLING

Regarding the methods for assessing the fire dgyvedifferent levels of fire
calculation methods are relevant to the variougest@f fire development. When a fire
is initiated, it is localized within a compartmeartd, according to the characteristics of
the compartment and of the fire load, it can renh@galized or becomes generalized to
the whole compartment as shown in Fig. (3).

In many cases of small compartments or small openiegarding the
compartment size, the fire develops into to a fdltyeloped fire.

0 (t) uniform

in the compartment

0 (x.Vv.2)

K

Fully engulfed fire
Fig. (3): Localized and fully engulfed fire

Localized fire

Mainly, the three levels of modeling are simplifiedne and filed models, as shown in
Table (1).

Table (1): Different levels of fire models

LEVELS OF THE MODEL

LOCALIZED

GENERALIZED FIRE

Hasemi model

Simplified Heskestad model Parametrical fires
Zone models 2-zone model 1-zone model
Filed model CFD CFD

The simplified models are generally empirical msddlhe zone-models take
into account all the main parameters controlling flre, but introduce simplified
assumptions that limit the domain of applicatioheTield models are rather complex
for being used as a general design tool and shoeiltimited to specific cases [19].
Field models are the only tools valid for a comppometry. The last European



1372 Khaled Ahmed Mahmoud

Community of Steel and Coal research projects vi@resing on the improvement or
the development of empirical and numerical too 21, and 22].

The fire model utilized for the analyses presertetthis study is composed of
a one-zone and a two-zone model as well as a ntodwtitch from the two-zone to
the one-zone model [23, 24]. Zone models are nwaletidols commonly used for the
evaluation of the temperature development of treegavithin a compartment during
the course of fire. It has been developed in tihepof the ECCS researcHesatural
Fire Safety Concept” (NFSC1) [25] and "Natural F8afety Concept - Full Scale
Tests, Implementation in the Eurocodes and Devedopraof an User Friendly design
tool" (NFSC2) [26]. Based on a limited number opbtheses, they are easy to use and
provide a good evaluation of the situation provitlesly are used within their real field
of application. Since the first numerical one zomadels have been made by Peterson,
major development of the numerical fire modeling baen done. Among other things,
multi zones, multi-compartment and computationeldfidynamics models have been
developed

The main hypothesis in zone models is that the estm@nt is divided in
zones in which the temperature distribution is amif at any time.

Figure (4) shows a schematic view of the two-zomeleh and its sub-models
for heat and mass transfer. In the two-zone mdtel,compartment is divided in an
upper and a lower layer. In each layers the gapepties (temperature, density, etc.)
are assumed to be uniform.

The pressure is assumed to be constant througheutvihole compartment
volume, except when it is evaluated that mass exggmathrough vents.
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Fig. (4):Schematic view of two-zone model and asged sub-models
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Some switch criteria are defined so that they mrea limit beyond which
one-zone model assumptions becomes closer to tymcphof the fire situation than
the two-zone model. The switch is made so thatdte energy and mass present in
the two-zone model system at time of switch arly wbnserved in the one-zone model
system.

Figure (5) shows a schematic view of the one-zondeahand its sub models
for heat and mass transfer. In the one-zone maudingle zone represents the
compartment. In this zone the temperature and teais# assumed to be uniform. The
pressure is assumed to be constant on the wholpartment volume (except while
evaluating mass exchange through vents). The zensupposed to be opaque.
Radiative and convective heat transfers connetitipas to it. Validation of OZONE
model can be found in [23].

Z

m,., M,

’ by
FORCED
VENTS

Zp W,

Fig. (5): Schematic view of one-zone model and assedistib-models

2.1 Rate of Heat Release

To simulate a fire in a building and its effect thie structure of this building, the rate
of heat release (RHR) given in kW as function ehei must be defined. At the
beginning, the fire starts small and produceselititat. It then grows and begins to
spread. The fire-spread velocity depends on the tyfpbuilding and its use. The
buildings are classified into four categories adomy to the fire-spread velocity: low,
medium, fast and ultra-fast (see Table (2))[23]e Tire power increases up to a
maximum which corresponds to the RHR maximum pérwhich depends on the
building type, multiplied by the fire area. Thisriace is the whole compartment area

(A;) or, in some cases, it is only the surface wheedite load is localized A ).



1374 Khaled Ahmed Mahmoud

However, generally, the fire does not remain laeali For instance, in a
library building, the fire spreads and finally eifguhe whole compartment.

Table (2): FireGrowth Rate, FireLoadsand RHR; for different buildings

FIRE GROWTH RHR: FIRE LOAD
OCCUPANCY RATE (KW/M?) Or
Dwelling Medium 250 984
Hospital(room) Medium 250 280
Hotel(room) Medium 250 377
Library Fast 500 1824
Office Medium 250 511
School Medium 250 347
Shopping Centre Fast 500 730
Theatre Fast 500 365
Transport (public spacs Slow 250 122

At the end of the growing phase, after that the le/lommpartment has been
involved in the fire, the fire reaches a stationstate corresponding to the horizontal
plateau of the RHR curve. The value of this platean be equal to the area of the
compartment multiplied by the RHRorresponding to a fuel controlled fire or the
value of this plateau is fixed by the oxygen cohtenthe compartment. In this last
case the fire is called ventilation controlled. IBaing this steady rate of burning,
when about 70% of the fuel has been consumedirthbdgins to decline.

The fire load defines the available energy butghe temperature in a fire is
more dependent on the rate of heat release. The f@noad burning very quickly or
smoldering can lead to completely different gasperature curves.

The RHR is the source of the gas temperature asd, the driving force
behind the spreading of gas and smoke. A typicaldiarts small and goes through a
growth phase. Two things can then happen dependimgther during the growth
process there is always enough oxygen to sustaibastion. Either, when the fire
size reaches the maximum value without limitatibroxygen, the RHR is limited by
the available fire load (fuel controlled fire). Oif, the size of openings in the
compartment enclosure is too small to allow enoaighio enter the compartment, the
available oxygen limits the RHR and the fire isds& be ventilation controlled. Both
ventilation and fuel-controlled fires can go throdtashover.

2.2 Fire Load Density - q;

The characteristic fire load density; , considered in the NFSC Design Fire is the 80%

fractile of the fire load distribution obtained byrvey in real compartments. Data are
available for different types of occupancies of pamiments. In order to obtain these
data's, the mass of combustible present in compatirhas been measured and then
multiplied by the combustion heat of the fuel andidid by the floor area of the
compartment. The complete combustion heat has t@esidered in these evaluations
[24].
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- (1)

Where H . .,m; and A, are the complete combustion heat of fuel, the tods of

fuel and the floor area of the compartment respeisti
The design fire load density is given by:

Qg = VaYaz [ Voi-MAik (2
i

Where

Y is a factor taking into consideration the comparttiagea

Y42 is @ factor taking into consideration the dangefrefactivation

Y, are factors depending on the active fire resistamegods

m is the combustion efficiency factor (usually 80 %0.8)
g;, Is the characteristic fire load density

The value ofy,, can be calculated as follows:

Y = 0.1688.n(A;) + 05752 (3)
The influence of the danger of fire activatign, and active measures are

given in Table (3) and (4) respectively.

Table (3): Valuesof danger of fire activation factor

DANGER OF FIRE ACTIVATION Va2
low 0.85
Medium 1.0
High 1.2
Very high 1.4
Ultra high 1.6

Table (4): Valuesof active measuresfactor

CASE | ACTIVE MEASURES Vai

1 Automatic Water Extinguishing System 0.61

1l-a Independent Water Supplies 1 0.87

1-b Independent Water Supplies 2 0.1

2 Automatic Fire Detection by Heat 0.8f

3 Automatic Fire Detection by Smoke 0.7B

4 Automatic Alarm Transmission to Fifed.87
Brigade

5 Work Fire Brigade 0.61

6 Off Site Fire Brigade 0.78
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3. AIR TEMPERATURE

From the fire model, based on various input pararsetthe temperatures in the
compartment are predicted. The heat loss by colvectdiation and conduction from
the compartment is an important factor for the terapure determination. Through the
separating element, according to the thermal metithe wall (insulated or not), this
heat loss is within the range of 30 % to 90% ofttital amount of heat released within
the compartment by the combustion of fire load, amhsequently the thermal
properties of the walls have to be known [7].

4. CASE OF STUDY

To study the influence of each parameter indiviguahe building, as shown in Fig.
(6), was taken as a case of study. The buildingospartmented by fire walls
composed of normal bricks with a thickness of 25 Gime geometry of the studied
compartment is; 8 m width, 12 m depth and 4 m hemgshown in the figure. On wall
1, there is a door opening with a height of 2.2rmd width of 1.5 m. On wall 2 and
wall 4, there are 4 windows with a width of 1.2 ansill height of 1.0 m and a soffit
height of 2.2 m. The floor is a hormal weight caterslab with a thickness of 15 cm.
The ceiling consists of steel beams and compolsibevéith concrete and steel sheeting

has a total thickness of 150 mm. The type of bongds a library. The fire ared\,
was taken to be 2471(0.25 of the total floor ared, ). Off site fire brigade is selected

as an active measure, Case 6 in Table (4). Thétgesfuthe input data are shown in
Figs. (7) to (11).

12.00 m
4 WINDOWS
.20 X 120 M
| — : | —
| JPE_330
[
. IPES00 0 IPE 500 |
DOOR }} .
LoUAe0l 7 pE300___ ) PE300____| -
[ O
11 00
Wall 13| | IPE 300 | L IPE 300 |
u Wall 3
11
—_— § —_—

Wall 2 FIRE WALL

Fig. (6): Geometry of the fire compartment

Figure (7) shows the rate of heat release datacamputed. RHR data results
are based directly on the input data, whilst RHRgoted are results modified by the
amount of oxygen available to the fire during cidton.
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Fig. (7): RHR Data and Computed

If the fire is limited by the amount of oxygen, themputed graphs will run
lower than the original data graphs. On the otheerdh if the fire is limited by the
amount of fuel (with oxygen not being a limitingctar), the computed graphs will

most likely experience flashover and there willdbsudden rise in the graphs as in our
case.
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Fig. (8): Hot and Cold Zone Temperature

As the fire starts, the process begins with thateye of two zones, hot and
cold zones as shown in Fig. (8). As the time prdseéhe height of the cold zong Z
decreases till it reaches a certain value, thegaoewitches from the two-zone case to

a one-zone case and modifications happens to #ss snd energy released by the
fire.
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This phenomenon is clearly shown by Fig. (9), tftéer a time of 6 minutes,
the cold zone heightsZreached a value of 0.84 m. this means that a one-zase
becomes more realistic when the upper layer thgkiecomes large compared to the
compartment height.
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Fig. (9): Zones Interface Elevation

The fire area is the burning area of fuel. In figak, it is usually varying with
time. This is clearly demonstrated by Fig. (10).aAtime of 9 minutes, the fire area
reached its peak value of 24°.nDuring the period between 9 minutes up to 35
minutes, the fire area became constant. After a 635 minutes, it decays to become
zero at a time of 60 minutes.
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Fig. (10): Fire Area
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Compared to the floor area of the compartnfgnthe fire areaa, is too high

to be considered as a localized fire, that it i926f the former. This is another reason
for a fire scenario to be switched from two-zonene-zone case.

Figure (11) shows the temperature developmentensteel beam due to the
gas or hot zone temperature. In the growth phasdear that the temperature in the
unprotected steel section tends to follow the dimiuof the gas temperature with a
rather limited delay. The maximum steel temperatsreherefore sensitive to the
severity of the fire, much more than to the duratbthe fire.
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—— Steel Tempreature

700 1 —=—HotZone Temperature
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[4)]
o
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Steeltemperature (°C)

100 A

0 20 40 60 80 100 120
Time (min)

Fig. (11): Hot zone and steel temperatures

5. INFLUENCE OF DIFFERENT PARAMETERS ON THE STEEL
BEAM TEMPERATURE

In this section, the investigated compartment ttise 4 was taken as a reference, and
the influence of the important parameters on fo@nsirio and consequently on the steel
beams temperature inside the compartment have Seeled individually. These

important parameters include fire argg, active measures, ventilations, compartment

height H, compartment floor areq, compartment rectangularity, wall type, wall
thickness, protection shape, protection thicknesispaiotection type.
5.1. Influence of Fire Area

The effect of different values of fire or fuel area the steel member temperature is
shown in Fig. (12). The values of fire area usethia study are 24 m48 nf, 72 nf

and 96 mwhich represent ratios 25 %, 50 %, 75 % and 1G@o%a the floor area. It is
clear from the figure that as the fire area incesathe steel temperature increases and
the curve which represents the relation betweer tmd steel temperature become
more open. For small values of fire area, the imlatetween time and steel
temperature takes growth and decay phases whilbidgber values, the relation only
takes a grow phase.
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Fig. (12): Influence of fire area on steel beamgeratures

5.2. Influence of active Measures

Active fire protection systems such as water spginknd spray systems are widely
used in the process industries for protection ofesfe vessels, process plant, loading
installations and warehouses. The duty of the firetection system may be to
extinguish the fire, control the fire, or providepesure protection to prevent domino
effects. Figure (13) shows the influence of usingiva measure on the steel
temperature. When no active measure is used, skt shows that the fire is always in
developing stage and the maximum temperature whg\ex at the end of the
studying period (120 min). When the Off Site firighde was used (case 6 in Table 3),
the curve which represents the change of steeldmfye with time turned to be
closed and growth and decay phases appeared. Bkegraperature is reduced from
935 °C in case of no active measures to 700 °Case aising off site fire brigade.
When using cases (6 + 4), cases (6 + 4 + 3) arebdés+ 4 + 3 +1) in Table (3), the
relation became more close and the peak tempenadueed to be 673°C, 616°C and
573 °C respectively.

5.3. Influence of Ventilation

Three types of vent models have been introduce@zone program: vertical vents;
horizontal vents and forced (mechanical) ventsif@uthe course of a fire, the number
of vents which are opened can vary. Their sizeatlan be modified. This can be the
result of glazing breakage, automatic opening enfen arrival... In OZone, the
opened vent size can be defined to be a functioth@ftemperature of the zone in
contact with the glassTg) or to be a function of time. Criteria function abne
temperature can represent breakage due to theotiah.aCriteria function of time can
represent the firemen arrival.
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Fig. (13): Influence of active measures on stempieratures

Figure (14) shows the effect of opening factor melstemperature. According
to BS code, the opening factor “O” can be calcualate follows:

h

0= A @

A

Where A,, A, and A, are the total area of openings in walls, the ayetzeight of
windows and the total area of enclosures (wallslinge opening and floor)
respectively.

Comparing tests of low versus high opening factthiere is a delay in the
growth rate for the higher opening factor case® féak values are also lower.

5.4 Influence of Compartment Height

Figure (15) shows the influence of compartment eigH“on the steel beam
temperature. It is clear from the figure that las height increases, the rate of fire
growth as well as the peak temperature decreask®, Ahe results show that
compartment height does not affect the time at Wwihie peak temperature attained.
The peak temperature decreases from 724 °C forudleq 3.0 meter to 598 °C for H
equal to 8.0 meter.
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Fig. (15): Influence of compartment height on stesdm temperatures

5.5. Influence of Compartment Floor Area

If large floor area is used, a large fuel areairdthand consequently a big amount of
heat flux releases. This result is clearly demanstr by Fig. (16). By comparing
results of different floor area dimensions, it d@nseen that there is an increase in the
growth rate, with peak temperatures attained 1Q0¥80utes later, for the higher
dimension cases. The peak values are also higaethey were 296 °C, 682 °C, 774
°C and 800 °C for 24M96 nf, 192 ni and 384
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Fig. (16): Influence of compartment floor area taesbeam temperatures

5.6. Influence of Compartment Rectangularity

The influence of rectangularity (L/b) of floor area the temperature development of
the steel beams is shown in Fig. (17). While tberflarea was kept to be constant, four
values of rectangularity L/b 1.0, 1.5, 2.67 andhal represent a floor area of 9.8x9.8,
8x12, 6x16 and 4x24 Trrespectively were taken into consideration. Coimgathe
results where compartment rectangularity was vagedals a minor influence overall,
with small differences. The results were identinatase of L/b = 1.0 and 1.5 while the
peak temperature start to decrease for higher salfie/b.

5.7. Influence of Wall type and Wall Thickness

It has long been recognized that the combinatiothefthermal properties k,and c
where, k is the thermal conductivity,is the density and c the thermal capacity, of a
material has an important role to play in the ticoastant of heating materials and the
growth of fires. Figure (18) illustrates the infhe of steel temperature by different
wall lining materials. In this study, concrete hihe higheskpc values while normal
wood has the lowest values. For high valudgofwhere the compartment boundaries
have been treated as a semi-infinite skab,delay the growth rate and reduce the peak
temperature. This is because heat transfer thrdoghndary notably becomes
dependent on conductive flow process. The amounhesit transfer through the
boundary depends also on the boundary thickness.iFlilustrated in Fig. (19) that
when the thickness increased from 12 cm to 25 kenpeak temperature reduced from
740 °C to 700 °C.
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5.8. Influence of Protection Shape

Figure (20) shows the temperature development ter unprotected and protected
section. The protected section has two cases, womocasemenCE and hollow
encasemertiE protection. Both cases has 10 mm spray minerait fibotection.

From Fig. (20), it can be seen that lower tempeeatwe expected in the steel
profile when using protection. The maximum tempenetecrease from 700 °C where
the section is unprotected to 466 °C and 414 °Crevlie case contour or hollow
encasement protection is used respectively.

800
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—4— Hollow Encasement
CE HE

700 1

600 1

500 1

400 1

300 1

200 1

Steel Temperature (°C)

100 A

0 20 40 60 80 100 120
Time (min)
Fig. (20): Influence of protection shape on steslrh temperatures

5.9. Influence of Protection Thickness and Type

Figure (21) shows the effect of protection thiclmes fire development of the steel
beams. Four thicknesses having values of 5 mm,ri0X6 mm and 20 mm of contour
encasement spray mineral fiber protection were irséfds study. A very clear trend is
shown here, with more rapid fire development antlezgpeak temperatures developed
in case where small protection thickness is uséis iE as expected, due to the more
rapid heat transfer through small protection théds) The results show that the peak
temperature was reduced from 584 °C to 329 °C witen protection thickness
increased from 5 mm to 20 mm. The influence ofedédht protection materials is
illustrated in Fig. (22). All cases had 10 mm timeks of contour encasement
protection shape. Results show that asktizeof the protection material increases, the
steel temperature increases. This is because Kaighmeans high conductivity and
consequently higher steel temperatures.



Steel Temperature (°C)

Steel Temperature (°C)

1386 Khaled Ahmed Mahmoud

700
——5mm
——10mm
600 1 —A—15mm
—#—=20mm
500
400
300 1
200 1
100 1
L
0 T T T T T
0 20 40 60 80 100 120

Time (min)
Fig. (21): Influence of protection thickness orestaeam temperatures

600

—&— Spray Miniral fiber
—®— Spray Vermiculit

500 A1 —&— Spray Vermiculit-Cement
- Spray Vermiculit-Gypsum
= Board Celicious Fiber
400 4 Board Fiber Cement
Board Gypsum

Board Glass Wool

300 1

200

100 1

0 2I0 4IO 6IO 8I0 l(I)O 1I20 140
Time (min)
Fig. (22): Influence of protection type on steehlvetemperatures

6. FIRE RESISTANCE OF THE STEEL BEAMS

Until recently 550 °C has been classified as theeugimit for steel temperatures in
fire. Steel loses 40% of its room temperature sfiterby 550 °C. For this reason
protection has traditionally been applied to redthee heating rate of steel so that it
retains sufficient strength and stiffness durirsgptescribed period of fire resistance.
Steel is an exceptionally good conductor thus resalmiform temperatures when
exposed to fire. At ambient steel has a thermaduaotivity, k of 54W/mK which
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decreases to half this value by 800 °C. Beyond°80id remains constant. The specific
heat of steel at 20 °C is about 450J/kgK increaging00J/kgK at around 600 °C. At
730°C steel undergoes a chemical transformatiom fferrite-pearlite to austentite.
This is associated with a huge increase in speodfat. The specific heat of steel seems
to be independent of the grade of the steel [5¢ dansity of steel is approximately
7850kg/m decreasing slightly with increasing temperature

In OZONE model, The fire resistance of memberseigimined based on the
assumptions stated in ENV 1993-1-2, and 2.4.4 [27].

For the compartment shown in Fig. (6), the steadntse in the roof are
designed to resist an additional dead load of 2367k and live load is 200 kg/mThe
fire resistance for steel beams was calculatedvéyrtodel for four cases. Unprotected
steel beam, protected steel beam using 5 mm, 1G5 mm spray mineral fiber
protection. The results are shown in Fig. (23).

The results shows that for unprotected beam, teadisistance is 13.1 min. in
case of protected beam with 5 mm protection thésknthe fire resistance is 25.8 min
which represents approximately twice the fire tasise of unprotected beam case.
When the protection thickness increases to 7.5 thenfire resistance is 43.9 min. for
10 mm protection thickness, the fire resistanagdésthan 120 min which is the limit of
fire course in this study.
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Fig. (23): Influence of protection thickness orefiesistance of steel

7. CONCLUSIONS

« An investigation has been performed by which theab@r of steel beams in a
compartment building under natural fire conditiovess analyzed. The OZONE
fire model has been employed in order to prediettémperature development
in the fire compartment. The influence of the intpat parameters on the steel
beams temperature has been studied and the fistaree of the steel beams
was predicted.
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The OZONE model for providing structural safetycase of compartment fire
is quite realistic as it takes account of real fil@racteristics and of existing
active fire fighting measures. It can estimate & behavior of a structure
subjected to the natural fire which may arise uritlese real fire conditions.
The consideration of real actions leads to readtgadind also to optimized
economy.

The fuel or fire area play an important role in thee scenario and
consequently in steel beam temperature. As the dtedh increases the fire
continues for longer time causing a higher tempeean the steel beams.
Applying active fire fighting measures such as fletection, alarm, automatic
alarm transmission to the fire-fighters, smoke ehaystems and sprinklers,
provides protection to people that safety of pedplensured in an optimal
way. When the active measure used properly, teecin be under control and
the steel beam temperature can be kept under itealcsteel temperature
which improve the fire resistance of the steel memb

The amount of ventilations affects the peak tentpegeaof the steel beams that
by increasing the area of openings the amount ofgex increases and
consequently the steel temperature increases.

Compartment dimensions affect the gas and steehdbéamperature that the
gas and steel beams temperature increases by simgethe compartment
height or compartment floor area.

The wall type and thickness affect the temperatsiele the compartment that
according to the wall thermal properties and wattkness, the amount of heat
transfer through the wall changes which may redoegemperature inside the
compartment.

The passive protection by insulation and its theds) strongly affects the
temperature and fire resistance of steel beamseduces the steel beam
temperature to fulfill the fire requirements of ®ihutes and more.
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