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Abstract

When building fires occur in large, open, comparitaghey rarely burn uniformly across an entireflplate of a structure.
Instead, they tend to travel, igniting fuel in theath and burning it out as they move to the fgait package. Current structural
fire design methods do not account for these tgbdises. This paper applies a novel methodologydiefining a family of
possible heating regimes to a framed concretetsteiasing the concept of travelling fires. A feriélement model of a generic
concrete structure is used to study the impadt@family of fires; both relative to one anothed &am comparison to the
conventional codified temperature-time curvess found that travelling fires have a significanpawt on the performance of the
structure and that the current design approachesoté&e assumed to be conservative. Furtherfauisd that a travelling fire of
approximately 25% of the floor plate in size is thest severe in terms of structural response.doieluded that the new
approach is simple to implement, provides morestalfire scenarios, and is more conservative thanent design methods.

1. Introduction

Since the early 20century, the Standard Fire test and associatepeteture-time curvfl, 2] have been used world-wide to
give fire ratings to structural assemblies andasigh complete structurg®] . The Standard Fire temperature-time curve was
created in an attempt to regulate testing betwéésrent laboratories thereby ensuring a uniforansiard of safety. However,
almost as soon as it was conceived, a number bigms were identified with it. Notably, no accoimtaken of differences in
fuel load, fire compartment size or ventilation ditions, all of which profoundly affect the behawimf a compartment fire. To
address some of these shortcomings, other tempeititie curves have been proposed. Perhaps thewitidyy known in
structural design are the “parametric” fires curiagially developed by Petterssp4] , these curves have been modified and are
incorporated into the Eurocode structural designaardg5] . They allow design fires to be calculated thatikerthe Standard
Fire curve, depend on the fuel load, thermal iaesfilinings, and ventilation conditions of a ftempartment. Parametric fires
therefore predict more realistic temperature-timeres than the Standard Fire and can be roughlicagégd by burning wooden
cribs in a small fire compartment. Despite theseefits, parametric fires remain very crude repres@ns of fires in any but the
simplest of compartments, as will be describeckitien 2. Moreover, they are unsuitable for appilicain the large, open-plan
spaces that are a common feature of many modeldirmgs. Thus, there remain significant shortcomiagsngst the traditional
design methods for specifying the thermal inputsuge in structural fire design, particularly farde compartments.

By contrast, over the past 20-30 years, knowledgeumderstanding of how structures respond to tdeM@mperatures has
developed rapidly and to a point where it is nowgdole to include a large variety of phenomenarucsural models and to
predict the response of structures subject to knemperature loading with good accurd@y8]. Coupled with the recently
developed performance-based design c@@lek0], these capabilities have given engineers the én@ett design structures to
resist high thermal loadings in innovative, effitigvays.

Thus, while the ability to predict subsequent surced behaviour has reached an advanced levethérenal inputs used in
structural fire design remain simplistic, unchangatd not representative of actual fire dynamidsiige compartments. The
various limitations inherent in the traditional @gsmethods mean that it is difficult to justifyrtnuing to develop and use
complex structural models when one of the domigatiput parameters — thermal loading — remains vargely defined.
Without some development of the method for spewifydesign fires, it will be impossible to obtaie tltonsistent level of
crudeness” which has been identified as a needntitie disciplind11]. In an attempt to rectify the mismatch in the leadf
sophistication that are currently used for desiggsfand the subsequent structural analysis, gpsipadopts a new approdadi-
14]. First, a method of defining design fires that sufficiently flexible to be applied to any fireropartment is presented and
discussed. The method has the key benefits ofssatnaing a uniform temperature within a large foenpartment and allowing
for fires that travel within a compartment. Secathe, paper considers the implications of usingaheswv design fires by
applying them to the analysis of a concrete frasteacture subject to full-floor fires and comparihg predictions of various
measures of “structural distress” with those otgdiwhen traditional fire curves are used.

2. Limitations of Current Design Fires

Parametric and Standard Fires were validated bydat from small fire compartments that were alhmsic. This test
geometry allows for good mixing of the fire gasesl &0 produces a uniform temperature distributidtin a compartment.
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These conditions do not exist in real fif@§] and consequently limitations must be placed orfdha of compartment in which
the traditional fire curves may be used. For examplrocode 1 states that the parametric curvesrdyevalid for compartments
with floor areas up to 500mmand heights up to 4m, the enclosure must also havepenings through the ceiling, and the
compartment linings are restricted to having a rti@rinertia between 1000 and 2200 %K, which means that highly
conductive linings such as glass facades and higislylating materials cannot be taken into accoést.a result, common
features in modern construction like large enclesuhigh ceilings, atria, large open spaces, nlelfipors connected by voids,
and glass facades are excluded from the rangeptitapility of the current methodologies.

A recent survey of buildings in Edinburgh, JX6] underlines the implications of these limitatiomstbe applicability of design
fires, particularly for modern structures. For dings built over a long period of time startingle early 20th century, 66% of
their total volume falls within the limitations. M&ver, in a newly constructed, modern building theg open spaces and glass
facades, only 8% of the total volume is within lingitations. This suggests that modern buildingigiess increasingly producing
buildings that contain compartments to which pataiméres should not be applied.

Additionally, an assumption that has remained ustjoeed with each temperature-time curve no matier they have been
applied has been that of uniform burning and unifeompartment temperature. It is assumed that eatyof a structural
element or compartment is uniformly subject toghme temperature — as defined by the temperataeeeirve adopted.
Although it may be possible to replicate these @k in a furnace, a recent experimental reviéwast-flashover tes{d 5]
has clearly demonstrated that temperature conditioa non-uniform in most compartments. Moreover major fires at the
Windsor Towel[17], World Trade Centgil8, 19] and TU Delft{20] have shown that fires tend to travel around large
compartments rather than burn uniformly. Tests ladse shown the there is a high degree of temperatriation even within
small compartment®1-23].

Therefore, at present, designers are forced tereitbe parametric fires in compartments for whidytare not strictly applicable,
apply very onerous and unrealistic Standard Fodarge compartments, or to resort to CFD modefged in large
compartments that are labour intensive to prodiibere is a clear need, then, to address the liomigbf the currently available
design fires if modern performance-based desigotito be restricted.

3. Traveling Fires

In light of the various limitations outlined abowsenew method for estimating compartment fire tenaijpees based on the
fundamental fire dynamics of the compartment hanlproposedtl2, 23, 24] This new method will be used throughout this
paper. It uses two temperature fields to repretbentjas temperature in a compartment: a high teatyre in the flaming region
of the fire (the near field); and a cooler tempemator the rest of the compartment (the far field)is approach provides a
flexible technique whereby a large range of posdiioés in any compartment can be representedeXample, a fire which
engulfs an entire large floor plate simultaneoua$yin traditional design methods, can be repredeas well as a small fire that
travels slowly from one end of a compartment todtreer. The full range can then be explored bympatecally varying the size
of the fire. This avoids the weakness of previowthnds assuming that arbitrary events lead toqudati fire conditions, such as
assuming that glazing failure leads to one singhepterature-time definition for an entire regiorstéad, consideration of a wide
range of possible fire sizes covers for the inhievanable nature of real fire events (outcomehef combination of particular
ignition location, fuel distribution and ventilaticonditions). Thus, a family of fires is createdging from a small travelling fire
that burns for a long duration as it travels, fo@uniformly burning over the full extent of tlilor for a shorter time period.
Therefore, the method addresses the two key shomgs of existing methods — restrictions on theireabf applicable fire
compartments and the assumption of uniform gasé¢eatyres within a compartment — while still beindfisiently concise for
use in structural design.

3.1. Temperature Definition

The new design approach represents the horizantgdérature distribution of a fire compartment byanweof “near field” and
“far field” regions (Figure 1). The near field tset flaming region of the fire. Peak values in srfiedl have been measured in the
range from 800 to 1000925] but temperatures of 1200°C have been measuréarfimr enclosure firgls] . This maximum
value of 1200°C is chosen for the near field to@sent the worst case conditions. The far fieldasgnts the temperature of the
hot gases away from the flaming region. Far fteltiperatures can be calculated using any engimetrah that gives
temperature distributions away from the fire, imthg hand calculations or computer modelling. #ds study, the simple
ceiling jet correlation developed by Alpert hasiesed26].

. 2/3
T _-T. = s3dQ/r[*? (1)

H

wherel . is the maximum temperature within the ceiling(J€x, T, is the ambient temperature (I@is the heat release rate

max

(kwW); I is the distance from the centre of the fire (nmd 4 is the floor to ceiling height (m). This correlatizvas developed
for a stationary fire during steady-state condgibtit is valid for travelling fires because tharflaspread rate (~0.01m/s [5]) is
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much lower than the velocity of the smoke (~1nT$jus, the far-field temperature distribution in EL). moves with the fire in a
guasi-steady state form.

As the fire consumes the available fuel and igni@s material in its path, it moves around the fipate. Consequently, the gas
temperature adjacent to any given structural eléimsesonstantly changing as the fire travels bahrrthat element and remote
from it. To make the amount of information passed structural analysis managable, the monotogid&treasing far field
temperature distribution from Alpert’s correlatimmreduced to a single characteristic vallie,To do this, the far field
temperature is taken as the fourth-power averagg.Qf{to favour high temperatures in a bias towardstauh heat transfer and
onerous structural conditions) over the distandesden the end of the near field;, and the end of the far field;. This average

is calculated by Eqg. (2).
‘ %
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Figure 1 demonstrates the concept of a near fieddasfar field for a travelling fire. Any given lation is exposed to the far field
temperature for a period before the arrival offtaming, near field region. After all the fuel &ietlocation has been consumed
and the near field moves away, it is then subjetddte far field temperature again until all tkelfin the entire compartment has
been consumed, at which point the temperaturengtorambient and the structure cools.
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Figure 1. (a) Near field and far field temperatureiiced by localized travelling fire; (b) far fiehnd near field exposure
durations at an arbitrary point within the fire quantment.

3.2 Fire Size

The flexibility of the method stems from paramedtyg varying size, shape, and path followed byftte It is assumed that, once
alight, any area of the floor plate will continwelturn at the same rate until all the fuel is comsd. The local burning time for
any fire size can, therefore, be simply calculdteth the fuel load and the heat release rate. @vecéocal fuel is burnt out, the
fire will move to a new area. After the fire haavtelled around the whole compartment, the coolint® structure takes place.
The fire size is varied, in this study from 1% @0% of the compartment floor area. Assumptionsdatdils of how to calculate
the resultant heating from this method can be fdorather papers by the auth¢is, 14, 23]

4. Structural Failure Criteria

The methodology presented above can be used tp ttedmpact of different travelling fires on thesponse of a structure.
However, without a means to compare the structesgonse, it is impossible to draw any conclusi@hgre are many different
methods of assessment available for fire-affectiedttsires of varying degrees of complexity.

The simplest and most widely used measure of straictlistress is maximum deflection. Typicallyldia¢ is defined as a ratio of
deflection (e.g. span/g@] ). The allowable deflection does not representlaevat which an assembly catastrophically loses
stability; rather, it is the maximum deflectionaallable in a furnace test in order to protect exppensxperimental equipment. In
spite of this, deflection is a simple and usefubmee which can be used to give some indicati®trattural distress. It is
possible to use the relative deflections causediffigrent fires as a means for comparison.

Another simple measure of performance for concstectures is the maximum temperature of the tengmforcement. Failure
in steel members is often said to have occurrechvihe axial capacity of a section is half its ambigapacity. For reinforcing
steel in concrete, this critical temperature isdglly taken as 593°(27]. Again, although this is a fairly arbitrary meaesof
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“failure”, the temperature of the rebar offers mgie and easily comparable metric that can be tisedmpare the impact of
different fires on a structure.

The ultimate strain in the tension reinforcemergl® often used as a definition of failure; beytmd strain, the rebar can be
assumed to have failed. This measure is bette¥dstotthe numerical analysis of structures rathen fire tests because of the
difficulties associated with instrumentation of aebHowever, the strain in the tension steel presidnother measure which can
be used to compare the relative impact of the wiffefires. The ultimate strain for steel at anyperature is typically taken as
0.2[10, 28].

5. Structural Modelling

The remainder of this paper is a case study thabdstrates how the above travelling fire methodplmgd failure measures can
be applied in a structural analysis. Initially, amber of “base case” scenarios are consideredhandifferences between the
predicted structural responses compared; a paramaidy is then conducted to assess the validitiyeffect of the various
assumptions made by the new approach. Finallyinthbact of the shape and path of the fire is comsidle

51 Structural Arrangement

The case study analyses the impact of travellireg fon a generic concrete office building. Thedétme is a nine storey, flat-slab
concrete frame, designed in accordance with thedfuled29-31]. A plan and elevation of the structure are shawhigure 2.
The floor slabs are 200mm thick; the interior coha®00x400mm; and the exterior columns 300x300nm. design strength of
the concrete in the columns is 48MPa, and thatérstabs 40MPa. In this paper fires burning orfaleth floor are considered.
This allows the structural effects of a mid-levie¢ fto be analysed without the need to explicitysider effects of the
foundations or the building’s top storey.
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Figure 2. Plan and elevation of concrete structiragnsions in metres.

Two finite-element models of the central floorglé structure were created using the commerciabylable Abaqu$32]
software. One model was a heat-transfer model dpedito determine structural temperatures, the atlséress analysis model
produced to predict the mechanical response ddttiueture. The models were sequentially couplethedeat-transfer analysis
results affected the mechanical response. Both Imedéended from the base of the columns at thid-gtorey level, to the top
of the columns at the fifth-storey level. The fl@dabs were modelled using shell elements, thenmoduwusing three-dimensional
solid elements and the rebar using truss elements.

In the heat-transfer model, thermal properties weexified in accordance with those of a 1.5% moéstontent concrete, as
defined in Eurocode P] . Heating of the structure was analysed by apply@hgvant radiation and convection boundary
conditions to the surface of the structure. Forphoses of this study, an emissivity of 0.7 amdmvective coefficient of
25W/nfK were assumed in accordance with Eurocode guidi@hce

For the mechanical analysis, all of the materiapprties used in the model were temperature depéadd in accordance with
Eurocode 2, and the yield criterion used for theccete was the “damaged plasticity” model, basetherwork of Lublinef33].
A series of mesh sensitivity studies were condutiddithd the optimum mesh density. The final meshgity used was 8x8x18
elements per floor per column, and an average elesiee of 0.4735m in the slab.

The base of each column was assumed to be fixedrialation and rotation, and the top of each colwas fixed in all
directions other than vertical. As the higher sgeref the structure were not modelled, the equivdteads that would have been
transferred into the column heads were calculas&ugua full-frame elastic model and applied torta@aining structure during
the loading phase of the analysis. The central abtiee building was not modelled explicitly but svassumed to provide rigid
support to the adjoining structure.
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6. BaseCaseFires

The “base case” family of fires were defined agdithat travelled linearly from one side of thaicture to the other (Figures 3
and 4). The fire sizes considered were: 1%, 2.5%, B)%, 25%, 50% and 100% of the floor area. It asmumed that the fuel

load @) was 570MJ/M the heat release rate per unit ar@'(o was 500kW/rm The distance to the far field for Alpert’'s equatio

was measured from the centre of the fire at thepoidt of the building along the direction of firavel as shown in Figure 5.
This creates the shortest far field distance, wiidlirns leads to the highest far field tempemtpossible for that specific
scenario. This is done to err on the side of caadism. Figure 5 shows the distances to the émideonear field and to the end
of the far field for both the case where the néadfis smaller than the core and the case wheasdatger. The near field
distance is simply calculated from the geometrthefstructure and the fire area for each case.

The fuel conditions above resulted in a local ngrtime of 19 min for any single area. For examagethere were four phases in
the 25% fire size, it lasted for a total burningation of 76 min, and had a far field temperatur8@5°C. The near field
temperature is taken as the flame temperaturessasreed to be 1200°C [13]. The 2.5% fire size, médlewhad a total burning
duration of 760 min and a far field temperatur@®%°C. Figure 3 shows the total burning duratiodh fan field temperatures for

each of the base case fires. It should be notetthét00% fire size, the far field temperaturénss $ame as the near field
temperature.
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Figure 3. Far field temperatures vs. total burrdagations for different fire sizes. Standard and {tehort hot” and “long cool”)
parametric Eurocode fire curves are also shownefiarence.
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Figure 4. (a) Progression of the 2.5% fire acrbedfibor plate; (b) Progression of the 25% fireoasrthe floor plate. Bay
numbers are indicated in both figures.

6.1 Structural and Thermal Analysis

Thermal and structural analyses were conducted)ubmnfinite-element model described above. Tomatmeaningful

conclusions to be drawn from the modelling, it ddae noted that the analyses were intended tmbwparative. Therefore, for
the remainder of this paper, the metrics that beéllused to quantify the response of the structiltd&ithe three simple measures
discussed above — temperature, strain in the tesséel, and central deflection of each bay.
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Figure 4 shows the location of the near field mdrthe way through the 2.5% and 25% fire sizes. fbat transfer analyses
allowed the temperature in the slab soffit rebabdéomonitored. Figure 6 shows the gas temperaamdscorresponding rebar
temperatures for points A and B (indicated in Féegdy during the 10% fire. The influence of the nfiald on the rebar can be
clearly seen as a temporary increase in temperaktie prolonged exposure of point B to the fardfiptior to the arrival of the
near field causes the overall peak temperature thigher than that at point A. Figure 7a showsnalar plot of the temperature
profiles for the soffit rebar at the centre of bdy8 for the 5% fire size. It can be clearly sewat the final bay to be subjected to
the near field experienced the highest temperatheejong pre-heat induced a higher maximum tentperan this bay, which
caused it to be most critical by this metric. Tinénd was the same with each of the base case fires
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Figure 5. The measurement gfand f; for two different indicative fire sizes (a) smahd (b) large.
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Fig.ure 6. (a) Gas temperature and correspondivey temperature at point A; (b) gas temperaturecanaesponding rebar
temperature at point B for a 10% linearly travelfing.

Figure 7b shows the average temperature in thé selffar for each bay. Because the near field @59t fire size does not cover
the whole area of any bay simultaneously, the ayerabar temperatures are lower. The bay averags kebar temperatures are
a more representative measure of structural vubilgyaas they will not be distorted by localizeddting effects. For example,
were a localized fire to heat only a tiny areahaf bay, it would have minimal impact on the oves#llictural behaviour, but

would induce high rebar temperatures. Thus, theavayage lower rebar temperatures will be useleameasure of rebar
temperature for the remainder of this paper rattheem point temperatures.
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A comparison of the rebar temperatures induceterfinal bay by the different fires in the familjigure 8) shows clearly that
the highest temperatures are caused by the mediwatiah fires: 10% and 25% fire sizes. For the 2fb&6the arrival of the near
field at bay 6 is labeled, as is the end of the fir

A similar process was conducted for each of thecttral measures. The absolute value of each merasuat technique can be
normalized with respect to the appropriate faildeénition: 593°C for rebar temperature, span/aQdflection, and 0.2 for rebar
strain. It is possible therefore to observe howi¢hel of structural distress varies with each eurvthe family of fires. Figure 9
shows the trends for each of the measures ag@iasife. As a comparison the structure was albfested to a Standard Fire, a
“short hot” parametric fire and a “long cool” pareimc fire. The “short hot” fire had a peak tempara of 989°C and a total fire
time of 37 min, and the “long cool” fire had a peakiperature of 915°C and a total fire time of tdB. Both curves were
generated by the parametric temperature-time frane&ode 131] for the building being examined, varying the assdrglass
breakage in the facade for the ventilation factbine short hot fire assumed 100% glazing failuomglthe facade while the long
cool fire assumed 25%.

The 25% fire size induced the highest degree atsiral distress in each of the failure metricse Tiend in every metric was the
same: the medium sized fires (5%, 10% and 25%)echasigher degree of structural distress than thatlsmaller and the larger
fire sizes fires. It is also notable, that the tenapure and deflection measures show the struagireuch closer to “failure” than
the strain measures. For each measure, a comparigo8tandard and parametric fires is also madhe. Jarametric fires
universally induced less extreme structural coaddithan the medium fire size “base case” scen@hie.worst case travelling
fire was equivalent to 1hr 37min of the of a Staddare in terms of rebar temperature, 1hr 18mirhiagging tensile stain and
1hr 54min for deflection. In contrast, the saggshgin was less than that obtained during moste@biase case and “long cool”
fires; this was because there was no cooling ptiaseg the standard fire so the structure was nbég into tension.

The results of the base case fires, and their casgrawith the codified fires, have shown that titalitional design methods do
not necessarily produce the most onerous casbdattucture. Indeed a travelling fire based idofire dynamics can induce a
worse structural scenario. This is in agreemertt pievious work for steel structurg, 34]. It has been shown that the medium
size (and duration) fires induce the most extretnectural response; the very short fires with gégfire size and the very long
fires with a small fire size are less severe fergtructure. Specifically the 25% area fire produites worst case for the structure.
It has also been found that the lack of a coolingse in the Standard Fire does not allow all theefothat are likely to develop
over the course of a real fire to develop; it cantierefore be considered conservaiBs .

7. Parametric Study

A parametric study was conducted to establish tleeteof the various assumptions made in the ttangefire methodology on
the predicted structural response. As the 25%nfas found to be the most severe by every metrithisrstructure, this fire size
was used throughout the parametric study.

7.1 Variation of Far Field Definition

First, the method used to define the far field terapure was varied, and the response of the steuatais monitored using the
same metrics that were used in the previous secfiom cases studied are described below and dkestiin Figure 10.

1. Single far field (base casé)s with the previous analyses, Alpert’s far fisdasnperature profile was reduced to a single value
by fourth power averaging. The progress of the fies assumed to move suddenly, i.e. it would jiroyp one quarter of the
floor plate to the next after each burning timénisTassumption means the fire is in four specdiations (for the 25% area fire)
over the total burning duration.

2. Two far fieldsRather than reducing the far field to a singleiedbr both sides of the burning area, two sepdaattelds were
assumed, one on either side of the fire. Eacfidlar had a unique temperature defined with thetfopower average.

3. Alpert's temperature profile (suddeather than averaging Alpert’'s temperature pead above, the continuous temperature
profile defined by Alpert’s equation (Eq. 1) waseditly applied to the structure. As with the baasecfire, the fire moved
suddenly from area to area as the fuel was consumed

4. Alpert’'s temperature profile (gradualhlpert’s temperature profile was used to defime far field, but the fire was assumed to
progress gradually across the structure, ratherjtimaping suddenly from one area to the next.

The results in Figure 11 show that there is Ii#eiation in the performance metrics between tlifleidint approaches of defining
the far field temperature. Of the different propbgeofiles, the “Alpert — sudden” induced the gesatistress in terms of
deflection and hogging tension strain. However vhikeies were only 0.5% and 3.6% in excess of tlasélrase” value
respectively. In terms of temperature, the “base’tgave the greatest deflection by a marginal aimn(u1%) and the total
variation between the largest and smallest temperatas 10.6%. The largest value in terms of thyghmy tensile strain was
obtained during the “Alpert — gradual”’ case. Fas frofile, the maximum strain measured was 4.7%elathan the “base case”
equivalent.
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This study shows that the variations induced bydifferent fires in the most critical structural aseires are negligible. The
variation in the less distressed measures wastlsliginger, but still remained small (<5%). It teéore appears reasonable that
the use of the simple, averaged, temperature profd. the base case, for the whole of the fédt femperature region provides
appropriate results and a higher level of detaildisneeded. This makes the temperature definitiottee heat transfer model
significantly simpler to apply: a key consideration the use of such an approach in a design cantex
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7.2 Fire Path and Shape

The base case fire described above started atnohefé¢he structure and then progressed lineargysacthe floor-plate. A real
fire could follow a number of possible paths anlas long been recognised that to examine evesitdedire scenario would be
unfeasible due to the large number of analysesnet|iB] . However, since the advent of modelling technicgiesh as the finite-
element method it has become possible to evaluaterder of different structural scenarios quicHigis paper has developed a
number of fires and applied them to the same siractn an attempt to quantify the impact thatetiéht fire paths and shapes
have on the structure, this study analyses thetedfehree other possible fire patterns with a fiize of 25% of the floor area. In
addition to the linear base case, the differestgmapes are illustrated in Figure 12 and are itbestbelow:

Corner fire.Initiated in one corner of the structure and spra@und the building’s core. Due to symmetry, itissare the same
for clockwise and anti-clockwise fires.

Ring fire, Outwardslnitiated as a ring around the core, and spreaderttrically outwards.

Ring fire, Inwardslnitiated in a peripheral ring around the edg¢hefstructure, and spread concentrically inwardatds the
core.

The results were broadly similar with some metsieswing an increase and some showing a decreadiechetis some variation
between the different fires paths. The cornerias found to be the most severe scenario. Theuwelatrease in comparison to
the base case model was 8% for deflection; 5% 86l fbr hogging and sagging strain respectively; @¥dfor the rebar
temperature. Figure 13 shows the difference betwlsefour fire shapes analysed. Therefore it cacdmeluded that the shape
and path of the fire does have a small impact errésponse of the structure.

8. Summary and Concluding Remarks

A comparative analysis of the impact of a numbaedlifiérent design fires on a concrete frame has lweaducted. A new
approach to defining temperature-time curves faigiehas been presented. The relative impact afdheentional codified
curves and the new “travelling fire” methodologyshmeen studied.

The “travelling fire” approach is based on obseorat from real, large building fires, and foundedtbe fundamental fire
dynamics of a large open plan floor plate. It abaawange of realistic fires to be considered #nds, allows structural engineers
to better understand how different fires might etfthe behaviour of a building. Though based onmemtemperature
distribution data, a simplified approach allowsragke value far field temperature distributionh#ts been demonstrated that this
simplification is a good approximation to more cdexptemperature fields obtained from fundamental fiynamics. The
simplified far field approach is easily implemeniadinite-element codes.

The generic concrete frame which was subjectelewarious fires was the same in each of the agslyshas thus been
possible to draw strong comparative conclusiondjquaarly given the variety of measures used t&eas the structure, which
include
» Travelling fires have a more severe impact on #wfopmance of this structure than the Eurocodematac fires. The
Eurocode fires cannot, therefore, be considerederwative.
e The fires of medium duration and fire size arertist severe in terms of their impact on the stmactu
» The 25% fire size fire was conclusively found tothe most severe by every measure used.
» The assumption of a simplified far field temperaturas valid: more complex and realistic temperatuodiles had little
impact on the overall structural behaviour.
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