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ABSTRACT

The Dalmarnock Tests comprise a set of fire expamis) conducted in a real high-rise
building in July 2006. The two main tests took plac identical flats, Test One allowing the
fire to develop freely to post-flashover conditioméile Test Two incorporated sensor-
informed ventilation management. The test compartmeere furnished with regular living
room/office items and fully instrumented with higénsor densities. The furniture and objects
acting as fuel were arranged to provide conditittias favour repeatability. A full description
of the set up of the tests, including fire monigrisensors, is provided. Focus is on the larger
Test One fire for which the major events are regbrttogether with a thorough
characterisation of the fire using sensor infororatiThe main aim of the experiments was to
collect a comprehensive set of data from a realiite scenario that had a resolution
compatible with the output of field models. The @wderisation of Test One provides a
platform with potential for analytical and compiatl fire model validation.
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Fire Safety Engineering practices are currentlyngaihrough a rapid process of change.
Prescriptive codes and simple analytical tools mmaherical models are being substituted by
performance-based analysis and complex numerio#d {&]. Experimental studies available

for validation are mostly quite dated and the dgrs instrumentation is mostly designed to

use the results for validation of simple analytiegpressions or “zone models”. Zone models
divide compartments into two layers (hot and cdhd)s only require spatial resolution that
averages an entire zone. A classic example of |msth is the Stecklet al. experiments [2].

A different problem associated with large-scale fiests is the repeatability of the results.
Most large-scale tests tend to produce a set oftsethat will depart from the results of a
repeat of the same test. While simple pool fireegixpents [3] or standard large-scale tests [4]
are quite repeatable, most realistic fire testaakofollow the same trend. In many cases, the
variability of the results is associated with igmit conditions or ventilation changes. For
realistic furnishings common ignition sources caadl to drastic variations in the ignition and
initial flame spread characteristics. In a simit@anner, window breakage and wind changes
tend to establish variable ventilation conditiohattaffect the growth of a fire. Consequently,
comparison between deterministic numerical modgbwtu(which will always give the same
answer for the same input) with realistic fire sa@ws is generally deemed unreliable.

For this set of experiments the instrumentation sdgnwas set up to provide field
measurements with time and spatial resolution cdilipawith that of field model grid
spacing. Thus the problem of averaging is avoided eomparison between models and
results can be done at the cell level. The repéiyalvas addressed by initiating the fire with
a large pool fire (in the form of a wastepaper leaskith liquid fuel) placed adjacent to a
flammable item of furniture. The arrangement guesath a large initiation event.
Furthermore, the main fuel items were arranged oomfiguration very similar to the ISO
room corner test [4], with entrainment driving titemes against the flammable corner. The
changes in ventilation were managed by either gixitoors open/closed and by breaking
window glass at a pre-specified time (Test Onelpyremotely controlling the operation of
these (Test Two). Details of the setup of both erpents are presented in the following
section but only the results of Test One are furtihecussed.

EXPERIMENTAL SETUP

The large-scale Dalmarnock Fire Tests involved tman compartment fires held in a 23-
storey reinforced concrete tower in Dalmarnock,sGtav (UK) on the 28 and 28' July,
2006. The tests were held in identical two-bedrsingle family flats, with the living room
set up as the main experimental compartment. Tast Gomprising an ‘uncontrolled’ fire
that was allowed to grow past flashover conditi(iste 1), was held on thd4loor while
Test Two, a more ‘controlled’ fire, was held dilgctwo floors below. Both experimental
compartments were furnished identically as reguilang room/office spaces and fully
instrumented with a variety of fire monitoring serss Test One also included structural



monitoring sensors as part of a series of demdiwisanot directly associated to the fire

development. During both tests all sensors werdrfedlocal data loggers and camera hubs
that streamed the information live to a remote toalrcentre’, outside the building. The main

variant between both tests was tl ;
ventilation conditions. In the first tes

ventilation conditions were set

allow for flashover to occur. In the

second test some doors and windo

were operated remotely on the basis

monitoring and with the objective o

evacuating the smoke. This meant t

‘uncontrolled’ Test One fire burned fo

19 min before the fire brigade

intervened and Test Two was
extinguished when the fire growth Plate 1. Dalma.rnock Fire '-re.st One a; seen from the
could no longer be controlled by outside, 18.5 min into the fire.

changes in ventilation.

Flat layout

The flats used were located on the north-side ef Iilding, facing westward. They
comprised a central flat corridor off which cameotWwedrooms, a bathroom and a living
room, with a small kitchen off the side of the igi room as seen in Fig. 1. The main
experimental compartment in both tests was the’fla#5 m high, 3.50 m by 4.75 m living
room, with a 2.35 m by 1.18 m window (2 panes) loa west-facing wall, 1.11 m from the
floor. The compartments were stripped of all tlexisting contents and an identical furniture
layout was used as fuel load in both tests.
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Figure 1. North-west bird’s eye view of the flat layout inding walls, doors and windows. The front
door leading to the main floor access corridondicated. The major dimensions of the experimental
compartment are labelled.

Fudl distribution



The general layout was such that most of the fued woncentrated towards the back of the
compartment, away from the window, with a fairlyeavfuel loading throughout the rest of

the compartment. Fig. 2 shows the furniture distitn and Plate 2 illustrates an overview of
the compartment before and after the fire.

While the main source of fuel was a two-seat stiiffed with flexible polyurethane foam,
the compartments also contained two wooden offiokwlesks with computers, each with its
own foam-padded chair, three tall wooden bookcaaeshort plastic cabinet, three small
wooden coffee tables, a range of paper items anddlW plastic lamps. The bookcases were
fully-laden with books, video tapes, paper-filledrdboard files, and several other plastic
items, as was the small cabinet. The bookcase stidsethe sofa also had two plastic
containers holding thin cardboard boxes full of ygbtjrene pellets. Beneath the central
computer desk there were two plastic boxes fillathwewspapers and magazines. Other
minor living room/office items were included to &ap as if the compartment was ‘in use’. In
both cases, a plastic wastepaper basket filled ertimpled newspaper and 300-500 ml of
heptane was used as the ignition source. It wase@la-between the sofa and a bookcase,
underneath a blanket that was draped over theasafaee Fig. 2 and Plate 2a). Although
slightly different amounts of accelerant were useboth tests and the time delays between
pouring the accelerant and igniting the fire alsoied, this difference was not significant to
the general behaviour over the timescale of thesfilThe accelerant contributed only to the
momentary ignition of each fire and was fully com&ad within seconds, but the slightly
different ignition protocol enabled to establiste ttobustness of the ignition conditions in
such an arrangement by comparison of the charsittsriof both tests during the initial fire
growth stage [5].
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Figure 2. Plan view of experimental compartment showingifure layout (to scale) and fire-
monitoring sensor locationdlB. some sensors were exclusive to Test One). Thalgtaordinate
system origin is given (at floor level) and a slptane section is indicated (S-S).



Ignition Source | Ihstrumente,_.d Lightweight
Steel Frame Vall

i .
Plate 2. View of the ignition source, bookcases, sofa aearby items in the experimental
compartment both, a) before the fire, and b) aflterfire.

I nstrumentation

A variety of sensors were set-up to monitor the {ee Fig. 2). Twenty thermocouple trees
held 12 (Type-KX) thermocouples each. These tremme wpread throughout the compartment
with a further five small thermocouple trees pla@dng the window sill. Nine thin-skin
calorimeters were used to measure heat flux intiderthe compartment ceiling and a further
set of these heat flux gauges were mounted onatigign wall shared with the kitchen (20 in
Test One, 9 in Test Two). Eight lasers used to oreasmoke obscuration were set in emitter-
receiver pairs, such that five were horizontalligréd and three were vertically aligned.
Three bidirectional air velocity probes, exclusiiee Test One, were placed in both the
doorway leading to the flat corridor (Door 1) andhe doorway to the kitchen (Door 2) and a
further eight probes were placed outside the cotmeant window. Fig. 2 shows the layout of
these fire sensors relative to the furniture distion. All sensors were connected to a set of
central data loggers recording at an average freyuef 0.5Hz. These were housed in a
separate flat, adjacent to the kitchen, protectea broad structural wall. Several network-
type cameras were also used to monitor the firavircand all data collected was time
stamped, both camera and data logger clocks haweeg synchronised prior to ignition.
Similarly, several early warning fire alarm systemrsd additional CCTV cameras were
installed in all rooms in the flat and the fire wasenitored live in a ‘control room’ outside the
building [5].

Test One was planned to reach post-flashover dondit therefore it was of interest to
include sensors monitoring structural response. Tlber slab above the experimental
compartment was heavily instrumented with sensaisiding 24 thermocouples embedded in
the concrete at four different depths and in sitetent locations, together with 22 strain
gauges and nine deflection gauges placed acrogsphaf the slab. Three deflection gauges
were also placed in Bedroom-1 to monitor deflediatong the height of the partition wall
shared with the experimental compartment. The tpartwall shared with the kitchen was
replaced by a lightweight steel frame wall whichswagged with thermocouples in addition
to the gauges measuring heat flux incident onuttase, allowing for a detailed study of its



performance. A set of six different arrangementdilmfe reinforced polymer (FRP) strips
embedded in the ceiling was also monitored by tleouples and strain gauges. Further
details of these can be found in related paper§][5,

Ventilation

Ventilation parameters were of paramount importandbese tests. In Test One, the window
in the main compartment was closed but its dooneweth left open. The kitchen window

was left partially open, while those of Bedroom-@revleft completely open. The Bedroom-1
window was closed and the main flat door was Igiit. & he bathroom compartment remained
sealed off throughout the experiment. The buildivas evacuated (with the exception of fire-
fighters) and data loggers were activated to reaamntlient conditions.

MAJOR EVENTS

Test One took place on the™3uly. At 12:23:00 a blow torch was used to igtiite contents

of the wastepaper basket and the fire was alloweedrow unconstrained. The blanket
dangling over the wastepaper basket caught fir@stinmmmediately, in turn igniting several
cushions with fire spreading swiftly to engulf thelyurethane sofa. Four and a half minutes
of sofa burning led to ignition of contents of theokcase adjacent to the sofa and ignition
source, near the NE corner of the room. Fire psxpe up the bookcase followed by a
flashover period about 5 min after ignition, wheiling flame projected into the flat corridor
and visibility in the main floor access corridor svsuddenly reduced. Simultaneous ignition
of paper items in several locations throughout dbmpartment was also indicative of the
flashover period. At this point, the smoke layeicly descended.

Post flashover the visibility in the compartmentswarastically reduced, so camera footage
provides little information about the subsequemigpession of the fire. Nevertheless the fire
burnt steadily for the next eight minutes and blaptoke was observed seeping out around
the compartment window which was not completelylesk@ar made air tight. About seven
minutes after the onset of flashover the kitchendew shattered, even though it had been left
partially open, but the experimental compartmentdeiv remained intact. The north-west
window pane was manually broken at 12:36:21 (ov&@nriin after ignition). For a while
mostly smoke was seen to billow out with sustaiegtkrnal flaming developing four and a
half minutes later, moments after which the secamdow pane shattered. The fire was
allowed to burn freely for a total of 19 min befahe fire brigade intervened to extinguish the
fire. A summary of the time to key events is pr@ddn Table 1.

Inspection of the aftermath showed that generaily snetal components were left intact. A
few samples of partially burned books and othetlpaombusted items were found, but most
of the experimental compartment fuel was consumetthe fire, as can be seen in Plate 2b.
All thermocouple trees were found to still be imgd hence thermocouple data recorded is
assumed to relate back to original coordinatesstegd.



Major events observed Time (h:m:s) Time from ignition (s)

Growth period

Ignition 12:23:00 0
Cushions ignite 12:23:09 9
Smoke visible in main corridor 12:26:06 186
Bookcase ignites 12:27:35 275
Flashover period

Fire engulfs bookcase 12:28:00 300
Flames project to flat corridor ceiling, low

visibility in main corridor 12:28:15 315
Ignition of paper lamp and table papers 12:28:23 323
Post-flashover period

Kitchen Window breakage 12:35:00 720
Compartment window forced breakage

(NW Pane) 12:36:21 801
External flaming 12:41:00 1080
Compartment window breakage (SW Pane) 12:41:31 1111
Firemen in, begin to extinguish 12:42:00 1140
Mostly Smouldering 12:45:00 1320

Table 1. List of major events observed throughout the Tast fre, obtained from camera footage.
Respective clock time and time elapsed from ignitice given.

DATA PROCESSING

Laboratory calibration of the laser smoke obscaragensors allowed for conversion of the
raw voltage data obtained into the form of relafpesver and as such, percentage obscuration.
Thermocouple measurements have been used to detetinei height of the smoke layer over
time and verified against camera footage. In tthis, enables the use of the laser obscuration
sensor data to determine the equivalent extinataefficient of the smoke layer over time,
following the classical methodology based on Bodsgéaw [7]. The results of these
measurements are presented in Fig. 3. Only data tihe horizontal sensors is used as it was
found that the vertically-aligned laser smoke obatian sensors measurements (in Test One)
are unreliable.

Just after the onset of flashover all the lasercoiadion data is seen to fluctuate erratically,
most likely due to heat damage, and therefore Ig oonsidered reliable up to this point.
Footage from a network camera stationed at 730 rom the floor on the wall opposite the
horizontal laser smoke obscuration sensors is tmedimple verification of the extinction



coefficient calculations. Jin has stated that amcertain object is visually judged to Qest

no longer visible” due to smoke obscuration, theénexion coefficient of the smoke layer at
that time is the quotient of three over the distate that object [7, 8]. The distance to
referenced light-reflecting objects in the horizintine of sight of the footage can be
estimated from plan drawings of the furnished cormpant. These optically estimated
extinction coefficients show good agreement with kaser-obtained extinction coefficients,
inclusive of a data point within the flashover peki as illustrated in Fig. 3. In particular it
appears to match the data obtained from the logetstf horizontal laser obscuration sensors
(Laser 1), which was located at a similar height.
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Figure 3. Extinction coefficient data calculated from harizal laser measurements of smoke
obscuration at five different height®¢ Fig. 2 for coordinate origin) inclusive of measuents
obtained from a simple correlation using visuaineates from camera footage.

The verified steep increase in extinction coeffitiaround the onset of flashover illustrated in
Fig. 3 allows for the trend to be extrapolatedcsirvidence from footage also shows that
shortly after 300 s into the fire the smoke layesaknded to the ground. In addition, the
lowest laser obscuration sensor (Laser 1) outpotesdata around 440-470 s that could be
seen to fit such a trend. Although its locatiortheught to have allowed this sensor to last
longer than the others the reliability of this infation is uncertain, particularly because high
extinction coefficients equate to very low voltaaygd any errors become a larger percentage
of the weaker signal. Therefore a range of bourase Hbeen assumed for the extinction
coefficient beyond flashover. Post-flashover iagsumed the extinction coefficients remain
constant. The upper bound stabilisation value eséthis an extinction coefficient of 25'm
taking into account the last set of data outpuLaser 1. The lower bound stabilisation value
is taken at an extinction coefficient of 14 nsince this is the last value computed from
several sensor outputs before they became damaged.



While it is appreciated that the laser sensors webhg measuring smoke obscuration in one
planar location and that the density is likely tvé been spatially varied, particularly since
the measurements were taken next to a wall, itlse deemed unlikely to have varied
significantly given the dimensions of the companinend its ventilation conditions.
Therefore, throughout the compartment, it is assuthat the extinction coefficient has only
a vertical variation. Furthermore, a single valdeth® extinction coefficient of the smoke
layer is calculated by averaging the values comedmg to laser obscuration sensors
submerged in the smoke layer as it grew over tifoe.the average extinction coefficient of
the smoke layer post-flashover, a gradual trencatdsra stabilisation value of 19.5ns
assumed as a mean of the estimated bounds.

The thermocouple data has been corrected for radiatcording to the method described by
Welch et al. [9]. All thermocouple readings are corrected gas-phase’ values with the
exception of the uppermost thermocouple in eacth@f20 trees, since these were in contact
with the ceiling. The temperature correction regealliation errors to be overall negligible in
this case, since the average maximum temperaturection is of the order of £#Z. Some
localised corrections are of greater significanaith the maximum correction of 80
occurring during the period of greatest temperasiratification, particularly when the hot
layer initially developed. It is of note that mdsmperature corrections of similar magnitude
coincide in time and correspond to thermocouplethévicinity of the sofa and the central
coffee table, as expected. The overall correctéuesto radiation are relatively low compared
to average compartment temperatures. It should diednthat the average smoke layer
extinction coefficient used as part of these cdivas may also contribute towards errors due
to the uncertainties inherent in their own compatat Nevertheless, corrected gas-phase
temperatures are used throughout the analyseshangdrocess allowed for the identification
of a few damaged thermocouples for which substialees are spatially interpolated from
neighbouring thermocouple readings.

The thin-skin heat flux gauges used throughout éRperiment consist of copper discs
embedded in plasterboard which have been calibtated) a radiative panel and a calibrated
heat flux meter. All raw heat flux gauge data hasrbcorrespondingly post-processed into
net incident heat flux values before use in analysurther details on the heat flux calibration
process highlight the limitations of the gauges leygd [5, 6]. Conversion of the raw
bidirectional velocity probe data has been perfalag per literature detailing the calibration
of such probes in a wind tunnel at BRE [9, 10].

CHARACTERISATION OF THE INTERNAL FIRE

Aver age temper ature-time curve

The compartment average gas-phase temperatureztime, presented in Fig. 4, shows the
general behaviour to match observations and segquehenajor events. In order to fully



characterise the fire, six key time steps have lobesen for comparison of different data sets
at consecutive points in time: Time Step 1 at 20&mesents the initial localised sofa fire;
Time Step 2 at 251 s, the fire growth period akeijan to spread; Time Step 3 at 351 s,
conditions just after flashover; Time Step 4, pitethover steady-state conditions at 420 s;
Time Step 5, a period of steady temperature rist gteady-state at 661 s and Time Step 6 at
901 s represents the period of peak average comgatrttemperatures once the first window
pane broke. No subsequent time steps are takee $ec fire was not allowed to self-
extinguish.
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Figure 4. Gas-phase average compartment temperature-tinaion with a shaded region indicating

the standard deviation of temperature throughaittmpartment. Vertical dashed lines indicate time
steps used for analysis and dotted lines repréisemiof some major events, as labelled.

Temperature contour plots

Gas-phase temperature contour plots through sepéaks across the compartment have
been generated, at each of the selected time sigipg, SigmaPlot® (SigmaPlot 10.0, Systat
Software Inc., San Jose, CA). Although thermocougdes were not arranged in orthogonal
lines, slice planes are taken at best-fit linesufh the trees such that no tree falls outwith 0.3
m of the slice plane, therefore no 3D data smogthenrequired. Eleven thermocouples
between the heights of 450-2400 mm are used asppermost thermocouple in each tree
was in contact with the ceiling and hence is exetudrhe plots indicate the evolution of the
fire as well as the spatial temperature variatidantour plots given in Fig. 5 highlight the
different stages of the fire represented by theesfilane S-S (encompassing thermocouple
Trees 1,5,7,10,13 and 16), indicated in Fig. 2ssirg the compartment east-west through the
initial seat of the fire. Fig. 2 also shows thelglborigin from which the contour plot axes
indicate distance in millimetres. The transitiorflahover is evident between Time Steps 2-3
(Figs. 5b, 5c) by the change from a localisedtfirenultiple spots of intense burning and high
temperatures throughout the compartment, with gseeht of the smoke layer. Although the
bookcases and a computer station seem to be aaimgb significantly towards the
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temperature increase there is a shift towards gréamperature homogeneity seen in Time
Step 4 (Fig. 5d), which is further evident in Tirf¢ep 5 (Fig. 5e), concurring with the
reduction in standard deviation of mean compartnbemiperatures noted in Fig. 4. Once the
first window pane has broken, Time Step 6 (Fig. Bigjhlights the marked increase in
compartment temperature as the partially-combusitelds consumed.
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Figure5. Gas temperature contours {@) taken from section S-S with axes values readisnces
from the global origingee Fig. 2). Plots appear in the chronological ordezach Time Step, at
specified times from ignition.

Temperaturedistribution in concrete floor slab above the fire compartment

The thermocouples monitoring the concrete floob sédbove the fire indicate a delay in
temperature increase with relation to the gas-plimee As expected, the thermocouples
embedded lowest in the concrete (i.e. closest @ofite compartment) only rose to a few
hundred degrees compared to maximum compartmenrplgese temperatures in the 900-
1000C range. Temperature distribution across the cemdralicates highest temperatures
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measured directly above the initial seat of the, flowever conduction is poor in concrete
and the temperature variation with depth is langehghat all measurements throughout the
top of the slab show no more than &Qincrease from ambient conditions. Fig. 6 shoves th
temperature distribution measured by four thermplasiembedded at different depths in the
slab, directly above the sofa. Although only onet |4 shown, this pattern is characteristic of
all floor slab measurement locations, with conaotrtening of distinct temperature changes.
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Figure 6. Temperature profiles (i*C) from thermocouples embedded in the concrete 8tz
directly above the centre of the sofa, varying vigight from the bottom of the floor slab as intech
in the key. Timing of some major events is représbiby vertical dotted lines, as labelled.

While the concrete temperatures are scarcely affledtiring the fire growth period, there is a
distinct increase in temperature at the onsetashibver in the lowermost thermocouples. The
thermocouples embedded 51 mm up into the conceetéhe effects of flashover only 5 min
after the event whereas those embedded furthemdprgo only a minor temperature rise
during the actual fire. It is also interesting manthat the concrete temperatures peak at least
two minutes after the fire brigade intervened, wittenaverage compartment temperature was
already dropping. This delayed response in tempezatse only highlights the poor thermal
diffusivity properties of concrete, also noted ts/slow cooling period due to these same low
heat transfer properties. A separate in-depth aisalgf the structural monitoring sensor
information has been conducted with the aim ofhieming the understanding of structural
concrete behaviour in fire [5].

Heat flux to the surroundings

Heat flux measurements have also been used toatéasa the fire. Spatial variation of heat
flux can lead to varying severity of structural espre to fire, rendering heat flux an
important fire characteristic for structural anay$atterns of peak net heat flux incident on
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the ceiling over time correlate to sharp rises &s-ghase temperature and to some extent
anticipate the delayed heating within the concséde, since the heating is directly related to
the heat flux incident on the ceiling surface [Gantours of heat flux incident on the partition
wall shared with the kitchen have been used toyaadhe effect of the fire on the lightweight
steel frame wall [6]. The heat flux distributions ohe ceiling (horizontal) and on this
partition wall (vertical) provide a global overvienf the insult of the fire to its surroundings.

Total heat releaserate

An approximate fire size has been determined imgeof total heat release rate (HRR) from
characterisation of the bidirectional velocity peollata using the principle of oxygen
depletion calorimetry [11]. Since no calorimetergas sampling measurements are available,
the calculation has been based on the assumptatnathoxygen (23% air, by mass) was
consumed within the compartment, giving an upparbdoestimate of HRR. This study is
only possible for the period when fire flows becosignificantly dominant over ambient
flows, in this case around Time Step 2. Hence,HR&R shown for the initial fire growth
period is only indicative of that expected (Fig. Fpr the majority of the post-flashover
period only the six probes located in the two cortipant doorways are used for calculation
of HRR. Although this velocity probe data is vencalised and fluctuates considerably,
together with a number of assumptions it allows &or estimate of characteristic HRR
throughout the fire.

Total gas mass inflow and outflow derived from Weéocity probe data have been found to be
imbalanced, particularly in the early post-flashoperiod where there seems to be a deficit of
mass inflow. There are a variety of possible readon this variation, namely the limited
number of probes and the location of these probles.lowermost probes were still 430 mm
and 460 mm off the ground, which may not have actalifor the majority of the inflow area
since the smoke layer had, by then, descended dmyably. Also, the local temperature
values used for calculation of gas density in lmatbes are those measured by thermocouples
in Tree 4 which is located in between the two ddsee Fig. 2). This tree is a horizontal
distance of 250 mm away from the probes in Doom& 83 mm from those in Door 1
(negligible vertical discrepancy), so the samellgea density has been assumed for probes at
similar heights in both doors, when in reality thaye likely to be quite different due to
ventilation relative to the flat geometry.

An average of both mass inflow and outflow has besed to ensure the balance of both.
Assuming complete combustion of all oxygen, Hudgdtrmula is used to estimate the heat
release rate from the mass flow data [11]. Duééortumber of assumptions involved in the
assessment of HRR, a check is performed using a®tthventilation factors to compute mass
inflow rates for different periods throughout thentilation-controlled fire. Compartment
ventilation factors are calculated for each vetila condition, in the form of Vent Cases.
Vent Case 1 assumes 30% of the kitchen window wesaopen and that 50% equivalent of
the flat corridor area (height reduction) was opesimulate the initial ventilation conditions.

13



Once the kitchen window shattered this is takeo adcount in the ventilation factor of Vent
Case 2. Similarly, when the NW window pane brokéh@ compartment, this occurrence is
integrated in the conditions for Vent Case 3 andlfVent Case 4 includes ventilation from
both compartment window panes further to the kitclwndow and initial conditions. Again,
using Huggett’'s formula and assuming complete catida of oxygen to obtain basic HRR
values, these cases are plotted and indicate ggeeraent between both methods, illustrated
in Fig. 7. The HRR general trend is also seen taespond to that of the average
compartment temperature (Fig. 4) in that it groves1f a quasi-steady state 3 MW fire to a
larger ~5 MW fire around the time when the firstmgartment window pane breaks.
Although this is a relatively crude measuremenHBR it provides a good indication of the
fire size.
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Figure 7. Heat release rate of the fire as estimated ubm@rinciple of oxygen depletion. Alternative
simplified estimates using ventilation factors floe calculation of HRR are shown as Vent Cases
corresponding to different ventilation change esemhese include error bars and indicate good
agreement with the HRR calculated from velocityhgrdata. Timing of some major events is
represented by vertical dotted lines, as labelled.

Laboratory testing has also been conducted usilogiweetry to determine the average HRR
of individual replica items and several materiahpées taken from major furnishings in the
Dalmarnock Fire Test. This includes large-scaleraletry under an exhaust hood, burning a
replica of the sofa used in the experimental cotmpamts as well as one of the fully laden
bookcase modules. Other material samples have tested in the cone calorimeter to
determine the HRR and critical heat flux for thaiign of each [5]. This data has also been
used to verify that the magnitude of the global H&RIution is within the expected range.
Together with the information characterising thestf this data is seen as invaluable for the
use of these experiments as a validation tooldanputational models.
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SUMMARY AND EXPLOITATION

A realistic fire test has been conducted under itimmg that are particularly relevant to field
model validation. The results cover the entire eanf application of such tools. Although
only a summary of the results is presented, a cetedet of data can be requested from the
corresponding author.

The simple nature of these tests, furnished withulee tenement items in a real building,
increases the applicability of the characterised fest data for validation of practical fire
dynamics. Additionally, a similar analysis of Téawo has shown the repeatability of this
experimental arrangement to be highly robust teatians in environmental conditions [5].
The use of these experiments has already contdbtdgvards extending the current
understanding of the complex dynamics of fire amel inherent difficulties of predicting its
evolution. This increases our understanding of $aéety by highlighting the strengths and
limitations of fire safety tools and practices @ak fires.

Test One has been used as a validation tool irvaluaion scheme for the current state-of-
the-art of computational fluid dynamic tools, byngmarison of numerous ‘blindi priori fire
development predictions submitted by a range digmrgiven the initial setup and boundary
conditions [5]. The study demonstrated consideraldparity between the predicted fires -
not only between themselves, but also differingnfrthe experimental data. These results
reflect on the strengths and limitations of currré simulations in engineering which are
conducted in the absence of actual fire developrdatda. However, the general behaviour
captured by many of the simulations provides feat@ires that are good enough to be applied
towards engineering objectives. The tests havelssn used to investigate the capability of
current fire modelling tools to simulate realistiees, wherea posteriori knowledge of fire
characteristics is used as input [5]. This compariserves as a validation tool for certain
faculties of CFD models as well as emphasising sointiee current limitations of their use.
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