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Global Analysis of Multi-Compartment Full-Scale Fire Tests (‘Rabot2012’)

Abstract

A global analysis is presented of a series of foutti-compartment full-scale fire tests
carried out in an apartment located in a high4oisiéding (called the ‘Rabot’ tower in the
city of Ghent, Belgium) in 2012. The data set, kkde at

http://multimedialab.elis.ugent.be/rabot2012¢ called ‘Rabot2012’. These tests are

believed to provide a valuable set of experimedéa for fire modelling (CFD and two-
zone) and monitoring purposes, for a number ofaressFirst of all, the fuel package of
intermediate complexityi.e. two to three furniture items) and the ignitiondtion were
designed to focus on the initial flame spread amenhtthe possible occurrence of
secondary (and in one test tertiary) ignition. Algery good repeatability is illustrated
during the first minutes of the tests. Regarding #ensing aspect, in addition to the
conventional tools such as thermocouples and uwglgoobes, a Video Fire Analysis
(VFA) has been performed by applying smoke and dlatetection algorithms to the
footages obtained from a multi-view video netwdvlareover, laboratory tests have been
performed, putting the fuel packages as appliethenfull-scale tests under a hood in
free-burning conditions. The repeatability durirtge tfirst minutes is confirmed and
subsequent differences in fire development (fremibg versus compartment set-up) are
explained. This presentation of the ‘Rabot2012¢ fiests comprises: (1) a detailed
description of the experimental set-ug.(geometry, fuel package and instrumentation),
(2) an overview of the fire scenarios obtainedanteof the four tests, and (3) a detailed
account of the data processing carried out. Finalgments of exploitation of the

collected set of data are discussed.
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1. Introduction

Several experimental studies have already beenucted on compartment fires in the
past in order to gain insight into the fire dynasni@.g. [1-2]). A wide variety of
scenarios€.g., single room and multi-compartments, pool fires &mditure fires, over-
ventilated and under-ventilated fires, etc.) hagerbinvestigated. The experimental data
provided has been used for the evaluation and atadial of fire models (zone or CFD
models,e.g. [3-4]). Yet, there is a continuing demand for fedlale experimental data on
enclosure fires. This serves as motivation for pnesent paper on different multi-
compartment fire scenarios.

Despite the continuing advances, today’s capatslitfa priori predictions of the fire
development in realistic scenarios remain limit€His has been highlighted clearly in
round-robin results reported in [4] on the ‘Dalmack’ tests [1], which involved a fully
furnished living room (9 furniture items). Drastldferences in the predictions of the fire
development have been reported, such as the oncerref flashover or not. Such
differences can be caused by several issues imgutht only the lack of accuracy in the
applied models and the dependency on the usealdithe complexity of the problem to
be tackled. Therefore, in the experiments preseimethis paper, fuel packages of
intermediate complexity (in between a simple pook fand a fully furnished

compartment fire) have been used, with the objeativevaluating and improving fire



prediction tools. The relatively simple furnitur@ybut (.e. two or three furniture items)
and the ignition protocol allow focusing on the): iitial flame spread, (ii) secondary
(and if applicable tertiary) ignition, and (iii) lssequent fire development.

The present tests have been designed to includé-coutpartment aspects and to
develop and validate video analysis techniquesfifer size and smoke layer height
detection [5-6]. Moreover, although the densitytloé measurement points inside the
apartment is much less than what was done in thénBrnock’ tests [1], it is sufficient
to reconstruct the fire scenario and characterime ihduced thermal environment.
Temperature and velocity measurements are posegged in the present paper in the
context of two-zone calculations since these arsidered valuable in the context of fire
forecasting tools [7]. The paper describes alsoa to evaluate video fire detection
(VFD) and video fire analysis (VFA) algorithms, cpaning video profiles of smoke
layer height to heights obtained from temperatueasarements in each compartment.
Through a flame detection algorithm, the fire heatease rate (HRR) can be
reconstructed from flame dimensions and can berfedfire models and their output
compared to the actual measurements of temperatdremoke layer height [8].

The full-scale fire tests have been performed iga-rise building, called ‘Rabot tower’,
in Ghent (Belgium), in 2012. Therefore, the datahses been labelled ‘Rabot2012’. The

experimental data are available onliné@#p://multimedialab.elis.ugent.be/rabot200H

that website, data are also found on laboratogytBsts. Indeed, the fuel packages have
also been tested in ‘free burning’ conditions unaérood, in order to actually measure
the fire HRR as additional data. As explained belesvy good repeatability is illustrated

during the first minutes of the fire, while differges in fire development are observed



between the free burning conditions and the compart conditions afterwards, as
expected.

The remainder of the paper is organized as folldvist, a detailed description of the
experimental set-up (geometry, fuel package anttuimgntation) is provided. Then, a
section is devoted to the flame spread analysmutir video data. An overall description
of the fire scenarios is provided next, based @wuali observations from video footage.
This is followed by a quantitative description, &hson a data processing procedure
applied to temperature measurements. Finally, elesnef exploitation of the dataset
‘Rabot2012’ are suggested, before drawing the rnoaimmclusions and points for future
work.

2. Experimental setup

The four full-scale multi-compartment fire testsvédeen conducted in an apartment in a
high-rise building. In all four tests the fire wallowed to self-extinguish,e., there was
no fire brigade intervention. In addition to thassts, complementary laboratory tests
with free burning of the fuel load underneath adoo

2.1. Apartment layout

The apartment consists of a storage room, a bedradining room, a W.C., a bathroom,
a kitchen and a corridor (see Fig. 1). Two roomgehbeen used as ‘fire’ rooms: the
bedroom (2.7 m x 4.4 m x 2.5 m) and the storagenr@7 m x 2.0 m x 2.5 m). The
entry to the kitchen has been sealed with a fisestant panel for all four tests. The doors
to the W.C. and bathroom were closed during atsteEhe entrance to the apartment and
the exit to the stairs were always completely opgenlests 1 and 3, the bedroom was

used as a fire room. The door to the living roons wpen. The door of the storage room



was closed for Test 1 and sealed with a fire rasigpanel for Test 3 (because the door
was damaged after the first test). In Tests 2 gritielfire room was the storage room.
The door to the living room was open. The doorhaf bedroom was sealed with a fire
resistant panel. Therefore, in all four tests,dimoke and heat flow path is kept the same:
from the fire room into the living room, into thercidor and then to the outside.

The ceiling linings were composed of 2-cm thick giym plasterboard and a 30-cm thick
concrete slab. The wall linings were composed bf:thin wall paper, (2) 2-cm thick
gypsum plasterboard, (3) 3-cm thick fibre insulgtboard, and (4) a 30-cm brick layer.
The floor covering in the rooms was vinyl layertop of a 30-cm thick concrete slab.
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Figure 1. Plan view of experimental compartment showing iture layout (to scale)
with the main dimensions and fire-monitoring sendocations (solid squares:
thermocouple trees, open squares: bidirectionalcitgl probe trees, open circles: Gardon
gauges, solid circles: copper plates (only in Tystblack symbols at the doorways and
near the window of the living room: video cameraBe location of the ignition is
indicated by a square positioned on the seat casifithe sofa.

2.2. Fuel distribution and ignition

The fuel packages used in the experiments consiteslo types of furniture items: (1)
identical sofas made of polyurethane and coveretth \&i fabric and (2) identical
bookcases made of wood and filled with paper itephsdifferent densities gg.
lightweight paper and magazines). In the bedrooe the fire room for Tests 1 and 3),
two sofas were placed against the walls near tmelow and facing each other. The
bookcase was placed near the firstly ignited sgtarest the wall and facing the doorway
(see Fig. 1a). In the storage roone.( the fire room for Tests 2 and 4), one sofa was
placed in the back corner against the wall. Thekbase was placed near the sofa as

shown in Fig. 1b.



The fire was ignited in one corner of the firstasosing a lighter and six small wooden
cribs soaked in heptane. Figure 1 shows that thetipoing of the ignition allows
monitoring the initial flame spread over the sofang the video camera placed at the
doorway during a substantial period, when only finst sofa is burning. From the
modelling perspective, the challenge is to prethi flame spread and the subsequent
occurrence (or not) of secondary and tertiary ignit If secondary (and/or tertiary)
ignition occurs, it is also important to predictvdtat time this happens.
2.3. Instrumentation
Different types of sensors were used to monitoffitee

1. thermocouples,

2. bidirectional velocity probes,

3. Gardon gauges and copper plates (calibrated agaarsbn gauges), and

4. video cameras.
Seven thermocouple trees, with 9 thermocouples ,eaehne spread throughout the
apartmenti(e., fire room and adjacent rooms) as follows. Threedrwere placed in the
doorways for the entry to (i) the apartment, (g tliving room, and (iii) the fire room
(i.e., bedroom or storage room) in order to monitor #megderature evolution in time over
the height at the door openings. The remainingstieere placed in the fire room and the
living room.
A tree of 9 bidirectional air velocity probes wdaqed in the doorway between the fire
room and the corridor, except for Test 3, whekeas placed in the doorway between the

living room and the corridor.



Gardon gauges were used to measure the heat {lsees-ig. 1). The gauges placed in
the fire room were positioned at one meter heigbing the initial fire spread. The gauge
placed in the adjacent living room was positiongdraximately in the centre of the room
at floor level. For the second test, additionalthibax measurements were performed
using copper plates that were calibrated agained@degauges (see Fig. 1b).

Twelve commercial Linksys/Cisco WVC2300 cameraso(34 for each test) with a
resolution of 640x480 pixels were used to provideudti-view dataset of the fires.

2.4. Laboratory tests

Laboratory tests have been performed to provideplsugentary information. These
support tests involve calorimetry, allowing the i@dterization of the fuel load in terms
of HRR evolution of each of the burning items ieeffourn conditions through oxygen
depletion analysis of the smoke, collected in acdh&bdeo Fire Analysis (VFA) has also
been performed for these tests by monitoring flapeead and flame height using the
flame detection algorithm of [5].

Three tests have been carried out. The first msterns the sofa and the bookshelf with
the same positioning and ignition as describedTest 1’ above. The second and third
tests consider the individual burning of the sofd the bookshelf separately.

3. Flame spread analysis - Repeatability

In this section, flame spread over the first saf@xamined. This aspect of the study is
particularly relevant for the prediction of fireogvth since the increasing area of the fire
has substantial effects on the flame size andateeaf burning. The proposed analysis is
a video fire analysis (VFA) that relies on a fladetection algorithm developed in earlier

work [5-6]. Figure 2 shows an illustration of th&A algorithm. The focus is put here on



the sideward flame spread in the horizontal diocggti;, since it is the main component
showing the extent of burning over the sofa.

Figure 3 (top) shows flame spread results, repoagdhe evolution in time of the
sideward horizontal distance of the flame frontnfrahe point of ignition (or,
equivalently, the horizontal distance from the eoraof the sofa). Results are shown for
Test 1 (Sofa + bookshelf) and Test 2 (only Sofa)tfie laboratory ‘free burning’ tests.
During the first minutes, the presence of the bhekss not yet felt by the growing fire
and the repeatability of the tests can be asseBggpde 3 confirms excellent repeatability
during the first 6 minutes, the recorded time atclwhlames reached the opposite end of
the sofa. The bottom figure shows the evolutiothefflame height, determined using the
flame detection algorithm with the top surface bé tseat as reference. Clearly, the
repeatability during the first minutes is confirmebthe flame height (or volume) is
related to the fire heat release rate [9-11], $p Fisuggests that the heat release rate is
higher in Test 2 during the first 4 minutes. Thisconfirmed in Fig. 4, showing results
from HRR measurements through the oxygen depl@égohnique, collecting the gases

from the free-burning conditions in a hood in tak.|
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Figure 2. lllustration of the flame detection algorithm usedthe Video Fire Analysis
(VFA) performed in this work.
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Figure 3. Flame spread: evolution in time of the horizomgasition of the flame front
from the point of ignition for laboratory tests dda2 (freely burning conditions).

Again, fairly good repeatability for the heat redearate in ‘free-burn’ conditions is
observed during the fire growth stage (see TestdlTaest 2 in Fig. 4). The HRR of the
sofa reaches its peak at approximately the sane @nound 430 s. Yet, the peak value
was 625 kW in Test 1 (Lab) and only 487 kW in T&s{Lab), which represents a
deviation of 22 %. It is important to note thatTiest 1 (Lab), the bookshelf was not
involved in the burning until = 600 s (see the location of the ignition on tbiasnd the
position of the bookshelf in Fig. 1), making it el possible to compare Test 1 (Lab)

and Test 2 (Lab) during the initial stages of tne. f
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Figure 4. HRR evolution in time for the ‘free-burning’ lakadory tests.

In Fig. 5, the ‘compartment’ tests are added to'ldisoratory’ tests. The early stages of
the fire confirm the excellent repeatability fdrfaur tests during the first three minutes.
For the two compartment tests, this excellent regieletly is maintained for seven
minutes (after which no visual data are availalolgnaore for Test 1, unfortunately). This
excellent repeatability, due to the relative lack domplexity in the fuel, is a very

appealing feature of the present data set.
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Figure 5. Comparison of the flame spread (top) and flamghtgibottom) results for the
laboratory tests (Test 1 and Test 2) and the commeat (Test 1 and Test 3).

Figure 6- Sequence of images of flame spread and burnifigstl (Lab).
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Figure 5 also reveals that after the first threeutds, flame spread becomes much
(almost four times) faster in ‘free-burning’ condits than in the compartment tests. This
observation may seem at odds with the common gbasenclosure fire dynamics are in
general faster than free burning of the same thed, to the enhanced thermal feedback to
the fuel surface in ‘compartment’ conditions. Howevduring the first minutes, on
which the focus is now, there is no significanttfeadback yet from the walls (let alone
the ceiling), since they are still heating up. Phienary effect during the fire growth here
is therefore not the thermal feedback from the canmpent, but the restriction in air
entrainment, particularly from the back side of fuda (Fig. 1). As a consequence, the
back side of the sofa is burning in the free cood# (see Fig. 6), leading to higher heat
release rates, as can be deduced from the higirae fheight than in the compartment
conditions (see Fig. 5). Consequently, the flameeag is faster in the free-burning
conditions than in the compartment tests.

From the above, it can be concluded that free bhgrrtests are not necessarily
representative of the behaviour in compartmenstestpecially in terms of flame spread
and subsequently secondary ignition, time to flashand fire duration. Still, they do
serve as illustration for the excellent repeatgbduring the initial stages of the tests.

4. Description of the fire scenarios

In this section a systematic chronological desienipof each of the four fire scenarios is
provided. Ignition time is taken as tihe 0 s. A summary of the main events in each test
is provided with a discussion on the observed difiees.

41. Test 1
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At 50 seconds after ignition, light smoke was see@scape through the doorway into the
living room. Thick black smoke filled the upper paf the bedroom and the living room
within 2 min 15 s. Smoke was observed at the ertegntry corridor from arourtd= 3
min 30 s onward. Flames covered half of the sofapgroximately 5 min 30 s after
ignition (camera 2). From the video footage of cear® flames were not visible during
the period between 2 min 15 s and 9 min 30 s bectngscamera was immersed in thick
black smoke. Then, the burning became more int&nge a highly luminous flame,
visible again from camera 3. At 9 min 30 s the flame front reached the oppasiteer

of the sofa. The nearby bookshelf ignited by flaimpingement and was completely
engulfed in fire at = 14 min. The intense simultaneous burning offtfe sofa and the
bookshelf resulted in a substantial heat buildipe second sofa ignited &t 16 min.
Cracks were observed in the outside window and Ispiates fell out just before
complete breakage of the windowtat 30 min. The decay stage of the fire started at
aboutt = 37 min 30 s. After completion of the test, itsnaoted that almost all the plaster
had fallen off the ceiling in both the bedroom dhel living room. Some plaster had also
fallen off the walls of the bedroom, whereas thdlsvaf the living room had remained
intact. Furthermore, burning of the vinyl coveriagthe location of the three furniture
items was observed. A large amount of paper didbooh because it was placed in a
“dense” form in the bookshelf.

42 Test 2

The fire was confined to the sofa for about 7 tmiButes. Afterwards, it rapidly reached
the bookshelf. At 5 min after ignition an osciltadi layer of thick black smoke was

formed in the living room. The amplitude of the ilations became particularly high
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from 8 min 30 s onward. At 10 min 30 s after igmiticontinuous external flaming was
recorded during 6.5 minutes. The intensity of exdeiburning (size of external flames)
reached its maximum value at around 11 min 30 s.ddtay stage of the fire started at
around 25 min. At the end of the test, it was nabed almost all the plaster had fallen off
the ceiling. Also, a substantial amount of plasted now fallen off the walls. Due to the
extensive external flaming, the upper part of tberdoetween the living room and the
corridor was severely damaged.

4.3. Test 3

This test was conducted in the same configuratsohest 1 (same fire room and furniture
layout). However, as described above, the wallscailihg linings and the floor covering
had suffered from damage after Test 1. As a rethdtthermal boundary conditions of
the enclosure are not identical. The initial flaspread stage could be observed from
camera 10 up to 5 minutes after ignition. Then, thuéhe build-up of a layer of black
thick smoke in the bedroom and the living room, flaene was not visible in the video
footage anymore up to= 14 min. The burning intensified and the flamedmse very
luminous when it reached the opposite corner ofstifa at approximately= 15 min 30.
The nearby bookshelf ignited by flame impingemert was completely engulfed in fire
att = 30 min. By that time the sofa was almost totdllynt. Contrarily to what was
observed in Test 1, the two itemse( first sofa and bookcase) did not burn
simultaneously. Therefore, not enough heat wasrgatto cause window breakage and
ignition of the second sofa, which remained almosdct throughout Test 3. The fire
started to decay at 39 min 30 s.

4.4, Test 4

17



The corner of the sofa was ignited as described/eabbhis test was conducted in the
same configuration as Test 2 (same fire room arditfwe layout). However, as

described above, the walls and ceiling linings tadfloor covering were damaged after
Test 2. As a result, the thermal boundary conditiohthe enclosure are not identical.
The fire was confined to the sofa for approximatélo 8 minutes. The bookshelf was
engulfed in fire shortly thereafter. The smoke fapethe living room started to oscillate
strongly at 8 min. In contrast to Test 2, exterfl@iing was observed only during a
relatively short period of time (from 13 min 300815 min) and with lower intensity. The
decay stage started at 27 min 30 s.

4.5. Comparison of the four fire scenarios

A summary of the major events in the fire roomnevded in Table 1.

Table 1- List of major events observed (Reference tinmgngion).

Test2 Test4
Testl Test3
Major events observed (Storage (Storage
(Bedroom) (Bedroom)
room) room)
Flame reaches the opposite end
09:30 07:00 15:30 07:00
sofa 1
Bookcase is engulfed in fi 14:0C <10:0( 30:0( <13:0(
[10:0C- [13:15-
External flaming at the doorway No No
17:00] 15:00]
Sofa 2 ignite 16:0C NA No NA
Window breakagt 30:0C NA Nao NA

The results displayed in Table 1 show that:

18



The confinement significantly enhances flame spi@aat the sofa in Tests 2 and
4, where the fire room is smaller, the fire readinesopposite end of sofa 1 faster
than in Tests 1 and 3.

The thermal boundary conditions have a substantighact on the fire
development. This is illustrated by comparing Testsnd 3, and 2 and 4, resp.
Indeed, although set up to be identical, the hessds in Tests 3 and 4 are
significantly higher than in Tests 1 and 2, dueghe damaged insulation after
Tests 1 and 2. The consequences are:

0 In Test 3, the increased heat losses into the amallceiling weakened the
fire such that not enough heat-build up was reacdhetthe fire room to
ignite the second sofa, in sharp contrast to Te$h#& burning of the first
sofa and the bookcase are also significantly slow&est 3.

0 In Test 4, external flaming at the doorway lastsdnly 1 minute 45 s in
Test 4, compared to 7 minutes in Test 2. This mragxplained by the

increased heat is loss through the ceiling andswalTest 4.

The prediction of the differences in the fire sq@ysmas described above in relation to the
thermal boundary conditions, poses a challengingblpm from a fire modelling
perspective. In combination with the repeatabiliag argued above, this makes the

present data set appealing for model testing pegos

5. Characterization of the fire scenarios
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The dataset is available http://multimedialab.elis.ugent.be/rabot2Q1R1 the present

section a few aspects, including some post-proegssseful for zone modeling, are
discussed.

5.1. Temperature and smoke layer height measurements

Thermocouple trees were placed in the fire room.rtheumore, temperature
measurements from the thermocouple trees placetheaidoorways can be used to
calculate the neutral plane heighdy, upper layer temperaturd,, and lower layer
temperaturer, , for all compartments .. fire room, living room and corridor), useful in
the framework of zone modelling. The least-squaneshod [12] was used. The lower

layer and upper layer temperatures are defined as:

ﬁzxif ;J‘sz (1)

D NX

whereHp is the height of the door arzds the vertical coordinate. The idea is to fing, b

means of an iterative procedure, the valugpthat minimizes the following function:

o2=>L J(T-T)az + H;HJP(T—T )’ dz 2)

u
D N Xy

The iterative procedure has been programmed in R The program (i) reads the

temperature measurements at each recording fimeeyery 5 s), (i) makes a linear
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interpolation between each two measurements widpace resolution of 1 cm, (iii)
applies the least-square method, and (iv) providesemporal profiles ofy, T, andT, .
Figure 7 shows the calculated experimental profiesipper layer temperature at the
doorways for the four tests. These results confine visual description of the fire
scenarios made earlier in this paper. The mostredive occurs in Test 2, where the peak
upper layer temperature at the exit of the firemide the highest, around 780 °C due to
substantial external burning. In Test 4, the pgaeu layer temperature is only 585 °C,
still related to external burning (Table 1). Thevéy temperatures in Tests 3 (compared to
Test 1) and 4 (compared to Test 2) confirm the angion, provided above, on the

stronger heat losses in those tests due to thegdahasulation.
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Figure 7. Calculated transient experimental profiles of uplager temperature at the
doorways between the fire room, the living roong tlorridor and the outside for each of
the four tests.

Fig. 8 shows that, as expected, in general thedbweadculated experimental neutral plane
height, Xy, is found at the doorway between the fire room twediving room. The video
monitoring results are limited in time in comparnisto temperature measurements. The
difference in results, for instance for Test 1 wesn the profile ‘Fire room (Video)’ and
the profile ‘Fire room — Living room’ is due to tli&ct that the positioning of the cameras
at the doorway of the fire room allows providingam@ height within the room not at the

interface with an adjacent room.
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Figure 8. Calculated transient experimental profiles of senakterface height at the
doorways (between the fire room, the living rootme torridor and the outside) from
temperature measurements and video measuremesit®o&é height within the fire room
and the living room.

5.2. Velocity measurements

In order to characterize the flow at the doorwagloeity measurements obtained from
bidirectional velocity probes were also post-preees in the context of two-zone
modelling. Due to heat damage caused to the profeéscity measurements were only

obtained during a limited (but yet important) periaf time. The neutral plane heighi,,
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is located by performing a linear interpolationvbetn two successive points showing
opposite flow directions. The lower layer inflowleeity, vi,, was calculated by taking
the average of the lowest two points. Accordinghe temperature measurements shown
above, these two points were within the air inflawer during the entire duration of the

fire. The average outflow velocityey., was deduced by numerical integration using:

Vi

e | S - -] ®

The velocity probes are numbered (indefrom the lowest one 1) to the highesti (
=N =8). The variable denotes the height of each one anthe corresponding recorded
velocity. The first term between brackets represeahe integration of the complete
velocity profile. The second term represents thegration of the inflow velocity

segment.

24



4 4
(a) TEST 1: Fire room - Living room (b) TEST2: Fire room - Living room
3r Outflow 3t
z il o i ‘ Q 2r Outflow
E 10y £
2 U 2 1
(53 | Q
o T o
: $
1L i AT - b 1 0
] N LA W
ol Inflow 1r Inflow
3 I I I 2 I I I
0 300 600 900 1200 0 150 300 450 600
time (s) time (s)
3 4
(c) TESTS3: Living room - Corridor (d) TEST4: Fire room - Living room

Outflow

Outflow
1t
0 |-
Inflow
-1k al
Intflow

0 600 1200 1800 2400 3000 3600 0 300 600 900 1200

Velocity (m/s)
Velocity (m/s)
=

time (s) time (s)

Figure 9. Calculated experimental profiles of inflow and ¢amf velocity at the doorway
between the fire room and the living room for Te%s2 and 4 and at the doorway
between the living room and the corridor for Test 3

Figure 9 shows the calculated experimental profemflow and outflow velocity. The
mass flow rates into and out of the doorway araiobtl by using the layer temperatures
(and the corresponding densities) calculated eaffier example, in Test 1, the inflow
and outflow velocities between 900s and 1200sespectively around 1.09 m/s and 1.90
m/s. By considering the corresponding lower andeugayer densities, one obtains an
outflow rate of 0.92 kg/s and an inflow rate of 3.Bg/s. Thus, the mass balance is
satisfied very well (under quasi-steady state apsioms).

5.3. Heat flux measurements
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The induced thermal environment in each of the Boenarios considered is also
monitored using Gardon gauges, measuring heat dlukiggure 10 shows significant
differences in the recorded values between TesdITast 3 and Test 2 and Test 4. This
is in accordance with the reported differenceseimgerature measurements and in line
with the explanations given above on the fire dywamin relation to the thermal

boundary conditions.
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Figure 10.Heat flux measurements in the fire room (see Bidorlthe four tests.

6. Exploitation of the data

The comprehensive data set obtained from the erpets as presented in this paper can
be used to address a wide variety of problems tigaged in the fire safety community.

In this section, several possibilities of using da¢a are described.

First, the obtained experimental results can atsaded to further assess the capabilities
of fire models (CFD or two-zone models) and thatedl uncertainties. For example, the
substantial difference between the fire scenarfoBests 1 and 3 (and also between Test
2 and Test 4), despite their very similar set-upcépt for the thermal boundary

conditions), is a very challenging case for firedals to predict.
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A second relevant application is ‘fire forecastinghere a fire model displays the real-
time evolution of the smoke interface height andhgerature and the subsequent
predictions for tenability conditions in the burd. Such tool could help the decision
making process during the intervention of fire fegls [13]. This procedure requires an
estimate of the real-time HRR profile for a givesripd of time assuming for instance an
o-t? profile. There are mainly two methodologies that be used for this matter.

1. The first approach consists of considering a r@dgbwing fire. The information
obtained on the spread rate using the video cag®erébe used to calculate the
burning area. Multiplying the latter by a constlieiat Release Rate per Unit Area
(HRRPUA) provides a first estimate of the HRR. Ttadculation can be refined
by considering additional information such as th@me height. The main
drawback of this approach is that it relies on adypositioning of the video
camera with respect to the fire location in ordehave flame monitoring for a
sufficiently long period of time.

2. The second approach relies on the measured smgdeHaight and temperature
to estimate the HRR. It is referred to as Inverse Modelling (IFM) €.g. [14-
15]). The main advantage of this method lies in fibet that it is simpler to
monitor the smoke layer height and temperature thanflame spread rate and
flame height.

The data gathered in the context of the ‘Rabat fasts can be used to further investigate
the novel topic of ‘fire forecasting’ for real apgdtions using Data Assimilation (DA).

7. Conclusions
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The multi-compartment full-scale ‘Rabot2012’ firests provide a comprehensive set of
experimental data that can be used to addressad@spects in research on enclosure fire
dynamics. The main characteristics of the set-egla multi-compartment and full-scale
nature with a fuel package of intermediate compyefkie., two to three furniture items).
Excellent repeatability has been illustrated dutimginitial stages of the fire, making the
data set appealing for the assessment of fire modéle data set is also useful in the
context of fire forecasting.

It has been explained why the free-burning testeakfaster fire growth than the same
set-up in the compartment: the primary effect comcémproved air entrainment, leading
to shorter flames and stronger radiation feedbackn fthe flames to the fuel surface
(while the compartment walls and ceiling are $tdhting up).

It has been confirmed that the fire dynamics isefaim case of smaller fire room size.

The major effect of the thermal boundary conditjansterms of the presence or not or
(undamaged) insulation material at the compartmeiis, on the fire dynamics has been
illustrated. This led to significantly slower fi@evelopment in case of increased heat
losses, with the significant difference that theosel sofa does not ignite (whereas it does
ignite for the identical set-up with insulated vgall

From a fire modelling perspective, the variety ofrgarios offers input data for a number
of challenges: flame spread over a sofa, influesicthe thermal boundary conditions,
external flaming, multi-compartment heat and smgkead, etc.

Regarding the fire monitoring aspect, in additiontlhe conventional diagnostic tools
(e.g. thermocouples and velocity probes), Video Firelpsia (VFA) has been illustrated

for real practical applications. The VFA resulteggnted here in terms of (1) flame
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spread, (2) flame height, and (3) smoke interfaegtt are promising, despite the
difficulties related to the positioning of the caimeavith respect to the fire location and
the smoke-free zone. An overview of the tests &edeikperimental data are available at

http://multimedialab.elis.ugent.be/rabot2012/
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List of figure captions

Figure 1. Plan view of experimental compartment showing ifure layout (to scale)
with the main dimensions and fire-monitoring sendocations (solid squares:
thermocouple trees, open squares: bidirectionalcitgl probe trees, open circles: Gardon
gauges, solid circles: copper plates (only in Tystblack symbols at the doorways and
near the window of the living room: video cameraBje location of the ignition is
indicated by a square positioned on the seat cngifithe sofa.

Figure 2. lllustration of the flame detection algorithm usedthe Video Fire Analysis
(VFA) performed in this work.

Figure 3. Flame spread: evolution in time of the horizorgasition of the flame front
from the point of ignition for laboratory tests dda2 (freely burning conditions).

Figure 4. HRR evolution in time for the ‘free-burning’ latadory tests.

Figure 5. Comparison of the flame spread (top) and flamghtgibottom) results for the
laboratory tests (Test 1 and Test 2) and the cammeait (Test 1 and Test 3).

Figure 6- Sequence of images of flame spread and burnifigstl (Lab).

Figure 7. Calculated transient experimental profiles of uplager temperature at the

doorways between the fire room, the living roong, tlorridor and the outside for each of
the four tests.
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Figure 8. Calculated transient experimental profiles of senahterface height at the
doorways (between the fire room, the living rootme torridor and the outside) from
temperature measurements and video measuremesito&e height within the fire room
and the living room.

Figure 9. Calculated experimental profiles of inflow and ¢af velocity at the doorway
between the fire room and the living room for Te%s2 and 4 and at the doorway
between the living room and the corridor for Test 3

Figure 10.Heat flux measurements in the fire room (see Bidorlthe four tests.

List of Table captions

Table 1- List of major events observed (Reference tinigngion).
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