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Abstract

Laboratory fire experiments with a 1/3 train carriage
mockup

A total of sx fire testswere conductedh a mockup of asubwaycarriagethat is about

1/3 of a full wagorength Theywere carried out under a largealecalorimeter in a
laboratory environment. The aim of the tests was to investigate the initial fire growth in a
corner scenario using different tygoaf ignition sourceshat could lead to #iashover

situaton. The ignition sources used were eitharood cribplaced on a corner seat or

one liter of petrol poured on tlwernerseat and thaeighboringfloor together with a
backpack The amount oluggage and wood cribs in the neighborhood of the ignition
soucewas continuously increased in ordefidentify the limits for flashover in the test
setup.The tests showed that the combustible boards on parts of the walls had a significant
effect on the fire spreath the cases where the initial fire did not eed& range of 400

600 kW noflashoverwas observed. If the initial fire grew up to 70000 kW aflashover

was observed. Thmaximum heat release rate duranghortflashoverperiodfor this test
setup was about 3.5 MW. The tinte reacthflashover wasighly dependent on the

ignition type, wood cribor backpack angetrol
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Preface

The experiments presented in this rejpoeta part of the METRO research project. The
financer of these specific tests is BRANDFORSK, the Swedish Fire Research Board. We
would alsdike to acknowledge the finaneind the other partners in the METRO
project.The information obtained in a survey of people transported in the metro system in
Stockholmwas used as a bador design othese testsTherefore we would particularly

like to acknowledge the Malardalen University and the students that performed this study.
The results presented here are key informdtotthe preparation of tharge scale tests
performed in Septemb@011 in Arvika. We would liketo thank the techniciang &P for

their help and professional performance.



Summary

Laboratory tests in a 1/3 part of a subway compartment asimpustible materials from
a realistic subway caverecarried out. The tests were used as a pahofvestigation to
explore tle ignition scenarios needed in order to obtain a flashover situatiorXih a
subway car from Stockholm. Thests were carried out in June 20ador to thefull -
scale testsvith commuter trainsarried out in a tunnéh Arvika in September 201The
testspresented hemnere carried out as a part of the METRO project

A total of six fire tests were carried out under a large caloenireta laboratory

environment. The ignition sources used were either wood cribs placed on a corner seat or
one literof petrol poured on the corner seat and the neighboring floor. The amount of fuel
was continuously increased in order to find the limits for flashover in thedtgi. The

fuel consisted of wood crib piles and ordinary luggeaiedby commuter travelrs.

The tests show the importance of the arrangement and amount of fuel. The tests also
showed that the combustible boards on parts of the walls had a significant effect on the
fire spread. In the cases where the initial fire did not exceed a range io680KkW no
flashoverwas observed. If the initial fire grew up to 70M00kW, aflashoverwas

observed. The maximum heat release rate during aftdsitoverperiod for this test set

up was about 3.5 MW. The tinte reachlashover wasighly dependat on the ignition
type,i.e.two wood cribs with or without petrol.



1 Introduction

METROis a Swedismultidisciplinary project where researchers from different
disciplinescooperate with practitioners with the common goal to make underground rail
mass transport systems safer in the future. Because the project involves everything from
humanbehaviorduring evacuation to fire and explosion tests and simulations, it can
provideexhaustive knowledge about fire and explosion hazards.

One of the most important agof the METRO projecf1-4] is to derive and develop a
methodology to obtain design fires for metro stations and tunnels. In order to do this we
need tausea stepwise process and investigate the basic information of the materials use
in coaches traveling in the metro systems.

The work in METRO is divided into sevéidork PackageéWPs) which address different
aspects of the studied topic. The seven WPs are:

1 WP10 Design Fires

WP24 Evacuation

WP34 Integrated Fire Control

WP438 Smoke Control

WP54 Extraordinary Strain on Constructions
WP60 Fire and Rescue Operations

WP70 Project Management

= =4 —a -8 -8 -9

The work presented in this report is a part of WP1. Insteadrafuctingnumerous
ignition tests inside a full scatarriage it was decided toonductsome preliminary
ignition tests in a laboratory environment, whelis @éasy to measure the heat release
rate.Thisis a nore efficient way to compare numerous ignitmenariosrather tha to

do tests that may rigkevelopingnto a full flashoveinside a tunnelThe purpose was
twofold, firstly to obtain and understand the impact of the ignition source on the
possibility to develop to a fully flashover type of fiesd to understand what parameters
in the procesthatare dominating or governing the process from ignition to flashover.
Secondlyto obtainthe basic information needed for each material used ifullhscale
and laboratory scale presented in this repidrecorrelation between different scale®fs
great importance for this project. Therefore, it was decidedriductnumerous ignition
tests in aarriagethat is a about 1/8he length ofa fully sizedcarriage This may not be
the optimalmannerto describe flashover situation in a reakriage but the basics of the
ignition process and what is needed faoatinuoudire growth leading to a fully flashed
overcarriagecan be more easily documented.

The repordescribeexperimenin an 1/3 traircarriage mockupgarried outinder a large
hood that could monitor the haaleasaate from ignition to a developed fir€he fire
developmenhas beemlocumented andnalyzedn order to better understand the key
parameters for the fire to grow flashover. Focus is on the mechanism that makes the
fire grow or not growusing thisexperimental setip. The correlatiobetweerthese tests
andthe large scale tunnel fire tests is of great importance for tHadigats of the
METRO project.


http://www.metroproject.se/wps.html

2 Experimental work

A total of six tess were carried out in the 1/3 train carriage mogkbuilt inside SiBs
large fire hall In each test different sets of fire load and ignition sawmereused to
investigatethe fire spread antthe occurrence of a flasver. Further, gas temperatures
andtheheat release rateereinvestigated.

The dimensiosof the mockup were6 mx3 mx24 m (LxWxH) with two openings, see
Figurel. Theopen end of the modbhda 0.5 mhigh edge to create a smoke layer in the
carriage. Thénner linings,walls and ceilingwerecovered witmoncombustible boards
(PromatetH). Thefloor was covered bg2 mm plywoodboards In the corner where the
fire was started,e. thecorner marked red iRigure 1, the norcombustible boardwere
covered with combustible 1 mm HRhigh pressure laminate, density of 1400 Ky/m
boards.

Figure 1 1/3 train carriage mock up. The width of train carriage was 3 m.



2.1 Ignitions source

In tess 1to 4 the ignition source consisted of wood cribseFigure2, and in test 5 and 6
the ignition source consisted of 1 litdrpetrol seeFigure3.
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Figure 2 Geometry of the wood cribs used as ignition source

The wood criswere made of wood sticks, each 272 mm long and with a cross section of
18 mm. htotal there were 12 layers of sticks, with 7 sticks in each layer. T ith@

wood cib, stick 3 and 5n the bottom layeweremade of fiber-boardandsoaked in
heptaneThe estimaté heat releas&as150 kW per wood cribin Appendix D, photos

from each test are shown, and where the location of the ignition source obadrved.

When petrol was used #eignition sourcea milk containemwas filled with 1 literof
petrol. Four smalflameswere lit, two on the floor and two on the sesethe four red
circles inFigure3. The petrol was lit by pulling a string attached to the mdktainer
and spilling the petrol over thHilames

ik s
oy S R AN i =
Figure 3 Picture from test 5 showingthe experimental setup with milk container filled with
petrol. Positionsof flamesare marked with a red circle, the lowertwo were placed

on the floor in front of the backpack.

The maximum heat release rate of the petrol was estimatedtfednitial heatrelease

rate in test @nd 6, se€igure4. During the firstl5 s the heat release rate increases at
approximately the same rate in both test 5 and 6. Sincewlasreery little time for flame
spreadthis increase in heat releaseriest certainly due tthe burningpetrol. In both test

5 and 6 the heat release rate levels off at about 44G&@igure4, and after that there

is a smdldecrease in HRR before the flames spread rapidly in test 6 and more slowly in
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test 5 SeeChapterd for more detailed information about the continuous development
The conclusion is that the maximum effect of the petseld for ignitioris 440kW.

Heat release rate: Comparison between

600 test5and 6
—Test 5

500 Test 6
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Figure 4 The measuredheatrelease rate from test 5 and 6 betweendnhd 0.5 min to see max
HRR of petrol.

2.2 The fire load

The fire loadconsisted ofvoodcribs, petrolseatslinings, bags and a baby carriagene
combustible pasgt(in addition to luggage and baby carriagepsisted of 10 passenger
seatdn varying sizes, seleigure5, floor in plywood andHPL boards on the walls and
roof nearthe seat \Were the fire was ignitedood cribs were, besides from ignition
source, useds fire load in test 3 and 4. The cribs were then placed on therflfsont of
the seat wherignitions sourcavas placedseephotos in Appendix D

Ignition

S1 S3 S5 S7 SO

S2 S4 S6 S8 S10
Door

Figure 5 Schematicsketchover seat configuration inthe train carriage mockup. Seats are in
this report named S1i S10.

Passenger seatsSeats were taken from an X1 train and installed in the train carriage
mockup.The sats consisted of, from the tofabric 3 mm, foan{seat 60 mnand

backrest 125 mm respectively)corkwood 9 mm and painted wooden board 4 [Bin
Cone calorimeter data for the seat material are givé@aliel.
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Figure 6 Photo of seats in the train carriage mockup

Table1l Summary of conecalorimeter tests for seatg5]

Variable Testl | Test2
Radiation [kKW/] 25 25
Ignition [min:ss] 00:59 | 00:49
All flaming ceased [min:ss] 1:57 2:18
Test time [min:ss] 20:00 | 20:00
Peak heat release rate [KW]m 215 184
Average mass loss rate [g/s] 2.2 2.1
Effective heat of combustion [MJ/kg] 7.6 7.7
Max average rate of heat emission [KVf/m| 62.1 57.6

Walls and ceiling: The walls and ceiling was constructaichon-combustible board<l?
mm thickPromatectH). The wallsand ceiling near anabove the ignition sourceere
covered bycombustible high pressure lamin&t¢PL) board, seeFigure7. Cone
calorimeter data for the HPL are givenTiable2

Table2 A summary of cone calorimeter tests foHPL boards [4]

Variable Test1l | Test2
Radiation [kW/m] 35 50
Ignition [min:ss] NI 65

All flaming ceased [min:ss] - 150
Test time [min:ss] 600 | 300
Peak heat release rate [kW]m 18.30 | 133.03
Average mass loss rate [d/s] 3.24 | 5.44
Effective heat of combustion [MJ/kg] 263 | 7.61
Max average rate of heat emission [kWfJm| 6.2 | 39.8
Density [kg/mi] 1400 | 1400

NI = No ignition
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Figure 7 A photo of the HPL boards on the wall and ceiling above the ignition source

Floor: The floor was covered with 12 mm plywood boards.

Table 3. A summary of cone calorimeter tests foplywood boards [4
Variable Testl | Test2
Radiation [KW/m] 25 50
Ignition [g] 143 26
Test time [s] 612 542
Peak heat release rate [kKW]m 263 271
Average mass loss rate [g/s] 10 12
Effective heat of combustion [MJ/kg] 11.8 115
Density [kg/n] 600 600
Thickness[mm] 12 12

Luggage:Bags with different size and weight were used as fire load in test 4, 5 and 6.
The bags were filled with clo&s (textile) and pape(cellulosic) seeAppendix B During
the tess, the bagsvereplacedin differentpositionsin the train carriageboth on the floor
and on seats. liest 5 and 6 a baby carriage vpdaced close to the opegirseeFigure8.

Figure 8 A picture of bags in test §left) and the baby carriage used in both test 5 and 6
(right).

SeeTable4 in Chapter3 for a summary othe fire load inthetess and forfurther details

on the fire loadn each test, see Appendix B.
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2.3 Instrumentation and measurements

The heat release rate was measured using the large scale calorimeter beneath the ceiling
of the main fire halat SP All the smoke was collected by the hood and then guided to

the measuremestation in the exhaust duct. The properties of the fire gases were
measured in the duct. Then the heat release rate could be calculated using the oxygen
consumption techniqu®-9].

The gas temperature was measured using welded 0.5 mm type K thermocouples, and in
some positions alsd.25mm type K thermocouples to estimate the effect of radiation on
the temperature measureméhis information has not been specifically used in this

report) The locations of the thermocouple are showhigure9. Most of the
thermocouplswerepositionedat 029 m and 005 mbelowthe ceiling respectivelyAt
measurmentpoint P3, P5, P7, P9, PahdP14 thermocouples were placed &90m

belowthe ceiling At measurmentpoint P4, P6, P8, Pldand P12 thermocouples were
placed Q05 m below the ceiling. Thermocouples were also placed next to plate
thermometers in measure point P4, P6, P8 and P1Bjqae9.

Onethermocoupldreewith thermocouples at heights of 8., 015m, 029 m, 060 m,
and1.0 mfrom the ceiling was placed in position P1 (&égure9). This was includedo
measure the vertical temperature distribuaibove the ignitioposition

Heat fluxes towards the seat backrest were measured usinthpla®meter§l0-12],
see P4, P6, P8, and P1(Figure9,. The heat flux is important knowledge when one will
investigate the time of fire spread between the seats.

The incident heat fluxes were calculated using the following equidtpil]:

. . T j*l_ T j
ePT 'FT:T] : +( hPT +Kcon()([ TP]‘J Tl] C}hew:l/i'}M

. j+l j
G = L -t (1)
ePT

where the conduction correction fackwni= 8.43 W/M, the lumped heat capacity
coefficientChea=1/3 = 4202 J/rfi, and the surface emissivity of the plate thermometer

6,,=0.8

P1

®
P2 ik PLR
X ¢ [
P3 P5 P7 P9 P11 P14
6 PLD PLB
K |:|>"

Figure 9 Thermocouple and plate thermometer placement in thérain carriage.
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2.4 Theoretical aspectof flashover

The flashover is the stage in the fire development between the growth phase and the fully
developed fireSignificant for this phase is that the fire rapidly changes from involving

just a part of the compartment to involving all combustible material within the
compartmenf13]. A flashover usually demandgyastemperature of 3Di 600°C or a

radiant heat flux towards thor of 1520 kW/m?[13]. Theconditions necessary for
flashover can also be linked éccriticalheat release rate. The heat release rate necessary
is in turn dependent on tigeometry of the compartment, opening areas and the thermal
properties of thevalls [14]. The heat release rate necesggry ) for flashover in this

particular casevascalculated using equation 2 angi13].

0 Q Q
0 Q Q C
0 1 0 1

A epm b Q o o o
0'Mi1dQ
Q 0"QQQVEHDN O ¢ {OO@Q'QTOCHD Fd
iQ YRi cwae Q60 wd MN'OE DO Q i WD
Q o YR dwé ¢ Q6 Wi GV Q Q0" "Q i ' Pavfw
1 QO QEEQE EEE DI Qi
T o Y060 VEEQD 6 dod QQ Qo @E O
0 0 01 Bu0 O @E QQ QWA 0£QR EAAE "Qi
0 "Y€ O'CRA0 Qi & O EDIOELI O & 6ENOR ECRE Qi
0 01 GXa €& i
0 01 @u@n Qe Q& "Qi
"0 0QWe VN Qe Ve Q
n "0Q G oQa Qi E Qi NEINWKEI L TDw
Areas can be calculated frdfigurel, & =71 nf, 0 =8,23 nf,
ko) = 0.19 Wim/K (PromatetH),] o = 0.012 m(PromatetH),
o) = 0.14 wim/K (Plywood) = 0.012 m(Plywood) This resulted irQ =

0.0147kW/m’K, H=1.9 mandthereforej = 2100kW. This information will be used
later in the analysis of the measured heat release and observations about the fire
developmentThis vital information is to better understand what energy is required for
the test mockup to flip over to a fully developed fifleere everything inside tl@rriage

is burning (flashover). Is alsoimportantto know where the border line is between go
and no go for a flashover situation.
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A total of six tess were carried out, each test with an increasing amount of fire load. The

15

Experimental procedure

ignition source was placed in the sapusitionin all the testssee corner marked red in

Figurel. In tess 1-4 the ignition source (wood crib) was placed on the seat and in test 5
and 6 petrol was spilled on the seat and on to the floor making the fire start both on the

seat and on the floor at the same time.

For each test, the loggimystem was initiated two minutes prior to ignition. The fire was
extinguished either if decay was observed before a flashover occurred or shortly after the
flashoveroccurredexcept for test 6 here the fire was extinguished when flames broke

through theceiling. If not specifically stated, all times relate to ignition time.

Table4 Overview of tests 1-6. More details about each test is given in AppendiB.

Test no.

Fire load

Time of flashover

Extinguish time
(min:ss)

1

Seats and linings

1 wood crib (ignition source)

23:00

2

Seats and linings

2 wood cribs (ignition source)

23.00

Seats and linings

2 wood cribs (ignition source)

2 wood cribs

38.00

Seats and linings

2 wood cribgignition source)

2 wood cribs

14:00

Bags ( 149916 g)

14:12

Seats and linings

1 liter of petrol (ignition source)

Bags (86465 Q)

Baby carriage

25:00

Seats and linings

1 liter of petrol (ignition source)

Bags (2184799)

2:13

Baby carriage

7:20

f

fl ashov e rispreserded 6 t

occur no ti me
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4 Results

In the following, a presentation of the test results is given. Detailed test results for each
test are given idppendixA i Test ResultsThe discussion of the tests results are
presented ichapters.

4.1 Summary of measured parameters

In the followingsectionghe measured parameters are presented.

4.1.1 Fully developed fire

The tesseries started with a small ignition source (one wood crib) and no extra fire load
besides theeats anthelinings. For each test a more powerful ignition source and/or
greateffire load was addedn this section the observed time for flashover is compared to
the theory presented in sectidml.

In Figure10a picture of a fully developed fire in test 6 is presented. The picture is taken
shortly after flashover occurred.

&

Figure 10A photo of the fully developed firé}n st 6.

In Table5 the estimated tim flashover are based on thi@éeriathatweremeasured
during the test: heat release rate, gas temperagtuma heat flux in the carriagehich
were compared teisual observationsTheheat release rate criterial MW, was
calculatedbasedon the dimensions of the mockup and the properties of the lingigg
Equation (3) see section2.4for more detailsThe criteria for gas temperatunasset to
600°C and the criteria for heat flux has been set to 20 Ki/J13].

The listed value Table 4in theHRRcolumn represent the time to a heat release rate of
2.1 MW.

The listed values in th@éas temperatureolumn represent the time of 600 in
thermocouple P14, séégure9. Since P14 is placed closest to the operimg
temperature in the rest of the carriage excé8@sC. The listed values in thideat flux
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column represent the time when the incident heattbwards plate therometerP10,
seeFigure9, reached?0 kW/nt.

Thelisted values in th®©bservationgolumnin Table5 are based owisualobservations
from videos, photoand measuremesfrom the test

Table5 Occurrence of fashover and estimated timdo flashover.

Estimated time to flashover [min:ss]
Test Flashover Gas _
no. occurred HRR temperature Heat flux | Observations

1 No - - -
2 No - - -
3 No - - -
4 Yes 13:42 13:56 13:38 14:00
5 No - - -
6 Yes 2:00 2:12 2:02 2:13

Theresults indicat¢hat thecriteriafor a flashover for this test setapevery well

predicted All three criteriaare met at about theame time in both tests. The calculated
conditions are slightly less in time than the observations, not more than 3 % difference in
test 4 and 10 % in te6. This means that the equation (3) works well for the test
conditions and it shosithat when the heat release rate reaéhl MW, a flastover

inside the wagon is established. Everything inside the room is burnisigloyutto

ignite. The maximum heaglease rate obtained in these tests was 3.5 M duration

of the flashover was too short to know if a steady state flashover conditions were
establishd.

4.1.2 Heat release rate

FigurellandFigurel2 present théneat release rate for each t@stlin Table6 a
summary of maximum heat release rate for eachst@sesented.

Table6 Maximum HRR and estimated time of maximum HRR

Test no. | Maximum HRR [KW] | Estimaged time to maximum HRR [min:ss
1 360 6:12
2 620 5:15
3 640 5:30
4 3500 14:00
5 440 0:20
6 3500 7:00

When a flashover is established we know thatvAW is required. If analyzing the
figures 111 12, we observe that if the heat release rate besbigher than 700 900
kW, a fire development tharows to a flashover is obtained@hisis the minimum heat
release rate required in order to continue the fire groltis. number shall not be
compared directly with 2.8MW, which is the calculated valwehen a flashover is
established.
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Figure 11 Heat release rate intest 1 3

Heat Release Rateintest4-6
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Figure 12 Heat release rate in test 4 6. The fire wasmanually extinguished after 14 min in
test 4 and in test 6 it wasnanually extinguished after approx. 7min.
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4.1.3 Gas temperatures

Test results related to the measured gas temperatures are in detail presented in
AppendixA. In Table7 centerine temperatures at 8cm below the ceilingre

presented, where thermocouple P3 is furthest into the carriage and P14 is closest to the
opening. The listed values represent thepemrature, measured in each thermocouple, at
the time {p14max) Of Maximum temperature in thermocouple P14 during theThst.

locations of the thermocouples are showRigure9.

Table7 Temperatures in the centrum line of the train carriage mockup at the time of

maximum temperature in thermocouple P14.

tp14max Tes Tes Ter Teo | Tpix | Trua

TestNo ™ min:ss] | [°C] | [°C] | [°C] | [°C] | [°C] | [°C]
1 6:14 388 310 276 259 264 272

2 5:10 385 402 352 343 342 324

3 5:40 420 396 370 358 331 331

4 14:08 987 1000 | 1000 | 957 908 774

5 3:02 251 237 236 229 227 203
6 3:54 951 942 946 891 748 | 1055

In Figure13to Figurel5 centr line gas temperatures froraah test is presenteidhe

figures below measure point P5, P9 and P11 are excluded to make the diagrams easier to
interpret.

Centerline temperaturein test 1

Centerline temperaturein test 2

500 L s00
——P3 (Rear) ‘. ——P3 (Rear)
450 P7 (mid-section) 1 480 P7 (mid-section)
P14 (Front) i P14 (Front)
200 ‘ 400
i Hl |
| 350 350 I|
| — |
e ‘ b
L8300 ’ | 300 l L
\ s
| £ 250 4 250 | \'\,
g I\ ey
| £ 200 Fy 200 | i \
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‘ [ N y ey
150 I S 150 e
100 ! o | f
J N\ L
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Figure 13 Center line temperatures in test 1 and 2.
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In test 6 several of the thermocouples repovtid data between 5 and 10 min, this could
be because the fiteokethrough the ceilingfter about 7 min and destroyed the
thermocouple suspension and/or the thermocsuipdamseles Another possibility is

that the void data is a result of the fire extinguishment that started after abooin7in
anycase it does not affect the conclusiar the findings presented here.

In Table7 andFigure13to Figure15we observe that thgas temperatusareof the

order of 200" 500 °C when no lashoer was obtained and over 98D when flashover
was reachedlhe reason is rather evident; in the case of a flashover the flame volume
reacledthe front of thecarriageand in the case of no flashover they dad reach further
than to the base skat S2ad S4.1n all tests that diciotreachflashover the
tempeatureswvereless than about 45 in P3, which indicates that the flames did not
reach to that area. This also indicdtest in order to obtain a flastier you need the
flames to reactotthe ceiling and bend towards the opening. Usually the flame tip is
defined as an excess temperature of ®DaAnd for flaahover we need to get up to 600
This indicates that theoundary betweego or no gdor flashover is quite narrow.
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Heat flux

Hea flux was measuredsingplatethermometerplaced on the backrest of four seiats
positions P4, P6, P8 and P@0 vertical position, centrally at the top of the backrest and
directed towards thieack wall and ignition positignseeFigure9. Heat fluxes are
calculated according to equati¢l). Table8 presents the time until the incident heat flux

exceeded5 and 25 kW/rh In Figure 23to Figure28 heat fluxes during each test are
presented.

Table 8 Time until incident heat flux towards plate thermometers on thebackrest of four
seatsexceededl5 and 25 kW/nf. Times are given in min:ss.

20
Time [min]

30 40

10

Time [min]

P4 (Seat S3) P6 (Seat S4) P8 (Seat S7) P10(Seat S8)
Test No. 15 25 15 25 15 25 15 25
KW/m? | kW/m? | kW/m? | kW/m? | kW/m? | kw/m? | kW/m? | kW/m?
1 - - - - - - - -
2 4:51 - - - - - - -
3 5:22 1150 - - - - - -
4 1048 10:50 | 13:12 | 13:22 13:36 13:43 | 13:35 | 13:40
5 2:16 2:20 - - - - - -
6 0:40 1:14 2:00 2:04 2:17 2:19 1:42 2:04
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Figure 16 Heat Flux towards seat S3 (measuraent point P4). Test 13 to the left and test 46

to the right.
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Figure 17 Heat Flux towards seat S4 (measuraent point P6). Test 23 and 5 to the left and
test 4 and 6 to the right.
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Figure 18 Heat Flux towards seat S7 (measuraent point P8). Test 13 and 5 to the left and

test 4 and 6 to the right.
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Heat Flux towards seat S8 Heat Flux towards seat S8
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Figure 19Heat Flux towards seat S8 (measuraent point P10). Test 13 and 5 to the left and
test 4 and 6 to the righ.

The information in figures 17 to 19 can be useihterpretthe risk for fire spread
between the seats. In tests 3, 4, 5 and 6, the incident radiasiest &3rheasuement

point P9, all exceed the value @0 kW/nf, at some stage of the fire development.
Comparing this information wittvhich tests the fire spread to the opposite seat of the
ignition seat, a good correlatiovas found see test protocols in Appendix B. This is also
confirmed by the values given infla 7. In conclusion, in order tibtaina flashovey

the fire has to spread further than the seat S3. A more accurate analysis of the fire spread

is given in the followingsubsections

4.2 Flame spread

Flame spread is dependent on a number of variahabpgieometry, the heat release of the
ignition sourcelinings andseats air flow, the amount of fire load and how the fire load is
distributed in the compartmeriilame spread is also dependenteat fluxfrom existing
flames and hot gas layers, but thesein turn dependent on the mentioned variahtes. |
the executed tests ontpeignition source, amount of fire load and the distribution of the
fire load variedThe observeflamespreadand how itvaried withdifferentvariabless
presented andiscussedbelow.

4.2.1 Vertical flame spread

All testswere carried out with combustible HPL boards on the walls and ceiling above
the ignition sourceseefigure 7. The rest of the walls and ceiling was constructed ir non
combustible boards. The vertical flasspread on the HPL boards was relatively similar

in the differentess with wood cribs asheignition source. In these tests the flames
spreadn thecorner up to the ceiling. In the case of a liquid ignition source (pgtnel)
vertical flame pread dffered between test 5 and I8 test 5 it was very weakee

pictures from test 5 iAppendix Di Photos from tesfgnd in test 6 it was extremely
strong A possible explanatiois that this is related to the disposition of the bags that was
placed in the vicinity of thegnition source seeFigure20.
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Figure 20Disposition of bags in the vicinity to the ignition source in test 5 (left) and test 6
(right).

In test 5 bags wenglaced away from the wall making inore difficultfor the flames to
spread to the HPL boardsd in test 6 the baggerelargerand placed closer to the wall.

The weak vertical flame spread in test 5 probably influenced the horizontalsiaesas

and could hve been one of the reasons why the fire never reached flashover. In the tests
with a strong vertical flamspread the radiation towarttefuels (luggage and seats)

ahead of the flam&ont was higher. This higher level of radiation probably servedego pr
heat fuelwhich fosteredorizontal flamespread. This could be the reason why flashover
was observed in test 4 and not test 5 even though the fire load was significantly higher in
test 5. The difference in radiation can be sedfignre21 below, whereghe heat flux

towards seat S4 is plotted.

Heat Flux towards seat S4
25

20

15

10

Heat Flux [kW/m?]

0 2 4 6 8 10
Time [min]

Figure 21 Heat flux towards seat S4 in tes#h-6. Note that the heat flux axis has been limited
to 25 kW/m? to be able to see the difference between the testhe time of
increased radiation in test 4 correspond to the time when the flames started to
spread to the HPLboards.

The vertical flame spread might also have accelerated the horizontal flaneIsprea
making burning HPL boards fall from walls and ceiling and on to seats andTloor.

falling HPL boards were observed in test 4 and 6. An example of this can be seenin
Figure22 andFigure23. The figures show shapshots from test 6 shortly before and after
a big piece of the ceiling HPL board fell. iigure23it is possible to see burning pieces

of HPL boards on seat S4.
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Figure 22 Test 6 shortly before a big piece of the burning HPL boards fell (time 1:21)

Figure 23 Test 6 shortly after a big part of the burning HPL boards fell (time 1:25). The
HPL board fell at 1:23. The fallen HPL board can be seen in the middle of the
carriage between seat S3 and S4.

Even thougtthe falling HPL boards werenly observed in the teswhich resulted in
flashover itis not likely that this initiated the flashover. Since the HPL boards fell approx.
40 s before flashover in test 6 and approx. 8eifore flashovein test 4 this indicates

that this is just a part of the fire growth.
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4.2.2 Horizontal flame spread

The generatonclusions aréhatthe horizontaflame spreadollowed three steps in the
train carriage, segigure24:

Step 1:After ignition flames spread from seat S1 towards S3.

Step 2:When seat S3 ignited, or shortly before, the flames started to spread
towards seat S2 and S4.

Step 3:After seat 8 ignited the flames startéd spreadoverthe full width of

the train carriage towards the opening.

This is of coursea very simplified model of the fire spread, but these were the trends.
The tests thatlid notlead to a flashover followed the same pattern but the decay started
during step 1 or Aepending on the varied variabl€sr more details about flanspread

in the different tests seé§ppendix Ci Flame spread

Ignitipn >
ﬁ

s1 s3 s » |57 s9

ol

S2 S4 S6 S8 S10

|1

Door

Figure 24 Schematic picture of flame spread in the train carriage in three steps.

4.2.3 Horizontal flame spread comparedwvith ignition source

In Table9 andTable10the maximumheat releaseateof the ignition source is compared
with the stage in which the fisgpreadstoppedIn Table9, the test where wood cribs
were used as ignition souraeecomparedThe test where petrolwasused as ignition
sourceare presented ifiable10.

Table9 Maximum heat releaseate of ignition source (wood cribs) comparedto the step
(1-3) in which the fire spreadstopped

Test No. | FO | Ignition source [KW] | Fire wasextinct or decay started during
1 No 150 Step 1 (fire never spread to seat S3)
2 No 300 Step 1(fire never spread to seat S3)
3 No 300 Step A(fire spread to seat S3, but notto S
4 Yes 300 Step 3 (fire was extinct after flashover)

FO = flashover

Table 10 Maximum heat releaserate of ignition source (petrol) comparedto the step (33) in
which the fire spreadstopped

Test No. | FO | Ignition source [KW] | Fire was extinct or decay started during

5 No 440 Step 2(Seat S4 nevégnited)

6 Yes 440 Step 3 (Fire reached a fully develop stagg

FO = flash over

There was a significamlifference in horizontal flame spread in the early stage of the fire
depending omvhetherthe ignition source was solid or liquid. When liquid (petrol) was
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used there was a fast horizontal flame spread towards seat S3, since the petrol was spilled
alsoon the floor.n the tests wherlamesactuallyspread to seat S3, the difference in
flame gpread time between solid and liquid ignition source was absunih.

4.2.4 Horizontal flame spread comparedvith amount and
disposition of fire load

To be able to compare the amount and disposition of the firgiloaddition to the
ignition sourceith flame spreagthe steps (B) aredivided into 3 zones, sddgure?25.
The comparison is presentedTiable11, Tablel2 andTablel3.

i
—
Ignitipn >
=
s1 s3 | | s > |57 $9
——
—
>
>
S2 S4 S6 S8 S10
>
Door

Figure 25Train carriage divided into three zones tocompare fire load (amount and
disposition) with flame spread.

Table 11 Fire load in zone 1 in addition to ignition source, see zones ifigure 25.

Zonel
Test | FO Lugglzgeeloa\cjv(gg derb Fire was extinct or decay started during
1 No - - Step 1 (fire never spread to seat S3)
2 No - - Step 1(fire never spread to seat S3)
3 No - 7618 Step 1(fire spread to seat S3, it to S4)
4 Yes 3200 7588 Step 3 (fire was extinct after flashover)
5 No 22879 - Step 2(Seat S4 never ignited)
6 Yes 66790 - Step 3 (Fire reached a fully develop stage)

FO = flashover

Table 12 Fire load in zore 2, see zones in Figure 30

Zone 2
Test | FO Lugngr;iIO?/(\j/égll p— Fire was extinct or decay started during
1 No - - Step 1 (fire never spread to seat S3)
2 No - - Step 1(fire never spread to seat S3)
3 No - - Step 1(fire spread to se&3, but not to S4)
4 Yes | 13002 - Step 3 (fire was extinct after flashover)
5 No 12419 - Step 2(Seat S4 never ignited)
6 Yes | 34722 Step 3 (Fire reached a fully develop stage)

FO = flashover
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Table 13 Fire load in zone 3, see zones in Figure 30

Zone 3
Test | FO Luggz;zloﬁégzj arib Fire was extinct or decay started during
1 No - - Step 1 (fire never spread to seat S3)
2 No - - Step 1(fire never spread to seat S3)
3 No - - Step 1(fire spread to se&3, but not to S4)
4 Yes - - Step 3 (fire was extinct after flashover)
5 No 53867 - Step 2(Seat S4 never ignited)
6 Yes | 116967 - Step 3 (Fire reached a fully develop stage)

FO = flashover

In Figure26 the disposition of the fire load is present@dly the test where fire load
besides the ignition source were used includedPieces ofliggagearenumbered and
wood cribs are marked withv.

[

Test3 Test4
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—‘ Door | ﬁ Door }
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oo | [0 oy [IFERY
I o | | [=] |
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Figure 26 Disposition of fire load in test 3 (top left), 4 (top right), 5 (bottom left) and test 6

(bottom right) .

Comparison betweerthe tests:

Test1 and 2:No extra fire loadsuch as luggage or wood cribgs addedh test
2 and no difference in flame sprebétween the two testgas observed.

Test 2 and 3:Extra wood cribs were placed on the floor in tesh@ thhe flames
spread to seat S3. It appearsfdbe extra fire loa@n the floormade thdire
spreacdbut was insufficient to causitashover

Test 3 and 4:Additional luggagevasplaced in zoa 1 and 2 andh between seat
S3 and S4 in test 4 and a flashover was observed in tesippears as the extra
bags made the flames spread toezdteading tohigher heat release rates and
consequently a flip over to a flashover in zone 3

Test 4 and 5:In test 5 the amount dfiggage wasloubled in zoa 1, kept almost

the same in za?2 andluggagewasalso placed in zan3, still thefire never

spread to zom2. Petrol was used as ignition sourtteappears as the replacement

of the wood cribs on the floor with extra bags made the flame spread stop before
seat 2 and 4 was ignitetihe distribution of fuel was also different in Test 5 from
Test 4 A flashoverwas observed in test 4.

Test 5 and 6:In test 6 darger bagvas placed between seat 1 and 3 and bags
were also placed between seat 1 and 2. It appears as if this made the fire spread
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very rapidly into zoe 2 resulting in &lashoverin zone 3

In conclwsion, in order to obtain a flashover, the fire had to spread to zone 2 and
consequently to zone 3.

4.2.5

Horizontal flame spread comparedo incident radiant
heat flux towards the seats

Incident mdiantheat flux from the flames and the hot gas layer will caumsicrease in

the rate of flame spread. This is mainly éese of preheating of the fuat this case

seats, luggage and floor. At high levels of radiant heat fluxes the exposed fuel-can self
ignite but at lower levels the fuel can be ignited with atdlame.How the fuel reasito
radiant heat flux is very depesigton the thermal properties of the fuilost fuels will

either selfignite or ignite with a pilot flame at 125 kW/nf. In the executed testhe
incident heat fluxwasmeasured on the backrest of seat S3, S4, S7 and Ba&bl#il4
andTable15time untilthe incident heat flux towards the seats ar&\sm* and25

kW/™, respectivelyis compared with the time until flames were observed on the seats.

Table 14 Times for when the neasured ncident heat fluxreached 15 kw/nf and 25 kW/n?,
respectively, arecompared with the observed firespread to seat S3 and S4

[min:ss].
P4 (Seat S3) | Estimated time P6 (Seat S4) Estimated time
Test No. 15 25 to ignition of 15 25 to ignition of seat
kW/m? | kw/m? seat S3 kwW/m? | kW/m? S4
1 - - - - - -
2 4:43 - - -
3 5:12 11:44 6:00 - - -
4 10:45 | 10:50 5:00-6:00 13:12 | 13:22 14:00
5 2:14 2:18 2:0013:00 - - -
6 0:36 1:12 1:30 2:00 2:04 2:13

Table 15 Times for when the measuredncident heat flux reached 15 kw/miand 25 kW/n¥,
respectively, are compared with the observed firgpread to seat S7 and S8

[min:ss].
P8 (Seat S7) Estimated time | P10 (Seat S8) | Estimated time
Test No. 15 25 to ignition of 15 25 to ignition of
kW/m? | kW/m? seat S7 kW/m? | kw/m? seat S8

1 - - - - - -

2 - - - -

3 - - - - - -

4 13:36 13:43 14:05 13:35 | 13:40 14:05

5 - - - - - -

6 2:17 2:19 2:18 1:42 2:04 2:18

As can be seen ihable14 andTable15, the correlation between the incident heat flux
and the time of fire spread to each seat is consistent for most of the cases. There is a
tendency that the observed fire spread correlatesrlveth the time corresponding to 25
kW/m? for seats S4, S7 and S8, whereas for seat S3 it is not as consistent.
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5 Discussion of results

A total of six tess were carried out in the 1/3 train carriage mogk The aim was to
investigate howtheignition saurce(solid and liquidjandamount and disposition of fire
load affected the firdevelopment, fire spread, and maximum size of the @fe
particularinterest was whickgnition procedure and luggagetupthatresulted in a
flashover in the train carriage. The test series started with a small ignition source (one
wood crib) and no extra fire loapart fromthe seats and the linind-or each test a more
powerful ignition source and/@reateffire load was addedo the train carriage. Only two
of the test resuledin a flashoveri.e. test 4 and Brespectively

In test 4 aflashover occurred approximately 14 min after ignition and in test 6 after
approximately 2 min. Theostsignificantdifferencebetween thse teswasthat wood
cribs were used as ignition source in test 4 and petrol in testtBatrteést 6 contained
approximately ten timethefire load (approx. 220 kg) as in test 4 (approx. 22 kg).
Another majodifference was that in test 6 bags were placed between seaséaddd
see Figure26. This might have been one of the reasons why slafgedifferencein
time to flashover was observed, apart fromttitael amount ofuggage

Another aspect of the disposition of the fire load was observed in test 4 and imitated in
test 5. In test 4 a bag between seat 3 and 4 fell into thie firent of seat 3 after adut 9
minutes. This correspoatb the time when the fire in test 4 started to incredseh

finally lead to dlashoverafter 14 minutes from ignitioOnepreliminaryconclusionwvas
therefore that this bag wasdetermining factor ithefire spreadin test § fire loads
(bags)in the vicinity of the ignition sourceere placed further away from taalls and
closer to seat 2 and(the ignition source was petjolA bagwasalsoplaced between seat
3 andseatd in the same way as in testAfter about9 min the bag wasanuallytilted

into the firein front of seat 3o imitate test 4butthat did not result in angdditional

flame spread to seat Zhis isparticularlyinteresting since thamount of fire load in

zore 1 was doubled in test 5 comparedtest 4 One possibility is that this can be traced
back to the radiant heat flux from flames on walls and ceilmtgst 4 there was a
significantly stronger vertical flame spretinin test 5.The vertical flame spread in test
4 resulted in a significantly higher incident radiant heat flux towards fuel (bagsatyd
in zore 2 thanin test 5.Since this heat flux started several minutes before fuel i@2zon
ignited, this could have servedpce-heat the fuel and thereby making it possible for
flames to spread when the bag fell in test 4 and not in téss5ossible that the fire
would nothave spread if the bdwad noffallen in test 4 but by comparing test 4 and 5
vertical flame spreadould be said to have playedignificantrole for the flame spread
between zoal and 2.

The impact of the vertical flame spreeaould be of interest if new teswvereto be
conductedvithout a combustible liningsince all testwere carried out with AL boards
above the ignition sourdeis difficult to say what would have happened if they were
removedor mountedn the other directiomr if more HPL boardsvere addedt is,
however very likely that the disposition of the fire lo@dggage)would have been more
important since there probably would be lesshgating of fuel ahead of flame front.
One should also note that the combustible lining was not easy to ignite. Still it had a
significant effect on the fire spreabhe importance of thiining on the walls and in the
ceiling has also been observed in both madale[15] and fullscale tes{8, 4]. In test 4
there was a long growth time before the flashd@siaring which fuel ahead of the flame
front could be pre heatedhlativeto test 6. This was probahibecause thkiggagein test

6 had been placed in suclmannerthat the flames could spread both to seat 3 and seat 2
at the same timand because a significantrgerbag was placed between seat 1 and 3
Because of the short time until flashoueisipossiblethat the fire would have grawto a
flashover even without combustible linings above the ignition solitis.is, however

not certairand there could have been a different time to flashover.
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There was a significant difference in time to flashover and amount of fire load in test 4
and 6, but yet both tests resulted in a flashdwetest 4 theravasno luggagen zore 3

and in test 6 the total weight of the bagss117kg. This indicates that fidoverwasnot
particularlydependent on the amount of fire load ine8nbut ratheonthefire growth

in zore 1 and 2The exposed fuel surface area is although high and that may contribute to
the flashover in zone ¥. the fire load in zoal is compred betweetest 4(approx.11

kg) and5 (approx.22 kg) this suggest that flashover is not dependent on the amount of
fire load.If, howevertest 5(approx.22 kg)and 6 (approx. 68g) arecompared this
suggest that is does. Apart from the impact of vertical flame sprdeh has already
been discussethis could imply that when petrol is usedthsignition source the

amount of fire load in zanl is of importanceln support of this ishe combustion pattern
of a snall petrolpool. An ignitedpool of petrol will during a short period release a high
amount of heat. For the fire to sprefugel in the vicinity of thepool must ignite from this
heat butsince the heat from the petrol walfart to decaguickly the ignited fuel must be
able to maintain a sufficient heat release for the fire to keep spreading. lfusbre
(luggage) is placed in the vicinity of ti@ol and in different directions from thmol this
should make it more like for the fuel tomaintaina sufficient heat release for the fire to
spread, as seen in tesflis could imply thatwhen a liquid ignition source is used the
disposition of luggage in the vicinity of the ignition source is impartan
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6 Conclusions

A total of six tests were carried out in the 1/3 train carriage mapcK he aim was to
invedigate how the ignition sour@nd amount and disposition of fire load affected the
fire developmentThe amount of fire loaluggage and wood cribg)as increaseduring
the tesseries Theheat releaseatefrom the ignition source waalsoincreased and in the
last two testthe ignition source was changed from solid to liquid.

Even though not all tests reached a fully developed stagidire spreadspproximatly
followed the same pattern in all tedt#rst the fire spread from the ignition source
towards theopposite segtvithin zone 1) thenacross the midsection of the carrigfyfem
zone 1 to 2)still limited to the rear section of the carriagmally, the fire spred
towards the openindorward in the carriageacrosghe full width of thecarriage(from
zone 1 and 2 to zone,3eeFigure24 andFigure25. When and where thige stopped or
whetherit reached a fully developed stage was mostpedéent on the amount of fire
loadand how strong the verticlame spread on the HPL boardsunted to walls and
ceilingabove the ignition sourceas.

In test 13 the fire never reached a fully developed stage and the decay started before the
fire reached zone 2. In test 4 on the other hand a flashover was db3drealifference
between these tests was the additional luggage placed in zone 1 and 2 in test 4. The
conclusion is that the seats alatié not contairsufficient fuel for the fire to spread

within the train,and insteadhere neeeldo be luggage in bewen the seats.

The results from test 5 suggest that not only the luggeajkeeig parameter for fire
spreadCompared to test 4 the amount of luggage in zone 1 was doubled in test 5, but the
fire never developed to a flashover. When the test resultsooameared, there was a
significantly stronger vertical flamgpreadn test 4on the HPL boards mounted to the

walls and ceiling above the ignition source. The vertical flames resulted inex high

radiant heat flux towards zone 2 and the fuel in this zaspve-heated to a higher

extent than in test 5. This is probably the reason why the fire managed to develop into a
flashover in test 4 but nant test 5. The conclusion is that combustible linings can

strongly influence the fire development, even if thesly are a small proportion of the

entire fire load in the train carriage.

Because the liningsere very spar$g burrt in test 5 and the fire never developed into a
flashover some conclusions regarding a train carriage without combustible linings can be
made.In test 5, it seems to be tretherthere was not sufficieriiggageor the

disposition wasiot advantageous enough for the fire to spreadréfbee, theire
developnentis probably much more sensitive to the amount and disposition of the
luggage in a train with neaombustible linings. How much more luggage and in what

way it needs to bdistributedcamat bedeterminedrom these tests because in the other
tests thdull lining burned.

Another aspect regarding the amount of fire load in the train carriage was seen when test
4 andtest6 werecompared. In test 4 theweasno luggagebut combustible seats with

large exposed fuel surface argazone 3while in test 6the total weight of th&uggage
was117kg, yet both tests resulted in a flashover. The conclusion isvtietherthe fire
reaclesa flashover or nas more dependent on the fire growth in zones 1 and 2 rather
than on the fuel load present in zone 3.
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Appendix AT Test Results
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Thermocouple - 5 cm below ceiling
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Test 2

Heat release rate CO,and CO
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Thermocouple - 5 cm below ceiling
700

Thermocuple and Plate Thermometer

350
. P4-5cm ——P4-TC-0,5 (by PTC)
500 Rf P6 -5 cm 300 ------- P4 - PTC
| P8 -5 cm : ——P6-TC-0,5 (by PTC)
....... P6 - PTC
P10-5cm
500 250 ——P8 - TC-0,5 (by PTC)
) -. P12-5cm — e P8 - PTC
g L P13 -5 cm s
5 400 i 200 P10-TC-0,5 (by PTC)
g 3 P10 - PTC
c E
‘g’ 300 %150
& ]
200 N 100
y e
100 / \ o 50
™ /
0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [min] Time [min]
Heat flux Heat Flux
20 20
18 P6 18
P8 P
16 P10 16 .
14 14 n
£ En l
2 : W
g 10 E 10
o ™
® 8 ® 8
g z
6 6
4 4
2 2 [,D-w«.p
0 0 i
0 5 10 15 20 25 30 0 5 10 15 20 25 0
Time [min]

Time [min]




38

Test 3

Heat release rate CO,and CO
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Heat release rate CO,and CO
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Thermocouple - 5 cm below ceiling
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1200 1200
pas ——P4-TC-0,5 (by PTC)
—_— -3 cm
1000 —P6-5¢cm 1000
P8-5cm
—P10-5cm
_ 800 —P12-5cm 800
& o
— —P13-5cm =
g
E 600 & 600
g £
E i
a0 400
200 200
0 0
5 10 15 20 0 5 10 15 20
Time [min] Time [min]
Heat flux Heat flux
200 160
——P6 -
180 . P4
P8
160
P10 120
140
T b
.;_ 120 §' 100
= =,
= 100 = 80
= =
'S ™
-
g 8 g 60
T ==
60
a0
40
»0 20
0 _— 0 N
0 5 10 15 20 0 5 10 15 20

Time [min]

Time [min]




42

Test b
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Thermocouple - 5 cm below ceiling
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Thermocouple - 5 cm below ceiling
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Appendix BT Testconditionsand protocols

General comments:
1 In all tests the logging system started 2 pilor to ignition
1 All testswerefilmed, and the camera was started 1 min prior to ignition
1 All times refers to the time after ignition

Test 1

Test conditions

Ignition source

One (1) wood crib 8604 g)

Luggage adire load No

Wood crib as fire load | No

Hall temperature [°C] | 225

Air flow in hall [m %h] | 60 000

Test protocol

Time [min:ss] | Description

-2:00 Measurements start

-1:00 Video cameratarted

0:00 Ignition of wood crib in right hand cornérl00 mm from wall

0:18 Flame at same height backrest of seat Silamesin wood crib
crawl through the wood crib upwards and from the outside and
inwards to the side facing the back seat

1:13 Smoke in height with door opening

1:57 Flames at the same height as lowest thermocouple in the corn

2:15 No sign of ignitedn seat S1

2:58 Flame reach ceiling corner

3:11 Ignition of wall board on the long side wall

4:00 Ignition of backresbf the seaB1, smoke gets blacker and thicke

4:32 Flames starts tdisappeaito the smoke layer, the smoke is still
relativelywhite

5:26 Flames burns through the corierard starts to spread sideways

5:38 At least half of thébackrest obeatSlis fully involved in flames,
seat burns under wood crib

6:33 ¥ of the backregseat S1purns

6:55 The entirebackrest (seat Sburns, smoke gets dark

7:29 The wood cribs burns intensively

8:29 Fire starts to decay

11:50 Only glowing debris left

23:00 Extinguishment of debris

28:00 Measurements spped

Comments

The fire never reaches a fully developed stage. Parts of the bea, tive firevas
started, and the HPL boards are consumed by the fire.




47

Test 2

Test conditions

Ignition source Two (2) wood cribs (34849, 3705 ¢, 100 mm
between wall and first wood crib, 100 mm between
the wood cribs

Luggage adire load No

Wood crib as fire load | No

Hall temperature [°C] | 225

Air flow in hall [m *h] | 80 000

Test protocol

Time[min:ss] | Description

-2:00 Measurements start

-1:00 Video camerastarted

0:00 Ignition of both wood cribsimultaneously

0:50 Smoke coming out of the house, and up into the hood

2:14 Flames reach up to lowest thermocouple in corner

2:45 Flames up to half the height of th°L board

3:10 No ignition of seat ppanel observed

3:20 Half of the wood cribs are burning, from outside towards inside
the wood crib

3:33 Ignition of theHPL boardson the long side first then to short sid
slightly later

3:45 Backrest (seat SkYarsto char, pyrolysis

3:55 Ignition of back rest (seat S1)

3:58 Flames up to ceiling, half of tHdéPL boardis involved in flames

4:26 Entireback rest (seat Si9 burning, also horizontal seat under
wood cribs

4:42 Pyrolysis of opposite sefgeat S3pbserved for the first time

5:00 Pieces of HPL boarstarts to fall from ceiling on seats

5:13 Heavy pyrolysis from opposite sgaeat S3)seem to be close to
ignition, pieces oHPL boardfall from theceiling

5:27 Still on the edge to ignite, opposite séaat S3)

5:55 Pyrolysis in entire opposite sdaeat S3)ignition close but it has
not yetignited

6:30 Still heavy pyrolysis

6:43 Good flow in thehood, all smoke collected

7:53 Still heavy pyrolysis but no ignitiorthared closest to fire

23:00 Extinguishment of debris

28:00 Measurementstopped

Comments

The fire never reaches a fully developed stage. Big parts of thE sesspecially
backrest, and HPhoards above ignition source are consumed by the fireh&&@ot
spread to floor ootherseas.
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Test conditions
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Ignition source

Two (2) wood cribs (%79 g, 38013), 100 mm
between wall and first wood crib, 100 mm between
the wood cribs

Luggage adire load No

Wood crib as fire load | Two (2) wood cribs placed on flooin front of the

ignition source (3763y, 3826g), 100 mm between
wall and first wood crib, 100 mm betweerthe wood
cribs

Hall temperature [°C] | 21.3

Air flow in hall [m*h] | 80 000

il

|
w | (w)

Opening

Test protocol

| Door |

Time [min:ss]

Description

-2:00

Measurements start

-1:00 Video camerastarted

0:00 Ignition both wood cribs simultaneously

1:07 Left wood cribs burn slightly faster in the beginning

1:30 Smoke leaking undetoor, 10 cm thick under the door level

2:31 Flames under first thermocouple, fire development seams sl(

3:03 Flame height half thelPL boardsheight above seat

3:28 Both wood cribs burn intensively

3:43 TheHPL boarddggnites on the longs side

4:05 Backrest of seat $hared

4:15 Backrestignite

4:21 Flames in ceilingentireHPL boardis burning

4:43 Pyrolysis of the opposite sg&@3) starts

5:00 Seat SEndHPL board ardully involved in flames

5:22 Wood cribs on floor starts foyrolyze

5:50 Wood cribs on floor ignite

6:00 Opposite seat (S8 burning, probably piloted ignition from
' materialfrom the ceiling

6:25 Wood crib on floor burns at the top

6:52 Backreston seat(S3) burns

7:04 Pieces of HPL boarfalls from ceiling

7:40 Notice that bacdlestof opposite sedS3)is extinguished,




49

pyrolysis heavily, wood cribs become more and more involve
flames
8:37 SeatS3is burning at the edge towards wood cribs on floor
_ Burning heavily on floor, but has not spread to lefes7585
10:45 .
cmthick smoke layer
11:59 Fire intensity increase
13:00 Pyrolysis of the seé2 smoke layer 85 cm thick
, Still pyrolysis from the sed52)on left side no ignition, fire
15:21
starts tadecreases
32:00 Small fire is ignited again ithe opposite se¢63), butdecreases
' again
38:00 Extinguishment of debris
43:00 Measurementstopped
Comments:

The fire never reaches a fully developed stage. Most of the beet the fire was started

and parts of the backrest on the oppositeisaatnsumed by the fire. Most of the HPL

boards are also consumed by the fire. Pyrolysis have started on the seats on the opposite
side of the centerlinedges towards the fire have chard.

Test4

Test conditions

Ignition source Two (2) wood cribs,100 mm between wall and first

wood crib, 100 mm betweerthe wood cribs

Luggage adire load Yes, see details in table below

Wood crib as fire load | Two (2) wood cribs placed orfloor in front of the
ignition source, 100 mm between wall and first wood
crib, 100 mm betweerthe wood cribs.

Hall temperature [°C] | 23.3

Air flow in hall [m %h] | 100 000

Luggage

Nr. | Type of bag Weight (g) Placement
1 Cabin bag 10430 Floor

2 Back pack 2572 Seat

3 Back pack 3200 Seat

W Wood crib 3635,3736 Seat

W Wood crib 3888,3707 Floor
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Opening

| Door }

Test protocol

Time [min:ss]

Description

-2:00

Measurements start

-1:00 Video camera started

0:00 Ignition of both wood cribs simultaneously

0:33 Right hand wood crib burns better

1:02 Bothwood cribs burns welsmoke at door opening

2:08 Flames at position of lowest thermocouple

3:00 Flames about half thdPL board height

3:19 HPL boardgnites on long side

3:37 Backrest on seat S@nites

3:48 Entire backestburns black smokebserved

4:00 Flamesreaches theeiling

4:23 Pyrolysis of rucksack nr 1

4:25 The entireseat (S1purns

4:56 CeilingHPL boardshanging lose and burning, heavy burning
form HPL boards both on walls and ceiling

5:07 Rucksack nr 1 ignites

5:10 HPL boards falls from ceiling on seat and floor

5:23 Big parts of the HPL boards falls from ceiling on seat and flog

5:33 Fire burns on seat S3

5:40 Pyrolysis of cabin bag (bag 1); smoke gets thicker

6:16 Smell burning plastics, both rucksack nr 1 ardt S3 is burning
intensively

7:02 Rucksack nr 2 starts to pyrolyze

7:20 Much pyrolysis in the cabin bag

8:30 Burns heavily on floor between seats

9:39 Cabin bag falls toward opposite seat on the right; smoke laye
cm

9:53 Cabin bag burns on thilmor, fire spread

10:52 Fire spread on floor, seat on left site on the way to ignite

11:52 Fire spread on floor, inflow of air enhance the fire spread

12:42 Fire spread rapidly on floor

13:11 Seat on left site burns heavily, fire spread rapidly

14:00 flashover

14:12 Extinguishment

Measurements stopped
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Comments

A flashover occurs after about 14 min but the fire is extinguished before the fully develop
stage. All of the HPIboards and most of the sedtaxe the fire startedlereburnt.
Oppositeseat(S3)is heavily burnt, sea($2 and S4ppposite theenerline are charred

and heavy burning have taken place. S€385-S8) closer tahe opening are charred but

fire was extinguished before these se#dstedto burn. All bags except no. 2 are

completely consumed by the fire.

TestS

Test conditions

Ignition source One (1) liter of petrol and four (4) fire lighters
Luggage adire load Yes, see details in table below

Wood crib as fire load | No

Hall temperature [°C] | 21.3

Air flow in hall [m *h] | 100 000

Luggage

Nr. | Type of bag Weight (g) | Placement

1. Backpack 5320 Seat
2. Backpack 6046 Floor
3. Truck 3693 Seat
4. Backpack 5120 Floor
5. Cabin bag 10069 Floor
6. Backpack 2350 Seat
7. Backpack 4675 Seat
8. Sport bag 7832 Floor
9. Briefcase 3950 Seat
10. | Large cabin bag 12374 Floor
11. | Large cabin bag 25036 Floor
12. | Baby carriage - -

9 .
12

(-]
()

B

Opening

Door
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Test protocol

Time [min:ss] | Description

-2:00 Measurements start

-1:00 Video camera started

0:00 Ignition of petrol

1:46 Bags 1-4 areon fire

2:30 HPL boardnearthe ignition source ignites

2:35 Some smoke at the side of the hood

3:42 Smoke from cabifag(bag 5)

3:46 Seat(S3)is burning

4:29 Fire on the floor

5:36 Decreased fire in the seat were the fire was ignited

5:55 Flames only from opposite s€&3)and floor

7:55 Decreased fire in opposite s¢&B)and on the floor

9:00 Cabin bagbag 5)moved into the flames on the floor

9:45 Pyrolysis from the cabin bag

12:05 Cabin bagbag 5)ignited

11:09 Half of thecabin bagbag 5)in flames

12:48 The hole cabin bafbag 5)in flames and pyrolysis from the seg
S2 and S4.

13:47 Some fire on the floorboards surrounding the cabin(bag 5)

14:14 Heavy pyrolysis from the se&2 and S4

14:26 Some fire infloorboards

14:55 Flame spread on the floor towards the $ht

15:32 Some flames from the se&?

16:34 Fire in the floorboards

17:00 Decreased flames in the cabin ifhagg 5)and on the floorboard

18:54 No fire spread

25:00 Fire extinct
Measurementstopped

Comments

Fire never reached a fully developed stage. The btRitdshave noburnt and are still
mounted to wall and ceiling after extinguishment. The sbatethe fire started is
heavily burnt. Bag no. 1, 2, 3, 4 anavBrecompletely consumed by the fire.
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Test6

Test conditions

Ignition source One (1) liter of petrol and four (4) fire lighters
Luggage adire load Yes, see details in table below

Wood crib as fire load | No

Hall temperature [°C] | 20.8

Air flow in hall [m %h] | 100 000

Luggage
Nr. Type of bag Weight (g) Placement
1. Backpack 8520 Seat
2 Large cabin bag 25036 Floor
3 Truck 3900 Seat
4, Sport bag 9414 Floor
5. Cabin bag 19920 Floor
6 Cabin bag 12374 Floor
7 Sport bag 4000 Seat
8. Backpack 2350 Seat
0. Cabin bag 15998 Floor
10. Backpack 4675 Seat
11. Backpack 24400 Seat
12. Truck bag 9210 Floor
13. Briefcase 3950 Seat
14. Sport bag 8700 Seat
15. Sport bag 7832 Floor
16. Briefcase 2790 Seat
17. Sportbag 12850 Floor
18. Backpack 4960 Floor
19. Large cabin bag 22800 Floor
20. Large cabin bag 14800
21. Baby carriage - -
[ 2] ()]
11 —
12
Opening

10

3]
4
—
. 7
—

15
14

Door
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Test protocol

Time [min:ss] | Description

-2:00 Measurements start

-1:00 Video camera started

0:00 Ignition of petrol

0:28 Bag 1 and the panel on the losige ignites

0:45 Entire corner seat burns

0:55 HPL boardson the long side is cracking

1:08 Bag 9 falls towards the fire

1:13 Burning small pieces of the ceiling panel falls down on seat;
and floor

1:23 A big piece of the ceiling panel falls and spreads the fise&d
(S4). Still small flames in this seat

1:30 Entire corner is in flames

1:40 Slow flame spread along the floor

1:54 Increasing fire irseat S4

2:00 The fire intensifies, smoke gdtsicker, lowering smoke layer.
Pyrolysis from floor outside of the direct fire

2:08 Powerful pyrolysis from floor outside of the direct fire

2:13 Flashover

2:18 Baby carriage igniteandseat S8gnites

2:35 Total flashover

3:20 Seats S9 and Signites

7:20 Fire spreads through the ceiling, Extinguishment
Measurementstopped

Comments

A flashoveroccuredafter about 2 min and the fireache a fully developed stagd@he
fire wasextinguished when the fire spread through the ceiling.
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Appendix CT Flame spread

Flame spread in the train carriage has been estimated based on visual observations during
the test and from the films from the tests. The flame spread is visualizegline27 to

Figure32 The presented flame spread is a simplification and is not as regular in reality as
it appears in the figureShe purposef the figuress to see trenslin the flame spread.

The time depetent flame spread is visualized with red lines in a snapshot of the train
carriageand the transparegellow rectangular represetite total area that was burnt
during the testEachredline is connected to both the vertical and horizontal time axel
creating a rectangular within the train carriage. idwande represent the flame spread

at a certain timand the vertical and horizontal spread time can be read from each time
axel.Figures without a time axel means thihaere haveen very limited or no flame

spread from the vicinity of the ignition sourdering theentiretest If the time on the

time axels are shorter than the tasie, this means that the flames never spread further
during the test.

The flame spread estimations have been made based on observations from the opening.
This means that flames closer to the opening could hids fgptter into the carriage that

is notburning as well as seatould hide spatwhere it is bmning. This is an uncertainty

in the estimations.

Ignitipn

Ak S3 S5 S7 S9

S2 sS4 S6 S8 S10

Door

Figure 27. Total flame spread in test 1

Ignitipn

Sl s3 S5 s7 59

S2 sS4 S6 S8 S10

Door

Figure 28. Total flame spread in test 2
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5:00 6:00 7:00
Tid [min:ss]
Ignitiéon
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Door
Figure 29. Time dependent flame spread in test.3
4:00 6:00—13:30 14:00 14:05 14:07
Time [min:ss]
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Si S3 S5 S7 S9
4:00
6:00
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10:00
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s2 s4 6 s8 510
13:30
Door
14:00—14:07
Time[min:ss]
Figure 30. Time dependent flame spread in test.4
1:00 2:00—15:00 . —
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Figure 31 Time dependent flamespread in test 5
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Figure 32. Time dependent flamespread in test 6
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Appendix DT Photos from tests

Test 1




