LUND UNIVERSITY

Fire behaviour of beds and upholstered furniture - an experimental study (Second test
series) Part 1

Andersson, Berit

1985

Link to publication

Citation for published version (APA):

Andersson, B. (1985). Fire behaviour of beds and upholstered furniture - an experimental study (Second test
series) Part 1. (LUTVDG/TVBB--3023--SE; Vol. 3023). Division of Building Fire Safety and Technology, Lund
Institute of Technology.

Total number of authors:
1

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

« You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://portal.research.lu.se/en/publications/b7436671-3758-4639-b02c-84f67ab2dfb7

Gl
e
o in e

S
o e
.

el

-
R
. -
cLn e
. .
i Gl
- -
S
e

e
.
-

s SR
-
i

e en
-

S
By

e

@w‘;;_:»ﬁw

e
iy

e
i -
-
; e
L 0 -
SRR ¥ i .
i e 2 - S e
- e e e -
s e St i % e
e e
tonainy
e
e
e

e
- o
- o .
. - ]
. ; e |
o =
7 S %
. ; . - T
S - -
- S o
L G Lo Lo
o r =
S i
-
o

=
r

e - et
S S
e

i
S
SR
e
e
Lo e
Sine
S

-
o
o

e

e

S
e
e
B
i

e e

o
it
i
e

Ao
s
o
.

s
o
el
i p
s SR
e

e o

- = -

= o ey e

o el e

- e, i o : e G

e oy bl L] S

- PegEetaw ST s e _ o

e = 4:3@%2-»% - - 2 o - ‘M&%ﬁt

T oo P
S ; o

e
e
e

-

o
el

e

. o e
- ’ ; 7 i co e
A 2 ] Saenn =
- _ . - .
. .
o

T

.-
. i
= ""‘% G o .

-
.a,ymn .M”
.
- -
- o -
‘/w%ww .

& = e
S ... - . -

e






CONTENTS

ABSTRACT

1. INTRODUCT ION

2. TEST CONFIGURATION AND INSTRUMENTATION

2.1 Test Compartment

2.2 Insirumentation

2.2.1 Temperature

2.2.2 Heat Flux

2.2.3 Burniag Rate

2.2.4 Rate of Heat Release

2.2.58 Smoke Production

2.2.6 Gas Analysis

2.3 lgnition Source

3. TEST SPECIMENS

3.1 Furniture Construction

3.2 Component Materials

4. TEST PROGRAMME

§.1 Well-Ventilated Room Testis

4.2 Room Test with Restricted Ventilation

4.3 Tests Conductied Outside the Room in "Open Con-
figuration”

5. TEST RESULTS

5.1 Temperatures

5.1.1 Mattresses and Beds

5.1.2 Sofas

5.1.3 Chairs

5.2 Heat Flux and Irradiance

5.3 Mass Burning Rates

5.4 Rale of Heat Release

5.0 Spread of Flame

— WD AND D DD O O

10

11

11

12

13

i3
15
16
i9
20
21
2¢

29



L% e I O CF
-3 -3 O O O
— [

6.2

REFERENC

APPENDIX

Smeke Production

Calculalion of Smoke Production
Results

Combustion Products

Calculations of Produced Amounts of Combustion
Products

SIMPLE THEORETICAL ANALYSIS

Theoretica! Assumption of Temperesture in a Room
Fire

Flashover Criteria

ES

Page
30
30
31

33
34

38

38

42



ABSTRACT

A& series of twelve fuli scaie experiments with upholstered furnmi-
ture and beds has been carried ocut. Ten experimenis were performed
inside an extensively equipped compartment with a door opening. In
order to study the influence of the room on the fire deveiopment
{wo experimenis were carried oui in the open outside the compart-~
msent. Ooe experiment iz the room was made with restricied venlila-
Ltion simulating a2 room with only @ small window open. During the
experiments measurements were made of temperatures, heat fluxes,
rate of heat release and smoke production. The concentrations of
oxygen, carbonmonoxide, carbondioxide and nitrogen oxides in Lhe
combustion gases were also measured.

Results from one experiment, 2 sofs with filling of standard
polyurethane and cover of 100% acrylic fibres is presented in
detail. From the rest of the experiments the temperature-tiime
curves and the rate of heat release curves are given. The {lame
spread rates for the tests with mattresses and beds, determined
from videofilms of the tests, are presenied. Corclusions thal can
be drawn from the results are 1hai lhe covering material of the
furniture plays an important role in the deveiopment of a fire. I1
is possible to produce upholstery materials that are difficult to
ignite even with very powerful ignition sources. The room has 2
measureable influence on the fire development when the release of
energy exceeds 1 MW,

An atlemp! is made to compare simple theoretical models for room
fires with experimental resuvits. A correlation equation hased on
regression analysis by J. Quintiere for assumplion of the tempera-
ture in the hot upper layer in the room is applied to the experi-
menis and gives good agreement with the experimental resulls. A
number of models for determining flashover are also uvtilized and
the resuils are in consislency with the experience galhered durijng
the series of experimepts. The calculations presented ig this
reporl were all carried ocut without help from computers. A more
comprehensive theoretical analysis will follow in part 2 of the
report,






1. INTRODUCT 1ON

Upholstered furniture are freguently involved in fires in domestic
and ipstitetione!l buildings. Often the first or second item to
ignite is & piece of uphelistered furniture. It is consequentiy
jmportant Lo be able to predict the behaviour of upholstered fur-
niture in a room or comparlment fire.

The series of 12 full scale experimentis reporied here, comprises
iests wilh mettresses, beds, sofes and chairs, and is a continua—
tionw of the work presented in /1, 2/. A method of testing furni-
ture itees in & room is now well established. This type of lesting
provides important basic dala for stiudies of fire growth in com—
pariments and for mathematical modelling of fire developeent. It
is also a useful instrument for ranking commercial products.

Sweden has so far no legislatlive demands on furoiture soid neither
for vse in domeslic areas nor in public or imgstitutional environ—
ments. For 2 couple of years discussions have been going on
between the auwthorities, the Natiomal Board for Consumer Policies,
and the industries concerned, to produce guidelines regarding the
ignitability of upholstered furniture for domeslic purposes. A
proposal for guide)ipes has been presented to the Miaistry of
Housing and they are now considering the ecomomic censequences of
ihe guidelines. As regards public environments some sort of regu-
iation can be anticipated in the future, the time aspect is how-—
ever difficult to predict.

The results from the study presented here can be a tool in
deciding what steps should be taken in improving lhe fire safely
for people inside buildings as concerns fires invelviagg up-—
holstered furniture.

2. TEST CONFIGURATION AND INSTRUMENTATION

The experiments were performed with full size furniture inside a
spal)l compariment, but stili of full scale dimensions. The test
room was extensively equipped with instruments for collecling
physical and chemical data (c¢f. figure 1).

Work is going on within IS0 to standardize this type of room lest,
A proposal fer standard has been published by the Swedish Nationmal
Testing lostitute in Boras /3/. In USA ASTM has published a simi-
lar proposa}l for standard /4/. This indicates lhat at leasti within
a coupie of years we will have a standardized room fire test. This
ought to facilitate comparisons between tests performed al diffe-
renl laborastlories and in different couniries.
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Figure 1 Test configuration for full scaie room tests

2.1 Test Comparliment

The experiments 1-10 were conducted in a room with the internzl
dimensions of 2.4 m x 3.6 m and a height of 2.4 m. The room has an
opening, in the middle of one of the short sides, with a width of
0.8 m and 2 height of 2.0 m. The surrounding construclions are
made of lightweight concrete with a thickness of 0.15 m.

2.2 lnstrumentation

The test compartment was instrumented for measurement of lempera-
ture, heat {lux. méss burning rate, rate of heat release, smoke
production, mass flow of hot gases out of the room and for ama-
lysis of the combustion products.

2.2.1 Temperature

Gas temperatures were measured with thermocouples of Chromel
Alume| with a diemeter of 0.25 mm. Surfece temperatures were
measured with thermocouples welded to thin copper discs.

Temperatures were measured in the upper pari of the doorway, along
a vertical profile im the room. aon lbe floor, in the duct and ovl-
side the room (ambient temperature). The positions of the thermo-

couples are given in figares 2—-4 {channels 1-9).



Wi i7477
~ 1930 1381
- 1785 14 @2
L 1570 5
- 1315 15®3
— 1000 10
- 670 6
L 170 1
- 0 Y b i
11-3) esethermocouple
113-15) O bidirectional probe
(16} O heat flux meter
Figure 2 Positions of Figure 3 Pesitions of
instruments in lhe doorway thermocouplies along a verli-
(distances in mm} cal profile inside the room.

the location of the vertical
profile is given in figure 4
(distances in mm)
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Figure 4 PFositions of instrumentis on the floor
¥ represents the Jocation of the vertical
profiie wilh thermocouples {(distances in mm)

2.2.2 Heat Flux

During the tests measurements were made of total heat flux (con-
veciion and radiztion) and of pure radiation. The total heat flux
was measured wilh a Gardon—type instrument called Medtherm heat
fiux meter. The radiation was measured with the Medtherm hest fiux
meler equipped with & sapphire window.

Total heat flux measurements were made in the centre of the
ceiling. in one of lhe side walls and in 1he doorway looking into
the room. Radiation was measured in Lhe cenlre of the {loor,

The actual positions of the meters are given in figure 2., 4 and 5
{(chanpeis 10-12).
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[ heat flux meter (12) 1800

Fignre o Position of heat flux meter in the side wall
(distances in mm)

2.2.3 Burping Rate

The tested specimen was placed o1 a weighing platform using three
loadceils under the floor of the tes! compartment. The accuracy of
the weighing equipment is estimated to 20-50 g.

2.2.4 Kalte of Heat Release

All smoke and combustion gases emerging from the lest compartment
are collected in a hood just outside the room. The hood is, via an

exhaust duct connected with the ordinary evacnation system, Tigure
1.

The rate of heat release (RHR) was determiaed by the technigue of
measuring oxygen consumpiion. The oxygen concentration is measured
in the exhaust duct by a paramagnetic analyser with an accuracy of
0.1 vol% oxygen. The mass flow is determined by a pitot tube of
the type bi—directional probe /5/ and a thermocownple in the ceptre
of the exhaust duct at a dislance from the hood where the velecity
profiile is ensured to be fully developed. Guide vanes are in-—
stalied in Lhe exhauwst duct to obtainm a fully developed velocity
profile at a rather short distance from the hood and bafflies are
mounted inside the hood to ensure good mixisg of the fire gases.

2.2.5 Smoke Production

The optical densily of the smoke was determined by measuring the
absorbtivity of the combustion gases in the duct, by a sysiem con-
sisting of a Jamp, 3 lens systiem, an aperlure and a photocell as
in figure 6.

The lamp is a tungsten halogen lamp working at a colour tempera-—
ture of 2900 z100 K {(Osram halo stars: 64410: 6V, 10Ww). The
photocet| has a spectral sensitivity according to the CIE photopic
curve (Lnited Detector Technology; PIN 180 AP).
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Lamp -
Lens 4 Photocell

Aperture

Lens 2

Smoke

Figure 6 Measuring syslem for determination of smoke absorbtivity

2.2.6 (Gas Analysis

The fire gases were continuously analysed for content of carbon-—
monoxide {CO), carbondioxide (CO,), nilrogen oxides (NO, ),
hydrocarbons (CH,) and oxygen (0,). The gas samples are taken

in the exhaust duct as shown in figure 1.

The CO and CO, were analysed with an IR analyser from Infrared
Industries (lR702), the NO, with 2 cheriluminescence instrument
(Beckman 952), the CH, with an IR instrument (Scotl Emission
Anaiyzer) and the O, with a paramagnetic analyser (Siemens
Oxymat 2}.

The fire gases were filtered to remove the seot particles and
chilted by pessing a cooler, immersed i1 an ice—waler mixture

before analysis.

2.3 lgnition Sources

Two flaming ignition sources were used in lhe experiments.

The beds and matiresses were ignited by a 40 g wooden crib {(figure
7y, copsiructed according to NT Fire 007 /6/. The c¢rib was posi-
tioned 0.5 m from the head end of the bed along the centre-line.

In the experiments with sefas and chairs a liguid fuel burner with
0.1 1 heplane was used. The heplane is poured onto a2 botilom layer
of water. The burmer is a square formed trough with a 0.18 » side.
With the given amount of fuel, the burner has an output of about
20 k& for 2.5-3 minutes. The burper is positioned in front of the
sofa at the ieft side when lcoking in at the sofa through the
doorway.

The crib was chosen zs ignition souwrce for the experiments with
mattresses and beds &s it has previously been used in a large num-
ber of tesls with beds and mattresses in redeced scale and in
those tests preved 1o give reproducible ignition.
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Figure 7 The 40 g wooden crib, according to NT Fire 007, used as
ignitios source for beds and matiresses., I{ is con—
structed of 8 pieces of pine wood, 10 x 10 mm* and 100
mo Jong. The pieces are put together as shown in Llhe
figure /6/

3. TEST SPECIMENS

Experimenls were performed with sofas, chairs, maliresses and
beds. To get reproducible fire sceparios and clearly defined and
measureable reactions to variations in the main parameter, i.e.
materia] selection, the test furniture was full-scale mock—up
models. The test specimens were made from materials commonly wsed
in furnishkings. All material, but the bedding. was purchased
directly from the producer. The bedding was bought from an ordina-
ry shop.

The tested piece of furniture was piaced at the far end of the
room, 0.64 m from the wall opposite the door, see figure 1.

3.1 Furniture Copstruction

Sofa
The sofas were full-scale mock—up modeis of a sofa for three
persons designed with iocose cushions cn a sieel frame, figure 8.
The seat cushion was 0.65 x 1.8 x 0.12 &' and Lhe back cushion
0.42 x 1.8 x 0.12 w*. The seat was 0.3 m from the floor at the
front and 0.24 m at the back.

The chairs were full-size mock~up models made from particle bhoard
with loose cushions at the seat and back. The design is the same
as for the sofa, see figure 8. The particle board was covered with
aluminium foil to delay the ignition ef the base construction. The
seat cushion was G.65 x 0.55 x 0.12 rp* 2nd the back cushion was
0.42 x 0.55 x 0.12 B*. The seat was 0.3 m from Lhe floor &t the
front and 0.24 m at the back.
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Figure 8 Design and dimensions of the full scale wock—up sofa
{length 1.8 m) and chair (width 0.35 m) (dimensions in
nm)

Bed
The bedbase consisted of a metal frame with an interior of metal
springs. The bedbase had the dimensions 0.9 x 1.9 m* and the
height above the floor was 0.3 m. The tested maliresses had the
size 0.9 x 2.0 x 0.1 &°.

3.2 Component Malerials

The component materials were commoniy avaiiable materials intended
for domestit purposes. One maltress was however made of {lame
retardant treaied pelywrethane with a flame retardant lreated
colton cover. This mattress is mainly inlended for use in instjtu-
tional sreas. The compoment materials are described in tables 1-3.

Table 1: Materia] for matlresses

Filling materials
1. Standard polyurethane (T 3545 G). density = 35 kg/m’
2. Fiame retardant treated high

resilient polyurethane (HR 357, density = 35 kg/n’
Cover malerials
1. Cotton (100%>. weight = 135 g/m"

2. Flame retardant treated cotlon. weight = 260 g/mf
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Table 2. Material for bedding

Skeet: Cotton (100%) weight = 180 g/n?
GQuilt: Filling: poliyesterfibre,. weight = 200 g/n’
Cover: viscose, weight = 110 g/n?

Tahle 3: Materials for sofas and chairs

Filling materjals
1. Standard polyurethane (T 3065 G)., density = 30 kg/m’
Z. Flame retardant treated

polyurethane (T 3540 DG). density = 35 kg/m®
Cover materials
1. Acrylic (100%), weight = 300 g/m?
2. Wool-viscose (61%-39%), weight = 340 g/n’
4. TEST PROGRAMME

Three types of lests were conducted wilhin this series of ilwelve
full scale experimenis. The lests are presenied in table 4.

Nine experiments were performed &s normal room—experiments wilh
the furniture items inside 2 weli~ventilated standardized test
compartment {(tests 1-9). To study the influence of the ventilation
one experiment was made wilh restricted ventilation (lest 10).
Full scale experiments with furniture have traditionally beep con-
ducted in & room as their normal use i8 in rooms of limited size.
To determine the influence of the room on the development of the
fire, two experimenls were conducted in the open outside lhe room
{tests 11 and 12).

4.1 Well-Veptilated Room Tests

A series of nine full scale experiments (tests I-9) were conducted
in a standardized well-iastrumented test comrpartment with one door
open to achieve good ventilalion. The series comprised Lwo experi-
menls wilh a bare mattress on a bed—-base, iwo experiments with a
made~up bed wilh sheets and guilt. {wo experiments with two chairs
and three experiments with sofas. The materials dare specified in
tabhles 1-3.



Table 4 Tests

Test Type of Initial lgnitien

No test weight sopurce
specimen {kg)

1 Mattress 6.0 Wood crib

Z Mattress 6.4 Wood crib -

ligquid fue)
berner

3 Made—up 8.4 Wood crib
bed

4 Made-up 8.8 Wood crib
bed

5 Sofa 8.2 Ligoid fuel

burner

6 Sofs 8.¢ Liguid fuel

burner

7 Sofa 8.3 Liguid fuel

burner

8 Two chairs 5.1 Ligquid fuel
(distance burner
0.3 m)

9 Two chairs 5.1 Liguid fuel
(distance burner
0.15 m)

18 Sofa (re- 8.2 Liguid fuel
stricted berner
ventila-
tian)

11 Mallress 6.0 wood crib
(open con-
figuratlion)

| Sofa 8.2 Liquid fuel
(open con- burner
figuration)
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Fiilirpg
materiai

Cover
material

Standard poly-
urethane

Flame retardant
ireated high re-
silient poly—
urethane

Standard poly-
urethane

Flame retardant
treated high re~
silient poly—
srelhane

Standard poly-
urethane

Flame retardani
treated poly-
urethane

Standard poly-
yrethane

Standard
urethane

poly-

Standard
urelhane

poliy-

Standard
urelhane

poly-

Standard
vrethane

poly~-

Standard
urethane

Flame retardant
treated cotten

Cotton (and
sheel and
quilt)

Flame relardant
treated cottlon
(and sheet and
quilt)

Acrylic

Acrylic

Wooi-viscose

Acrylic
Acrylic
Acrylic
Cotton

Acrylic

For material

specificalions see labies 1-3



4.2 Room Tesi with Restricted Ventilatiaon

One room experiment (test 30) was conduected with restricted venti-
tation. This was achieved by shuttiirg off{ the i{ower halfl of the
door with a non—combustible board:. the open upper half simulating
an open window. The experiment was performed with a sofa similar
to the sofa in the experiments & and 12. The iotestion with this
test was Lo study whalt influence the change in ventilation has on
the development of the fire and on the composition of the com—
bustion products.

4.3 Tests Conducted QOutside the Room in "Open Configuration”

Two tests were conducted on & weighing platform urder the hood
pitside the room (tests 11 and 12). This enables totally free flow
of air from three sides and approximatlely free flow of air from
the fourth side. One of the experiments, test 12, was made with a
similar sefa as in tesls 5 and 10, and the other experimentl, test
11, with a similar matlress as in test 1.

The two experiments in open configuratiaon give an indication of
how the room infiuences the fire and how intense the fire can get
before the influence from the room becomes signtficant.

5. TEST RESCULTS

Doring the series of experimenls a large amount of data was gene~
rated and collected. All datz cannct be reported butl examples of
all kinds of coilecied data will be given. This is achieved by
reporting 21! data from test o and selected data from the rest of
the experiments. Visual observations from the experimenls dare
reporied in appendix. During the experiments measurements were
made of temperature. heal flux., mass burping rate. rate of heal
release. smoke produclion and mass f{low of hot gases oul cf the
room. An analysis of the combustion products was aiso made.

5.1 Temperatures

Temperatiures were measured on nine localions inside ibe lest com—
pariment. How the temperazlures were measured and where is reported
in section 2.2.1 and in the figures 2-4.

5.1.1 Maltresses #nd Beos

ln figure 9 the lemperature-time curves are givep for tlests 1, 3
and 4. Test 1 is a bare mattress on a bed-base and lest 3 is a
similar mattress wilh bedding (sheets and guilt). The addition of
bedding increascs the lemperalure in lhe spper parl of Lhe room by
approximately 100-C and shortens the duration of tke experiment

by four minutles.



i

Temperature (°C}

T -
40 Time(min)

Figure 9 The temperature in the hot upper layer as a function of
time for the tests: I {standard mattress), 3 (bed, stan—
dard materisis) ard 4 (bed, flame retardanl tireated
maieriazls). For material specifications see tables 1-4.
The temperature was measured by thermocouple number 4
(see figure 3

test 1

~=—= fesl 3

—=— tesi 4

The temperaiure—time curve from test 2 Is nol presented as
sustained combustion never was achieved during the lest and hence
pever gave an increase in the room lemperalure.

In test 4 with flame retardant treated maliress and standard
bedding Lhe temperature in the wpper parl of lhe room is 50°C
for the first 20 minutes and then increases to 400°C during =
short period towards the end of the lest. {igure 9.

5.1.2 Sofas

The temperature measuremen!s in the tesls with sofas made of dif~
ferenl materials, see figure 10, show Lhal the choice of both fii-
{ing and covering material influences the lemperature level in the
room. The cover material gives by far the largest inflvence, tlhe
change in filling material gives a minor comslribution. The maximum
temperature in the upper part of the room is decreased by 100°C
ard the course of the fire is prolonged by 1.5 minutes, when the
filiing is changed from standard pelyurethane foam to a flame
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retardant treated guality. By changing the cover from acrylic to a
wool~viscose blend the {emperature was decreased by 350°C. The
resulls show that the lower part of the room is warmer for the
standard polyurethane filling and acrylic cover lhan with the
improved materials.

By improving the cover material the build—up period ef the fire is
exlended abowt tep miputes. The temperature on the floor is also
decreased, by approximateiy 200°C, when the cover material is
improved.

Io figure 10 the hot layer temperature is gives for test 10 with
restricted ventilation. Compared to the results from test 5 (nor-
mal ventilatien) it is fownnd that the peak temperature in lhe roon
is 200°C lower and of longer duration. The {ioor temperalure is
iowered 100°C.

Temperature {°C}

800

10 . 15 . “ 1;{; Tlme(m::

Figure 10 The temperaiure in the bhol upper layer as a function of
time for the lesis: 3 (sola. standard polyureliane wilh
acrylic cover). 6 {(sofa. {lame retardant treated poly~—
urelhane with acrylic cover). 7 (sofa. standard poly-
urethane with wool-viscose cover} and 10 (sofa.
restricted ventilation, standard poiyurethane with
acrylic cover). For material specifications see tables
1-4. The lemperature was measured by lhermocoupie num-
ber 4 (see figure 3)

—~- tesl 3 -~ lest 7
-+ lest 6 — test 10

The temperatores of the gases leaving the room zre given for lest
3 in Tigure 1. The curves show lemperature levels which are com-
parable 1o those inside lhe room. figure 11.



Temperature {(°{} i8

B . ' Time{min}

Figure 11 Temperature~time curves for lest 2 (sofa. standard
polyorethane with acryiic cover) showing lemperatures
inside 1he room alaong Lhe vertical profile presenled in

figure 3. For materiai speciflicatlions see labies 1—4.
Tae nembers of thne curves refer 1o the thermocoupies in
figaore 3

Temperature{®(]

806 —

700 -

4Gl

300

P00

é l Time {min}

%

Figure 12 Temperazture—time curves for test b (sofa. standard
poiyvorethane wilh agcryviic cover) showing lEmperzilLres
zlong the verticai profile in the doorway. The profile
is presented ip figere 2. For maierial specificetions
see tabies 1-4. The numbers of the corves refer lo tlhe
INETmOCCCERies in Tigure 3
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5.1.3 Chairs

In figare 13 the temperature—time curves are given for tests 8 and
9, wilh two chairs. In test 8 the distance belween the chairs was
0.3 m but this proved to be toc long to give ignitien of the
secopnd chair. Hence the curve in figure 13 gives the temperature
for one burning chair.

The dislance belween lhe chairs was shortened lo 0.15 ®m in test 9.

This gave ignition of the secosd chair approximately 3 min 40 s
after ignitioo of the first chair.

Temperature (°C)

A
500 -
400
300 —
200 9
|
$00 - j
|
I
i ! iL —
T T 1 T T T # T T T T - ——
f‘ 7 5 | 10 Time(min)
Ignition lgni hron fgnifion
chair1{testd) chairi{test 9 thoirZitest 9}

Figure 13 The temperature in the kot upper layer as a fwnctior of
time for the tesis: & {iwo chairs. distance 0.3 m.
standard polyurethase. acrylic cover) and 9 (lwo
chairs, distance 0.15 m. standard polyurethane., acrylic
cover), For matlerial speciflications see tables I-4. The
temperalure was measured by thermocouple number 4 (see
figure 3)

Unfortunately., the burner was not adequately placed in lest 9.
this giving a longer lime lo ignition of chair 1 thau in test 8.
The igniticn time is proionged by abowl 1 min 4G s. 1f this is
taken inte accounl @ comparison of the lemperatlure-tlime curves for
the two tesis show lLhal Lhe conlribution from the {irst burning
chair is ihe same in both lests and Lhai lhe second chair in-
creases Lhe peak temperature hy approximalely 100°C.
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5.2 Heat Flux apd lIrradiance

The heat flux curves from lest & are presented in figure 14. The
curves give the total heat flux to the ceiling. lo the upper part
of the side-wall and ouwt through the doorway. There is also one
curve for the irradiance to the floor.

Heat flux (kwW/m?)
i

200

Time (min)

Figure 14 Heat flux ( Y and irradiance {~——} as a fanction of
time foer lest o (sofwe. slanderd polyurelhane witlh
acrvelic cover). Far materiai specifications see tabies
14, Curve 1 = ceiiing. ¢ = weti. 3 = floor ang 4 =
= doorway. for exacl posilions see figures 2. 4 and 3

Test No Peak Irradiance
{kw/m’ )
1 3
Z - {no sustained combastion)
3 1}
4 19
o by
6 &0
7 13
8 5
Yy 13
ig 25

1i - (opern configuratlion)
¢ - (open configuration)

[N
[}
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The results from the other experiments show roughly the same rela-
tions between the different measurements. These results are not
fully reported here, oaiy the peak irradiances to Lhe floor are
presented in table 5. The peak irradiance to the floor is reported
because it can be used as an indication Lo whelher flashover has
occirred or nel. See paragraph 6.2.

5.3 Mass Burning Rales

The tested furniture was placed on 3 weighing platform and the
mass loss was registered continuously. A typical mass loss curve
is presented in figure 15. The mass loss curves can be used in two
ways. By assuming s value for the elfeclive heat of combustion,
AH..., the rate of hea! release (RHR) can be calculated as

RHR = » 4H. ., (1
RHR = rate of heat release (kW)
o = mass loss rate (Kg/s)

AH... = effective heat of combustion {kJ/kg)

Muass loss (kQ)

J

H i H i t T
0 H 2 3 4 5 6 7
Time {min;

Figure 132 The mass loss curve for testi 9 (sola. standard poly-
trethane with acryiic cover)

A major problem wilh this method is 1hal vaives for AH,..
for the combinations of materials used in upholstered furaiture
are 1ot weli known. This fact makes it more temptling to use the
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RHR~results from the oxygen depletion measurements for calculating
A, .. This has been dore and the results are presented in

table 6. Twe values are given for each combination of materials,
the average value for lhe experiment and the value arrived a! when
the KHR reaches i1s peak valne.

The values range from 18.4 MJI/kg 1o 26.7 MI/kg. With one excep~
tion, lest 7, the average values are lower than the value arrived
al near the maximum of RHR.

These experimentally determined values for heat of combusilion are
generajly higher than vaives found in the literzture for corre-
sponding materials.

Table 6: Experimentailly Determined Valves for F{ffective Heat of
Combustion

Test AH, . . M. ..
No near peak RHE average
Ml/kg MJ/ke
1 23.1 21.6
2 _ —
3 20.8 20,0
4 — —
5 24.8 21.6
6 24.2 22.9
7 21.7 26.7
8 22.4 21.8
g 23.4 20.5
10 22.2 20.3
11 22.0 19.9
12 23.3 18.4
5.4 Rate of Heal KReiease

The rate of heal release (RHR) was determined by using Llhe tech-
nigue of oxygen consumplicon. This techoigue is based en the fact
that the erergy reieased per unil oxygen consumed is close lo @
constant for complete combusiion of mosl fuels of interest in com-—
pariment fires. This coastanl is 13.1 MJ/kg oxsgen consumed or
17.2 M)/m® oxygen consumed atl 25°C. with an accuracy of 2% or
better /7/. The lechnigue reguires that 2il smoke and gases {rem
the test room are coliecied ip a hood and are exhausted via 2 duct
where 1he oxygen conceniration and the gas flow are measured.

The RHR can according tc Parker /8/ be calculated as:

RHR = \Ec(xo,ﬂror,)% ' (2)
RHR = rate of heal releazse (kW)
V. voiume {low of &ir and combuslion products Lhrough the
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duct &t 25°C and 1 atm (m*/s)
x‘0, = ambient oxyfen concentraiion (vol¥%)

x'a, = measured oxygen concentration in the duct (vol%¥)

E = gnergy released per unit oxygen consumed = 17.2 MI/w® {at
25°0)

o = gxpansion factor for ihke fraction of air that was depleted

of its oxygen = 1.1,

Ap atternative is to use the mass burning rates and known values
of heat of combustion to calculate the RHR, this method is de-
scribed in 5.3.

The resuits of the RHR-caiculations are presented in figures 16 to
26. The time difference between the curve calculated from mass
loss and the oxygeun comsumption curve is due to the time compstant
for the gas analysis sysiem. The time constant is approx. 30 s.
The vajues of 4H,.. presented in figures 16-26 were chosen

so thalt the curves calculeted from mass loss measurements gave
restlts in good agreement with the resultls from oxygen consumption
measurements.

In test 4 the oxygen measuring device failed and hence the ordina-
ry caiculations of RHR couid not be carried oul. Therefore oniy
the values based on mass berming raies are presented in figure 18.

RHR (kW)
)
300%
12
f
200 -
100-
5 \
b \l
0 ey T T T e ”""’;V' oy e
0 2 L 6 8 10 12 14 16 1B 20

Time {min)

Figure 16 RHR curves for test | {(matiress. standard polyureikane)
— calculated from measured oxygen consumplion
--— ralcuialed from measured mass loss wWilh
AH. .. = 27 MJ/kg
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Time (min)
Figure 17 BRHR curves for tesi 3 (hed.
bedding)

standard poisurethane and

calculated from measured oxygen consumplion
calculated from measured mass loss with
AH. .. = 20 MJi/kg

RHR {KW)
1000
800
600
400+ I8
oy
. ,I \Ii
Mt v
2001 ARV
f’ |l
. b x
non A \ ‘
"""""""""" i L - Time
0 1 T | | T ] , | - }
0 5 10 15 20 25 30 35 4o lmin

Figure i& RHR curves fer test 4 {bed. {lame retardant treated
high resilient polyurethane ard bedding)

-—~ calculealed from measured maess ioss wilh
AH. .. = 20 MJi/ke
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i
2000-

7
Time {min)

Figure 1% RHRK curves for tesi 0 (sofa. standard polyyrethane with

acrylic cover)

—— calculated from measured oxygen consumplion

-— calewlated from measured mass loss witlh
AH. .. = 24.6 Ml/keg

RHR (kW)
i

2000-

0 | T | i T T T a l T
5 B 7 8 9 10

Time (min)

Figure 20 RHR curves for test © (sofa. {lame retardanl lreated
poiyurethane witk acryiic cover)
calculates from measuvred oxygen consumplion
~—— ralculated from measured mass loss wilh
AH, .. = 24.6 MJ/kg
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Figure 21 RHR curves for test 7 (sofa, stazndard polyurethane with
wool-viscose cover)
—— calculated from measured oxygen consumption

~-— calcuialed from measuored mass loss with
AHsff = 24.6 MJ/kg

RHR (kW)
[}

500

400 ~

300 -

200 ~

100 -

Figure 22 RHR curves for test 8 (two chairs, standard poly—
srethazne with acrylic cover)
— tcalculated from measured oxygen consumption

-—— calculated from measured mass loss wilh
AHe .. = 22 MI/ ke



RHR (kW) 27
1000+
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4] 1 2
Figure 23 RHR curves for test § (two chairs, standard poly-
wrethane with acryiic cover)
—— calcuiated from measured oxygen comsumplion
——— calculated from measured mass loss with
M, ., = 22 MJ/kg
RHR {kW)
A
1000
500 —
0 I .
0 10
Time (min)
Figure 24 RHR curves for test 10 (sofa, standard polyurethane

with acrylic cover. restricled ventilation)
— calculated from measured oxygen consumption
w=— calculated from measured mass loss wilh

AH. ., = 24.6 MJ/kg
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Figure 25 RHR curves for test 11 (mattress, standard poly-
urethane, open configuration)
— vcalculated from measured oxygen consumption
-—— catculated from measured mass loss with
AH.,. = 22 MJ/kg
RHR (kW)
i
2000 4

Time {min)

RHR curves for test 12 {(sofa, stasdard polyerethane
with acrylic cover, open configuration)
—— calculated from measured oxygen consumplion
——— calculated from measured mass loss with

AH .. = 24.6 MI/ke
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5.5 Spread of Flawe

Rates for spread of flame over full scale upholstered furniture
are not easiiy found im the literature. ln /9/ Kresny and
Babrauskas present lwe types of flame spread data. The first is
based on burn through Limes for trip threads suspended over the
horizontal surfaces of the tested item. The secend approach is to
study videotapes taken during the tests. This was the same method
85 the one used in the experiments reported here.

To facilitete the estimation of the burning area, lines were drawn
100 mep apart onp ali matiresses and seat and back cushions of the
sofas and the chairs.

The flame spread rates for the bare matiresses, tests 1 and 11,
were easily determined. For the matiresses with bedding, tests 3
and 4, it was also possible to see the position of the fiame front
os Lhe videotape.

Flame spread rate 1073 {m/s)

=1
S S B,
g

5 -

5, -

G T T T T L S S T T S B T T T A
G 1 2 3 4 b 5 7 e q 1t 12 13 14 1%

Time (min)

Figure 27 Flame spread rates for tests 1, 3, 4 and 11
— test 1 o test 4
—— test 3 -¥~ lest 11

Estimating the flame spread rates for the sofas and chairs caused
problems. The fire spreads horizontally along the seat and verti—
cally up the back. The fiames and smoke {rom the burning seat
makes j1 difficult 1o study the fire spread at lhe back aftler Lhe
initial phase.



30

The flame spread rates for the mattresses and beds are presented
in figure 27. As can be seen the rate is fairly constlantl over a
long pericd of time for the bare matiress made of standard poly-
vrethane, tests 1 and 11. It is only wheo the matiress is nearly
consuEed that the rate increases rapidly. The matiresses with bed-
ding, the standard poiyurethasne, test 3, and the flame retardant
treated polyurethane matiress, lest 4, give the same initial flame
spread rates as the bare standard mattress. In test 3 the rate
increases rapidly after 4.5 min due to the fact that the guiit and
sheels have ignited and act as & large igniliorn source upon the
mattress, whick now burns fiercely. Is test 4 the sheets and quilt
burn but ignition of the matlress is never achieved. The rate pre-
sented in figure 27 is really the values for spread of flame over
the gquilt.

G.6 Smoke Production

Smoke generation is one of Lhe characleristics of uncontrolled
fires which represents a threat to life safely. The measurement of
smoke production is accordingly impertant during a full scaie
experiment. There are many different approaches lo estimating the
smoke prodaction /10, 11, 12/. One quaniily is however fundamental
in all these approaches and that is the transmission of light
through the smoke.

There hazve aiso been attempts by e.g. Babravskas and Quintiere
/10, 11/ to correlate resuits from bench—-scale tesis with resuits

from full scele room experiments.

The method used in this reporl was presented by Rasbash /12/.

5.6.1 Calculation of Smoke Production

The transmissior of light through the smoke is measured in the
exhaust duct as indicated in figure 1. From the values of trans-—
mission Lhe smokiness D, is derived as:

D = -%j log-lm-?:g (dB/m) (3

[. = pathlength of the transmitted light {(m)
T transmittance (%},

]

The valoe of D, varies throughout the experiment and as it is
influenced by the amount of air that flows through the duct it is
no true estimate of the smoke generation. To overcome this the
prodoct of D. snd the voleme flow V through the duct is taken as
the time—~dependent variable, D.,.

Dpow = DV (dB n*/s) (4)

.

V = volume flow.lhrough the duct at the lemperatiure measured in
the duct (m*/s).
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The total amount of swmoke, D,,., produced during an experi-
ment, from t = 0 to t, is alse of interest when judging lhe quali-
ties of a product. D,.. is given by the formula
t
Die:. = | D'V dt (dB m) (3)
0

5.6.2 Kesuils

The time curves for D,.,. and D,.. for the experiments are
given in figures 28-31.

For the slandard mattiress in experiments 1 and 1] the results
indicate that the same lotal amouni of smoke is produced when i{he
mattress is burned inside the room and outside. The production
rate is zlso the same. When the mattress is supplied wilh sheets
and quiit, test 3. D,,, is about! the same as for the bare
mattress but the smoke is produced faster and eariier.

The flame retardant treated matiress is tested with and without
bedding. 11 was difficult te establish & propagating fire in the
bare mattress — test 2 - and il just smounldered slowly most of the
time. During this smouidering period only small amounts of smoke
were produced at & low rate. Most of the bedding that was added in
test 4 Jjust burnt off{ and did not nave much effect on the
matiress. After 19.5 min the matiress cover was torn ODen, expo—
sing the underlying foam. The smoke prodwction increased sub~
stantialiy givisg 2 large D,... kithout this damage to the

cover lbe matlress would probably not have been more damaged witik
the beddizg than without.

20+

Figure 28 Smoke produection as a function of time for the lests
i-4 and Il (maltresses and beds)
—— tesl | -~ {esl 3 -x— test 11
~=— {lest 2 o test 4
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5000 4

Figure 29 Total smoke production as & furction of time for the
tesis 1-4 and 11 ( matiresses and beds)

— test 1 - test 4
——— test 2 -x— test 11
-~ tesl 3

100 -

50 -

g B c 5 26
Tirme {rmn;

Figure 30 Smoke production as a function of time for tests 5-10 and
12 (sofas and chairs)

——— lestl B -4 lest 9
— lest b test 10
-~ test 7 -x— lest 12
-o~ itesl 8



34

Carbormonoxide is a very dangerous ges &8s it is colourless, taste~
less and pearly odourjess. To sel a iimit for dangerous CO-concent-
ration {s difficultl because it is the comcentration of carboxyhemo-
globin (COHb) in the blood that is crucial to the well-being of the
exposed person, net & well specified concentraticn in the atmosphere.

A COHb concentration of 50¥% can cause unrcomsciousness. Lower per-
centages cause headache, dizziness and increase in breathing rate
and pulse. A concentration of §.15% is taken as the level where the
sympioms of poisoning becomes severe /13/.

Nitrogen dioxide, NO,, is an irritating and corrosive gas. A con—
centration of 8Y ppme gives bresthing probiems afler & few minutes
/13/ and is taken as a dengerous level. If the corcentrstion resches
250 ppe the atmosphere is lethai within a very short period of time.

5.7.1 Calculations of Produced Amounis of Combustion Products

The concentrations of the combustion products are measured as vol¥%
or ppm. To get an estimation of the produced amounls the production
rates (V.)> and the total volumes of produced gases (V,) are cal-
culated.

vV, = I (6)
100
t »
v, = [ Vv, dt (7)
¢
V., = amount of gas, i, produced per second (m*/s at 25°C,
1 atm)
V., = total amoun! of produced gas, i, (m* at 25°C, } atm)

V. = vyolume flow in the duct (m*/s at 25°C, 1 atm)
[i]= volume % of gas 1
t = time after ignition.

These calculations were performed for all experiments in Lhe series,
for the gases, CO, CO, and NO,. In figures 32-37 the vaiuves for

Veo s Vc02 and VNOX are given as time curves for the dif-
ferent experiments. From these curves, the time to dengerous con-
cenirations in & room of & specified voluwe, can be eslimated. In
the figures the amounts necessary to give dangerous concentiralions
in rooms with volumes 60, 100 and 200 m’ are indicated. The chosen
levels are those given in 5.7, 8% for CO,, 0.15% for CO and 80 ppm
for NO,.
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Dyt Eﬂ B m?}

15000~

10000+

T T T
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Time {min;

Figure 31 Tota! smoke production as a function of time for tests
5-10 and 12 (sofas and chairs)

—— test & -4~ test 9
e test 6 o test 10
-~ test 7 -x— test 12
-p— les! 8

Among the sofa experiments, figures 30 and 31, the sofa in test 6
with flame retardant treated polyurethane foam as filling, is out-
standing ss regards smoke production. The maximum value of D..,

is 13150 dB m* which is almost iwice the value for the sofa with
standard polyurethane (iest 5).

The experiments with chairs, tests 8 and 9, as could be expected
show that two chairs produce twice as much smoke &s one chair. The
later start for Lhe smoke production in test 9 is due to the posi-
tion of the ignition source which gave a delayed ignition of the
first chair.

5.7 Combustion Products

Gas analysis was performed continuously for gases known lo be
hazardous in a fire atmosphere, CO, CO, and NO,. The O,-con-
centralion was also measured, primarily lo give the rate of heat
reiease from the fire but also to give an indication of when the
Q; ~content is so jow that it becomes difficult to breath normally.

Carbondioxide is present in smal) amounis in mormal air (0.03 vel¥%)
and it is produced when al{ organic materialis burn. It is difficult
to set an absolute limit to when CO, becomes poiscpons, bet 2 study
by Kimmerle /13/ implies thet =z concentration of B¥% can be selected
as hazardous.
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Figure 34 Totel amount of MO, produced for tlests 1—-4 and 11i.
Dangerous levels for rooms with volumes of 60, 100 @nd
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6. SIMPLE THEORETICAL ANALYSIS

Atiempts were made to apply a simple model for theoretical assump~
tion of room temperatures to the presented experiments. A number of
frequentiy used filashover criteria were also examined. All these
approaches are simple and no computer programme was used. Simula-
tions of tesis 5 and 12 have however been made with the Harvard Com-
puter Fire Code Mark V /14/. The resuits were promising but some
improvemenl of the Harvard programme is needed to give full agree-
ment wilh the experimental data. The simulatioss are not presented
here but are published in a special repori /15/.

6.1 Theoretical Assumption of Temperature in a Room Fire

In/16/ Quintiere presents & method based on regression analysis for
predicting the temperature in the upper gas layer for 2 roem fire.
Necessary inputs are energy release rate, venl geomelry and material
properiies for the compariment lining materials.

The method is based on 2 zone model which assumes a uniform tempera—
ture in the upper gas region, a lower region at ambien! temperature
and the fire plume represented as a localized heat source (see
figure 38). The model is only relevanil during the early stages of
the fire, as long as the fire is fuel controiled.

0 -, RN n\
\\\‘\\\\\\ N
.

.

I11

Figure 38 Mein features of & zone model with [: hol upper gas
fayer, 11: zone at ambient temperalure., [I1' fire plune

Some background to the theory is referred here to facililate the
undersianding of the procedvre. Gas temperatures measured in Llhe
tpper part of the room cen be correlated in a power law rejationship
involving the energy release rate of the fire, the ventilation
factor for Lhe opening and a room geomelric scale factor /17/.
Further study has led to a more general correlation including para-
meters of the room surface area and ils Lhermai properties /16/.
Three exampies employing the latter correlation will be presested
here.
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The temperature rise cans be celculated as:

éz 1/3

T-7T, = 6.85 [
(AOVﬁél(hkA)

(°C) (8)

where

= {emperalure at time 1

initial temperature = 295 K

= the instantapeous rate of energy release in the com—
partment (kW) {(also called RHR)

= area of opening into the room {(m?)

= height of the opening (m)

the ventilation factor (m*”?%)

= effective enclosure conductance (kW/(x® ‘K))

= surface area of the enclesure (m%).

> o=
il

*

bﬂ";b-:l':b
&
F
1§

The variable b, is computed for each experimental situation taking
into account the imvolved construction and surface materiais. For
method of calculation see /16/.

The constant 6.85 incorporates g = 9.8 »/s®, o, = 1.2 kg/n’®
and c, = 1.05 kJ/(kg K) for the gas in the compariment. This is
also clarified in /16/.

The method is applied to three of the experiments in lhe series pre-
sented ip this report, pamely test 1, a mattress, and tesl 5 and 10,
a sofa.

As seen in figures 39 and 40 the calcuiated temperalures are iz good
agreement with the measured lemperatures for tests 1 and 5. In
neither case a ventilation controlled fire is reached. Calcuialions
for test 10 gave kowever a somewnat different resuit as can be seen
in figures 41 aod 42. The calculated lemperature—time curve gives
2060°C higher temperature lhan the experimentally measured values,
during the most intense period of the fire. This implies that the Q
used in the calculations is too high. The videotape from test 10
shows that the combustion to some extent takes place outside the
compartment. This is also supported by the curves in figure 42 where
the measured Q... is 1000 kW and the calculated Q,,. is 630

kWw. The calculated Q is achieved by using the measured temperatiure
in the kot upper layer in the compariment as T ip egualion 8. The
calculations show that the conditions duriasg the iest were close to
ventilation controlled and therefore eguation 8 is no longer valid.
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Figure 39 Comparison between temperature in the hol upper layer
from the experiment (test 1, siandard poiyurethane
mattress) and from the theoretical assumption
—— experimental
——=  theoretical

SO0 -
300 -
200 -

106 -

'i 2 3 f. 5 éTlme(mm}

Figure 40 Comparison hetween temperature in the hot upper layer
from the experimentl (iest 9. sofe. standard polyurethane
and acrylic cover) and from the theoretical assumption
—  experimental
-~~~ theoretical
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Figure 41 Comparison belween temperature in the hot upper layer
from the experiment (test i{l, sofa, standard polyurethane
with acrylic cover, restricted ventilation) and from the
theoreticeal assamplion
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Figure 42 Comparison belween the meastured rate of heatl release
during the experiment (test 10, sofa, standard poly-
urethane with acrylic cover, restricted ventilation) and
from the theoretical assumption
—— experimenlal ——— theoretical
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6.2 Flashover Criteria

There are a number of criteria that can be applied in assessing the
hazard of a room fire to the occupantis in a building. One crecial
event is Lhe onset of room flashover. Al this point the room becomes
filled with flames and the heat flux is sufficient to ignite other
combusiibles in the room. To define exactly when flashover occurs is
not possible, bul experimentally 8 compartment fire bas reached the
state of flashover wher flames siari{ to emerge throuvgh openings,
and/or the temperalare ip the wpper bot jayer is bO0O-600°C /18/
and/or the heat flux to the floor is >20 kk/m® /19/.

One primary factior. inm determining whether {lashover in 2 room will
occur or not, is lhe heat release rate of the combustibles in Lhe
room. A number of theoretlical models exist that make it possible to
calculate the rale of heat release reguired to cause flashover in a
defined room. Three models will be briefly outlined here.

Babrauskas presents in /20/ a simple model for estimating the roonm
flashover potential, only taking into account lhe ventilation pro-
perties of the compartment. The model considers & heat balance for
the upper gas region,

Q=m C(T. = To) = Qross (9)
Q = rate of heat release (ki)

m, = airflow rate (kg/s)

C = heat capacity (kJ/kg K)

T, = fire temperature

T = ambienl tlemperature

il

é;as& heat loss rate (kW)

The airflow rate, m,, is conventionally assumed 1o bhe

m, = 0.5 A . ¥H. (10}
A, = opening area {n’)
H, = height of the opening (m).

The Qloss term is hard 1o estimate accurately but a crude esti—

mate cap be obtained as follows. The main loss term is radialiocn to
the floor, which is zssumed to be at ambiert temperature T, %=

= 298 K prior to fiashover. Heat is radiated and convecled to the
ceiling, which has warmed up somewhat. and to the uwpper wall sur-
faces. As a rough estimate. 40 perceat of Lhe totai surface area is
assumed to be at T., with the remaining fraction at the fire tem-
perature and itherefore not contriboting to heat loss. This gives Lhe
following expression for the heat toss in the compartiment:

G ... =&, 6(T.* = T.“2€0.4 A) (11)

total surface area (m')
gas emissivily
Stefan—Boltzmann conslant = 5.67 107 kbW/m*K'.

A

H

o ™
i
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For practical room shapes it iIs found that there is some correlation
between wall area and A,#H,. This may be in the order of

A/A,vH = 50, Assuming that this value can be applied and that

T, = 873 K, &, = 0.5 and ¢ = 1.0 kJ/kg K gives the foilowing
expression

g = 600 A,H, (12)

Thowas /21/ uses another approach where also thke area of the sur-
rounding surfaces is taken into consideration, this equation can be
written as:

Q=7.8A+1 378 A, vH, (13)

In the derivation of egquation (13} the following values for experi-

menta) copdilions are assumed €, = 0.5, T, = 873 K aad
c = 1.26 kJ/kg K.

For a full description of the derivation of eguation (13) see refe-
rence f21/.

The melhod by Quintiere for temperalure assumptions in room fires
presented in 6.1 can be transformed to give an estimate of the maxi—
mum heat release rate allowed 1o prevent {lashover.for a defined
enclosure. This yields the eguation /i6/:

G = 116(A A, ¥H, ) 7* (14)

In the equations (123, (13) and (14) above the limit temperature in
the hot upper layer for flashover is assumed Lo be 608°C. The rate
of heat release for the three models are 1.36 MW, 1.20 M and 1.17
MW respectively, which must be ragarded as a satisfying result faor
atl! the models., The experience of the experiments in the testing
compariment in Bords shows flashover when the rate of heat release
reaches approximately 1.0 Mi.

In table 7 the times for experimentaily reaching 20 kl/m* . 600°C

and 1.0 M are given. As can be seen in tabie 7 fiashover conditions
were reached only in three experimenls ir the series reported here.
The temperature criterion is fulfilled first in the three experi-
ments that were sufficiently powerful to give flashover end shortly
gfter the hazardons heat flux Jevel is atlained.
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Table 7

Test Time to reach Time o reach Time to reach

No 20 kW/m? at 600°C ia the i.0 MW
the flaor wpper layer
(s) (s) (s)

1 — — —_

2 - — -

3 - — -

4 _ _— -

5 215 195 180

6 290 260 2590

? - - —

8 — —_ —

9 — - -

10 300 255 230
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APPENDIX

Test No 1

Matiress

Standard polyurethane
Cottion

Wuod crib

Visval observatiosns

The fire is spreading on lhe mattress.

The flame height above the mattress is 0.75 m.
The fire reaches the first of thke shorter sides,
The flame height above the mattress is 1.2 m.
The fire reaches the back of the mattress.
Droplets of burniag plastic from the mattress.
The fire reaches the front of the mattress.
Buruing pool of molten plaslic on the weighing
platform.

The matiress is copsumed imr the ignition area.
Intense fire on the weighing platiorm.

The materiz] at the nearest of the short sides
fails down.

The fire is concentrated to a 0.4 m wide area
across the matiress al the centre of the bed.
The flame height is 0.7 m.

The fire intensity is increasing, Lthe flame
height is 1.0 m.

Flames are reaching the ceiling, increasiug smoke
preducticon.

The fire intensity is decreasing again,

The fire reaches the second of the shorter sides.
The remaining parts of the matlress are burning.
The fire area is iess than 1 m’.

The flame height is 1 m.

The whole mattiress is consumed.
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Test No 2

Mattress

Flame retardant treated resilientl polyurethane
Flame retardant treated cotton

Wood crib «~ liquid fuel burper

Visuval observations

lgnition of the fabric.

The wooden crib colapses.

Smoke from the mattress.

The ignition has failed and a new ¢rib is put
close to where the firstl aitempl was made.

Smoke is emerging from beneath the matiress, pro-
bably a hole through the maltress.

The fabric round the hole is burning.

The second attempt of ignition has failed.

0.3 | methylated spirit is ignited at the bottom
end of the metiress.

The fire is spreading under the mettress.

The fire is slowly spreading on top of the mati-
ress,

No visible fiame, only signs of smouldering can
be seen.

Filame at the bottom end.

The matiress colapses at Lhe middle.

Pyrolysis gases are produced and come oul through
the fabric.

No visible signs of combusiion.
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Test No 3

Made—up bed

Standard polyurethane

Cotten {and sheet and quilt)
Wood crib

Visual observations

The sheet has ignited.

The fire is spreading in the folded part of the
sheet and quilt.

The fire reaches the rear of the longer sides.

The fire reaches the froont of the bed.

The flame front is 0.2 m in on the gquilt.

The f{lame front is 0.25 m in on the quilt.

The flame front is 6.3 m io on the guilt.

The flames are impinging onm the ceiling.

The {lame front is 8.35 m in on the guilt. Bur-
sing droplets from the bed.

The flame front is 0.4 m in on the quilt.

The fire reaches the "head end” of the bed.

The flame froct is 0.5 m in on the quiit.

The material is consumed at the point of igni-

tion.

The flame frontl is 0.6 m in on the quilt.
The flame front is 0.7 m in or the guilt.
The flame front is 0.8 m in on the gquilt.
The flame front is 0.9 m in on the quilt.
The flame front is 1.0 m in on the guilt.
The flame front is 1.1 m in on the guilt.
The {lame front is 1.2 m in on the quilt.
The flame front reaches the "foot end” of the

bed.

The remaining material is burning.

Berning material from the bed falls on the weigh-
ing platform.

All material is consumed.
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Test No 4

Made—up bed

Flame retardant treated high resilient poly-—
urethane

Flame retardant treated cotton {(and .sheet and
quilt)

Wood crib

Visual observations

The sheei has iganited.

The quilt has ignited.

The flame front is slowly spreading across the
guilt.

0.6 m left of the quilt.

0.9 m left of the quilt.

0.4 m teft of the guilt.

0.3 m teft of the quilt.

The flame frontl reaches the "foot end” of the

The matiress is torn open along ils cenire line.
The filling materiazl is burning.

Burning droplets.

lacreasing smoke production.

Flame beneath the mattlress.

Molten material is burming on the floor.

The smoke layer has descended to (.2 m above Lhe
bed.

The top half of the bed area is burning.

The remainicg material is berming.

Charred residvals. no signs of combustion.



Test specimen:
Filling:

Cove

Ignition source:

Time

min

_—— O O

oL LI PO

r.

H]

.27
.48
.50
.1t
44

.80
1o
.30
N

A5

Test No b
Sofa
Standard polyurethane
Acrylic

Liquid fuel burner

Visual observations

The covering material has ignited.

The flame front reaches 0.3 m al the front.
The fire is spreading towards Lhe back.

The flame front reaches 0.4 m &t the front.
The flame front reaches 0.5 m &t the front.
Burning droplets.

Burning pool on the weighing platiorm.

The {flame front reaches the far end of 1he sofa.
The whole room is filled with smoke.
The material is consumed.






