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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body mterested in a subject for which a technrcal committee has been established has
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
Chnical committees are circulated to the member bodies for voting. Publication as an Inter
equires approval by at least 75 % of the member bodies casting a vote.

bnal circumstances, when a technical committee has collected data ofcaydifferent kind from that
ublished as an International Standard ("state of the art", for example), it may decide by a simple
participating members to publish a Technical Report. A Technical Report is entirely informative i

not have to be reviewed until the data it provides are considered.to be no longer valid or useful.

s drawn to the possibility that some of the elements of this part of ISO/TR 9705 may be the su
ts. ISO shall not be held responsible for identifying any‘er-all such patent rights.

105-2 was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee SC 1, Fire i
n.

pducts:

Full-scale test for surface products)(currently published as ISO 9705:1993, Fire tests — Full-scqg
r surface products)

Technical background and-guidance [Technical Report]

h ISO also take part in the work ISO collaborates closely wrth the Internatronal Electrot
pn (IEC) on all matters of electrotechnical standardization.

task of technical committees is to prepare International Standards. Draft International’ Standards adopted
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consists of the following parts, under the general title Reaction-to-fire tests — Full-scale room tests for

le room
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Introduction

ISO 9705:1993 specifies a test method simulating a fire that starts under well-ventilated conditions, in a corner of a
small room with a single open doorway.

The methed-is-ntended-to-evaluate-the-contributionto-fire-growth-provided-by-a-surface-produst-using—a specified
ignition|{source. The method provides data for a specified ignition source for the early stages of a fire frgm ignition
up to flashover. ISO 9705:1993 also describes different measurement techniques inside and outsidethe foom. This
part of ISO 9705 gives background information and support to the potential users of the test. It gives the liser of the
test technical information on the ignition source, heat fluxes in the room from the burner, heat balance in the room
during a fire, aspects of smoke production and toxic gas species production, as well as aspects of mogelling the
results pf these tests. It gives the user the information necessary to select the testing procedure for specific projects
or regulations.
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rt of ISO 9705 provides guidance on I1ISO 9705:1993. It describes the techriical background of th
formation which may be used for determining a testing procedure for a specific scenario, or how
ed in a total hazard analysis for the specified scenario.

aracteristics of the ignition sources

tandard ignition source

ndard ignition source consists of a sandbox burnerwith dimensions of 0,17 m x 0,17 m. This soun
bnce [1] (see Bibliography). An important characteristic of the ignition source is its heat transfer tg
|. Figures 1 and 2 show a detailed mapped overview of the total heat flux towards the specimen a

[2]. These values will slightly change.when the burner is located in a room environment. Figure
contours of a constant heat flux of,10kw/m?2 at different heat outputs of the burner and also w
heat flux are higher than a given value.

Iternative ignition source

the alternative heat( Sources is a box burner, with dimensions of 0,3mx0,3m. It is de
F603-98 [3]. Figures-5 and 6 give a detailed mapping of heat fluxes and gas temperatures fo
release rate of 160)kW [2]. Other heat sources may be more appropriate (see annex B of ISO 9]

e test and
esults can

ce is used
wards the
nd the gas
te level of
s 3 and 4
ere areas

scribed in
a burner
105:1993).

f gives results,'of heat fluxes towards the specimen for a heat source level of 40 kW and 16 kW, with

t gases (natural gases and a mixture of natural gas and toluene) [4]. Figures 8 and 9 show a com
t burner sSizes for contours of constant heat flux of 10 kwW/m2, at an energy release rate of 10(
rner and~for areas exposed to a certain irradiant heat flux [4].

an-example is given of the difference between the total heat flux produced by a burner in a co

parison of
kKW in an

ner and a

wall po

iton. Table 1 gives an overview oOrf the 10tal heat 11uX towards the 11001 anda thne total neat Tux to

he wall at

0,9 m and 1,5 m height for energy release rates of 40 kW and 160 kW using the alternative ignition source of
ISO 9705:1993. Results show that, for the corner position, heat flux levels are higher in almost all cases.
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Figure 1 — Heat flux distribution at an energy Figure 2 — Gas temperature distribution 30[mm
releasle rate of 100 kW for the standard ignition from the wall at an energy release rate of 100 kW
source in an open corner for the standard ignition source in an open cprner
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Figure 3 — Contours of constant heat flux for-the standard ignition source in an open corner at different
irradiant heat flux levels
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Figure 4 — Areas of total heat flux levels higher than a given value for the standard ignition source at
different irradiant heat flux levels in an open corner
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Figure 5 — Heat flux distribution at 160kW for the Figure 6 — Gas temperature distribution 30[mm
alterpative ignition source in an open corner from the wall at 160 kW for the alternative ignition
source in an open corner
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Figure 8 — Contours of constant heat flux for the different sizes of box ignition sources in an open corner
at a 100 kW heat source level
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Figure|9 — Areas of total heat flux levels higher than a given value for different box ignition sourcgs at
100 kW in an open corner
Table 1 — Comparison between.corner and centre wall position
Burner in the corner Burner at centre of back wall
Heat sjpurce Heat flux to Heat flux to Heat flux to Heat flux to Heat flux to Heat fluk to
leVel floor wall at 0,9-m wall at 1,5 m floor wall at 0,9 m wall at 1{5 m
kW/m?2 kwW/m?2 kW/m?2 kW/m?2 kW/m?2 kW/mpP
40 kW 0,6 12,5 6,5 0,6 8,5 4
160 (kW 5,4 56 60 4,2 62 33

3 Sensitivity analysgs

3.1 General
Various sensitivity analyses have been performed over the last 25 years. All studies used the room described in
ISO 9705:1993; but differed in the type of ignition source (the standard ignition source or the alternative |ignition
source of 4SB8-9705)—Fhese-sensith ignition

T T T
positions and levels. An overview is given below of some of the findings as guidance for testing in the 1SO 9705
room.

analcac contanad Affarant cnaniman oaanfiniratinne and Affarant
TTeot -.u.u-.nuvu_y Tty SC o CoTr T e o omre et SP e e e Corgurotor oo o o re et

3.2 Specimen configurations

Sensitivity analyses revealed that testing with linings on both ceiling and walls resulted in a more severe condition
than tests with linings on the walls only [5]. When only the walls are covered with linings, a ceiling lined with
ceramic wool is more severe than a ceiling lined with gypsum boards and will show less discrimination between the
different materials [6].
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In order to achieve comparable tests data between laboratories and high discrimination, it is recommended in
ISO 9705 that the walls (excluding the wall containing the doorway) and the ceiling are covered with the product.
When other specimen configurations are used, this should be clearly stated in the report.

33 E

ffect of the burner size

The effect of the burner size has been studied extensively within the Eurefic programme [7]. Results have been
shown for heat flux distribution and gas temperatures. Moreover, tests were done in a room lined with particle
board. Little effect was seen on the time to flashover at rates of heat release of 160 kW and 300 kW. At a lower
heat release of about 40 kW, the time to flashover with a large burner (0,5 m by 0,5 m) was significantly longer than

for the
the sma

34 H

Experin
considg
distanc

walls bghind the burner flame.

4 Hsg
41 (Q
An ene
test [9].
Q4
where
Qq
Q
Qy
Q
Q

In mos

bther burners (standard and alternative ignition source of ISO 9705). The reason for this was gx
lller area which is exposed to a given heat flux level (see Figure 9), hence producing a slower{flam

ffect of the stand-off distance of the burner

hents at lower heat source levels with the alternative ignition source of 1ISO 9705 showed that th
rable influence of the stand-off distance of the burner [8]. With the standard-ighition source, thg
p seems to be less critical. The influence can in most cases be predicted by heat flux measurem

at balance in the room

eneral

gy balance calculation was carried out at the early stages on the development of the ISO 9705 ro
The energy balance in the room can be given as follows:

= Qo +Quw +Qr +Qp

is the heat released by combustion (kW);

b IS the heat loss by convection through the doorway (kW);
is the heat loss by-¢conduction into the surrounding structure (kW);
is the heat lass by radiation throughout the doorway (KW);

is the-heat stored in the gas volume (kW).

plained by
e spread.

ere was a
b stand-off
bnts at the

om corner

en in the

eases the heat stored in the gas volume is negligible. The other terms are calculated as gi

followin

g paragraphs. The results of a heat balance calculation are also given below.

4.2 Heat release by combustion

Heat release by combustion might be the heat release measurement or, in the case of the calibration test, this can
be calculated as

Qc
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where

AH . is the heat of combustion, equal to the net calorific value of propane (46,4 MJ/kg);

m; is the mass loss rate of the propane (kg/s).

4.3 Heat loss by convection

The heat loss at the doorway can be calculated as follows:

Qco T Mo Cp(Tg—Ta)
where

i$ the mass flow rate out of the doorway (kg/s);

3.
o

i$ the specific heat of the smoke gases (kJ/kg-K);

o
e

i$ the smoke gas temperature (K);

«Q

T, i$ the ambient temperature (K).

4.4 Heat loss by conduction

The heat lpss by conduction through the walls can be calculated as follows:

-, dT
w -k (&) x=0

where

)l is the heat conduction per.unit area (W/m?2);

k is the thermal conductivity (W/m-K);
dx

(dT =0 Is the temperature gradient at the surface (K/m).

The tempegrature_gradient can be calculated by means of temperature measurements in and on the walls. Tlhe heat
loss through the~walls can also be calculated using numerical heat transfer methods.

4 5 Her+ lacc by radiatian
. LTUOO IJy TaAaAUTAUALTUTI

The heat loss by radiation out of the doorway can be calculated by adding the contribution from a number of
smaller areas from the walls and ceiling of the room:

Q =0 & A-Fi T’
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https://standardsiso.com/api/?name=5b50b598a83818ed592a4ce27b845020

ISO/TR 9705-2:2001(E)

where
o s the Stefan Boltzmann constant (5,67x10-8 W/m2.K4);
g is the emissivity;
A; is the temperature gradient at the surface (K/m);

F; is the view factor;

T; | is the absolute temperature (K).

4.6 Hesults of heat balance calculations

The heat balance calculations of a room test with a propane burner as heat source aresgiven in Table 2 [at steady-
state cgnditions.

Table 2 — Results of heat balance calculatjions

Heat release by Heat loss by Heat loss by Heat loss by Total heat Difference
combustion convection conduction radiation loss
kw kw kw kW, kw %
125 105 19 6 129 3
250 208 32 12 252 1

5 Measuring techniques

5.1 Mass flow through the doorway.and interface height

One of the methods referred to in 1ISO\9705 to calculate the mass flow out of the door is by means of bi-directional
probes jand suction pyrometers in thexdoor opening. In many cases this is an extensive and expensive method. In
the next clause some calculation methods will be given for determination of the interface height and the [mass flow
througH the door opening. Aspessible set-up of instrumentation for such calculations is given in Figurg¢ 10 [6]. It

should pe noted that in some),cases small pressures are to be measured which can influence the accutacy of the
measurement.

© ISO 2001 - All rights reserved 9
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hsurement of toxic gases

to the measurement techniques given 1ISO 9705, techniques such as FTIR and ion chromatograp
een applied successfully in full-scale tests. A practical example how this can be performed is
The reader is also referredto the documents developed within ISO/TC 92/SC 3 for a complete 0
isurement of toxic gases in combustion gases produced in fire tests.

5s loss rate from.the sample

5S loss measurements of the linings can be performed by means of putting the complete room
putting theistructure on which the linings are fixed on load cells. Due to the high tare value obts
of the room, it should be noted that only limited accuracy can be obtained. For items positione
Pighing platform as used in furniture calorimeters can be used and has been successfully applied.

flow

Ny have
jiven in
verview

on load
ined by
d in the

6 Extended calculations

6.1 Filli

ng time of room and hood

At the beginning of a test there is some delay time in order to fill the part above the soffit level of the door in the
room. Filling of the hood in the beginning of the test is almost negligible since the smoke gases will enter
immediately into the duct. Some filling of the hood might occur later on in the test if the extraction rate is close to
the limit of the system. This is close to flashover conditions if the maximum exhaust flow rate is used. Delay time

correction

10

can be easily incorporated into the time shifting of the data.
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Although mixing of the gases is enhanced by the baffle plates into the hood, corrections can be made to take into
account mixing of the gases. However, this will only be necessary if one wants to perform calculations which are
better than the actual accuracy as given in ISO 9705. The following formulae developed by Kokkala can be used
for correction of mixing [2]:

Cm () = Crmax[exp(-t/ty) —exp(t/7m)]/(1-77)

where

Cm

is the measured concentration;

Crmax IS the maximum concentration;

™m
tq
6.2 A

6.2.1

Genera|
equatio

Flows i

velociti¢s are negligible except locally in flames, plumes and wall jets. Thus, (static) pressure varies ver

due to ¢

where

. . . . T
is the dimensionless time constant = —1-

ty
is the time constant of mixing = volume of “mixing chamber” (V)/volume fléw rate (V );
is the duration time of phenomena (s).
rediction of mass flow and interface position

General equations

equations for the vent flow rates as a function of temperature profiles are described in this subc
hs are based on the orifice concept.

jravity. The velocity at height zis given according to Bernouilli's equation [10] as

is the velocity (m-s2);
is the orifice ¢oefficient;

is the_pressure inside the compartment (Pa);

is.the pressure outside the compartment (Pa);

ause. The

n and out of the compartment are driven by preéssure differences across the vent. Inside the compartment,

ically only

1)

Ad

is the height above floor level (m);

is the density of gases in the doorway (kg-m-3).

The height z, at which there is no pressure difference (and no flow) between the compartment and the
environment, is called the neutral plane. There is a maximum of one neutral plane for the case of a room connected
to the outside (or a large reservoir). Hydrostatic pressure outside the compartment can be written as a function of

height:

P (2)= P(zn) +(2n - 2) P9
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where

P

g

is the density of ambient air (kg-m—3);

is the acceleration due to gravity (m-s—2).

Hydrostatic pressure differences are very small (typically a few pascals) compared to the magnitude of the absolute
pressure itself, which is of the order of 10> Pa. Therefore, p.. may be written as

Po =

where

Pref

Tref

T

oo

With acce

P..(Z

Inside the

P(2)3

Combining

Ap(z

The mass

o=

/JrefTref _ 352
T

oo

is the density of ambient air at temperature T,ef and atmospheric pressure (kg-m-3);
is the reference temperature (K);
is the temperature of ambient air (K).

eration of gravity g = 9,81 m-s—2, equation (2) then becomes

3461
TOO

=p(zn)+(2z0-2)
compartment, temperature is not constant with height:"Thus, pressure as a function of height follows f

YAy
"3 461
o Ti@)

dz

3 p(zn)+

equations (4) and (5) leads to the following expression for the pressure difference:

Z—Zp 1 1
=3461 | [ . ——Jd'z
o \TiZ) T

oo

flow rate out of the-compartment follows from integration of equation (1):

Ha 220 Ha-2n

CoWg < pd@ M) dz=Cowg | \[2p42)8p(@) 0’2
0

0

rom

where

Wy is the door width (m);

Hgq is the door height (m).

®)

)

©®)

(6)

@)

As the outflowing gases mainly consist of nitrogen, the density is not too different from that for air at the same
temperature and pressure. Substitution of equation (6) and an expression analogous to equation (3) for pq into
equation (7) yields

12
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Hy-z, 1/2

Similarly, the inflow rate is equal to

7~z
me1563Cwg [| = | | oz | a2
' T T ) (T- Ti@)

It shoul
allows i

6.2.2

Algorith
the ven
height g
requireg
then be

Ag

The be
known,
profile i

6.2.3

The RAPID procedure outlined in 6.2.2 has-some practical difficulties. Ap(zef) is in the order of a few pas

very diff
importa

here, based on temperature profiles only [6]. The requirement for conservation of mass replaces equation

equatio

dn

where

m;

d_— mi+ mb+ mv_mo

1/2

0

©)

©)

H be noted that a distinction is made between the orifice coefficient for inflow C; and that forutflo
Mmplementation of the recommendations in reference [11].

Z, from temperature profiles and one Ap measurement

ms developed at NIST to reduce room fire data include a procedure to obtain,z,-and mass flow rat
[12]. These algorithms are referred to as RAPID. Equation (6) shows that Ap‘can be calculated as a
n the basis of the temperature profile measured inside the room if z, is known! The NIST RAPID prod
measurement of Ap at one reference height z¢ in addition to the temperature profile inside the ro
found by evaluating equation (6) at zf:

Zref =2, 1 1
Zref)= 3 461 -—|d'z
( ref) _(‘)‘ (TI(Z/) Too)

5t reference height is at the soffit as the pressure, difference is usually the largest at this height.
mass flow rates can be obtained according tosequations (8) and (9). This also requires the te
h the doorway.

Z, via temperature profiles only

icult to measure. Moreover, pressure data at such a low level are very noisy mainly due to turbulenc
Nt drawback of the procedurg’is that it does not necessarily conserve mass. Therefore, a procedure

n for obtaining z,. The mass balance equation has the following form:

Ir _

is the mass accumulated inside the compartment (kg);

v Co. This

bs through
function of
edure [12]
bm. z, can

(10)

Dnce z, is
Mmperature

als and is
e. Another
is outlined
10) as the

(11)

m

i is the ignition source mass flow rate (kg/s).

The rate of change of mass inside the room can be calculated from the temperature profile measured inside the

room via
H 7
ame _ 350 gy 4 [-4'Z
t dt 5 Ti(2)

© ISO 2001 - All rights reserved
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where

W is the room width (m);

L isthe room length (m);

H is the room height (m).

The burner gas flow rate my, is measured. m, consists of water vapour and pyrolysis gases emerging from the walls.
Both myand m, are usually very small compared to the other terms in equation (12) and can be neglected. m, and

m; are fur
can be sol

6.3 Est

When no
of time us|
combustig
to estimat
in annex (

6.4 Fire

The test r
growth in

Fundamental solutions for fire growth need to address various phenomena such as heat transfer, fluid dy

and comb
They can

— Modsg
from
they
limite
parar

— Mod€
small
consi
chara
and a

— Modsg
easy
years|

ctions of z, as indicated in equations (8) and (9). Therefore, equation (11) is a non-linear equation in
ved iteratively.

mate of sample mass loss

mass loss measurements are made during tests it is possible to estimate the mass loss rate as a
ng one of two methods. The first method is to divide the measured heat release by an effective
n of the product, which might be determined, for example, in the cone calorifmeter. The second m
b the mass loss rate by means of the gas analysis measurements. A progédure for this method is
L [13].

b growth models

bsults of a room corner test may be predicted by means of & simulation model which calculates
a small room. An extensive overview of modelling fullsscale test results is given in ISO/TR

Listion. Most of the developed models have introduced some simplifications for those problems.
pbe divided into a number of categories, as follows.

Is applying straightforward empirical or Statistical methods and using small scale data obtained
pne or more test methods such as theteone calorimeter (ISO 5660) and the LIFT apparatus. A
Ise a considerable number of simplifiCations, their predictions have been successful. Most of th
 to one specific scenario, but.extensions to other scenarios are possible by using other e
heters.

Is applying semi-material_characteristics. These semi-material characteristics are calculated f
scale data obtained in, for example, the cone calorimeter (ISO 5660) and the LIFT apparatus and
Hered as a derivative or mean value of a fundamental material characteristic. Examples
cteristics are meankp c, ignition temperature, etc. Most of these models also show satisfactory
re applicable fornmore than one scenario.

Is applying fundamental material characteristics. Most of these models use characteristics which
to determine with standard reaction to fire apparatuses, but some progress has been made in
They have, however, been limited to certain products. In most cases these are sub-models de

one t

r, which

unction
heat of
pthod is
butlined

wall fire
11696.
namics

directly
lthough
em are
mpirical

om the
can be
bf such
results

pre less
recent
scribing

ype of flame spread (e.g. horizontal flame spread) and they must be incorporated in a zone

on field

model.

For a description of the different developed models see ISO/TR 11696.

7 Precision data

7.1 General

Two round robins on the room corner test have been conducted in recent years. First, an initial round robin with five
laboratories was carried out prior to the circulation of ISO/DIS 9705 [14]. This first round robin used the standard

14
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procedure as described in the standard. Later, a wider round robin was carried out as a joint activity between
ISO and ASTM but using the ASTM procedure as testing protocol, i.e. the alternative ignition source with only the

walls covered [15]. The results of the round robins are given in 7.2 and 7.3.

7.2

ISO round robin

This round robin was performed at five laboratories in Denmark, Finland, Norway, Sweden and the United
Kingdom. The results are given in Tables 3 to 6 and indicate that the reproducibility of the method is similar to other
fire test methods, such as fire resistance tests using large-scale furnaces. The 95 % confidence interval of the
mean of the time to flashover was found to be = 37 s and * 18 s for ordinary plywood and melamine-faced particle-

board,

espectively. A similar range was found also for the rates of smoke and CO production. The reproducibility of

the tests on the fire-retarded plywood was about the same as the untreated plywood, although in-only pne of the
tests flgshover conditions were reached.

The red

gluing methods.

Table 3 — Results for birch plywood

ults of the tests on the fire retarded expanded polystyrene varied considerably, maifly due to the different

Time to reach
Laboratory Rate of heat release Rate of smoke Rate of CO Heat flux
=1 MW production production =20 kw/m?
=40 m?/s =15g/s
VTT 137 s 1298 121s 153 s
SINTEF NBL 152 s 129 s 120 s
RW 122 s 121 s 112 s 138 s
FRS 209 s 198's
Average 137 s? 126 s* 118s 146 s
Confidence interval +37s +118% +12s
(95 %)

a  FRS results are not included, because the time to critical smoke value indicated that the test was an outlier accordijg
to Dixon’s outlier test [11] (see also,Appendix 3 of [11]).

Table 4 — Results for melamine-faced particle-board

Time to reach
Laboratory Rate of heat release Rate of smoke Rate of CO Heat flgx
=1 MW production production =20 kW[m?2

=40 m2/s =159/s
VT 102 S 100 S 1S 19U S
SP 204 s 174 s 198 s
RW 202 s 165s 174 s 208 s
FRS 206 s 186 s
Average 199 s 171s 181s 199 s
Confidence interval (95 %) +18s +19s +36s

©1S0 20

01 — All rights reserved
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Table 5 — Results for fire-retarded plywood

Time to reach
Laboratory Rate of heat release | Rate of heat Rate of CO Heat flux
=1 MW release production =10 kW/m2
=700 kW =10g/s

VTT — 629 s 627 s 621s

RW 1148 s 624 s 630 s 624 s

RW — 6455 6575 6305

FRS — 637 s

Average — 634 s 638 s 625\8

Confidence interval (95 %) +15s +41s £5s

NOTE  The critical values are different in Tables 5 and 6.

Table 6 — Results for fire-retarded polystyrene
Time to reach
Laboratory Rate of heat release | Rate of smoke production Rate of CO Heat flux
=1 MW =40 m2/s production =10 kW/m2
=15g/s

VT — 120's — —
SP 67 s 59s 79s 55s
SINTEF NBL — 120 s — —
Avérage — 100 s — —
NQTE  The results of SP are different because of difference in glueing.

7.3 AS]

During an
between |
scenario f
the walls

source programme than'in the European round robin (40 kW to 160 kW). The measurements of heat relea|
doorway~temperatures and floor heat flux showed the best results. Smoke measurements ha
As with all fire tests, the performance of the material, such as melting, delamination, etc., te
the” spread of the results. Overall repeatability levels according to ISO 5725 varied between 271

room and
variations
influence

'M round robin

d after the publication of 1SO 9705:1993, a second major round robin was conducted as a joint
SO and ASTM. Thisstudy involved 12 laboratories throughout the world and seven lining produ
pr this round robir_differed substantially from the European round robin. In the ASTM round roh

activity
'ts. The
in, only

vere covered/'with the testing material and the alternative ignition source was used with a differgnt heat

33 % and

overall reproducibility are varving between 29 % and 41 %. In terms of overall material performal

se rate,
d more
nded to
% and

hce, the

round robin was successful. All materials that did not go to flashover performed the same in all tests at all
laboratories. The same is valid for the materials which went to flashover. Therefore, attainment of flashover or
reaching an HRR of 1 MW could be used as a criterion when the test is to be used for regulatory purposes.

8 Other test protocols using similar equipment

Several test protocols similar to ISO 9705:1993 or using the same test equipment, have been introduced in either
national standards or in test programmes and for products other than wall linings. An overview of the different

procedures is given in annex D.

16
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9 Specimen mounting

In the test set-up of ISO 9705:1993, it is advised that both wall and ceiling linings be covered with material. Tests
where only the walls are covered can be performed, but it should be noted that this is not the standard specimen
configuration.

ISO 9705 requires that the mounting which is used in practice should be followed as much as possible. This is
given in detail in clause 11 of ISO 9705:1993. When the material is mounted with an air gap, this air gap may be
achieved by a steel framework on which the material is mounted.

The md
case, it

unting method most frequently USed In practice should be USed In the text procedure. When this
should be clearly stated and reasons for alternative mounting should be explained.

© ISO 2001 - All rights reserved
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Annex A

Calculation of HRR by means of different gas analysis data

A.l Generaleguatiens

A.1.1 Only O, is measured

In this cage all water vapour (by a cooling unit and a moisture sorbent) and CO, (by a chemical’sorbent) must be
removed from the sample stream before O, is measured. This leads to the assumption that\the sample das only
consists df O, and N,. This is approximately true provided CO production is negligible. The mole fraction pf O5 in
the oxygep analyser prior to a test can be written as

o)
m02
M
XG5 g (A1)
2 mO mO
02 + N2
Mo, M,

where

on is the measured mole fraction of Oy;

O2
m°02 is the mass flow rate of O in the incoming air (kg/s);
Mo, is the molecular mass of O, (approx. 32 kg/kmol);
My,| is the molecular mass of Ny (approx. 28 kg/kmol);
mﬁ,z is the mass flew¥ate of N5 in the incoming air (kg/s).

Equation (jA.1) depends-on the assumption that prior to the test the ratio of the mass flow of O to the mass flgqw of N»
is the samie in the oxygen analyser as it is in the incoming air. It is then assumed that the composition of the ificoming
air does npt change during a test.

Likewise, theé.mole fraction of O, in the analyser during the test is given by

Mo,
_ Mo,
Mo, , My
M02 MN2

X5,= (A.2)

where it is again assumed that the ratio of the mass flow of N, and O, are the same as they are in the exhaust duct.
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The nomenclature is similar to that of equation (A.1) with the exception that superscript © is omitted as everything
relates to the exhaust gases rather than to the incoming air. By rearranging equations (A.1) and (A.2) and using the
oxygen principle, the rate of heat release is given by:

A° _ A
XOz XOz M02

q=E m, @—XO - X ) (A.3)
1_ Xéz a M a HZO C02
where
q is the rate of heat release (kW);

E is the heat released per O, consumed (13,1 MJ/kg of O»);
Mgl  is the molecular mass of the incoming air (kg/kmol);

mg] is the mass flow rate of the incoming air (kg/s);

xHZO is the mole fraction of H,O in the incoming air;
X¢o, is the mole fraction of CO», in the incoming air.
If no CD, analyser is present, X802 is not measured. Howeéver, it is assumed that ambient air is drawn in for
combusgtion. )(OCO2 is then approximately constant and negligible (approx. 330 ppm).
It is furthermore assumed that even if no water vapouranalyser is present, moisture content of the incoming air is

known. |If the air is at temperature T,, pressure py_and has a relative humidity of RH %, the mole fraction of water
vapour |n the incoming air follows from

b RH y Ps(Ta)

Xp o=
20100~ p,

(A.4)

with
RH is the relative humidity (%);
Ps(Ta) is the saturation pressure of water vapour at T, (Pa);
Ty is the air temperature (K);

Pa is'the air pressure (Pa).

The saturation pressure pg as a function of 7 is shown in Figure A.1. A curve fit in the range of 0 °C < T, <0 °C is also

given. The fit has the functional form of a solution to the Clausius-Clapeyron equation suggested by Antoine back in
1888.

© 1SO 2001 - All rights reserved 19
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(O Exact values

Antoine correlation
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baturation pressure, pg ,kPa
T
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(o]
XHZO ca

50
Temperature, T, °C

b — C1/(C, +T); C;=23,2; C, =3816; C, =— 46

Figure A.1 — Saturation pressure as a funetion of temperature

W also be determined experimentally by temporarily: by-passing the water vapour trap prior to|

Oxygen concentration measured with and without the trap’can then be substituted into the following equatio

=z
il

where
Mdry

MHzO

1 :|With0Ut trap

0
=(1- X3 NXA}
( H20 02 with trap

o is known, the molecular mass_of the incoming air follows from:

M an(1= X 0)+ Mugo X o

is the molecular mass of dry air (approx. 29 kg/kmol);

isithe molecular mass of H,O (approx. 18 kg/kmol).

a test.

(A.5)

(A.6)

Unfortuna

] + rs S +la £l + H +la . +cl Fotlo ot o <l <l +tlo H
Cly, At UPJTTT SyolTIIT, TU 1o T TTUVV TAtlT 11T T TATTAUSL UuLl tiat 1o TITcaocuircu, arua T1ut e

airflow rate. In order to find a relation between rm, and g, the oxygen depletion factor ¢ is defined as

9

L0 s
:m02 Mo,

)
m02

coming

(A7)

The oxygen depletion factor ¢ is the fraction of the incoming air which is fully depleted of its oxygen. Via equations
(A.1) and (A.2), ¢ can be rewritten as

20
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AC_ LA
X02 X02

(1_ X éz) X SZ

(A.8)

Due to the combustion chemistry, the number of moles in the fraction of the air fully depleted of its oxygen is
replaced by an equal or larger number of moles of combustion products (including N») in the exhaust flow. Defining
the expansion factor « as the ratio of the two above-mentioned molar quantities, an expression linking myto g is

given by
Mg _ Ta &
—F = (1-g)+—2ap (A.9)
Me Ma Ma
With Mg = Mg (in absence of anything better) this can be simplified to
|- Me
= ¢ A.10
™ 1+ 91— ) (A.10)
As the|composition of the fuel is usually not known, some average value (has to be used for «.|Complete
combusgtion of pure carbon in dry air results in ¢=1. If the fuel is pure”hydrogen, « is equal tb 1,21. A
recommended average value for « is 1,105, which is correct for methanex The final equation for this|case now
follows ffrom equations (A.3), (A.8) and (A.10):
. 4 _ Mo, 0 0 ) A©
3E 1-X -X X All
4 1+ ga—-1)" M. H,0 ~ 7CO, /02 (A-11)
Equatign (A.11) is expected to be accurate to within £ 10 %-provided combustion is complete, i.e., all of the carbon
is converted to CO»,. The errors will be larger if CO or-8eot production is considerable or if a significant amount of
the combustion products is other than CO, and H,O-(€.g. HCI).
A.1.2 Dy and CO, are measured
This cabe is similar to that covered inthe previous subclause. It is now assumed that only water vapour |is trapped
before the sample reaches the gas-wanalysers. Again, the equations are derived on the basis of consgrvation of
nitrogern. The relation between m002 » Mo, My, is now given by
AO
X M
md = 02 22 (A.12)
2 1— AO P A© M N 2
on XCO2 2
X5 Mo
M, 37 A 2 2 I, (A.13)
—Xo,~Xco, M,
where

Xégz is the measured mole fraction of CO, in the incoming air;

xéoz is the measured mole fraction of CO5, in the exhaust gases.

The mole fraction of CO» in the incoming air is generally very small and around 330 ppm. The rate of heat release
is again given by equation (A.11). However, ¢ is now slightly different and follows from equations (A.7), (A.12) and

(A.13):

©1S0 20
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A° A A A°
02(1_X002)‘X 02(1‘X c02)

¢:

Again, the

A.1.3 O»

This case

A A A°
(1_X02_X002)X02

equation is accurate within = 10 % provided combustion is complete.

, CO2 and CO are measured

s identical to-that covered-inthe last subclause-ifthe CO prnrh ictionis, nogligihla

(A.14)

Taking CQ

into account, ¢ is now given by

A° A A A A°
02(1_X co,~ X co)_x 02(1_X coz)

However,
equation (

First, assy
the exhau
to equatio

(Armg
where
Mco

Mco

The rate 0

Utot T

A A A A°
(1_X 0, Xco,~ X co) X0,

is the measured mole fraction of CO in the exhaust gases.

if at some point during a test significant amounts of CO ate)produced, a correction has to be 1

me for the purpose of this derivation that all of the C©@,is converted to CO», in a hypothetical cata
5t duct, downstream of the sampling point. The amaunt of O, consumed in this catalyser with ¢ ag
n (A.15) is given by

1 Mo, 1 X&o 1 X8&6 Mo,

= —m = —m —:_1_ R S

2)cat 2 COl\/IC:O 2 OZXS 2( %) éz a
2

. O
Mg X 02

is the mass flow rate of €0-at the sampling point (kg/s);
is the molecular mass of CO (= 28 kg/kmol).

f heat release/downstream of the catalyser is given by

E[mg 5-Mo 2+(Am02)cat:|

where (ot

(A.15)

hade to

A.11) as E is based on the assumption that combustion is complete. This correction is derived belpw.

lyser in
cording

(A.16)

(A.17)

issthe tatal heat release downstream of the Pa'ralyer-\r

The rate of heat released in the catalyser by combustion of CO to CO, is equal to

Ueat = (Amoz) Eco

where

cat

(A.18)

Eco is the net heat release per unit mass of O, consumed for combustion of CO to CO» (~ 17,6 MJ/kg of O»).

Thus, according to Hess' law, the rate of heat release at the sampling point is

22
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q= qtot - qcat = E(mooz_ moz) - (ECO - E)(Amo2)cat (A.19)

This equation can be transformed with equations (A.15) and (A.16) to the final form:

1-¢ X8 me Mo,

0= B (B0 B [T ota D) W

(o]
(1-x2,0) X85 (A.20)

A.1.4 Qx COs CO and H>O are measured

O,, COp, CO, H,0 and N, make up for over 99 % of the exhaust gases in almost all full-scale fire tests.\Consequently,
it is assumed that these are the only species in the exhaust gas flow. With this assumption, the availability pf the H,O
measurgment simplifies the analysis and improves accuracy. The mass flow rates of all species in thé exhaust duct can
now be (written directly as a function of m, :

M

| A MO2 .

Ma, = (1‘XH20)X02 Mo Me (A.21)

oy = (1= Xb,0) X Ao, S22 1 (A.22)

mcoz— H>0 CO»2 Mo Me .

do = (L~ Xr,0) X800 (A.23)

(0] H-,O] A co Me Me .
MH,0

im0 = Xn,0 MZ e (A.24)

o= A _ A A 2
My, = (1_ XHzO)(l_ X0, 7~ Xco, ™ Xco Me (A.25)

The mdlecular mass of the exhaust gases M, can be found by setting the sum of equations (A.21) to (A.2%) equal to

M . Sybstitution of numerical valgeg for the molecular masses of the various species yields

|\/|3218+4(1—XH20)(xéz+4xé02+ 2,5) (A.26)

Since the flow equations in 1ISO 9705 are based on the assumption that the exhaust gases have the same [density as
dry air, juse of Mg leads to more accurate equations for the mass flow rate. For an orifice plate, the flow ¢quation is

replaced by

[ M2
Me=C —2 — (A.27)
MeTe

For the case of a bi-directional probe, the flow equation is replaced by

Mar A
e = 26,54 Kc_ [Mdy 2P (A.28)
f(RO)\ MeTe

The mass flow rate of air entering the system may now be calculated as a function of m, on the basis of conservation
of nitrogen. Combination of equation (A.25) and a similar equation linking m, to M, results in
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Ma _ (1_ XHzo)(l_ Xéz_ XéOz_XéO)&

Ma 0 AC _ A° M
2 (1_XH20)(1_X02_XC02) ¢

(A.29)

The molecular mass of the incoming air follows from equation (A.6). The mass flow rate of oxygen into the system can
now be calculated from equation (A.29) as

mOOZ = oy Me

A A A

(A.30)

The O, d¢g

=

AT A° Y
1-X0,~ XCo, €

pletion factor ¢ is obtained by substituting equations (A.21) and (A.30) into equation (A.8)

A° A A A A°
02(1_ Xco, ™ Xco) - on(l_ XCOQ)

This equattion is identical to the one derived in (A.15). A correction can be found for incomplete combust

similar wa|

A.2 Net

Oftenin fu
be noted t
depletion

total O, dd

The case
measured
depletion (

(Amg

where

A A A A°
(1_ X0,~ Xco, ™ Xco)X02

y as developed there. The final form of the equation for rate of heat release is then given by

1-¢ X2 [M
E9 - (Eco-E) 757 CO} 2 g [1- X §

)x&]
2 Xéz Ma Hzo O2

heat release

I-scale fire tests, specimens are exposed toan ignition source such as a gas burner or a wood crib. |
hat et the rate of heat release from the.specimen only, can be interesting. In such tests, part of the
n the exhaust duct is due to combustion of the ignition source fuel. This part must be subtracted f
pletion in order to determine (. released by the specimen.

of a gas burner ignition source is considered first. The flow rate of fuel gas to the burner my is
and combustion efficiency”y for a gas may assumed to be 100 %. Under these conditions, the
lue to combustion of the-burner gas is given by

) mg(AhC)g
2o By

(A31)

onin a

(A.32)

t should
oxygen
rom the

usually
oxygen

(A.33)

(Ar"no2 Tg 1S te O UeEpIEtion tue to combustor of the gas (Kurs);

Mgy

is the mass flow rate to the burner (kg/s);

(Ahc)g is the net heat of combustion of the gas (46,4 MJ/kg for C3Hg);

Eq

24

is the net heat released per unit mass of O, consumed for combustion of the burner gas

(12,76 MJ/kg for C3Hg).
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Thus, the net rate of heat release by the specimen follows from subtracting E(Ar‘noz)g from ¢ calculated
according to equation (A.11), (A.20) or (A.32).

Although this procedure is straightforward, there is a problem in practical applications. The problem is related to the
delay in response of the instrumentation in the exhaust duct. The delay consists partly of the time required by the
combustion products to travel from the fire to the measuring point. This transport time can easily be taken into
account by shifting the measurements over the appropriate transport time interval. However, a considerable part of
the delay is usually much more difficult to correct and is due to filling of an enclosure, response time of gas
analysers etc.

In cases where the latter part of the delay turns out to be significant, a better procedure to determine|qnet may
consist|of running a calibration test with the ignition source and a non-combustible specimen. Such.ateft yields a
baseling rate of heat release curve. For subsequent tests, g, is determined by subtracting the‘baseling from the
HRR obtained via (A.11), (A.20) or (A.32). The same procedure may be used for ignition sources withl unknown
heat of combustion or unknown combustion efficiency, such as wood cribs.

A.3 Summary of calculation procedures
Depending on the configuration of gas analysers and the type of flow rate meastrement, different procedures should
be used to calculate the rate of heat release. With the most common instrufentation the recommended |procedure
consistg of the following steps.

Calgulate M, according to equation (A.26).
Calpulate m, according to equation (A.28).
Calpulate m, /M 4 according to equation (A.29).

Calfulate ¢ according to equation (A.15).

Calfulate ¢ according to equation (A.32).

When 4l tests are conducted with a gas burner ignition source, ¢,¢; may be calculated as indicated in clausg A.2. Note
that thel mass flow rates of CO,, COJand H,0 in the exhaust can be calculated from equations (A.22) to|(A.24). To
obtain the mass flow rates generated by combustion, however, the flow rate of CO, and H,0 in the incoming air must
be subtfacted from equation(A:22) and equation (A.24) respectively. These can be obtained from

M.3.0
e - (o] 2 .
m|_ 20 - XHZO M a ma (A34)
M
. d L o AC CO2 .
Mgy~ (1‘ XHgO) Xcor _ e (A.35)

By multiplying the generation rates of CO, and CO by the appropriate mass ratio, the generation rate of carbon may be
calculated. Furthermore, if the carbon to hydrogen ratio of the fuel volatiles is known, this may be used to estimate the
mass loss rate of the fuel. The contribution from an ignition source can be subtracted in a similar way as explained in
A.2 for the rate of heat release.
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Annex B

Practical example of the measurements of toxic gases by FTIR and ion
chromatography

B.1 Desgcription of the FTIR measurement technique

A complete description of the testing method is given in NT FIRE 047 [42]. The principle of thisymethod|can be
explained|as follows.

Smoke gas samples for the FTIR analysis are taken from a gas sampling line connected ‘to the test apparatus
(usually the exhaust duct). The gas sample is drawn continuously through a heated sampling line to a hdated IR
absorption cell of a FTIR spectrometer. The infrared beam is directed from the intérferometer through the gas
absorption cell; at chosen intervals, interferograms are acquired and after the test.converted to absorption spectra.

The samgling line and the IR absorption cell are heated to keep the smoke-gas composition unchanged for the
analysis. At the elevated temperature of over 120 °C water is prevented from liquefying, gases soluble in water
[e.g. hydrogen cyanide (HCN) and hydrogen chloride (HCI), etc.] from dissolving and lightweight gases insqluble in
water from precipitating.

Heating and filtering help to keep the sampling line clean and the, IR absorption cell with mirrors inside.
into interfgred irradiance and conversion of an interferogram into a conventional wavelength spectrum with wide

wavelength range. In this method, the spectrum is presented as absorbance (energy lost or absorbed in the optical
path) as function of radiation in wave numbers (number of cycles per centimetre).

FTIR is b$sed on infrared absorption. Specific to FTIR is conversion of regular irradiance from an infrared source

b

2
@_
: 3

- —

Key
Exhayst’duct of fire test
Pump
Heated sampling line
Heated gas cell
Mirrors

IR Source

Detector

~N o o W0ON R

Figure B.1 — Schematic view of gas sampling and IR measurement

Polyatomic and heteronuclear diatomic compounds have absorption in the infrared region (O, has to be measured
with other methods) and can be identified on basis of absorbance or absorbances characteristic (at characteristic
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wavelengths) to the compound. Concentrations are related to intensities of absorption. Concentrations can be
calculated on the basis of areas of absorbances in the spectra of the unknown and reference gas mixtures with
known concentrations of gases.

Concentrations of smoke gases as a function of time can be calculated from successive measurements at regular
intervals (5 s to 10 s is suitable).

B.2 Description of the ion chromatography measurement technique

Chromatography is a chemical analysis method based on the separation of the different components jin [a mixture.
This separation is done between a mobile phase, in which components are soluble, and a stationany [phase, on
which they can be delayed.

In ion ¢hromatography, the stationary phase is an ion exchange resin and the mobile phase an ioni¢ solution.

Depending on the size, the charge and the polarizability of the component, it will be delayed more or Igss by the

column

Two of the essential measurement parameters are as follows.

The retpntion time (tg): time between injection and exit of the column (top.ofithe peak) for a given conjponent. It
depends on the nature of the mobile and the stationary phases.

The pepk area (A): area between the baseline and the chromatogram, delimited by the start and the ¢nd of the
peak.

d ®
9 o
™ _ ®
= x~
[« ®
8 (O]
g o
@
O
] ¥
t, t. Time Concentration
Figure B.2 — Chromatographic parameters and calibration curve

A calibfation curve isf<set up from injections of solutions containing the components to be analysed|at known

concentrations and.gives peak area vs. concentration.

Several detection'modes can be used, as follows.

a) The €enductivity detection allows the analysis of HF, HCI, HBr, NO,, SO». It is based on the abilify for ionic
solTtions 1o carry current whemnm ptaced between wo_different-charged efectrodes. condguctvity is directly
related to the concentration of the component by the formula given below:

1
C=kG=k=
R
where
C is the conductivity [Siemens];
R s the resistance [ohm]
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G is the conductance [ohm—1]
k is a constant (depends on the detection cell).

Species detected by conductivity are ionic, so this method requires a mobile phase containing strong
electrolytes. Consequently, ionic analyses and ions of mobile phase can be detected. In order to avoid a loss
of sensitivity of the detection due to the large quantity of ions from mobile phase, chemical suppression may
be used. There are different systems but they all provide a lower baseline shift, a lower detection limit, and
elimination of interference’s from cautions (in case of anion analysis).

AmpdTor genenated by
oxidafion or reduction of a component on the surface of a working electrode. This current is proportional to the
concentration of the component.

| = nFADS ~Ic
where
| is the current intensity [A];

nN is the number of transferred electrons;

H is the Faraday constant [C mol-1)];

A is the electrode area [m?];

D s the coefficient of diffusion [m2 s—1];

¢ is the thickness of the detection cell [m];

¢ is the concentration of the component.Jmol I-1].

For gxample, DC amperometry (direct current amperometry) can be used by applying a chosen and gonstant
potential to the working electrode.

il
| o S

1 2 3 L 1 2 3 8 5
Effluent 5 Waste
Pump 6  Chemical suppression
Column 7  Nitrogen
Conductimeter 8  Amperometer

Figure B.3 — Schematic view of conductivity and amperometry lines
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B.3 Sampling line requirements for small- and large-scale testing

B.3.1 Sampling line description

B.3.1.1

Examples

Two sampling lines, one for the FTIR and one for the ion chromatography analysis can be used as described in the
following practical example.

B.3.1.2

For me

— Th

— Be

— On
filtq

Key

Fropes

b distance between the probes is 100 mm.

ris included in the FTIR sampling line.

ween the gas sampling probes, a minimum of 15° offset should be foreseen.

e probe is connected to the FTIR sampling line, the second one to the ion_chromatography samp

hsurement in the duct, two gas sampling probes can be fitted to the exhaust duct, as shown bhelow.

Pimensions in millimetres

100

Ex
Sa
Sa
Sa

A W DN P

©1S0 20

aust duct

ple flow IC

ple flow FTIR

ple probesor FTIR and IC

igure’B.4 — Gas sampling probes position in the furniture and cone calorimeter exhaust d

uct
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CV = Volumetric counter

Gas cell

CV = Volumetric counter
D —_ Dllmp

D 3 Dllmp
D Rotameter
[ ] Heating covering

D = Roftameter
[ ] Heating covering

& 50 mlNaOH 0,1 M (straight head).
b~ 70 mINaOH 0,1 M (sintered head).
€ 70 mINaOH 0,1 M (straight head).

For testing in accordance with an ISO 9705 room, the gas sampling probes.can be installed as in Figure B.§.

Figure B.5 — Schematic view of FTIR and ion chromatography linres connections

Dimensions’in millimetres

B.3.1.3 Filter

In order tp protect the FTIR analyser from soot and water, a filter unit has to be placed in the sampli
between gxhaust duct and FTIR line. This type of filter has to be inert regarding HCI, HBr or other gases of
To check jtsZpassivity property, it is necessary to analyse it after each test. Many types of filters may be u

Figure B.6 — Hoarizontal position of gas sampling probes in the ISO 9705 room

g lines
nterest.

sed, but

most laboratories adapt a stainless steel filter unit containing a glass fibre filter. An example of a commercial filter is
“Whatman microfilter, 47 mm in diameter, multigrade 1u GMF 150,47 mm in diameter”.

B.3.1.4 Bubblers and bubbling solution

Three bubblers can be put in series. The nominal volume is 100 ml.

— The first one is a straight bubbler, filled with 50 ml of 0,1M NaOH.

— The second one is a sintered head bubbler (porosity 1), filled with 70 ml of 0,1M NaOH.
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