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Foreword

1:2016(E)

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 interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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D705 consists of the following parts, under the general title Reaction to fire tests — Room corner test

vall and ceiling lining products:
Part 1: Test method for a’syrall room configuration

Part 2: Technical background and guidance [Technical Report]
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Introduction
This part of ISO 9705 is intended to describe the fire behaviour of a product under controlled
laboratory conditions.

The test method may be used as part of a fire hazard assessment which takes into account all of the
factors which are pertinent to an assessment of the fire hazard of a particular end use.

vi © ISO 2016 - All rights reserved
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Reaction to fire tests — Room corner test for wall and
ceiling lining products —

Part 1:
Test method for a small room configuration

WARNING — So that suitable precautions can be taken to safeguard health, the att
congerned in fire tests is drawn to the possibility that toxic or harmful gases-ean
during combustion of test specimens. The test procedures involve high temper
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ustion processes from ignition to a fully developed room fire. Therefore, hi
t for burns, ignition of extraneous objects or clothing. The operators-should use
hing, helmet, face-shield and equipment for avoiding exposureto. toxic gases
hguishing a fully developed fire should be available.

Scope

part of ISO 9705 specifies the test method to evaluate theweaction of wall and ceiling
when installed at the surface of a small room and expesed directly to a specified igni
test represents a fire scenario, which starts under.well-ventilated conditions in a
ified room with a single open doorway.

5 performed in accordance with the method specified in this part of ISO 9705 pJ
he early stages of a fire from ignition up/to flashover. The method does not evalu
tance of products.

method is not intended to evaluate:floor coverings. This method is not suitable fo
1 building systems, pipe insulation-and facades for which specific ISO standards (i.e.
0632 and ISO 13785, respectively) are available.
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following documefits, in whole or in part, are normatively referenced in this docum
pensable for it§~application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

3.1

exposed surface
surface of the product subjected to the heating conditions of the test

3.2

material
single substance or uniformly dispersed mixture

EXA

MPLE This includes metal, stone, timber, concrete, mineral fibre, and polymers.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=a1e42c2f75cd40ed523c16724bdb96e1

ISO 9705-1:2016(E)

3.3
product

material, composite or assembly about which information is required

3.4
specimen

representative piece of the product which is to be tested together with any substrate or treatment

Note 1 to entry: The specimen may include an air gap.

3.5
wall and cg

binclning nradact

wall and ¢
ignition sou

3.6
flashover
point in the
reaches 10

..... S g Proaact

piling products, installed at the surface of a room and exposed directly to a spec
rce

fire history when the sum of the heat release rate from the ignition souteeand the pro
DO kW

Note 1 to enffry: Heat release rate calculated as a 30-second sliding average, HRRsmoouwiyas given in Annex E.

3.7

Fire Growt
FIGRA
growth ratg

3.8

h Rate

of the fire during a specified time period

Smoke Growth Rate

SMOGRA
growth ratg

3.9
burning dr
continuous

of the smoke during a specified time period

oplets
occurrence of flaming droplets/particles from the specimen for at least 10 s or until a

fire forms on the floor

4 Princi

The hazard

ple

of fire growth isZevaluated by the measurement of the rate of heat release of the fire b

on calculatipn of oxygen conilsumption.

The hazard

Phenomena
are visually

of reduced\visibility is estimated by the measurement of production of light-obscuring snj

attributed to the fire growth, for example flame spread and emission of burning droq
decumented by photographic and/or video recording.

ified

duct

pool

hsed

oke.

lets,

NOTE If further information is required, measurements, for example of heat flux to the floor, toxic gas
species, the gas temperature in the room and the mass flow in and out the doorway, can be performed. See also
ISO/TR 9705-2.

5 Fire test room

5.1 Dimensions

The room (see Figure 1) shall consist of four walls at right angles, a floor and a ceiling and shall have the
following inner dimensions:

a) length:

3,6 m+0,05m;
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b) width: 2,4 m + 0,05 m;
c) height:2,4m * 0,05 m.

The room shall be placed indoors in an essentially draught free, heated space, large enough to ensure
that there is no influence on the test fire. In order to facilitate the mounting of the instruments of the
ignition source, the test room may be placed so that the floor can be reached from beneath.

5.2 Doorway
There shall be a doorway in the centre of one of the 2,4 m x 2,4 m walls and no other wall, floor or ceiling
shal[ have any openings that allow ventilation. The doorway shall have the following dimenfions:
a) width: 0,8 m = 0,01 m;
b) height: 2,0 m + 0,01 m.
Dimensigns in metres
2,4
] e
[}
2y
° Q
A “
o
Y L
0,8
il —————— -
a)_ Front view b) Top view
Figure 1 — Fire test room
5.3 LEonstruction material

The test room shall be constructed of non-combustible material with a density of (600 + 200) kg/m3.
The minimum thickness of the construction shall be 20 mm.

6 Ignition source

6.1 General

The ignition source design is specified in Annex A.

© IS0 2016 - All rights reserved 3
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The ignition source shall be a propane gas burner having a nominal 170 mm x 170 mm square top surface
layer of a porous, inert material. The top portion of the porous material shall be a minimum 45 mm of
sand. The construction shall be such that an even gas flow is achieved over the entire opening area.

The burner shall be ignited with a remote-controlled ignition device, for example a pilot burner or a
spark igniter. The burner shall be provided with controls for gas supply shut-off if flameout occurs or if
there is a gas leak.

Because the propane gas burner consumes relatively large amounts of gas, the attention is therefore
drawn to the following warning.

WARNING Al-equipment-suchastubes;—eouplings; He —ete—shall-be—appreved for
propane. The installations shall be performed in accordance with existing regulations.

6.2 Location

The burner|shall be placed on the floor in a corner opposite to the doorway wall. Thetop surface of the
burner thrqugh which the gas is supplied shall be located horizontally, (146 + 3) mm off the floor| and
the burner ¢nclosure shall be in contact with both walls in the corner.

6.3 Gas

The burnerishall be supplied with natural grade propane (95 % purity). The gas flow to the burner ghall
be measured throughout the test with an accuracy of at least #3 %, The heat output to the burner hall
be controllgd within +5 % of the prescribed value. Flow rates of gas shall be calculated using a net|heat
of combustion of propane of 46,4 M]/kg.

6.4 Heat|output

The net heaf output shall be 100 kW during the first-10 min after ignition and then shall be increas¢d to
300 kW forfa further 10 min.

7 Hood pand exhaust duct

The system for collecting the combuistion products shall have a capacity and be designed in such a
way that al| of the combustion products leaving the fire room through the doorway during a tesf are
collected. Tihe system shall not 'disturb the fire-induced flow in the doorway. The maximum exhaust

capacity sh

NOTE A

8 Instru

1l be at least 3,54n3s~1 at normal pressure and a temperature of 25 °C.

h example of ghevdesign of hood and an exhaust duct is given in Annex C.

mentation in the exhaust duct

ral

8.1 Gen

This Clause specifies minimum requirements for instrumentation in the exhaust duct. Additional
information and designs can be found in Annex D.

8.2 Volume flow rate

The volume

flow rate in the exhaust duct shall be measured to an accuracy of at least 5 %.

The response time of the measurement system to a stepwise change of the duct flow rate shall be a
maximum of 3 s at 90 % of the final value.

© ISO 2016 - All rights res
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8.3 Gas analysis

8.3.1 Sampling line

The gas samples shall be taken in the exhaust duct at a position where the combustion products are
uniformly mixed. The sampling line shall be made from an inert material which will not influence the
concentration of the gas species to be analysed (see Annex D).

8.3.2 Oxygen

The Os—analyser shall be of the paramagne Vg nance—and capable of
meapuring a range of at least 0 Vol % to 21 Vol % oxygen (Volumegz/Volume,iy). The tngertainty of
meapurement shall be < 0,1 Vol % Oy or better. The stability of the analyser shall be within 0,01 Vol %
07 oper a period of 30 min (measured as recommended in accordance with D.3.2). The output from the
analyser and also the data acquisition system shall have a resolution of 0,01 Vol 9,07 or better.

8.3.3 Carbon dioxide

The [CO7 analyser shall be of the IR type or equivalent in performance and capable of measuring a range
of at{least 0 Vol % to 10 Vol % carbon dioxide. The uncertainty of measurement shall be < 0,]1 Vol % CO>
up to 5 Vol % COz and < 0,2 Vol % CO3 from 5 to 10 Vol % CO3. The linearity of the analyser $hall be 1 %
of fyll scale or better. The output from the analyser and also the data acquisition system shall have a
resojution of 0,01 Vol % CO> or better.

8.4 | Optical density

8.4.1 General
The |optical density of the smoke is determined by measuring the light obscuration with a system

condisting of a lamp, lenses, an aperture and a photocell (see Figure 2) or with a laser system as
givep in Annex H.

8.4.2 Lamp

The [lamp shall be of the incandescent filament type and shall operate at a colour temperature of
(2 900 + 100) K. The lamp shall be supplied with stabilized direct current, stable within +0,5 %
(including temperaturg,short-term and long-term stability).

8.4. Lenses

The |ens system'shall align the light to a parallel beam with a diameter, D, of at least 20 mm

8.4. Aperture

The aperture shall be placed at the focus of the lens L as shown in Figure 2 and it shall have a diameter,
d, chosen with regard to the focal length, f of Ly so that d/f is less than 0,04. Other solutions to avoid
light scattering are allowed.

8.4.5 Detector

The detector shall have a spectrally distributed response agreeing with the CIEY, V(A)-function (the
CIE photopic curves) to an accuracy of at least +5 %.

The detector output shall be linear within 5 % or 0,01 of the measured optical density value, over an
output range of at least two decades. A routine to check this requirement is given in D.4.2.3.

1) Commission Internationale d’Eclairage.

© IS0 2016 - All rights reserved 5
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8.4.6 Location

Thelightbeam shall cross the exhaust duct along its diameter ata position where the smoke is homogenous.

Key

1  wall of gxhaust duct
2 aperturg

3  lamp

4 detector

Figure 2 — Optical system

9 System performance
9.1 Systgm response

9.1.1 Prdcedure

The delay times and response‘times of the gas analysis system shall be checked for a stepwise chanpe of
the heat oufput from thé/burner according to Table 1. The burner shall be placed centrally 3,5 m bglow
the centre ljne of the-duct. Measurements shall be taken every 3 s. The volume flow rate of the exhaust
system shall be sett042,5 + 0,5) m3s-1,

Table 1 — Burner heat output profile

Step Number Trrillil;le Heatk(\)/:lltput
1 0to?2 0
2 2to7 100
3 7 to 12 300
4 12to 17 100
5 17to 19 0

6 © IS0 2016 - All rights reserved
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9.1.2 Delay times

The delay time of the oxygen analyser is found as the time difference between a 3 K change in the duct
temperature and a 0,05 % change in the oxygen concentration. The delay time of the carbon dioxide
analyser is found as the time difference between a 3 K change in the duct temperature and a 0,02 %
change in the carbon dioxide concentration. Neither delay time shall exceed 30 s. The data shall be
corrected on the basis of these delay times before calculating the heat release rate.

9.1.3 Response times

The response times are found as the time between a 10 % and 90 % change in the measured oxygen or
carblon dioxide level. The response times shall not exceed 18 s.

9.1.4 Calculations
Basdd on the unshifted data, calculate:
a) for each step:

1) (gas, the start time of the step as the time of the first data pointat which the propane flow has
changed by 100 mg/s in comparison with the mean value in‘the last 2 min of the previous step;

D) tT, the time of the first data point at which the temperature Ts has changed 3,0 K in fomparison
with the mean value in the last 2 min of the previous.stép;

B) toz, the time of the first data point at which thé&ekygen concentration has changeld 0,05 % in
comparison with the mean value in the last 2-iin of the previous step;

1) tcoz, the time of the first data point at wihich the carbon dioxide concentration Has changed
0,02 % in comparison with the mean valte in the last 2 min of the previous step;

b)  to02,10 %, the time of the first data peint at which the oxygen concentration has reached 10 % of
its deflection using the mean values in the last 2 min of the previous and the current step;

b)  t02,90 %, analogous to tp3,10 9, however for 90 % instead of 10 % deflection;

/) tcoz,10 %, the time of thefirst data point at which the carbon dioxide concentration has reached
10 % of its deflectiofy using the mean values in the last 2 min of the previous and the qurrent step;

B)  tc02,90 %, analégous to tco2,10 %, however for 90 % instead of 10 % deflection;
b) the delay timedfithe oxygen analyser as the mean of tg - tT found for steps 2, 3, 4 and b;
c) the delaytime of the carbon dioxide analyser as the mean of tcoz - tT found for steps 2,[3, 4 and 5;

d) fheresponse time of the oxygen analyser as the mean of t02,90 % - t02,10 % found for steps , 3, 4 and 5;

e) [heresponse time of the carbon dioxide analyser as the mean of tco2.90 o, — tco2.10 % fouind for steps
2,3,4 and 5;

9.2 Daily Check
A calibration test shall be performed prior to each test or continuous test series.
NOTE Formulae for calculations are given in Annex E.

The calibration shall be performed with the burner heat outputs given in Table 1, with the burner
placed centrally 3,5 m below the centre line of the duct . Measurements shall be taken every 3 s and
shall be started 2 min prior to ignition of the burner. At steady-state conditions, the difference between
the mean heat release rate (HRRtotal) over 1 min (during the time interval between 180 s and 240 s

© IS0 2016 - All rights reserved 7
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after the start of steps 2, 3 and 4) calculated from the measured oxygen consumption and that calculated
from the metered gas input (q, ) shall not exceed 5 % for each level of heat output in steps 2, 3 and 4.

9.3 Precision

The precision of the system at various volume flow rates shall be checked by increasing the volume flow
in the exhaust duct in four equal steps, starting from 2 m3s-1 (at 0,1 MPa and 25 °C) up to the maximum.
The heat output from the burner shall be 300 kW. The error in the mean heat release rate, calculated
over 1 min shall be not more than 10 % of the actual heat output from the burner.

9.4 Meth

9.4.1 Fre

At least ond

9.4.2 Cor

The contair

anol calibration

quency of calibration

tainer

er for burning the methanol shall be of circular geometry and made of steel. The dian

of the contafiner shall be (720 + 10) mm and the height shall be (150 + 10) mmi: The thickness of the

sheets shall

9.4.3 Me

The methan
7 920 g). Tk
stored in a
chemically

944 Prdg

9.4.4.1 Iy

be 2,0 mm. This gives a fuel area of (0,41 + 0,01) m2.

thanol

ol shall have a purity of at least 98 %. The volume ¢fimethanol should be 10| (approxim
le fire from the pool will release about 140 kW.*One litre of methanol may be collected
beparate container, so in case any doubt should*arise about the purity of the liquid it cq
hnalysed at a later stage.

cedure for methanol calibration

itial conditions

The fuel comtainer shall be placed on(a weighing platform consisting of a slab placed on top of a w¢

measuring
according t

The weight
least +100 g
the burning
to avoid ra
shall be bel

The distand

Hevice. The slab shall have the dimensions 1,2 m x 1,2 m and be of calcium silicate bo
h EN 13238.

measuring deyie€) e.g. load cells, shall measure the specimen mass with an accuracy
up to at least 90 kg of specimen mass. It shall be installed in such a way that the heat
sample and-any eccentricity of the load does not affect the accuracy. Care should be t
nge shifts during measurements. All parts of the weight-measuring device, e.g. load
bw the top level of the slab.

e“from the upper surface of the slab to floor level shall not exceed 0,5 m. The area bety

e a year, or more often if needed, a calibration check using methanol shall beperformed.

eter
steel

htely
and
n be

pight
ards

of at
'Tom
hken
rells,

veen

the slab an

the floor level shall be shielded in order to avoid lifting forces due to fire induced air

that could influence the measurement.

The container shall be centred under the hood and be in the horizontal plane.

flow

The temperature of the fuel, the container and ambient shall be (20 + 5) °C. The fuel container shall be
allowed to cool between tests. The amount of fuel dispensed into the container shall be weighed with
an accuracy of 10 g.

The horizontal wind draught measured at a distance of 0,5 m from the boundary of the weighing

platform in

level with the slab shall not exceed 0,5 m/s.
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9.4.4.2 Volume flow

The volume flow rate of the exhaust system shall be set to (2,5 + 0,5) m3s-1.

9.4.4.3 Base line recording

A baseline of at least 2 min shall be recorded prior to the ignition of the fuel.

9.4.4.4 Ignition sequence

The fuel shall be ignited in such way that the weighing of the sample is not disturbed, for instance a
burning match thrown into the fuel.

9.4.4.5 End of calibration test

Aftel the fuel has burnt out, the measurements shall continue for another 2 min.

9.4.5 Requirements for methanol calibration

The ffective heat of combustion, AHgf; calculated as the total heat released/total mass lgst shall not
devipte from the theoretical value of 19,83 k]/g by more than 10 % The value 17,3 M]J/m3 af 25 °C for E
(seelE.2.2) shall be used.

NOTE Precision of calibration from an exercise amongst International laboratories is given in Annex G.

10 Preparation of test specimens

10.1 Specimen configuration

The |product to be tested shall, as far as possible, be mounted in the same way as in the end use
appljcation. Configurations for mountingthe specimen in the test room are given in Annex F.

10.2 Boards

In c3dses where the product to,be tested is in board form, the normal width, length and thickness of the
boards shall be used as fatas possible.

10.3 Mounting

The [product shall be attached either to a substrate or directly to the interior of the firq room. The
moujnting techhique (for example, nailing, gluing, using a support system) shall, as far ps possible,
confprm te-that used for the product in its end use application. The thickness of the specimé¢n including
air gap’shall be a maximum of 100 mm. The mounting technique shall be clearly stated in the report

: ' ' ' echni ed | e e ' ehaviour of the

dU PDd 1id 1€ Nounting ANIgUe U A 1MPIro [ D1 dl DCNJ
specimen during the test.

10.4 Substrates

Products shall be applied to a substrate according to EN 13238.

10.5 Paints and varnishes

Paints and varnishes shall be applied to the substrates at the application rate specified by the sponsor.

© IS0 2016 - All rights reserved 9
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10.6 Conditioning

Specimens shall be conditioned according to EN 13238. Any weighing operation shall be performed
representative piece of the specimen.

NOTE For wood-based products and products where vaporization of solvents can occur, a conditioning
of at least four weeks can be required.

11 Testing

ona

time

11.1 Initigl conditions

11.1.1 Ampbient temperature

From the stprt of the installation of specimens until the start of the test, the temperatufejin the fireg
room and tle surrounding area shall be (20 + 10) °C.

NOTE The time between the removal of the specimens from conditioning and thé start of the test is
kept to a miimum to ensure that the conditioning of the test specimen is not lost..Régistration of tempers3
and humidity is recommended.

11.1.2 Anlbient wind speed

The horizonptal wind speed measured at a horizontal distance of\}'m from the centre of the dooj
shall not exfeed 0,5 m s-1.

11.1.3 Burfner

test

to be
iture

way

The burnerishall be in contact with the test specimenin the corner wall. The surface area of the burner

opening shdll be clean.

11.1.4 Phgtographs

The producf shall be photographed or ¥ideo filmed before testing.
11.2 Procgedure

11.2.1 Aufomated recording of data

The followihg data shall-be measured and recorded automatically every 3 s. The recording shall b
atleast 2 mjn beforé\the ignition of the burner and continue to at least 22 min after the ignition or 2
after flashoper, whichever occurs first.

egin
min

a) Time (f),4D s. The start of recording of data, t = =120 s equates to 2 min before the ignition of the

burner.

b) Mass flow of propane gas to the burner (m’ p) in mg/s. If a rotameter is used, the data shoul
added manually.

d be

c) Pressure difference between the two chambers of the bi-directional probe (Ap), at the general

measuring section in the exhaust duct, in Pa.

d) Signal from the light receiver (I), of the white light system at the general measuring section in the

exhaust duct, in %.

e) 0O percentage in exhaust flow sampled at the gas sampling probe at the general measuring section

in the exhaust duct.

10 © IS0 2016 - All rights reserved
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f) COz percentage in exhaust flow sampled at the gas sampling probe at the general measuring section

g)

11.

in the exhaust duct.

The duct temperature (Ts) at the general measuring section in the exhaust duct, in K.

2.2 Adjustment of burner and exhaust flow

Adjust the burner to the output level given in 6.4 within 10 s of ignition of the burner. Continuously
adjust the exhaust capacity so that all of the combustion products are collected.

11.

A ph
apps
inte
of th
photfographs, or digital images shall preferably be taken at intervals not exceeding 15 s
3m
cam
to by
whe
mount shall be adjusted so that the camera lens is approximately 900 mm from the floor.
angl
visih

The
cont

11.

During the test, record the following observations, including the time when they occur:

a)
b)

)
d)
e)

Bu
cor

11.

r
ITer where the burner is placed.

.3 Photographs

otographic and video recording shall be made of the test. A timer depicting “elapsed
ar in all photographic records, giving time to the nearest 1 s. The timer shall be pern
bral to the camera. The timer shall be clearly viewed throughout the test peried. Prioj
e burner, the date and laboratory test report identification number shall hé)tilmed. C

n of the test and at intervals not exceeding 30 s thereafter for the duration of the t
bra with a manually adjustable iris, adjusted to prevent automatie closing of the iris ¢

h adjustments and compensation for the brightness of the ignition flames are needed.

e and magnification shall be adjusted until the top of the‘doorway and the top of the]
le and the ceiling area directly above the fire is in full iew.

video shall be started at least 30 s prior to ignitionof the burner, and the video record
inuous for the duration of the test period.

2.4 Observations
gnition of the ceiling;

iwhether flames spread any further down the walls of the test room than 0,5 m fro
excluding the area which is within 1,2 m from the corner where the ignition source is 1g

rhange of the heat output from the burner;
fFlames emergingthrough the doorway;
bccurrence and location of burning droplets.

ing droplets shall be recorded only when occurring outside a distance of 1,2 m from th

time” shall
nitted to be
" to ignition
blour slides,
for the first
bst. A video
pening due

ightness of the fire (at least 50 % open), shall be used. A video monitor shall be used t¢ determine

The camera
The camera
burner are

ing shall be

m the floor
cated;

e specimen

235

Termimatiomof test

Stop the test 20 min after ignition of the burner or earlier if flashover occurs.

NOTE

11.

Safety considerations may dictate an earlier termination.

2.6 Damage of tested sample

Note the extent of damage of the product after the test.

11.

2.7 Unusual behaviour

Record any other unusual behaviour such as deformation, delamination, etc.

© ISO 2016 - All rights reserved
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11.2.8 Additional measurements

Additional measurements, such as gas and surface temperatures, etc. may be performed as given in
Annex B.

12 Test report

The test report shall contain the following information as a minimum. A clear distinction shall be made
between the data provided by the sponsor and data determined by the test:

a)
b)
c)
d)
e)
f)
g)
h)
i)

j)

k)
)

12

referen

e thatthe test was carried outin accordance with this part of ISO Q7ﬁ’-'\', ie IS0 9705- ;

any deyiations from the test method;

name a

date and identification number of the report;

name a
name a
date of

identifi

descripftion of the sampling procedure, where relevant;

a generjal description of the product tested including,density, weight per unit area and thick
togethdr with the form of construction of the test specimen;

description of substrate and fixing to the substrate (if used);

details

date of

test reqults (see Annex E):
1) tinje to flashover;

2) time/heat release rate-(HRR); and if the burner is included, time/heat release from the bui

3) am
4) tim
5) des

hd address of the testing laboratory;

hd address of the sponsor;
hd address of the manufacturer/supplier, if known;
sample arrival;

cation of the product;

pf conditioning;

test;

bient tempefatire;
e/smoke‘production rate (SPR) at actual duct flow temperature;

cription of the fire development (photographs);

hess,

ner;

6) FIGRA calculated according to Annex E,

7) SM

OGRA calculated according to Annex E;

8) Total Smoke Production (TSP) calculated according to Annex E and specifying the time of
integration;

9) Total heatreleased (THR) calculated according to Annex E and specifying the time of integration.

on request of the contractor: data file with data recorded automatically according to 9.4.
and/or latest calibration reports, including details of the calibration procedure if anything other
than methanol calibration was used;
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p) the statement: “The test results relate only to the behaviour of the test specimens of a material
under the particular conditions of the test; they are not intended to be the sole criterion for
assessing the potential fire hazard of the material in use.”;

q) visual observations of flame spread and droplets/particles;

r) additional test results, if measured (see Annex B).

© IS0 2016 - All rights reserved 13


https://standardsiso.com/api/?name=a1e42c2f75cd40ed523c16724bdb96e1

ISO 9705-1:2016(E)

Annex A
(normative)

Ignition source

A.1 Standard ignition source — Burner

The burner|shall be as shown in Figure A.1. The burner shall be made of steel plates with maxirlnum

thickness

of 2 mm. The burner is filled with gravel of size 4 mm to 8 mm and sand of size 2 mmito 3jmm

Metal gauzgs stabilize the two layers, the top gauze being of size 1,4 mm and the bottom gauze being of

size 2,8 mn]. The upper layer of sand is to be level with the upper edge of the burner.

NOTE

gravel layerg.

14

Cpramic beads of nominal diameter up to 10 mm has been found to work as an alternative to sand and
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Dimensions in millimetres

v
T = t
A A
170 1
) - 2

-A dide view
sand

metal wire gauze

metaliwire gauze
[lgor of test room

A
1
2
3 pravel
4
5
6 gasinlet

Figure A.1 — Standard ignition source

A.2 Alternative ignition source — Burner

The burner shall have a nominal 0,31 m x 0,31 m porous top surface of a refractory material. The top
surface of the burner shall be located 0,3 m off the floor and shall be horizontal. The gas supply to the
burner shall produce a maximum net heat output of (162 + 4) kW (gross heat output 176 kW). The flow
rate shall be measured throughout the test.
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The burner shall be constructed with a minimum 100 mm layer of Ottawa sand, to provide the horizontal
surface through which the gas is supplied (see Figure A.2). The use of a sand burner is preferable to the
use of a burner with fibreboard, particularly for dripping materials.

After ignition, the net heat output shall be 25 % of its maximum value and after 30 s it shall be increased
to 50 % of its maximum value. After a further 30 s it shall be increased to 75 % of its maximum value
and after a further 30 s it shall be increased to its maximum value.

Dimensions in millimetres

1
2[ 1 )
305
152 76
3
~  J
i ! il
! I
A A

Key
1  burner filled with Ottawa.sand
2 gasinlet
3 19 mm om. pipe

Figure A.2 — Alternative ignition source
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Annex B
(informative)

Instrumentation of test room

1:2016(E)

B.1 _Total heat flux

NOTE The main component of heat transfer to the heat flux meter is irradiance. Howevey, convection
trangfer to or from the instrument cannot be ignored and therefore the term “total heat flux™is usgd instead of
“irradiance.”

A total heat flux meter should be mounted at a height of 26 mm * 5 mm aboyé the floor surface, facing
upwprd, in the geometric centre of the fire test room. The heat flux metershould be of the Schmidt-
Boelter (thermopile) type, with a full-scale design range of 50 kW/m?2.

The meter target should be a circular flat surface that is not more than 15 mm in diameter apd is coated
with a durable matte black finish, having a view angle of 180 degreés. The target should bge contained
within a water-cooled body in which the front face is of highly/polished metal, flat, coinciding with the
plang of the target, and circular, with a diameter of not morethan 50 mm + 2 mm.

In operation, the heat flux meter should be maintained at.a constant temperature at 25 °C{+ 1 °C or at
least 3 °C above the dew point, whichever is the highest

The heat flux meter should be calibrated wheneverrequired according to ISO 14934-3.

Radiation targets may be placed on the floor 6f‘the test room. The radiation targets should|consist of a
single piece of newsprint crumpled into a ball approximately 150 mm in diameter.

B.2| Gas temperatures

If thle vertical gas temperature profile inside the test room is known, expressions are available to
compute ingoing and outgaing gas flows through the room opening. To minimize gas tpmperature
meapurement errors, measurements should preferably be made with suction pyrometers ¢r very thin
thermocouples (50 pm):

Suitgble locations-fopy suction pyrometers or thermocouples are given in Figure B.1.

B.3| Surfacé temperatures

B.3.1¢-General

If it is desired to follow the growth of flame spread below the ceiling, surface thermocouples may be
mounted on the product. Measurement of surface temperatures can also be useful in making a heat
balance study of the test process.

B.3.2 Thermocouples

The diameter of the thermocouple wires should not exceed 0,25 mm. Estimates of measurement errors
are hard to obtain and the errors may be variable in time and location due to changes in the convection
and radiation environment in the test room. Practical experience shows that consistent and reliable
results are obtained if the thermocouple is adhered to the specimen surface by a thin, heat resistant
glass-fibre tape with a surface area of approximately 100 mm2. Good contact between the tape and
specimen should be maintained up to at least 500 °C. Suitable locations for surface thermocouples are

suggested in Figure B.2.
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B.4 Flow through opening

B.4.1 Bi-directional probes

Mass flow through the opening can be measured by bi-directional probes as specified in D.1. The gas
temperature in the vicinity of the probe should be measured by a suction pyrometer. The pressure
differential over the two taps of the probe should be measured by a pressure transducer able to resolve
pressure differences of 0,05 Pa. It is recommended that the transducer is of the capacitance type.
A suitable range of measurement is 0 Pa to 25 Pa.

ss flow rate pnr unit area

B.4.2 Ma
Mass flow j
using Form

m" = p

=1

where

Ps

1%

kP

AP

Po

To

Ts
If kp is equa
lower veloc
Total mass

that part of
ambient ain
function of

B.4.3 Cor

er unit time and area, m”, expressed in kilograms per square metre second, is ealcul
1lae (B.1) and (B.2):

v=rp, )k (0P p)"?

1/2
k, (2APp, T, [ T,)

s the density of gas at point of measurement, in kg m-3;

s the gas velocity, in m s—1;

s the Reynolds number correction for the bi-directional probe;
s the measured pressure differential, in Pa;

s the air density at 0 °C and 0,1 MPa, in kg m-3;

= 273,15 K;

s the gas temperature at pgint of measurement.

ties, the relative errorwill increase.

flow, m , outefthe room is obtained by integrating m” over the width of the opening

t
the opening¢above the neutral plane (boundary between the warm smoke gases andg
. It is essential that the position of the neutral plane is either measured or calculated

fime.

IVective heat flow rate per unit area

1 to 1,08, the maximum'error will be approximately 7 % down to velocities of 0,3 m s-1|

ated

[B.1)

B.2)

For

and

| the
as a

Convective heat flow rate per unit area, Q” , expressed in kilowatts per square metre, out of the opening
is calculated using Formula (B.3):

Q/l:m

where
ml/

Cp

18

"
¢, (T,—T,)

is the rate of mass flow per unit area, in kg m-2 s-1;

is the specific heat of combustion gases (~1,0), in k] kg1 K-1

(B.3)
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T is the temperature of gas flow, in K;

T;

is the ambient temperature, in K.

Total rate of convective energy outflow is obtained by integration as specified in B.4.2.

B.4.

4 Location of probes

1:2016(E)

To map the gas flow pattern in the room door opening adequately requires at least 10 probes. The
accuracy shall then be £20 %. A rough estimate of the rate of gas flow can be obtained with three probes
located 1 300 mm, 1 800 mm and 1 900 mm from the floor. All probes should be centrally located in a

vert

B.5

A he|
the 1

Key

adiation through the opening.

Radiation through opening

cal plane through the middle of the doorframe, where the flow is essentially horizontal.

at flux meter as specified in B.1 can be located in the geometrical centre of the opening

Dimensions i

2100
1720
14570
1420

1270

970
670

300
g

to measure

h millimetres

Ceiimg

2 position of fire room

3  floor dimension

Figure B.1 — Measurement of gas temperatures inside test room
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Key

1 specime

2 doorway

NOTE

glass fibre tdpe

20

T

n surface thermocouples in the ceiling above the burner

y

he thermocouple hot junctions are fixed to the specimen surface with approximately 100 mm?2 of

Figure B.2 — Locations of specimen surface thermocouplés in the ceiling
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Annex C
(informative)

Design of exhaust system

General

1:2016(E)

Dur
a m{
4 m
prov

C.2

The
of th
Ont
roorj
havi

In th
com

The

C3

An ¢
be 4

To f3
and
flow

The

C.4
The

ng the fire growth process, the mass flow rate of combustion gases out of the test'x00
gnitude of 1 kg s~1 and the velocity of the gas, which varies with gas temperature, ¢
s-1. The gases are collected by a hood. The following system has been tested\n pract
ed to comply with the requirements of this part of [SO 9705.

Hood

e room. The bottom dimensions of the hood are 3 m x 3 myand the height 1,0 m (see
hree sides, steel sheets are extended 1,0 m downwards (the)fourth side is connected W
). The effective height of the hood will thus be 2 m (see*Figure C.2). The hood feeds in
ng a 0,9 m x 0,9 m cross-sectional area. The plenum has-a minimum height of 0,9 m.

e plenum chambers, two plates approximately 0,5 x 0,9 m are located to increase m
bustion gases (see Figure C.2).

hood should be designed and manufactured-so that no leakage exists.

Duct

xhaust duct is connected with the plenum chamber. The inner diameter of the exhaust
D0 mm. The rectilinear ductshould have a minimum length of 4,8 m.

cilitate flow measurement, guide vanes are located at both ends of the exhaust duct (se
Figure C.2), or the rectilinear part of the exhaust ducts should have such a length thg
profile is establjshed at point of measurement.

exhaust ductiseonnected to an evacuation system.

Capacity

capacity of the extraction system should be designed to exhaust minimally all comby

m can have
an be up to
ice and has

hood is located centrally above the opening of the test room with.the lower edge aligned to the roof

Figure C.1).
yith the test

[o a plenum

ixing of the

duct should

e Figure C.1
t a uniform

stion gases

leav

ng the test room. T'his requires an exhaust capacity ol at least 4 kg s™t (about 12 U

0 m3 h-1 at

standard atmospheric conditions) corresponding to a driving under pressure of about 2 kPa at the end
of the duct. It should be possible to control the exhaust flow between 0,5 kg s~1 to 4 kg s-1 during the
test process. If the airflow is not decreased during the initial part of the test, measurement precision
will be too low.

C.5

Alternative systems

An alternative exhaust system may be used if it has been shown to produce equivalent results.
Equivalence is demonstrated by complying with the requirements specified in Clause 9. Exhaust
systems based on natural convection should not be used.
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Dimensions in metres

5
J‘,L —— ,ﬂ|
D = =i
1 1 \,/ 2
Y N — S NG
] | jr—="m—2) Q’\
.| ™ Vv
‘ ] -
6 ! [\‘) ,'\ )
] | I —-/ Q<o
- :? 7 A
! / %)
| T 0 O
| ) O
A —= X
0.8 3.6
Key S\\>\'\
A-A side view 4]
1  exhaust|duct (@ 0,4) \\g\
2 hood (3jm x 3 m) .@$
3 toexhayst leani A\
gas cleaning
4 length 5|m \L‘\O
5 baffles ‘\\C)
6  doorway . C)
7  gas burifer @ :
O
Figure C.1 — cipal design (without steel sheet extensions)
o
&
e
S
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Dimensions in millimetres

- 5 000 -
3 500 -
=100
—
- =100
A 1 £| A 3
_:/ \'Sgi" l \_,_"I\- ol o
- 1I==3 4 R === 2 2L
\. S p— S
4 A \ A '

1050

1 1
13
Key
A-A dection of exhaust duct
1 puide vanes 8. opening (3 000 mm x 3 000 mm)
2 pitot tube 9 frame of steel profile (50 mm x 100 mm x 3,2 mm|
3 puide vanes 10 steel plates(1 000 mm x 3 000 mm)
4 o exhaust gas cleaning 11 steel plates (2 mm x 500 mm x 900 mm)
5 |amp, photocell system 12 hood (2 mm-thick steel plates)
6  pas analysis 13 four steel plates (395 mm x 400 mm)
7  pxhaust duct (@ 400 mm)

Figure C.2 — Details of exhaust system and location of sampling probes

© IS0 2016 - All rights reserved 23


https://standardsiso.com/api/?name=a1e42c2f75cd40ed523c16724bdb96e1

ISO 9705-1:2016(E)

NOTE

Annex D
(informative)

Instrumentation in exhaust duct

Suitable locations for the probes described in D.1 to D.4 are shown in Figure C.2.

D.1 Volulme flow

D.1.1 Bi-(

The flow m
shown in Fj
14 mm. Th
chambers i
number is s

D.1.2 Pre

The pressui
type. A suit

D.1.3 The
Gas temper

a maximun]
pattern aro

D.2 Sam

D.2.1 San

The sampli
have a cylin

the whole dliameter of the-exhaust duct.

D.2.2 San

The sampli

lirectional probe

Ay be measured by a bi-directional probe located at the centre line of the-duct. The p
gure D.1 consists of a stainless steel cylinder, 32 mm long and with an inner diamet
e cylinder is divided into two equal chambers. The pressure difference between the
b measured by a pressure transducer. The plot of the probe response versus the Reyr

hown in Figure D.2.
ssure transducer

e transducer should have a measuring precision betteiythan +5 Pa and be of the capacit
hble range of measurement is 0 Pato 2 000 Pa.

rrmocouple

hture in the immediate vicinity of the probe is measured by a sheathed thermocouple
sheath diameter of 1,6 mm. The thermocouple should not be allowed to disturb the
lnd the bi-directional probe.

pling line

npling probe

ng probe should be-located where the exhaust duct flow is well mixed. The probe sh
drical form sosthat disturbance of flow is minimized. The gas samples should be taken a

pling line

hg-line (see Figure D.3) should be manufactured from non-corrosive material, e.g. H

robe
br of
two
olds

ance

with
flow

ould
long

TFE

(Polytetraf

nnrnpfhy]pnp} The combustion gases should be filtered with inert filters to the de

oree

of particle concentration required by the gas analysis equipment. The filtering procedure should be

carried out

in more than one step. The gas mixture should be cooled to a maximum of 10 °C.

For gases other than CO, CO2 and Oy, heated sampling lines (150 °Cto 175 °C) should be used. The sampling
lines should be as short as possible and the gases should not be filtered (see also D.2.3 and D.2.4).

D.2.3 Pump

The combustion gas should be transported by a pump that does not emit oil, grease or similar products

which can c

24

ontaminate the gas mixture. A membrane pump is suitable.
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D.2.4 Sampling line end

1:2016(E)

The sampling line should end in an open container at atmospheric pressure. The volume of the container
should not be so large that concentration gradients or time lags are generated. Transport time to the
sampling line end should not exceed 2 s.

D.2.

5 Specifications

A suitable sampling probe is shown in Figure D.4. The sampling line is shown Figure D.3. A suitable
pump should have the capacity of 15 I min-1 to 50 I min-1, as each gas analysis instrument requires
about 1 I min-! to 3 I min-1. The pump should generate a pressure differential of at least 10 kPa to

redy
in oy

D.3

D.3,

The
trap

D.3.
The
The

der to avoid soot clogging in the probe.

Combustion gas analysis

1 General

hnalysis of oxides of carbon and oxygen requires that any water vapour in the combust
ped out by means of a suitable drying agent.

2 Oxygen concentration
pxygen analyser shall preferably comply with the requirements specified in 8.3.2.

stability of the oxygen analyser output using the.data acquisition system shall be checK

up, maintenance, repair or replacement of the oxygen analyser or other major component]

anal

The

a)
b)

e)

ysis system and at least every six months.

procedure for checking the stability of.the oxygen analyser output shall be as follows.

After at least 60 min in oxygen-free conditions, adjust the volume flow in the exhd
(2,5 £+ 0,5) m3 s-1 and switeh'to air from the exhaust duct with the same flow rate, p
drying procedure as for-sample gases. When the analyser reaches equilibrium, adjust {
putput to (20,95 * 0,01) %.

Within 1 min, start recording the oxygen analyser output at intervals <3 s for a period

Petermine the'drift by use of the least squares fitting procedure to fit a straight line
data point§;>The absolute value of the difference between the readings at 0 min and 4
this lineartrend line represents the drift.

Detérimine the noise by computing the root-mean-square (rms) deviation around the lineg

ce the risk of smoke clogging of the filters. The intake of the sampling probe is turned downstream

ion gases is

ed after set
s of the gas

Feed the oxygen analyser with oxygen-free nitrogen gas, until the analyser reaches equfilibrium.

ust duct to
ressure and
he analyser

£ 30 min.
hrough the

t 30 min of

r trend line.

The

D.3.

3 Carbon dioxide concentration

um of driftand nofse (both taken as positive vatues)shati ot be more than 0,01 % (Vo2/ Vair)-

The carbon dioxide analyser shall preferably comply with the requirements specified in 8.3.3.

D.4

D.4.

Typi

Optical density

1 General

cal components of a suitable light measuring system are as follows:

Lenses: Plane convex; diameter 40 mm, focal length 50 mm.
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Lamp:

Photocell:

Halogen lamp; 6 V, 10 W.

Silicon photodiode with a coloured glass subtractive filter that produces a spectral
response equivalent to that of the human eye.

The photocell is connected to an appropriate resistance or amplifier that gives a minimum resolution of
two decades. Lenses, lamp and photocell are mounted inside two housings, located on the exhaust duct

diametrical

ly opposite each other.

The system should be self-cleansing with respect to soot deposits, which may be achieved by having
holes in the periphery of the two housings with the system being under pressure in the exhaust duct.

A suitable 1ight measuring system is given in ISO/TR 5924.

D.4.2 Cal

D.4.2.1 G¢

The light s

replacemenft of the smoke measurement system holder or other major components of the exh

system and|
and an opti

D.4.2.2 St

Perform thg

a) Setthe

b) Startth

c) Determ
the dat
linear t|

d)

NOTE C

D.4.23 O

The light sy
density ran
be within *

Determiine the noise by computing the root-mean-square (rms) deviation around the linear trend

jbration

bneral

ystem calibration shall be performed before tests, after set up, mraintenance, repa

at least every six months. The calibration consists of two parts: an output stability c
Fal filter check.

ability check

following steps with the measuring equipment operating.
volume flow of the exhaust to: V298 =(2,5+0,5)m3s1,

e time measurement and record the signal\from the light receiver for a period of 30 mil
ine the drift by use of a least squaresmethod fitting procedure to fit a straight line thr
h points. The absolute value of theidifference between reading at 0 min and at 30 min of
rend line represents the drift.

Fiterion: Both noise and drift shall be less than 0,5 % of the start value.

ptical filter check

be of 0, 0510°2,0. The optical density calculated with the measured light receiver signal
b % or£0;01 of the theoretical value of the filters.

A suitable qrocedure is as follows.

r or
aust
heck

ugh
this

line.

stem performance shall be checked with at least five neutral density filters in the optical

shall

a) Setthe
b)
‘)
d)
e)
f)
8)

Place a

Repeat

26

volume flow of the exhaust to: V298 =(2,5+0,5) m3s-1,

light blocking insert into the filter holder and adjust to zero.

Remove the light blocking insert and adjust the signal from the light receiver to 100 %.
Start the time measurement and record the signal from the light receiver for a period of 2 min.

Introduce one of the optical filters and record the corresponding signal for at least 1 min.

step e) for the other filters.

Stop the data acquisition and calculate the mean transmission values for all filters.
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NOTE Criterion: Each d value calculated from the mean transmission value [d = - log(I)] shall be within 5 %
or within 0,01 of the theoretical d value of the filter.

Dimensions in millimetres

—

7.3
4,7 |

H |H

N w
T {
fd

FE

@o
0,90

=}

=20

A
1

Key
[0 Ap instrument

yariable length support tubes
iveld

NOTE Source: Reference [8].

Figure D.1 — Bi-directional probe
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Yi
16+
14
12 =
10F
08
=
10 10! w0
X
1/2
pVD 24p
X Re=—— P
1 Y J2
%
Key
Symbol | D (mm)
o 12,7
O 15,9 ref 2
o 25,4
X 22,2 ref 1
Figure’D.2 — Probe response versus Reynolds number
NOTE1 S¢urce: Refergnce [8].
NOTE 2  The préssure differences were measured with a sensitive electronic manometer; the unifornj low
velocity flows-were provided by two independent facilities described in Reference [8]. Basically, a hot |wire
anemometerLand pilot-static tube, where appropriate, were used to determine the stream velocity. Forldata

reduction via computer, the polynomial curve fit obtained for the points shown in Figure D.2 is

2Ap /[ p)'? -3
————  =1,533-1,366 x10 " Re

1+1,688x10 ®Re? —9,706 x 10 1% Re?
+2,555x10 B3 Re* —2,484x107 " Re®

This representation is valid for 40 < Re < 3 800 and is accurate to about 5 %.

NOTE 3 A suitable value of D is 16 mm.
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-2

10

13—

14
Key
1 plass filters (150 um to 200 pmy 9 icebox
2 thermocouple 10 membrane filter (3 pm)
3 hon-corrosive (i.e. PTFE)'sampling line (#d10 mm) 11 surplus gas
4 lamp 12 water drainage
5  photocell 13 filter for water absorption
6  pi-directional probe 14 membrane pump
7  pxhaust duct 15 paramagnetic oxygen analyser (O2)
8  vatergogoler 16 infrared spectrophotometer (CO, CO3)

- P8 — Primcivteof bt . bosi
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Key
1
2
3

30

exhaust
16 @2
15 @3

Dimensions in millimetres

duct

m holes on downstream side of flow

O

m holes on downstream side of flow [
N
Figure D.4 — Sampling probe
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Annex E
(normative)

Calculation

Volume flow

For 1

met]
Forn

whe

Forn

es per second, related to atmospheric pressure and an ambient temperature of(25 °C

hulae (E.1) and (E.2):
208 = (Ak, [ k)% x(2ApT,p, [ T,)"?
P298

— 22,4(Akt/kp)(Ap/Ts)1/2

e

[ is the gas temperature in the exhaust duct, in K

b, =27315K;

\p isthe pressure difference measuredby’the bi-directional probe, in Pa;
h29g is the air density at 25 °C and atmospheric pressure, in kg m-3;

Do is the air density at 0 °C and 0,1 MPa, in kg m-3;

A is the cross-sectional.area of exhaust duct, in m2;

i is the ratio of the@verage mass flow per unit area to mass flow per unit area in th
the exhaust duct;

kp is the Reyholds number correction for the bi-directional probe suggested by McC
and Heskestad. In the exhaust, duct conditions are such that Re is usually larger {
henceky, can be taken as constant and equal to 1,08.

hula (Es1) ‘assumes that density changes in the combustion gases (related to air) are c4

he instrumentation described in D.1, the volume flow in the exhaust duct, Voog s expressed in cubic

is given in

(E.1)

(E.2)

e centre of

affrey
han 3 800

iused solely

by the témperature increase. Corrections due to a changed chemical composition or humidity content

may

Besignored except in studies of the extinguishment process with water. The calibrati

bn constant

k: is determined by measuring the temperature and 1low proille Iside the exhaust duct along a Cross-
sectional diameter. Several series of measurements should be made with representative mass flows and
with both warm and cold gas flows. The error when determining the k; factor should not exceed +3 %.

E.2

Heat release rate and total heat release

Before performing the calculations below the oxygen and carbon dioxide data are time-shifted in

acco

rdance with the analyser delay times.
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E.2.1 Heatrelease rate from the ignition source

During the calibration and test process, the heat release rate from the ignition source, q,, expressed in
kilowatts, is calculated from the consumption of propane gas using Formula (E.3):

qb - mb AHC,eﬁ‘ (E.3)

where

i is the mass flow rate of propane to the burner, in g s-1;
b

AH¢eff |is the effective lower heat combustion of propane, in k] g-1.

Assuming al combustion efficiency of 100 %, AH.¢fr can be set equal to 46,4 k] g-1.

E.2.2 HeTt release rate from the product
In the baselfine period, prior to ignition of the burner (11.2.1) the following paraineters are calculated.

a) The anjbient temperature (7). This is taken as the average duct temperature Ty measured jover
1 min from the time t=-90sto t=-30s.

b) The inifial value for the oxygen (xg ) shall be measured as-the average over 1 minute fronm the
2

timet4-90stot=-30s.

c) The inifial value for the carbon dioxide (xgo ) shall'be measured as the average over 1 min from
2

the timp t=-90stot=-30s.

d) The inifial value for the light intensity (/o) shall be measured as the average over 1 min fronj the
time t4-90stot=-30s.

The heat release rate from the product and ignition burner, g, is calculated using Formula (E.4):

. | _ ply a ¢ 1
Dtotal — HRRtotal =E V298X02[¢(a —1)+1 E.4)
with ¢, the pxygen depletiofifactor, given by
0 0
Xo|(l—xpn )X, (1—x55 )
0 CcO 0 Cco
¢ _ y 5 2 2 2 ES)
xo2 (L— XCO2 — on)
and the ambiént mole fraction of oxygen (x2 ), given by
7
a 0 23,2 3810 E.6
X, =X — ex ,2— .
0, = %0, 1" " 100p 7 T, —46 (5:6)

Heat release rate from a tested product, g, expressed in kilowatts, is calculated using Formula (E.7):

G=HRR=EV,, x¢ ¢ |’ q (E.7)
#8020 gla - +1) Egy
where
E is the heat release per volume of oxygen consumed, in k] m-3;
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E1 =172 x 103 k] m=3 (25 °C) for combustion of tested product; if another value of E is used,
that should be reported and justified;
E =16,8 x 103 k] m~3 (25 °C) for combustion of propane;
C,H
3fg
E = 17,3 x 103 kJm~3 for combustion of methanol;
CH40H
v is the volume flow rate of gas in the exhaust duct at atmospheric pressure and 25 °C calcu-
298 latedas-specifiedinBE-dinmis=1;
4 is the expansion factor due to chemical reaction of the air that is depletedcof its|oxygen

(a=1,105 for combustion of tested product);

@ is the ambient mole fraction of oxygen including water vapour;
0,

M is the initial value of oxygen analyser reading, expressed aS-amole fraction;
0

is the oxygen analyser reading during the test, expressed as a mole fraction;

0 is the initial value of carbon dioxide analyser reading during the test, expressed as a mole
CO, fraction;

is the carbon dioxide analyser reading during the test, expressed as a mole fradtion;

co,
H is the relative humidity, in %
D is the ambient pressure; in Pa;
G is the heat release-rate from the burner.
b
NOTE Subtracting-the‘heat release from the burner at the very beginning of a test will prodjuce negative

valugs of q. This isdue‘to combustion gas fill-up times in the room, transportation times to the lood, etc. All
negative values of{g-should be set to zero.

E.2.B Calculation of total heat release

The fotabheat release from a tested product, THR, is calculated as:

t
THR(t) = ﬁ > CHRR(t)-3s (E.8)

Os

where
THR(t) is the total heat release during 0 s -ts, in MJ;
HRR(t) isthe heatrelease rate, in kW.

The time, ¢, is selected according to requirements. The maximum value of time t is either the time at the
end of test or one record before the time to flashover as defined in E.5.1
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E.2.4 Calculation of HRRsmooth

HRRsmooth (t) is the average of HRRyotal(t) over 30 s, calculated as in Formula (E.9). HRRsmooth is used to

define time to flashover as defined in E.5.1.

HRR\ ;5 (¢ —155) + HRR, (¢ —125) + ... + HRR t+12s)+ HRR

total ( total (

t +15s)

HRR
(E.9)

smooth (t) = 11

During flashover, the first 30 s and the last 30 s of a test the calculation of HRRsmooth according to

Formula (H.9) does not apply as the required 11 records are not available. For those cases
procedures|given below apply.

Beginning df test:

For t =0 s: HRRsmooth = 0 kW;

For t = 3 s: HRRsmooth = HRRyotal average over the period (0 s...6 s);
For t = 6 s: HRRsmooth = HRRotal average over the period (0 s...12 s);
For t =9 s: HRRsmooth = HRRyotal average over the period (0 s...18 s);
For t = 12 s{HRRsmooth = HRRtotal average over the period (0 s...24 sJ;
For t = 15 s{HRRsmooth is calculated according to Formula (E.9);

End of test.

HRRsmooth iis calculated according to Formula (E.9) unitiVthe data point HRRota1(t + 15 s) is one re
before the flashover point or, if there is no flashover,until (¢t + 15 s) = 1 200 s. This means that ther
no values of HRRsmooth given for the last five records, 15 s, of a test.

Flashover faster than 30 s.

In cases wh
actual timelinterval. The correspondingvalue of t is taken at the middle of the time interval.

b) The inf]luence of water vapour on measurement of flow and gas analysis is only partially taken|i

consideration. IS error can be obtained only by cCONtiNUOUS Measurement o
partial water vapour pressure.

the

cord
b are

re flashover occurs before 30.s, HRRsmooth is calculated as the time average over the entire

5 the
ence

c) The value of 17,2 MJ m-3 for the factor E, is an average value for a large number of products and
gives an acceptable accuracy in most cases. It should be used unless a more accurate value is

known, in which case the used E-value should be reported.

These accumulated errors should normally be less than 10 %.

E.3 Combustion gases

By measuring the mole fraction of a specified gas, it is possible to calculate the instantaneous rate of
gas production, Vgas, expressed in cubic metres per second at 0,1 MPa and 25 °C (m3 s-1) and the total
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