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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 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
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INTERNATIONAL STANDARD ISO 14696:2009(E)

Reaction-to-fire tests — Determination of fire and thermal
parameters of materials, products and assemblies using an
intermediate-scale calorimeter (ICAL)

1 $cope

This [International Standard provides a method for measuring the response of _materials, groducts and
assemblies exposed in vertical orientation to controlled levels of radiant heating with a’piloted ignition source.

This fest method is used to determine the ignitability, heat release rates, mass) loss rates and Visible smoke
development of materials, products and assemblies under well-ventilated coenditions.

The peat release rate is ascertained by measurement of the oxygen consumption as determined by the
oxygeén concentration and flow in the exhaust product stream asfspecified in 5.5.8. Smoke dejvelopment is
quantified by measuring the obscuration of light by the combustion{product stream.

Specjmens are exposed to heating fluxes ranging from 0.kW/m2 to 50 kW/m2. Hot wires are|used as the
ignitipn source.

This fest method has been developed for material, product or assembly evaluations, mathematigal modelling
and design purposes. The specimen shall be tested in thicknesses and configurations representdtive of actual
end pgroduct or system uses.

The fest method in this International Standard is based on the apparatus described in ASTM E1623 [131.

2 ormative references
The following referenced-'documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including.any’amendments) applies.

ISO 9705, Fire tests — Full-scale room test for surface products

ISO 13943:-2000, Fire safety — Vocabulary

ISO 14934-3, Fire tests — Calibration and use of heat flux meters — Part 3: Secondary calibratioh method

ISO 24473, Fire tests — Open calorimetry — Measurement of the rate of production of heat and combustion
products for fires of up to 40 MW

© 1SO 2009 — All rights reserved 1
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3 Terms, definitions, symbols and units

3.1 Terms and definitions

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

3141
composite

combination of materials which are generally recognized in building construction as discrete entities

EXAMPLE

Coated or laminated materials.

3.1.2
flashing
existence of

313
heating flux
incident flux

314

flame on or over the surface of the specimen for periods of less than 1 s

mposed externally from the heater on the specimen at the initiation of the-test

heat releasq rate

heat evolved

3.1.5
ignition

from the specimen, per unit of time

onset of susthined flaming as defined in 3.1.13

3.1.6
irradiance
(at a point or]

3.1.7
material

a surface) the density of radiant flux incident on a surface

single substance or uniformly dispersed smixture, for example metal, stone, timber, concrete, mineral

polymers

3.1.8
orientation
plane in whig
up

NOTE Th
horizontal spel

h the exposed face of the specimen is located during testing, either vertical or horizontal, f

e orientation' of the specimen in this International Standard is vertical and there are no provisions for {
Cimens.

3.1.9

fibre,

pcing

esting

oxygen consumption principle
proportional relationship between the mass of oxygen consumed during combustion and the heat released

3.1.10
product

material, composite or assembly, about which information developed by this test method is required

3.1.1
specimen

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

© 1SO 2009 - All rights reserved
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3.1.12
smoke obscuration
reduction of light transmission by smoke, as measured by light attenuation

3.1.13
sustained flaming
existence of flame on or over most of the specimen surface for periods of over 10 s

3.1.14
transitory flaming
existence of flame on or over the surface of the specimen for periods of between 1 s and 10 s

3.2 | Symbols and units

The gymbols and units are the following.

Symbol Term Unit

A Cross-sectional area of exhaust duct m2

Ag Exposed specimen area m?2

E Net heat released for complete combustion, per unit of oxygen consumed 13,1 MJ/kg O,

Eco Net heat released per unit mass of oxygen consumed for combustion of CO 11,6 MJ/kg O,
to CO,

Eprogane Net heat released for complete combustionef propane, per unit of oxygen  12,y8 MJ/kg O,

consumed

Eethane  Net heat released for complete combustion of methane, per unit of oxygen 12,51 MJ/kg O,

consumed
Fop Relative optical density dimensionless
Jx Yield of gas x kg/kg
f(Re) Reynolds number ,eorrection for bi-directional probe differential pressure —

measurement
AHg hg Net heat released per unit mass of natural gas MJ/kg
1 Intensity of transmitted light beam cd
Iy Intensity of light beam before attenuation cd
k Smoke extinction coefficient m-"1
ke Exhaust duct flow velocity profile shape factor dimensionless
Ly PathHength-ofight m
M, Relative molecular mass of incoming air kg/kmol
Meo Relative molecular mass of carbon monoxide 28 kg/kmol
Mco, Relative molecular mass of carbon dioxide 44 kg/kmol
Myyy Relative molecular mass of dry air 29 kg/kmol
M, Relative molecular mass of exhaust gases kg/kmol
My,0 Relative molecular mass of water 18 kg/kmol
My Relative molecular mass of nitrogen 28 kg/kmol

© 1SO 2009 — All rights reserved 3
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Mo, Relative molecular mass of oxygen 32 kg/kmol
m Specimen mass kg
Mg Mass flow in exhaust duct kg/s
Ming Mass flow of natural gas to the radiant panel kg/s
Ap Pressure drop across the orifice plate or bi-directional probe Pa
q Heat release rate kW
d'A60 Average heat release rate per unit area of specimen for the first 60 s after kW/m?2
fgnition
4A.180 Average heat release rate per unit area of specimen for the first 180 s after KW/m?2
ignition
dpeak Peak heat release rate per unit area of specimen KW/m?2
qs Total heat released per unit area of specimen MU/m?2
s Heat release rate per unit area of specimen kW/m?2
qs.i Heat released per unit area of specimen, in incoming air MU/m?2
Rinst Instantaneous rate of production of light-obscuring smoke m?2/s
Ryt Total amount of smoke m2
T, Combustion gas temperature at the bi-directional prole or orifice plate
Ty Combustion gas temperature near the smoke meter
t Time S
lig Time to ignition s
Ve Volumetric flow in exhaust duct (atmeasuring location of mass flow) m3/s
VS Volumetric flow at location of smoke meter (value adjusted for smoke m3/s
measurement calculations)
At Sampling time interval S
Xcoe Measured mole fraction of CO in exhaust flow dimensionless
Xcoi Measured moale fraction of CO in incoming air dimensionless
Xco,e Measured.mole fraction of CO, in exhaust flow dimensionless
Xco,,i Measured mole fraction of CO, in incoming air dimensionless
Xo,e Measured mole fraction of O, in exhaust flow dimensionless
Xo,i Measured mole fraction of O, in incoming air dimensionless
[x] Relative mass fraction of gas x kg/kg
a Combustion expansion factor (an average value of 1,105 is used for mixed dimensionless
fuels or when the exact factor is unknown)
P Density of air at the temperature in exhaust duct kg/m3
0 Density of air at 273,15 K: 1,293 kg/m3
@ Oxygen depletion factor dimensionless

4 © 1SO 2009 - All rights reserved
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4 Principle

41 This test method is designed to measure the heat release rate from a 1 m2 specimen in a vertical
orientation. The specimen is exposed to a uniform and constant heat flux from a gas fired radiant panel up to
50 kW/m?2 and electrically heated wires are used for piloted ignition. Heat release measured using this test
method is based on the observation that, generally, the net heat released during combustion is directly related
to the amount of oxygen required for combustion [l [2]. The primary measurements are oxygen concentration
and exhaust flow rate. Burning may be either with or without ignition wires used at the top and bottom of the
specimen.

NOTE The addition of carbon monoxide and carbon dioxide concentration measurements can improve the accuracy
of therheatreteaserate-meastrementand-can-aiso-be-tusedto-provide-species-generation-rates-of-both-gas

4.2 | Additional measurements include the mass of the specimen, which can be used to determjne the mass
loss fate, the time to sustained flaming and the light intensity of a light beam having traversed thg smoky duct,
which can be used to determine the smoke-specific extinction area, the relative opticaldensity and the smoke
releage rate. The apparatus can be used to develop data relative to the other'‘parameters [discussed in
Annex F.

5 Apparatus

5.1 | General
Dimensions shall have a tolerance of + 5 mm on the radiant’ panel and specimen holder assemblies. An
exception to this tolerance is the placement of the screeén in front of the ceramic burner which shall be
+ 0,5|mm. The tolerances permitted in the exhaust systemof ISO 9705 are permissible.
The gpparatus shall consist of the following components.

5.1.1] Radiant panel assembly, in a vertical orientation, see Figure 1.

5.1.2] Radiant panel constant irradiance controller, capable of being held at a preset level|by means of
regulpting the flow of natural gas to the.burners during a test.

5.1.3] Water-cooled heat shield, capable of absorbing the thermal energy from the radiant parjels.
5.1.4] Specimen holder, capable of holding a specimen up to 150 mm thick, see Figure 2.

5.1.5| Weighing platform, of a range of 150 kg, capable of weighing the specimen to an a¢curacy of at
least|1 g.

5.1.6] Exhaust collection system, consisting of an extraction fan, steel hood, duct, bi-directignal probe or
orifice plate;~thermocouple(s), smoke obscuration measurement system and combustion gas g§ampling and
analysis._system.

5.1.7 Gas flow meter, capable of measuring gas flow.
5.1.8 Data acquisition system, of a category equal to or better than that required in ISO 9705.

A general layout of the whole test apparatus assembly is shown in Figure 17.

5.2 Radiant panel

The panel (5.1.1) consists of a support frame, which supports three rows of adjustable, ceramic-faced, natural
gas burners and natural gas distribution plumbing (see Figure 1).

© 1SO 2009 — All rights reserved 5
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Hollow 50 mm x 50 mm square steel tubing or galvanized 41,3 mm x 41,3 mm x 2,7 mm “C” channel can be
used for the support frame application 1.

Each row comprises 10 burners 385 mm tall and 172 mm wide, fastened next to each other with a 1 mm to
2 mm air gap between them. Each burner consists of four vertically stacked perforated ceramic elements
12,7 mm deep times 95 mm high times 158 mm wide, encased in a steel sheet metal can forming a plenum
space on the back of the ceramic elements. Natural gas is injected at a controlled rate by the burner’s control
system through a round 51,2 mm diameter opening (injection port) at the bottom of the can. Combustion air is
aspirated into the plenum space through the gas and air injection port.

The face of each burner is covered with stainless steel 330 floating screens for higher surface temperature
and safety. ' i '

with lightweight ceramic boards installed flush with the front burner surface and extending the entire wi

the radiant g
burner row. ]

width of the panel. A 33 mm wide gap shall be left in the centre of the ceramic board between the top an

middle burne

Natural gas
provided wit
compound r¢
the radiant p|
the burner’s
radiant pang
individual by
branching frg
panel. At ea
Each burner
injection port
components

Ignition of th
safety systen

5.3 Radiant panel constant-irradiance controller

The irradian
means of re
flow of the g
on the surfa
surface of th
the radiant

anel. A 110 mm tall lightweight ceramic board shall be installed underneath the entire b
[his ceramic board shall also be flush with the front surface of the burnersyand extend the

r rows to allow the use of an infrared (IR) pyrometer.

vith a net heating value of at least 48 MJ/kg shall be supplied {o'the unit through a control sy
h a safety interlock. All gas pipe connections to the burners shall be sealed with a gas
sistant to liquefied petroleum gases. A drip leg shall be installed in the gas supply line go

control system. An approved flexible hose or fixed~piping is used to supply natural gas t
| constant irradiance controller (5.1.2). Fixed piping shall be provided from the control
rners. Each row of the burners is fed by asnominal 25 mm diameter horizontal steel
m a vertical nominal 32 mm diameter steel.pipe located on one side of the back of the r3

feeding pipe includes a shut-off, a fing_régulating needle valve and a nozzle directed int
opening perpendicularly to the plane.of the opening. The hose or piping as well as other gal
should be capable of delivering a quantity of gas corresponding to a heating power of 400 k

e burners shall be accomplished manually or by an automatic safety system. A recomme
n designed to prevent acgidental release of unburned natural gas is described in E.6.

e from the radiant panel assembly (5.1.1) shall be capable of being held at a preset leV
gulating thetflow of natural gas to the burners during a test (see E.2 for more information)
s is regulated using an automatic flow controller, a motorized valve and a thermocouple lo
e of a“ceramic burner. The thermocouple shall be attached by ceramic cement on the exg
e burner top ceramic element located in the fourth burner (from either end) of the middle r
anel. The irradiance is directly proportional to the temperature on the surface of the ce

bttom
Bntire
d the

stem
pipe
ng to

anel to minimize the possibility of any loose scale or dirt.within the gas supply line from entering

p the
er to

pipe
diant

h burner, a nominal 6 mm diameter pipe branches from the horizontal pipe to feed each bdirner.

o the
S line
V.

nded

el by

The
cated
osed
bw Of
Famic

burners. Gasflow shall be continuously measured to calculate the heat released from the radiant

assembly. This value is necessary in computations of the heat release rate from the specimen.

panel

A laminar flow element was found to be suitable for the gas flow measurement. If a laminar element is used
the natural gas temperature measurement is necessary at the location of the laminar flow element in order to
calculate the flow. In order to calculate accurately the heat released from the radiant panel assembly (5.1.1), it
is necessary to account for any variation of the properties of natural gas (net heating value, net heat released
per unit mass of oxygen, expansion coefficient and density) by location and over time. It cannot be assumed

1) A modified MODINE high intensity burner unit, from Modine Manufacturing Company, 1500 DeKoven Avenue, Racine
Wisconsin 53403, USA, is an example of a suitable product available commercially. This information is given for the
convenience of users of ISO 14696 and does not constitute an endorsement by ISO of this product.
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that these values are the same as the values for pure methane. In order to provide a set of appropriate values,
it is necessary to determine these properties over time based on the concentrations of the gas constituents
and their variability.

5.4 Specimen holder assembly components

5.4.1 Specimen holder

The specimen holder (5.1.4) assembly is shown in Figure 2 and is capable of holding a specimen up to
150 mm thick. (A thicker specimen holder is necessary to accommodate specimens thicker than 150 mm.)
The top portion of the assembly is removable to facilitate specimen insertion. Alternatively, the top portion is

not re

close
heati
of the

Prior
wate
holds
Two

proje

5.4.2

The

Figun
accu
holds

The

show
prote|
A su
insid
the i
wire
centr
shall
test.

cove
insta
damg

54.3

Isulation board cover. The témperature measurement shall be performed by a Type K 0,
hermocouple attached to-the inside of the platform wall facing the radiant panel approxifnately at the

r (5.1.4) directly below the specimen frame to contain limited amounts.ef materials that
wire igniters, described in 5.5.2, are attached to the specimen holder. An air-strearn
ction plate shown in Figure 16 is mounted at the bottom of the specimen (see 5.5.3).

Weighing platform

jeneral arrangement of the specimen holder (5.1.4) and the weighing platform (5.1.5) is
e 2. The weighing platform shall have a range of 150.kg, shall be capable of weighing the sp
acy of at least 1 g, and shall have dimensions suijtable to fit on the trolley and accommodat
r.

veighing platform shall be protected fromcthe radiant panel irradiance by an insulation bo
n in Figure 2. The insulation board shall ‘have sufficient thickness and adequate thermal
ct the weighing platform from the temperature increase of any of its parts by 10 °C or more
table protection of the weighing platform shall be demonstrated by temperature measure

of the front wall of the platform ‘cover before the apparatus is put in operation, and after an

b of the wall. If a calcium'silicate or similar hygroscopic material is used for the insulation b
be completely water-vapour-sealed prior to use to prevent weight loss due to water evapora
The front of the jinsufation board cover and the top of the specimen holder floor shall b
ed by aluminium,foil additionally to protect the weighing platform from heat radiation. The
led with the shiny surface facing outward. The foil shall be replaced prior to a test if it be
ged or covered with melted material so as to no longer provide reflectance of radiant heat.

Specimen holder trolley

A troh

movable, in which case the specimen is inserted from the back. The specimen holder shal| be made as
ly as possible to that shown in Figure 2 to Figure 16, to prevent bending of the holder duig tq non-uniform
ng. If Figure 2 to Figure 16 are not followed, then the specimen holder shall be designed s¢ that the top
holder does not move towards or away from the radiant panel for more than 1 cm(during a {est.

to starting the test, the specimen shall be protected from the radiant panel heat flux exppsure by the
-cooled shield (5.1.3). A drip tray, shown in Figure 14, shall be attached t0 the legs of the specimen

elt and drip.
n-interrupting

indicated in
ecimen to an
e the sample

ard cover as
properties to
during a test.
ment on the
y changes of
27 mm bare

bard cover, it
tion during a
e completely
foil shall be
comes dirty,

oM haoll bhald th Idar (5 14 4\ and vat
Mmooty uic o

N kL ra-47 KL Branadad o mmaan-hb A o
Ty, do oy yurc 1, ofian v pruviutcu v MCEUINTICTT TIUTUTT (V. T.77) Adiiu WTTy

ing platform

(5.1.5) so that the specimen can be moved to a predetermined location in front of the radiant panel at the
beginning of a test. The trolley shall be placed on rails or guides to facilitate exact specimen placement with
respect to the radiant panel. The trolley tracks shall be located perpendicular to the plane of the radiant panel
so that the specimen is moved directly toward the radiant panel. The trolley tracks shall be long enough to
move the specimen holder to a distance of 6 m from the radiant panel. This distance makes mounting the
specimen easier.

5.5 Other major components

5.5.1
testing.

Specimen heat shield, capable of absorbing the thermal energy from the radiant panels prior to

© 1SO 2009 — All rights reserved
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This water-cooled heat shield (5.1.3, Figure 18) can be constructed of standard steel, and shall be designed
so that a preset water flow will maintain a shield temperature on the unexposed face below 100 °C. The shield
shall be positioned directly in front of the radiant panel assembly (5.1.1) at a distance of 75 mm. The mounting
method used shall enable the shield to be removed in less than 2 s.

5.5.2 Wire igniters, capable of being used as specimen pilot igniters.

Two 0,81 mm Chromel?) wires (from Type K thermocouple wires) are used as specimen pilot igniters. One
wire is positioned horizontally, spanning the full width of the specimen, 80 mm above the bottom exposed
edge of the specimen and 15 mm from the specimen surface. The other wire is positioned horizontally,
spanning the full W|dth of the spemmen 20 mm above the top exposed edge of the spemmen and 15 mm from
the specimen’s - - = t-ofjeach
wire to comp st so

ensate for the wire expansion durmg the test. It shaII remain under ten3|on throughout thetd

that the igniter wire remains in position. When used, sufficient power shall be applied to the wires{oprqduce
an orange glow. Low voltages, between 30 volts and 35 volts, shall be used for safety reasons. [More
information gbout the choice of the wire igniters is given in E.3.

NOTE THe upper wire is intended for igniting specimens that release pyrolysis gases at thetop ‘only. Examplés are

sandwich pangls and other specimens with a non-combustible protective skin on the exposed face.

5.5.3 Air-gtream-interrupting projection plate.

A thin steel [plate which projects 10 cm out from the specimen surface shall be attached to the spedimen
holder (5.1.4) perpendicularly to the specimen surface along the lower exposed specimen edge| (see
Figure 16). Information about the air-stream-interrupting projection plateuis given in E.5.

5.5.4 Heaf flux meter, of the Schmidt-Boelter3) (thermopile)-type, with a design range of 50 kW/in? to
100 kW/m?2.

The target feceiving radiation, and possibly to a small extent convection, shall be flat, circulgr, of
approximately 12,5 mm in diameter, and coated with.&)durable matt-black finish. The target shall be Water-
cooled. Radigtion shall not pass through any window before reaching the target. The instrument should be
robust, simple to set up and use, and stable in:calibration. The instrument shall have an accuracy of ithin
+ 3 % and a fepeatability of within £ 0,5 %.

5.5.5 Heaf flux calibration panel, capable of establishing the heat flux/distance relationship.

The panel shall be constructed fram, nominally 12,7 mm thick lightweight ceramic fibreboard. It shall be the
same size a$ a specimen (1 000-mm x 1 000 mm) and shall have holes with diameters to accommodafe the
heat flux mefer from 5.5.4. Five-sows and columns of holes shall be symmetrically drilled with centres 16f mm
apart.

5.5.6 Digital data collection.

The data collection(system (5.1.8) shall be equal to or better than that required in ISO 9705. Readings shpll be
made at intefvals not exceeding 2 s.

5.5.7 Exhaust collection system.

5.5.7.1 Construct the exhaust collection system (5.1.6) with the following minimum requirements: an

extraction fan, steel hood, duct, bi-directional probe (see Figure 25) or orifice plate, thermocouple(s), smoke
obscuration measurement system (white light lamp and photocell/detector or laser) and combustion gas

2) Chromel and Alumel are suitable products available commercially. This information is given for the convenience of
users of ISO 14696 and does not constitute an endorsement by ISO of this product.

3) This is an example of a suitable product available commercially. This information is given for the convenience of users
of ISO 14696 and does not constitute an endorsement by ISO of this product.
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sampling and analysis system. An example of the exhaust collection system is shown in Figure 19 and
explained in Annex A. General rules of ISO 24473 shall be followed if the exhaust system differs from the one
shown in Figure 19. However, the flow through the exhaust system shall not be larger than 2,5 m3/s to avoid

noisy measurements.

5.5.7.2

Ensure that the system for collecting the combustion has sufficient exhaust capacity and is

designed in such a way that all of the combustion products leaving the burning specimen plus the radiant
panel burning products are collected. Design the capacity of the evacuation system such that it will exhaust
minimally all combustion gases leaving the specimen (see A.1 and A.6).

5.5.7.3

with

5.5.7
exha
sectipn.

5.5.7
insid
secti
meas
duct

resul

5.5.8

5.5.8

The

inforr
5.5.8

Meas
an ed
a ste

5.5.8
5.5.8

Consg
spec
probe (see Figure 23, Figure 26, Figure 27 and Figure 28), soot filter, cold trap, gas stream pum
regul

nalysers (see Figure 20 and Annex B). Alternative designs of the sampling line shall giye equivalent
Lm*hm—cwﬂedwmﬁmmm—dmbe#garh?mﬁw—gm-ﬂmﬂmm appropriate

resul

gas

Place probes for the sampling of combustion gas and for the measurement of flow in accordance

55 Q
o OT

4 Make all measurements of smoke obscuration, gas concentrations and flows atya p
st duct where the exhaust is uniformly mixed so that there is a nearly uniform velogity ac

5
I diameter of the duct, the exhaust is considered to be uniformly mixed.(There should also

n of duct after the measurement section of at least five duct diameters-Jf the straight secti
urement section is less than ten times the inside diameter of the dict, or less than five tim
diameter after the measurement section, demonstrate the achievement of equivalent n
S.

Instrumentation in exhaust duct.

1 General

nation is provided in Annex B.
2 Flow

ure the flow in the exhaust duct by_means of a bi-directional probe (see 5.1.6, 5.5.7.1 and
bwise change of the duct flow.shall not exceed 5 s, to reach 90 % of the final value.

3 Combustion gas analysis
3.1 Samplingline

truct the sampling line tubes of a material not influencing the concentration of the con
es to be @nalysed. The following sequence of the gas train has been shown to be accepta

btorcvalve, moisture and carbon dioxide removal columns (if used), flow controller, instrum

psition in the
ross the duct

If the length of the straight section before the measurement system'is at least eight times the

be a straight
bn before the
es the inside
heasurement

following specifications are minimum requirements for exhaust duct instrumentation. Additional

Figure 25) or

uivalent system of measurement with an accuracy of at least + 5 % (see Annex B). The response time to

nbustion gas
ple: sampling
D, waste vent
ent filter and

spanning and zeroing facilities.

NOTE 1

removal, respectively.

NOTE 2

should be used downstream to remove this additional moisture.

4)

Granular drierite and granular ascerite?) have been found useful for moisture removal and carbon dioxide

The use of ascerite to remove carbon dioxide produces moisture and therefore a second dessicant column

Drierite and ascerite are suitable products available commercially. This information is given for the convenience of
users of ISO 14696 and does not constitute an endorsement by ISO of this product.
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Oxygen measurement

The oxygen analyser shall be of the paramagnetic type and capable of measuring at least a range of 16 % to
21 % oxygen with an accuracy of at least + 0,01 percent volume fraction®) of oxygen, in order to have
adequate measurements of heat release rate. The drift of the analyser shall be less than 0,01 % (100 ppm)
over a period of 30 min. The time delay of the system, including the time constant of the instrument, shall not

exceed 25 s

5.5.8.3.3

(measured in accordance with Annex B).

Carbon monoxide and carbon dioxide measurement

The carbon dioxide analyser shall be of the IR type and capable of measuring at least a range of 0 % to 10 %

carbon dioxi

carbon mond
1 % carbon monoxide. The accuracy of the analyser shall be at least + 1 % of full scale or 0,01 % (100

The time del

in accordanc

5.5.8.4

5.5.8.4.1

duct. Determ

system cons

obscuration across the centreline of the exhaust duct.

5.5.8.4.2

See Figure 2
reduce the light transmission by more than 5 %.

5.5.8.4.3
instead of a
will give simi

6 Signifi

6.1 This t
assembilies.
production.
products tha
instance, car

6.2 Repre
these details

6.3 This td

. 0
xide analyser shall also be of the IR type and capable of measuring at |

y (o]

east a range of0)

Ay of the system, including the time constant of the instrument, shall not exceed 25 s{mea
e with Annex B).

Bmoke obscuration measurement
nstall an optical system for measurement of light obscuration across the.centreline of the ex
sting of a white light source and a photocell/detector or a laser¢system for measurement o

Dne photometer system found suitable consists of a lamp;'lenses, an aperture and a phot
1 and Annex B. Construct the system so that soot deposits on the optics during a test d

Alternatively, instrumentation can be constructed using a 0,5 mW to 2,0 mW helium-neon
white light system. See Figure 22 and B.4.2.-lthas been shown that white light and laser sys
ar results [19],

lcance and use

pst method is used primarily to determine the heat release rate of materials, products
Other parameters determined are mass loss rate, the time to ignition, and smoke ang

are tested in their.énd-use thickness. Therefore, the heat release rate of a wall assemb
be determined-

bentative joibts and other characteristics of an assembly shall be included in a specimen
are part.of the normal design.

. The
% to

bpm).
sured

haust

ine the relative optical density of the smoke by measuring the light transmitted with a photometer

F light

ocell.
0 not

aser,
tems

and
gas

These properties are ‘determined on a specimen which may be an assembly of materidls or

y, for

when

The

st.method is applicable to end-use products not having an ideally planar external surface

radiant flux fi

radiant panel

5) This is the equivalent of 100 ppm; ppm is a deprecated unit.

10

eld shall be adjusted to be that which is desired at the average distance of the surface from the
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7 Test specimens

7.1 Size and preparation

7.1.1 The dimensions of test specimens shall be 1 000 mm x 1 000 mm and up to 150 mm in thickness and
shall be representative of the construction of the end-use product. Materials and assemblies of normal
thickness 150 mm or less shall be tested using their full thickness. If specimens of thickness greater than
150 mm are to be tested, a specimen holder (5.1.4) can be constructed to accommodate the desired

speci

men thickness up to 500 mm.

7.1.2___If a product is designed normally to have joints in a field application, then that specimen shall
incorporate the joint detail. The joint shall be centred in the specimen’s vertical or horizontal, centreline as
apprgpriate. The specimen shall also be tested without a joint detail if the design does not includg a joint.

7.1.3| The edges of the specimen shall be covered with 12 mm ceramic wool blanketyto eliminate the gap
betwgen the holder and the specimen.

7.2 | Conditioning

Specimens shall be conditioned to moisture equilibrium (constant mass) at an ambient temperature of
(23 {3) °C and a relative humidity of (50 £ 5) %.

NOTE Constant mass is reached when two successive weighing operations, at an interval of 24 h, do not differ by
more tthan 0,1 % of the mass of the test piece or 1 g, whichever is the greater.

8 Calibration of apparatus
8.1 | General
Calibrate all instruments carefully with standard sources after initial installation. Among the instrbiments to be

calibfated are load cells or weighing platforms, smoke meters, flow or velocity transducers and g3

8.2

Dete
and 4
the c

the radiant panel framythe exposed surface of the calibration panel to minimize the convective

Heat flux uniformity

mine the set temperature of the controller (5.1.2) using the following procedure. Ignite the
llow it to reach a burner surface temperature of 850 °C set on the controller. Insert the heaf]
entre hole of the calibration panel so that the sensing face of the heat flux meter extends 1

contr

pred¢

gaug
heat
unifo

bution. Move/the calibration panel with the heat flux meter inserted in the centre
termined-distance of 650 mm from the radiant panel (measure from the ceramic burner s
sensing'surface). Adjust the burner surface temperature on the controller to a value req

s analysers.

fadiant panel
flux meter in
b mm toward
heat transfer
hole to the
urface to the
uired for the

lux.meter to read 35 kW/m?2. Adjust the individual burner outputs by adjusting the needle va
m |rrad|ance over the callbratlon board This is accompllshed by movmg the heat flux met

ves to obtain
er around all
ding radiant

panel area as necessary Typ|caIIy, after the final adjustment the burners in the central area of the calibration
board will have the lowest output and the burners on the edges of the radiant panel will have the highest
output. The uniformity shall be + 5 % of the average heat flux.

8.3

8.3.1

Heat flux/distance relationship

A curve of average flux measurements over the specimen surface versus specimen distance from the

radiant panel shall be generated. The calibration panel shall be placed in the position where the projected
heat flux meter sensing surface is considered the specimen location. After the calibration panel has come to
equilibrium, the flux measurements shall be made with the target face of the flux meter at the following
distances away from the radiant panel: 300 mm, 400 mm, 600 mm, 800 mm, 1 000 mm and 2 000 mm.
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8.3.2 No individual flux measurement shall deviate from the average at each of the distances by more than
+5 %.

8.3.3 The curve generated in 8.3.1 shall be used to determine the distance from the radiant panel for a
desired irradiance exposure.

8.3.4 Calibration shall be performed every three months, or more frequently if any significant changes to
equipment are made or if calibration is suspect.

8.4 Heat release

8.4.1 Perform the calibration of the heat release instrumentation in the exhaust duct by burning propane or
natural gas gnd comparing the heat release rates calculated from the metered gas input, and those caleylated
from the mepsured oxygen consumption. The value of net heat of combustion for propane is~46,5 MJ/kg.
When using|natural gas for calibrating the heat release instrumentation, the net heating value, net| heat
released perf unit mass of oxygen, expansion coefficient and density shall be obtained from-the naturdl gas
supplier for {he actual natural gas used at the time of the calibration. Position the calibration burner in the
same Iocati’c_)lv where the specimen is to be placed during a 35 kW/m? exposure test. Measure the gas flpw at
standard atmospheric pressure of (101 + 5) kPa (measured at the flow gauge) and ‘'standard temperatdre of
(20 £ 5) °C.

8.4.2 The [calibration source for the test shall be a gas burner with a néminal 0,3 m x 0,3 m porous top
surface of alrefractory material. The top surface of the burner through-which the gas is supplied shall be
located horizontally, 0,3 m off the floor. The burner shall be supplied with“natural grade propane (95 % pgurity)
or natural gag. The gas for the burner flame shall not be premixed with\air. The gas flow to the burner shgll be
measured wjth an accuracy of at least + 3 %. The heat output to ‘the burner shall be kept constanf and
controlled within + 5 % of the prescribed value.

A burner may be constructed with a 25 mm thick porous’ceramic fibreboard over a 152 mm plenum; or
alternatively p minimum 100 mm layer of Ottawa sand can be used to provide the horizontal surface thfough
which the ggs is supplied. The sand burner may be preferable for economic reasons. This type of burper is
shown in Figpre 24.

The burner fnhay be ignited by a pilot burner.or-a remotely controlled spark igniter. Burner controls shall be
provided for automatic shut-off of the gas supply if flameout occurs.

8.4.3 Another calibration burner is a_pipe, with an inner diameter of (100 + 1,5) mm, supplied with gag from
beneath as described in ISO 9705.(Thé gas for the burner flame shall not be premixed with air.

8.4.4 Obtdin a minimum oftWo calibration points. Obtain a lower heat release rate value of 350 kW &nd a
higher heat felease rate of)600 kW. Approximate propane flows for any required heat release rate valug are
estimated uging the following constant: 1 485 kW min/l, determined at standard atmospheric pressyre of
(101 £ 5) kPa (measured at the flow gauge) and standard temperature of (20 + 5) °C.

8.4.5 Takg méasurements at least once every 2 s and start 1 min prior to ignition of the burner. Detefmine
the average heat release rate over a period of at least 1 min by

— the oxygen consumption method, and
— calculating the heat release rate from the gas mass flow and the net heat of combustion.

Correct factors for the heat released per oxygen consumed and the combustion expansion factor for the
calibration fuel gas shall be used in the oxygen consumption method [Equation (D.4)]. Note that for propane
the heat released per oxygen consumed is Epnane = 12,78 (MJ/kg O,) and the combustion expansion factor
IS yropane = 1 040. The difference between the measured heat release rate, comparing time average values
over 1 min, shall not be more than 5 % of the actual heat output from the burner. The two values shall not
exceed 5 %.

12 © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=c297124a3c4f15da3f0d989dcd515350

ISO 14696:2009(E)

8.4.6 Calibration shall be performed every three months, or more frequently if any significant changes to
equipment are made or if calibration is suspect.

8.4.7

When calibrating a new system, or when modifications are introduced, check the response time of the
measurement system using the following test sequence:

Time Burner output
0-5 min 0 kw

5—-10 min 350 kwW

20-25 min 0 kW

The fesponse of the system to a stepwise change of the heat output from the burner §hall be a

15s

8.4.8
in Fig

Figun

8.4.9
shall

8.5
If red

know
Calib

8.6
Calib
relati

the 2z
exce

8.7
8.71

8.7.2
350 K

0 90 % of final value.

Perform the calibration in 8.4.7 at a duct air flow of 2 m3/s + 5 % if the-exhaust system

e 19. However, the flow shall not be larger than 2,5 m3/s to avoid noisy measurements.

The change in measured heat release rate for each stepscemparing time average value
not be more than 5 % of the change in actual heat output fer that step.

Mass loss

n masses corresponding to the measuring range of interest, to ensure that accuracy confg
Fate the weighing platform daily, prior to testing.

Smoke obscuration
rate the smoke meter initially ‘to read correctly for two neutral density filters at 0,5 and
e optical density, and also(at 100 % transmission. Once this calibration is set, it is only neg

ero value of extinction (coefficient (100 % transmission) each day, prior to testing. Iny
Esive departure from thie'zero line at the end of a test, and correct it.

Gas analysis
Calibrate.gas analysers daily, prior to testing (see ASTM E800 [14] for further guidance).

The~analyser delay times shall be determined by arranging for a propane flow rate
V\."te. the calibration burner. The radiant panel shall not be turned on for this calibration

outpy

maximum of

5.1.6) shown

ure 19 is used. A minimal duct flow predetermined to be sufficient to collect all the combusfion gases of
the lgrgest expected fire (about 1 000 kW) shall be used for the exhaust systems different to t

hat shown in

5 over 1 min,

uired by the type of scale used, perform the ¢alibration by loading the weighing platformp (5.1.5) with

rms to 5.4.2.

,0 values of
essary to set
estigate any

bquivalent to
Record the

t of’'the analyser as the propane supply. turned on and ignited. reaches a steady value. and

then returns

to baseline after the supply is cut off. Record the temperature for the exhaust flow probe at the same time.
Determine the turn-on delay as the time difference between the time when the temperature reading reaches
50 % of its ultimate deflection and the time when the gas reading reaches 50 % of its ultimate deflection.
Determine the turn-off delay similarly at turn-off. Take the delay time as the average of the turn-on delay and
turn-off delay. Use these values for the individual analysers subsequently to time-shift all the gas
concentration readings.

8.8

Heat flux meter

The heat flux meter shall be calibrated in accordance with ISO 14934-3.

©I1SO
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9 Test methods

9.1
9.11

9.1.2

Preparation

Position the specimen holder (5.1.4) assembly remote to the test location.

water flow sufficiently high so that water exiting the shield does not exceed 50 °C.

9.1.3

Place the water-cooled shield (5.1.3) in front of the radiant panel assembly (5.1.1) and adjust the

Insert the specimen into the specimen holder. Position the specimen by removing the top specimen

holder cap section, inserting the specimen and replacing the top cap or by inserting the specimen from the

back of the 3
during the te

9.1.4 Esta
suitable duct

2,5 m3 to avq
9.1.5 Tumn
9.1.6 Ope
9.1.7 Turn
9.1.8 Swit

9.2 Procddure

9.21 Move
9.2.2 Collg
equilibrium.

9.2.3 Rem

the beginning of the test.

9.24 Rec(
time and turn

The igniters
entire tests if

pecimen holder against the specimen holder lip and arranging for the specimen to stay in
Gt

blish a duct flow of 2,0 m3/s if the exhaust system (5.1.6) described in Figure 19(s Used.
flows shall be used for different exhaust systems. However, the duct flow shall:not be morg
id excessive measurement noise.

on the flow of gas to the radiant panel and ignite the burners.
ate the burners for 30 min prior to testing.

on all sampling and recording devices and calibrate the analysefs.

ch on the wire igniters.

b the specimen trolley to the location necessary:for the desired flux exposure.

ct baseline data for 1 min after the signal from the weighing platform (6.1.5) settles do

ove the water-cooled specimen shield (5.1.3) in not more than 2 s and start the timer, ma

the igniters off. If the-flame becomes extinguished, turn the igniters on again.

bre turned off 1o _prevent them from overheating and breaking. The igniters can be left on @
the possibility{of them breaking is not a concern.

9.2.5
increased.
9.26 Rec

pblace

Dther
than

vn to

rking

rd the time when flashing or transitory flaming occurs; when sustained flaming occurs, record the

uring

If the¢ duct flew is not sufficient to collect all the fire gases, then the duct flow shall be gragually

specimen, deformations and intumescing.

9.2.7

if the specimen does not burn through.

9.2.8

report as specified in Clause 11.

14

of Il : H+ 4 4 ol H o 4 4 1 [P [TH 1 £ ol £
U4l Siyrmiedimt ©TVETTS UUTITy U1S 1IEol, SULIT a5 LIAURITTY, TTITTUTTY, CUNNAPST Ul dil Ul pdarit Ol the

Collect data for 2 min after sustained flaming occurs on the unexposed side of the specimen or 32 min

Unless otherwise specified in the material or performance standard, make three determinations and
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10 Calculations

10.1 The specimen heat release rate is calculated by subtracting the radiant panel assembly heat release
rate from the total heat release rate. The radiant panel heat release rate contribution measured by the natural
gas flow rate shall be multiplied by a factor of 1,05 to use the correct factor of heat released per oxygen
consumed for natural gas (Epethane = 12,51).

NOTE The factor of 1,05 and E,; ¢ihane 9iven above are for methane. Correct factor and E factor should be calculated
for the actual natural gas used based on its composition.

10.2 Considerations for heat release measurements are presented in Annex C. Calculate heat release data

i +h -t T H N4 402 11 £ Ll FEP-Y H H n44 oot 2N $ 1
usin oTc Uquauuns o ahtaozZ—oSeohReotrtne Uquauuns o Ttoearctateneat :"c:caSU, )ased on the

gas gnalysers installed.

10.3 | Calculate mass loss rate using the procedures in D.4.
10.4 | Calculate smoke production data using the equations in D.3.

10.5 | The exposed surface area of the specimen is 0,84 m2. Use 0,84 m2 to calculate parameters per unit
surfage area.

11 Test report

The fpllowing information shall be included in the test report.

11.1| Descriptive information
The test report shall include the following information:

a) mame and address of the testing laboratory;
b) gpecimen identification code or number;
c) date and identification number.of-the report;
d) mame and address of the test sponsor;
]ame of product manufacturer or supplier, if known;
f)  g¢omposition or.generic identification;

g) density, or-myass per unit surface area, total mass, thickness of the main components in the specimen,
ickness of the specimen, moisture content of hygroscopic materials and mass of combustiple portion of
pecimen, if known;

h) scription of the specimen, if different from the product;
i) details of specimen preparation by the testing laboratory;
j)  details of special mounting methods used;

k) heating flux and exhaust system flow;

[)  number of replicates tested under the same conditions. (This shall be a minimum of three except for
exploratory testing.);

m) conditioning of the specimens;

n) date of test;
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0) test number and any special remarks;

p) testresults (see Annex F).
11.2 Table of numerical results

The table of numerical results shall include the following:

a) time to sustained flaming(s);

b) peak heat release rate (kW), and the time at which it occurred/occurs;

c) average|heat release rate values for the first 60 s, 180 s and 300 s after ignition, or for other appropriate
periods (kW);

d) total hedt released (MJ);
e) peak instantaneous rate of production of light-obscuring smoke (m?2/s), and the time at\which it occurfed:;

f) average|instantaneous rate of production of light-obscuring smoke values for-the first 60 s, 180 $ and
300 s affer ignition, or for other appropriate periods (m?2/s);

g) total ampunt of smoke (m?2);

h) total mags loss (kg);

i) total perpentage of mass loss (%);

i) equatior] used to calculate heat release rate;

k) averagel|yield of carbon monoxide (kg CO/kg fuel) (optional).

11.3 Graphical results

The graphicdl results shall include the following:

a) plot of heat release rate vs. time;

b) plot of infstantaneous rate of preduction of light-obscuring smoke vs. time;
c) plot of mass loss vs. time;

d) plot of nass loss ratedvs.time;

e) plots of {he duct temperature vs. time;

f)  plot of njass‘flow in the exhaust duct vs. time;

g) plot of theheatTelease rate vs. time from the radiant panet (baseliner.

11.4 Descriptive results
The descriptive results shall include the following:

a) photographs or videotape of the fire development;

b) all available information requested in 9.2.6.
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12 Test limitations

The test data may have limited validity if any of the following occur:

a) f

he specimen melts sufficiently to overflow the drip tray;

b) explosive spalling occurs.

13 Hazards

The {est procedures involve high temperatures and combustion processes. Therefore, hazards

burnsg
use
trolle
recor
away

The
heati

14 |

Inforr

, ignition of extraneous objects or clothing and for inhalation of combustion products. The-
y toward or away from the radiant panels. The construction of a viewing (wall” with
nmended for laboratories with small spaces where the operator and viewers-¢annot mov
from the area of the radiant panel.

vater-cooled shield (5.1.3) placed in front of the radiant panel assempbly.(5.1.1) dramatical
ng of the laboratory space. Additionally, it lowers the potential for harm\te’operators working

Precision and bias

nation regarding the precision and bias of the test methéd-is given in Annex G.

may exist for
perator shall

rotective gloves and clothing while removing the specimen shield (5.1.3) and while moving the specimen

windows is
e far enough

y lowers the
n the area.
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Dimensions in millimetres
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@ 1 — Radiant panel assembly
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Dimensions in millimetres

10033
1 38,1 203,2
(=) ! la - <
S e > -
1 I
AR
m 7 /
2 2 \
8 \ 12
Y N //
X 4
100
i \ 9 - 10
o T
)
/%(
3 4 6 4
Key
1  e¢xposed surface 7  wire igniters
2 wire igniters 8  air-stream-interrOpting projection plate
3 gcale 9  drip tray
4 3Jir space 10 specimen‘holder base
5  g¢eramic fibreboard heat shield 11 specimen holder piece 1
6  gpecimen holder trolley and tracks 12 specimen holder piece 2

Figure 2 — Specimen holder with,scale, heat shield, trolley and tracks, front and side| views
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power-stijut charnel, 7 places
specimer) holder piece 1

single channel across the top, fastened only at the ends to the vertical channels
wire igniter bracket location, 4 places

specimen holder piece 2

drip tray

specimen holder base

Figure 3 — Assembled specimen holder, isometric view

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=c297124a3c4f15da3f0d989dcd515350

ISO 14696:2009(E)

a  uts end 12,7 mm from bend.

Figure 4 — Specimen holdéer base, isometric view
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Dimensions in millimetres
10065

A
Y

127

A
Y

76,2

139,7

139,

120,7
QO

-_—
139,7

139,7

7 )

) \
3 1
Key
1 3,4 mm ¥ 76,2 mm x 752,5 mm mild steel, 3 places
2 1,5 mm wide cut ending 12,7 mm from bend, 8-places
3 2,1 mm mild steel, 2 places

Q

Remainddr.

Figure 5 — Specimen holder base, top view
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Dimensions in millimetres
10065

Y

A

304,8

Y

1 76,2 /‘

50,8
N

Key

1 3,4 mm x 76,2 mm x 752,5 mm mild steel, 3 places
2 1,7 mm x 50,8 mm x 76,2 mm mild steel, 8 places, tack welded 90° to/base only
3 2,1 mm mild steel, 2 places

Figure 6 — Specimen holderbase, front view

Dimensiong in millimetres
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| : \ 16,2 [
[Fa]
17 ! - N
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Key

1 1,7 mm x 50,8 mm x 76,2 mm mild steel, 8 places, tack welded 90° to base only
2 2,1 mm mild steel, 2 places

Figure 7 — Specimen holder base, side view
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Dimensions in millimetres
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a) Specimen holder base back plate
38,1
|
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[ee)
N
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B 1000
b) Specimen holder base front plate
Figure 8 — Specimen holder base plates made of 1,7 mm mild steel
Dimensions in millin
1003,3
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| W= =]
N_
m
2
[ ]

Figure 9 — Top view of specimen holder piece 1 made of 2,1 mm mild steel
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Dimensions in millimetres
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38,1 20,6

1 gpecimen holderpiece 2, 2,1 mm mild steel
2 ,5 mm wide.clt ending 12,7 mm from bend, perpendicular to edge 20 places, 45° angle to edge 2 plag
3 gpecimen-holder piece 1, 2,1 mm mild steel

Figure 10 — Specimen holder, front view
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1
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26

Dimensions in millimetres

20,6 159 20,6
1
i N\
A
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m

o
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4318

203,2

N

25,4

9,5 mm N.C.welded studs, 4 places

specimen holder piece 1, 2,1 mm mild steel
9,5 mm diameter holes, 16 places

Figure 11 — Specimen holder, side view
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Dimensions in millimetres

1.003,3
38,1 154,5 TYP. 2 o
1 Y
3 o
m

1 9,5 mm diameter holes, 4 places
2 1,5 mm wide cut ending 12,7 mm from bend, 5 places
3 2,1 mm mild steel

Figure 12 — Specimen holder piece 2, front view

Dimensiong in millimetres
19679

A
Y

25,4

oy
i
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| A

Y
Y

203,2

Y

Key

1 9,5 mm diameter holes, 4 places

Figure 13 — Specimen holder piece 2, side view
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Dimensions in millimetres
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Figure 14 — Drip tray made-of 1,7 mm thick mild steel
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Dimensions in millimetres
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a) Wire igniter bracket made of 1,7 mm mild steel b) Wire igniter bracket

Key

1 bracket made of 1,7 mm stainless steel
2 ceramic insulator

Figure 15 — Wire igniter bracket
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Dimensions in millimetres

7 09,

B¢

38,1

Fi

©

ure 16 — Air-stream-interrupting projection plate made of 0,5 mm thick mild steel

gas sampling port 7  specimen holder assembly
steel hood 8  specimen holder trolley
supporting frame 9  weighing platform
natural gas burners 10 specimen
radiant panel 11 air-stream-interrupting projection plate
wire igniter
Figure 17 — Intermediate-scale calorimeter
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Dimensions in millimetres

1829

qupport trolley attachment point
2 Water inlet point
Wwater outlet point

Figure 18 — Heat shield
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Dimensions in millimetres

B 5 000 N
B 3 500 N
2100
2100
T _ 3
. 2 .
1AL\‘
-2 = 1 )
\ 4 5>
- 6 8 ' | VA |
! 4 b7 o
— 5 — 8| 2 S
A A - ™M A
11
9/
A-A
o>
8240 10
12
Key
1 guide vanes 7 opening, 3 100 mm x 2 400 mm
2  bi-directignal probe 8 hood of 2 mm thick steel plates
3 opening, [ 400 mm 9  steel plates (optional), 1 000 mm x 2 400 mm
4  lamp, photocell system 10 steel plates, 2 mm x 500 mm x 900 mm
5 gas analysis 11 steel frame of profile 50 mm x 10 mm x 3,2 mm
6  exhaust quct 12 four steel plates, 395 mm x 400 mm
a8  To exhaugt.
Figure¢ 19 — Sample design of collection hood and exhaust that meets the requirements of
this International Standard
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4X
Key
1 oot filter 6  waste vent 11 flow controller
2  ¢old trap 7  waste vent regulator 12 7 um filter
3  geparation chamber 8  desiccant 13 oxygen analyser
4 drain 9 to COy4'and CO analyser 14 rotameter
5 pgump 10 COjtremoval media
Figure 20 —Schematic diagram of gas sampling train
L1
2 N
V

Key
1 wall of exhaust duct 3 aperture
2 lamp 4 detector

L1 and L2: lenses of focal length f

Figure 21 — White light optical system
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3
=
/
7
9
Key
1 beam spljtter 6 0,5 mW helium neon laser
2 purge airlorifices 7  opal glass
3 filter slot 8  ceramic fibre packing
4 cap 9  main detector
5 optical path 10 compensation detector

Figure 22 — Smoke obscuration measurement system

3 2 1

\ i | K

5 )

! i S T
i

~d

8
4 5 6
Key
1 bi-directional probe 5  gas sampling probe
2  laser extinction beam 6  flow thermocouple
3  laser optics 7  flow direction
4  laser source 8  view of gas sampling probe (holes downstream to reduce clogging)

Figure 23 — Laser beam and other instrumentation in exhaust duct
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Dimensions in millimetres
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Key

1 variable-length support tube (to Ap instrument)
2 weld

Figure 25 — Bi-directional probe
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Dimensions in millimetres
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Key

1 gxhaust duct

2 2 mm holes on downstream side of flow (two thirds-of the length of the pipe with holes)
3 3 mm holes on upstream side of flow (one thirdef'the length of the pipe with holes)

a8  Sample flow.

Figure 26 — Horizontal gas sampling probe
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38

SS tube

12,1

 J
A

Dimensions in millimetres

T

Small holes (centre, 9), 2,4 mm (3/32 in) diameter.
Large holes (outer, 16), 3,2 mm (1/8 in) diameter, distance between holes 25,4 mm (1 in).

Air flow.

Figure 27 — Cross-type sampling probe
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Dimensions in millimetres
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1 $Stube

Tp filter and gas analysers.
b Small holes (centré,.9), 2,4 mm (3/32 in) diameter.
Large holes (outer, 16), 3,2 mm (1/8 in) diameter, distance between holes 25,4 mm (1 in).

Figure 28 — Cross-type gas sampling probe
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A1

Annex A
(normative)

Design of exhaust system

Collect the combustion gases from the burning specimen by means of a hood. Described below, is an

exhaust system (5.1.6), which has been tested in practice and proven to fulfil the specifications given in the

method.

A.2 The bq
hood itself of
at the least d
has a height
system with

not leak.

A3 In the
Figure 19) in
equivalence

A4 Ifala
sampling pro

A.5 Conne
1,0m. To fa
duct (Figure

developed flow profile is established at the point of measurement. Connect the exhaust duct to an evact

system.

A6 Thee
specimen. T
atmospheric
Provide a me
the test prog
heat release
gradients arg

A7 An alf
Equivalency
designs base

ttom dimensions of the hood of 3,1 m x 2,4 m have been found satisfactory, with a height
1,0 m (see Figure 19). A vertical skirt on the hood will help ensure all the fire gases @re’coll
uct flow. The hood feeds into a plenum having a 0,9 m x 0,9 m cross-sectional ar€a, -The pl

Hifferent dimensions is acceptable, provided equivalence has been demonstrated. The hood

plenum chamber, the incorporation of two plates approximately, 0,5m x 0,9 m in size
crease mixing of the combustion gases. Alternative gas mixing methods can be us
has been demonstrated.

bes is shown in Figure 23.

ct an exhaust duct to the plenum chamber. The inner diameter of the exhaust duct is 0,4
Cilitate flow measurements, guide vanes, if necessary, are located at both ends of the ex
19). Alternatively, the rectilinear part of the iexhaust duct shall have such a length that &

acuation system shall be designed $0 as to exhaust minimally all combustion gases leavin
his requires an exhaust capacity of at least 2,7 kgs~! (about 8 000 m3h-! at sta
conditions) corresponding te.a-driving under-pressure of about 2 kPa at the end of the
ans to control the exhaust flow from about 0,5 kg s~! up to maximum flow as stated above g

. Mixing vanes in the duct are an adequate means of solving the problem if concent
found to exist.

ernative exhaust’ system design can be used if it is shown to produce equivalent re
is demonstrated by conformance to the calibration requirements in Clause 8. Exhaust sy
d on natbiral convection are not recommended.

bf the
bcted
Bnum

of 0,9 m. The maximum acceptable plenum height is 1,8 m, depending on building constraipts. A

shall

(see
bd, if

ber is used for smoke measurement, a means of mounting it together with the combustion gas

m to
haust

fully
ation

g the
ndard
duct.
uring

ess. Ensure that the measurement system has sufficient sensitivity for measuring low rafes of

ation

sults.
stem
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Annex B
(normative)

Instrumentation in exhaust duct

B.1 Flow measurement
B.1.1l One technique for measuring the flow is a bi-directional probe located at the centreling
The probe shown in Figure 25 consists of a stainless steel cylinder 44 mm long and with amninhe
22 mm. The cylinder has a solid diaphragm in the centre, dividing it into two chambers. T
difference between the two chambers is measured by a differential pressure transducer;

B.1.2
A sui

Use a differential pressure transducer with accuracy of at least + 0,25 Parand of the capd
able range of measurement is 0 Pa to 150 Pa.

B.1.3 Place one thermocouple within 152 mm of the bi-directionalprobe. Use an Incor
thernpocouple, type K Chromel-Alumel 2). The wire gauge shall be in-the’range 24 AWG (0,51 n|
to 30 AWG (0,36 mm diameter). Place the thermocouple wire, within 13 mm of the bead, ald
isothérms to minimize conduction errors. Between the Chromel and“Alumel wires use insulation
to atleast 1 100 °C. Ensure that the thermocouple does not disturb the flow pattern around the
probeg.

B.2 |Sampling line

Locate the sampling probe in a positionswhere the exhaust duct flow is uniformly mixed.

Remove the particulates/Contained in the combustion gases with inert filters, to the degre

B.2. Transport the (eombustion gases using a pump. Use a pump which prevents gases
ct with oil, grease or similar products, all of which can contaminate the gas mixture. A diap

d with polytetrafluoroethylene) is suitable. Alternative pumps shown to have the sam

¢ with a cylindrical cross-section so as'to minimize disturbance of the air flow in the ducf.

of the duct.
r diameter of
he pressure

citance type.

el sheathed
hm diameter)
ng expected
that is stable
bi-directional

Construct the
Collect the
PG, Figure 27

b required by

s analysis equipment. Filter combustion gases in more than one step. Cool the combustion gas mixture

ried.

from making
hragm pump
e effect are

B.2.

do no
downstream to av0|d soot clogglng the probe

e 28. These

, @lthough they
mpling probe

B.2.5 A suitable pump has a capacity of 10 L min~1kPa to 50 L min-' kPa (minimum), as gas analysis
instruments consume about 1 L min~1. A pressure differential of at least 10 kPa, as generated by the pump,
reduces the risk of smoke clogging the filters.

B.2.6 Install a soot filter, capable of removing all particles greater than 25 um in size.

B.2.7 A refrigerated column is the most successful approach to cool and dry the gases. Provide a drain plug
to remove the collected water from time to time. Alternative devices can be used.

B.2.8 If carbon dioxide is to be removed, use carbon dioxide removal media, as indicated in Figure 20.
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B.3 Combustion gas analysis
B.3.1 Oxygen concentration

B.3.1.1 Oxygen analyser output noise and drift

B.3.1.2 Check the noise and drift of the oxygen analyser output as described in B.3.1.3 using the data
acquisition system (5.1.8) after set-up, maintenance, repair or replacement of the oxygen analyser or other
major components of the gas analysis system and at least every six months.

B.3.1.3 The prnr\ndllrn for r\hnr\king the noise and drift of the oxygen anlyenr output shall be as follows.

a) Feed the¢ oxygen analyser with oxygen-free nitrogen gas, until the analyser reaches equilibrium:
b) After at|least 10 min in oxygen-free conditions, adjust the volume flow in the exhaust-duct and pegin
flowing gases through the gas train at the same flow rate, pressure and drying procedure as for sgmple
gases. When the analyser reaches equilibrium, adjust the analyser output to (20,95 +.0,01) %.
c) Within 1[min, start recording the oxygen analyser output at 2 s intervals for a period of 30 min.
d) Determipe the drift using the least squares fitting procedure to fit a straightline through the data ppints.
The absplute value of the difference between the readings at 0 min and\at 30 min of this linear trenf line
represents the drift.

e) Determine the noise by computing the root-mean-square (RMS)‘deviation around the linear trend ling.

B.3.1.4 The drift and noise (both taken as positive values).shall be not more than 0,01 % (VOZ/Vair)-

B.3.2 Carbon monoxide and dioxide concentration

Analysers folind suitable are non-dispersive IR analysers.

B.3.3 Timg shift

Gas concentration measurements require’the use of appropriate time shifts in order to account for gas tfansit
time within tHe sampling system.

B.4 Smoke obscuration

B.4.1 Whitg light system

B.4.1.1 A\ suitable light-measuring system based on white light has the following components: a [amp,
plano convek-lenhses,an aperture_a photocell and an appropriate power eupply Mount lenses, lamp and
photocell inside two housings, located on the exhaust duct, diametrically opposite each other. A system
consisting solely of a white light and a photocell, along the exhaust duct, across from each other and at an
angle to the vertical, can be used in some cases.

B.4.1.2 Use a lamp of the incandescent filament type, which operates at a colour temperature of
(2 900 £ 100) K. Supply the lamp with stabilized direct current, stable within + 0,2 % (including temperature
and short-term and long-term stability). Centre the resultant light beam on the photocell.

B.4.1.3 Select the lens system so that the lens L2, according to Figure 21, has a diameter, d, chosen with
regard to the focal length, f, of L2 so that d/f > 0,04.

B.4.1.4 Place the aperture in the focus of lens L2 as shown in Figure 21.
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B.4.1.5 Use a detector with a spectrally distributed response approximating that of the CIE (Commission
Internationale d'Eclairage) photopic curve and which is linear within 5 % over an output range of at least 3,5
decades. Check this linearity over the entire range of the instrument periodically with calibrated optical filters.

B.4.1.6 The system described in ISO 9705 is an example of a light-measuring system that ca

n be used.

B.4.1.7 Design a system that is easily purged of soot deposits. The use of holes in the periphery of the

two housings is a means of achieving this objective.

B.4.2 Laser system

An a];t]ernative system for measurements of smoke obscuration uses a laser beam. A 0,5 mV
helium-neon laser beam is projected across the exhaust duct. Couple the two halves of the
together (see Figure 22).

to 2,0 mW
fevice rigidly
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Annex C
(informative)

Considerations for heat release measurements

C.1 Measurement of heat release rate by oxygen consumption

C.1.1  In 1917, Thornton [l showed that for a large number of organic fuels, a more or less constait net

amount of heat is released per unit of oxygen consumed for complete combustion. Huggett [2_dbtain
average value for this constant of 13,1 MJ/kg of oxygen. This value may be used for practical applieation
is accurate, With very few exceptions, to within + 5 %.

C.1.2 Thornton’s rule indicates that it is sufficient to measure the oxygen consumed in ‘a.combustion sy
in order to determine the net heat released. This is particularly useful for full-scale_fire test applications
example, forl compartment fires, the oxygen consumption technique is much meré’ accurate and eas
n methods based on measuring all the terms in a heat balance of the compartment.

C.1.3 The first application of the oxygen consumption principle in fire reséarch was by Parker [3] usin

d an
5 and

stem
. For
er to

g the

ASTM E84 []9] tunnel test. Later, Sensenig applied it to an intermediatescale room test [4l. During th¢ late

seventies and early eighties, the O, consumption technique was refined at the National Institute of Stan
and Technolpgy (NIST, formerly the National Bureau of Standards)."A paper by Parker [5] gives equatig
calculate hegt release rate by oxygen consumption for variqus-‘applications. The technique is now
extensively jh many laboratories all over the world, both in ‘bench-scale [6] and full-scale [7] [8] fire
applications.

C.1.4 The |objective of this annex is to provide al_comprehensive set of equations and guidelin
determine the heat release rate in ICAL fire tests based on the oxygen consumption principle. The app
followed here is somewhat different from ParkerS], as the emphasis is on intermediate-scale firg
applications pnd the use of volumetric flows is‘avoided. Volumetric flows require specification of temper
and pressurg. Various investigators have used different combinations of reference pressure and temper
This leads to|confusion, which is greatlyminimized if mass flows are used.

C.1.5 The pasic requirement is that all combustion products be collected in a hood and removed throu
exhaust ductl At a distance downstream of the hood sufficient for adequate mixing, both flow and compo
of the combystion gases are measured. It is assumed here that it is not possible to measure the air floy
the system, @s this is generally the case for full-scale fire tests. The differences in treatment and equatid
be used are[mainly due.te the extent to which combustion gas analysis is made. At least oxygen sh
measured. However, /seat release rate measurements will be more accurate by measuring CO, an
additionally.

C.1.6 It should*be emphasized that the analysis is approximate. The following describes the

Hards
ns to
used

test

s to
oach

test
ature
hture.

gh an
sition
vV into
ns to
|l be
i CO

main

Slmpllfylng asstn Ipt;ul Sade:

a) The amount of energy released by complete combustion per unit of oxygen consumed is take
E =13,1 MJ/kg of oxygen.

n as:

b) All combustion gases are considered to behave as ideal gases, in other words one mole of any gas is

assumed to occupy a constant volume at the same pressure and temperature.

¢) Incoming air consists of O,, CO,, H,O and N,. All inert gases, which do not take part in the combustion

reaction, are lumped into the nitrogen.

d) O,, CO,, and CO are measured on a dry basis, i.e. water vapour is removed from the specimen before

combustion gas analysis measurements are made.

44 © 1SO 2009 — All rights re:

served


https://standardsiso.com/api/?name=c297124a3c4f15da3f0d989dcd515350

ISO 14696:2009(E)

C.1.7 In the analysis to follow, initial emphasis will be placed on the flow measurement. Equations used to
calculate flow are applicable, unless otherwise indicated, irrespective of the configuration of the combustion
gas analysis system. In subsequent subclauses, distinction is made between various combustion gas analyser
combinations.

C.2 Flow measurements

C.21 The mass flow rate through the duct is obtained from the velocity measured with a bi-directional probe
at one point in the duct, usually along the centreline. The flow is then calculated using a predetermined shape
of the velocity profile in the duct. The latter is obtained by measuring velocity at a sufficient number of

reprelsentative points over the diameter or cross-section of the duct prior 10 any fire tests. Detalle
to oRtain this profile are described by ASME [8] and in Ower and Pankhurst [®l. Usualty;
intermediate-scale fire tests are such that the flow in the duct is turbulent, resulting in a shape fa
to the ratio of the average velocity to the velocity along the centreline) close to unity.

C.2. Due to considerable soot production in many fires, pitot static tubes cannoet-be used bg
potential for clogging of the holes. In order to deal with this problem, a more robust bi-direction
designed by McCaffrey and Heskestad [10]. This involves measuring the differential pressure acrq
and the centreline velocity, and is valid in the range of Reynolds numbers, Ré:

0 <Re < 3 800.

In many intermediate-scale fire test applications, duct diameter and flow are such that the Reyr
is:
Re > 3 800.

In this case fre) is taken as a constant (1,08),.which greatly simplifies the calculations. Th
[Equation (D.1)] is preferred for intermediate-scales\measurements of heat release rate. Further

and ¢f all other calculations discussed in thisAnnex are found in a paper by Janssens [11]. A
details, see also ISO 9705.

C.3 |Heat release rate measurement if only oxygen is measured
C.31
leads
true

OXyg

In this case, all water'vapour and CO, are eliminated by the use of appropriate filtering
to the assumption that the specimen combustion gas only consists of O, and N,. This is g
brovided CO production is negligible, which is usually the case owing to the abundant
bn. As the compasition of the incoming air is unlikely to change during a test, and as the tern
building fires are ysually not high enough to generate noticeable amounts of nitrogen oxides
fixatipn, the mole fraction of oxygen in the air as measured by the analyser prior to a test can be
basig of O, and)N, exclusively. The mole fraction of oxygen in the exhaust combustion gases,
by the oxygen analyser, can be written likewise. As nitrogen is conserved and does not part
comhRustionireactions, the equations are derived on the basis of its conservation.
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C.3.2

In this case the heat release rate, in kW, is calculated as a function of the heat released per unit of

oxygen consumed (E, 13,1 MJ/kg of O,), the ratio of the relative molecular mass of oxygen (Moz,
32,0 kg/kmol) and relative molecular mass of the incoming air (/,, generally taken as 28,97 kg/kmol) and the
mass flow of the incoming air, in kg/s. The flow measured is that of the smoke within the exhaust duct and not
that of the incoming air. In order to find a relation between the two, it is necessary to define the oxygen
depletion factor. The oxygen depletion factor is the fraction of the incoming air which is fully depleted of its
oxygen [Equation (D.4)]. It has been demonstrated (see Annex of ASTM E1354 [16]) that the heat release rate
is a function of E, MOz’ M, and the oxygen depletion factor, plus the expansion factor.

The expansion factor has to be assigned and a recommended value is 1,105, the value for methane. The
value for propane is 1,084, carbon in dry air is 1,0 and hydrogen is 1,21.

© 1SO 2009 — All rights reserved 45


https://standardsiso.com/api/?name=c297124a3c4f15da3f0d989dcd515350

ISO 14696:2009(E)

C.3.3 The resulting equation, Equation (D.4), is expected to be accurate to within +5 % provided
combustion is complete and all carbon is converted to CO,. Errors will be greater if CO or soot production is
considerable or if a significant amount of the combustion products are other than CO, and H,O. It is unlikely
that these errors will be of concern for the ICAL tests since oxygen is not limited.

C.4 Heat release rate measurement if oxygen and carbon dioxide are being

measured

This case is similar to that covered in C.3. If is now assumed that only water vapour is trapped before the
specimen reaches the combustion gas analysers. The equations are derived on the basis of conservation of

N,. The moli fraction of CO, in the incoming air is taken to be 440 ppm. A new equation is now necessg

course, for t
accurate to W

C.5 Heat
are being

This case re
changes the

new heat rel¢ase rate equation altogether, Equation (D.7).

C.6 Conc

C.6.1 Depé¢nding on the configuration of combustion gas analysers and the type of flow measuremen

of the followi

C.6.2 Cass

C.6.2.1

C.6.2.2

C.6.2.3

C.6.3 Case

C.6.3.1

C.6.3.2

C.6.3.3

e oxygen depletion factor, Equation (D.5). The equation for heat release rate [Equatiof(D
ithin + 5 % provided combustion is complete and all carbon is converted to CO,.

measured

verts to that covered in C.4 if CO production is negligible. Taking<CO into account, how
equations. It means that a new oxygen depletion factor is required;’Equation (D.6), as wel

usions

ng procedures should be used to calculate heattelease rate.
1: Only O, is measured.
Calculate the mass flow of the exhaust combustion bases.
Calculate the oxygen depletion factor.
Calculate the heat release. rate.
2: Both O, and C@5"are measured.
Calculate the mass flow of the exhaust combustion gases as in C.6.2.
Calculate’the new oxygen depletion factor.

CalCulate the new heat release rate.

C.6.4 Case 3: O, and CO, and CO are measured.

ry, of
3)]is

‘elease rate measurement if oxygen, carbon dioxide and carbon monoxide

ever,
as a

, one

C.6.41 Calculate the mass flow of the exhaust combustion gases as in C.6.2.

C.6.4.2 Calculate the new oxygen depletion factor.

C.6.4.3 Calculate the new heat release rate.
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