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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 non-governmental, in
liaison witfr SO —atsotakepart—mthe—work SO —cotaborates tlosely—with—the—imtermatiomat—Etectrotechnical
Commissign (IEC) on all matters of electrotechnical standardization.

The main fask of technical committees is to prepare International Standards, but in exceptional. cireumstances a
technical dommittee may propose the publication of a Technical Report of one of the following types:

O type 1, when the required support cannot be obtained for the publication of an International Standard| despite
repeated efforts;

O type 3, when the subject is still under technical development or where for any(other reason there is the future
but ngt immediate possibility of an agreement on an International Standard;

O type 3, when a technical committee has collected data of a different kind from that which is normally ppblished
as an|International Standard (“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether they
can be trgnsformed into International Standards. Technical Reports of type 3 do not necessarily have to be
reviewed yntil the data they provide are considered to be no longer valid or useful.

ISO/TR 14696, which is a Technical Report of type 2, was prepared by Technical Committee ISO/TC 2, Fire
safety, Sulpcommittee SC 1, Reaction to fire.

This document is being issued in the Technical(Report (type 2) series of publications (according to subclause
G.3.2.2 of part 1 of the ISO/IEC Directives, 1995)as a “prospective standard for provisional application” in|the field
of fire safefy because there is an urgent need for guidance on how standards in this field should be used to jmeet an
identified rjeed.

This document is not to be regarded-as-an “International Standard”. It is proposed for provisional applicatiof so that
information and experience of its.use in practice may be gathered. Comments on the content of this dpcument
should be gent to the ISO Central-Secretariat.

A review df this Technical’Report (type 2) will be carried out not later than three years after its publication |with the
options of:[extension for anadther three years; conversion into an International Standard; or withdrawal.

Annexes A to D form.a normative part of this Technical Report. Annexes E and F are for information only.
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Reaction to fire tests — Determination of fire parameters of

mate
heat

rials, products and assemblies using an intermediate-scale
release calorimeter (ICAL)

1 Scope

This Te
expose(

This tes
develop,

The he
concen

chnical Report provides a method for measuring the response of materials, products and assemblies

in vertical orientation to controlled levels of radiant heating with an external igniter:

t method is used to determine the ignitability, heat release rates, mass\ loss rates, and visi
ment of materials, products and assemblies under well ventilated conditions.

ble smoke

t release rate is determined by measurement of the oxygen consumption as determined by the oxygen

ation and flow in the exhaust product stream as specified in.44.1. Smoke development is qu

measuring the obscuration of light by the combustion product stream:

Specimgns are exposed to heating fluxes ranging from 0 kW/m2fo 50 kW/m2. Hot wires are used as

source.

This tegt method has been developed for material, product or assembly evaluations, mathematical mo
design purposes. The specimen are tested in thicknesses and configurations representative of actual €
or systejm uses.

2 Normative references

this Te
do not
possibil
referend
register

ISO 97(¢

ISO/IEQ

nical Report. For dated references, subsequent amendments to, or revisions of, any of these p
pply. However, parties_to-agreements based on this Technical Report are encouraged to inve
ty of applying the .most recent editions of the normative documents indicated below. Fg
es, the latest edition-of the normative document referred to applies. Members of ISO and IE
5 of currently valid International Standards.

The foli%wing normative documents centain provisions which, through reference in this text, constitute pn

5, Fire tests~ Full scale room test for surface products.

Guide 52:1990, Glossary of fire terms and definitions.

antified by

he ignition

felling and
nd product

ovisions of
ublications
stigate the
r undated
C maintain

3 Terms and definitions

For the purposes of this Technical Report, the terms and definitions given in ISO/IEC Guide 52 and the following

apply.

3.1
assemb

ly

fabrication of materials or composites, for example sandwich panels

NOTE

This may include an air gap.
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3.2
composite

©1SO

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

coated or |

3.4
flashing

aminated materials

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

35
heating flu
incident flu

3.6
heat relea
heat evolv

3.7
ignition
onset of sy

3.8

irradiance
quotient of
element

3.9
material
single sub

3.10
orientation
plane in w

3.11
oxygen co

X

X imposed externally from the heater on the specimen at the initiation of the test

e rate
bd from the specimen, per unit of time and area

stained flaming as defined in 3.15

(at a point of a surface)
the radiant flux incident on an infinitesimal element of surface.containing the point, by the are

stance or uniformly dispersed mixture, for example nietal, stone, timber, concrete, mineral fibre, p

nich the exposed face of the specimen is laecated during testing, either vertical or horizontal facing

hsumption principle

proportiongl relationship between the mass.of oxygen consumed during combustion and the heat released

3.12
product
material, ¢

3.13
specimen

bmposite or assembly about which information is required

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

3.14
smoke obg

clration

n of that

blymers

reduction

3.15

fghttrarsmissiom by smoke, as measured by fight atteroation

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

3.16

transitory flaming
existence of flame on or over the surface of the specimen for periods of between 1 and 10 s
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4 Symbols and abbreviations
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A Cross sectional area of duct (m2)

E Net heat released for complete combustion of propane, per unit of oxygen consumed
(12,78 MJ/kg O5)

Eco Net heat released for incomplete combustion, per unit of CO consumed

Epropane  Net heat released for complete combustion of propane, per unit of oxygen consumed
(12,73 MJ/kg of Oy)

Emethane Net heat released for complete combustion of methane, per unit of.oxygen [consumed
(12,51 MJ/kg of Oy)

fy Yield of gas x (kg/kg)

f(Re) Reynolds number correction

I Transmitted beam intensity (cd)

lo Beam intensity before attenuation (cd)

k Smoke extinction coefficient (m-1)

ke Velocity profile shape factor (non-dimenpsional)

Ly Light path length of beam through.smoky environment (m)

My Molecular mass of incoming air (kg/kmol)

Mco Molecular mass of catbon monoxide (kg/kmol)

Mco, Molecular mass-of carbon dioxide (kg/kmol)

Mary Molecular mass of dry air (29 kg/kmol)

Me Molecular mass of exhaust gases (kg/kmol)

M0 Molecular mass of water (kg/kmol)

MK, Molecular mass of nitrogen (kg/kmol)

Mo, Molecular mass of oxygen (32 kg/kmol)

m Specimen mass (kg)

Me Mass flow in exhaust duct (kg/s)

oD Optical density (non-dimensional)

Ap Pressure drop across the orifice plate or bidirectional probe (Pa)

q Total heat released (MJ)
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RSR

TSR

Heat release rate (kW)

Rate of smoke release (m2/s)
Total smoke released (m2)

Combustion gas temperature at the photodetector (K)

Duct temperature (near photodetector) (K)

©1SO

CO.e
CO,i
COp,e
COg,i
Oo,e

02,i

5 Principle

Time (s)

Volumetric flow in exhaust duct (at measuring location of mass flow) (m3/s)
Volumetric flow at location of smoke meter (value adjusted for\Smoke meas
calculations) (m3/s)

Sampling time interval (s)

Measured mole fraction of CO in exhaust flow (non-dimensional)
Measured mole fraction of CO in incoming air (non-dimensional)
Measured mole fraction of CO, in exhaust flow:(hon-dimensional)
Measured mole fraction of CO5 in incoming-air (non-dimensional)
Measured mole fraction of O in exhaust flow (hon-dimensional)

Measured mole fraction of Ox/in incoming air (non-dimensional)
Concentration of gas x,(kg/kg)

Combustion expansion factor (non-dimensional; normally a value of 1,105)
Density of airat-the temperature in exhaust duct (kg/m3)

DensityCofair at 273,15 K: 1,293 (kg/m3)

Oxygen depletion factor (non-dimensional)

urement

5.1 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 heat flux from a gas fired radiant panel up to 50 kW/mZ2 and uses electrically
heated wires for ignition. Heat release measured by this test method is based on the observation that, generally,
the net heat of combustion is directly related to the amount of oxygen required for combustion (see references
[2,3]). The primary measurements are oxygen concentrations and exhaust flow. Burning may be either with or
without ignition wires used at the top and bottom of the specimen.

5.2 Additional measurements include the mass loss rate of the specimen, the time to sustained flaming and the
light intensity of a light beam having traversed the smoky duct. The apparatus can be used to measure additional
properties discussed in informative Annex F.
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6 Apparatus

Where dimensions are stated in the following description, they shall be considered mandatory and shall be followed
within nominal tolerance of + 5 mm on the radiant panel and specimen holder assemblies. An exception to this
tolerance is the placement of the screen in front of the ceramic burner and which shall be + 0,5 mm. The tolerances
permitted in the exhaust system of ISO 9705 [9] are permissible.

The apparatus shall consist of the following components:

O

a radiant panel assembly (Figure 1) located in the vertical orientation;

O as
0 an
O wei
O gas
O ad

A gener

6.1 Rs

The pan
faced, n
hose co

The left
one mo
wide. T
natural

plenum

The fac
wire dial
carefully
burners
and the
distancs

Natural
with as
to liquifi
possibil

becimen holder (Figure 2);
bxhaust collection system,
phing platform,

laminar flow meter, and
hta acquisition system.

al layout of the whole test assembly is shown in Figure 3.

diant panels

el consists of a hollow 50 mm by 50 mm square steel tubing which supports 3 rows of adjustabls
atural gas burnersl) comprised of three burners per row (Figure 1). The tubing has typical residg
hnections provided at the bottom of the tubing to facilitate water cooling.

and right burners in each row are made up of four modules each and the centre burners are cg
ule. A module consists of 4 vertically stacked ceramic elements 12,7 mm deep by 95 mm high

pjas is injected at a controlled rate by the burner's control system. Combustion air is aspirat
Space through the gas and air injectien-port.

meter 1,19 mm, width opening 5,16 mm) for higher surface temperature and safety. The scree
installed to allow for elohgation of screens and supporting rods. This will allow the distance b
and screens to remainconstant when heated. The optimum distance between the surface of t

of 93 mm from each other and also attached to the support tubing at the locations indicated in Fi
hfety interlock. All gas pipe connections to the burners must be sealed with a gas pipe compour

bd petreleum gases. A drip leg shall be installed in the gas supply line going to each heater to m
ty of any loose scale or dirt within the gas supply line from entering the burner's control system.

P, ceramic-
ntial water

mprised of
by 158 mm

he centre burners consist of one module each. The modules are comprised of a plenum space in which the

ed into the

b of each burner is covered with, stainless steel cloth type floating screen (mesh per linear 25,4 mm — 4 x 4,

hs shall be
btween the
he burners

outer surface of the~sCreen is 20 mm. The rows of gas burners on the panel shall be separated by a

jure 1.

gas of net heating value at least 49 MJ/kg shall be supplied to the unit through a control system provided

d resistant
nimize the

of

Ignition

fh hirnaore chall ha onoapmanbolhad hyy tndn paliial o bamaatin ool ianmitare ona ilat floa oo
e oOmTIC TS SaAm T ac CUTrTTPISIIC U Uy 1oV oo, adtoT T iatiC— S DA g ritC T S— Ao PioT martic ST

The spark

igniters are used to ignite the pilot flames which in turn are used to ignite the burners after pilot flame temperature

Sensors

have reached a required value. The pilot remains on until the burners are extinguished.

An opening of at least 25 mm shall be provided at the vertical centreline between the rows of burners.

1) A modified RAY-TEC burner unit, RT132, from Modine Manufacturing company, 1500 Dekoven Avenue, Racine, Wisconsin
53403, USA, has been found suitable for this application.
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6.2 Radiant panel constant irradiance controller

The irradiance from the radiant panel assembly shall be capable of being held at a preset level by means of
regulating the flow of natural gas to the burners (see annex E.2 for more information). The flow of the gas is
regulated using an automatic flow controller, motorized valve and a thermocouple located on the surface of a
ceramic burner. The irradiance is directly proportional to the temperature on the surface of the ceramic burners.
Gas flow shall be continuously measured to calculate the heat released from the radiant panel assembly. This
value is needed in computations of the heat release rate from the specimen.

6.3 Specimen holder assembly components

6.3.1 Specimen holder

The specinen holder assembly is shown in Figure 2 and is capable of holding a specimen up to 150.mm thick. (A
thicker spg¢cimen holder is necessary to accomodate specimens thicker than 150 mm.) The.top portion of the
assembly |s removable to facilitate specimen insertion. Prior to starting the test the specimenshall be protected
from the rgdiant panel heat flux exposure by the water cooled shield (6.4). A drip tray, 300 mm wide x 50 npm deep
x 914 mmjlong, shall be attached to the floor of the specimen holder directly below the specimen frame tq contain
limited ampunts of materials that melt and drip. Two wire igniters described in 6.5 areattached to the specimen
holder. A gas stream blocking plate (6.6) is mounted at the bottom of the specimen;

6.3.2 Weighing platform

The generpl arrangement of the specimen holder and the weighing platfori. is indicated in Figure 2. The weighing
platform2) shall be capable of weighing the specimen to an accuracy @b 1vg. The platform shall be protected from
the radiang panel assembly by an insulation board cover as shown insFigure 2.

6.3.3 Specimen holder trolley

A trolley, as shown in Figure 3, shall be provided to hold.the specimen holder and weighing platform so|that the
specimen can be moved to a predetermined location infrfont of the radiant panel at the beginning of a tgst. The
trolley shall be placed on tracks or guides to facilitate.eXact specimen placement with respect to the radiaft panel.
The trolley] tracks shall be located perpendicular to“the plane of the radiant panel so that the specimen i$ moved
directly toward the radiant panel. The specimen s inserted in the holder when the trolley is at a sufficient flistance
from the radiant panel. The trolley tracks shall\be long enough to move the specimen holder to a distancg¢ of 6 m
from the rgdiant panel if necessary.

6.4 Spedimen shield

A water cgoled shield (Figure 4)._shall be provided to absorb the thermal energy from the radiant panels| prior to
testing. The shield is constructed so that a preset water flow will maintain a shield temperature on the ungxposed
face below 100 °C. The shield shall be positioned directly in front of the radiant panel assembly at a disfance of
150 mm. The mounting/method used shall accommodate removing the shield in less than 2 s.

6.5 Wireligniters

Two 0,81 Imm\Chromel wires (from Type K thermocouple wires) are used as igniters. One wire is pqsitioned
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 width of the
specimen, 20 mm above the top exposed edge of the specimen and 15 mm from the specimen's vertical plane. A
spring, protected from the radiant heat, shall be attached to one end of the wires to compensate for the wire
expansion during the test. It shall remain under tension throughout the test so that the igniter wire remains in
position. When used, sufficient electrical power shall be applied to the wire that will produce an orange glow. Low
voltages, up to 30 V, shall be used for safety reasons. More information about the choice of the wire igniters is
given in annex E.3.

2) A Sartorius Model F150S Electromagnetic Scale, has been found suitable for this application.
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6.6 Gas stream blocking plate

A thin steel plate which projects 10 cm out from the specimen surface shall be attached to the specimen holder
perpendicularly to the specimen surface along the lower exposed specimen edge. Information about the gas stream
interrupting projection plate is given in annex E.5.

6.7 Heat flux meter

The total heat flux meter shall be of the Schmidt-Boelter (thermopile) type, with a design range of about 50 kW/m2.
The target receiving radiation, and possibly to a small extent convection, shall be flat, circular, approximately

not pas$ through any window before reaching the target. The instrument shall be robust, simple to_set-u

12,5 mr£ in diameter, and coated with a durable matt-black finish. The target shall be water cooled. Rad

and stal

6.8 He

A panel
calcium
(1000 x
columng
sides of]

6.9 EX

Constru
bidirecti
(white li
exhaust

Ensure
exhaust
are collg
leaving
Place p

Make al

le in calibration. The instrument shall have an accuracy of within £3% and a repeatability of withi

at flux calibration panel

to establish the heat flux/distance relationship shall be constructed from neaminal 12 mm to 13
silicate board of nominal density 600 kg/m3 to 850 kg/m3. The panel shall‘be the same size as 3
1000 mm) and shall have holes with diameters to accomodate the heat flux meter (6.7). Five
of holes (25 holes total) shall be drilled with their centres 224 mm apart’ and 52 mm from the e
the panel.

haust collection system

ct the exhaust collection system with the following minimal requirements: a blower, steel W
bnal probe, thermocouple(s), oxygen measurementZsystem, smoke obscuration measurems
jht lamp and photocell/detector or laser) and combustion gas sampling and analysis system. Cg
collection system as shown in Figure 5 and as explained in annex A.1.

that the system for collecting the smoke~(which includes gaseous combustion products) ha
capacity and is designed in such a way that all of the combustion products leaving the burning
cted. Design the capacity of the evactation system such that it will exhaust minimally all combus
he specimen (see annex A.1).

obes for sampling of combustion gas and for measurement of flow in accordance with clause 7.

measurements of smoke-obscuration, gas concentrations or flows at a position in the exhaust

the exhaust is uniformly mixed.so that there is a nearly uniform velocity across the duct section.

If the st
conside
demons

aight section befote the measuring system is at least 8 times the inside diameter of the duct the
'ed to be uniformly mixed. If a measuring system is positioned at a distance of less than 8
trate the achievement of equivalent results.

iation shall
p and use,
h +0,5 %.

mm thick
| specimen
rows and
iges on all

ood, duct,
nt system
nstruct the

5 sufficient
specimen
tion gases

Huct where

exhaust is
diameters,

7 Minjmum requirements for exhaust duct instrumentation

NOTE

Additional information is found in annex B.

7.1 Flow

Measure the flow in the exhaust duct by means of a bidirectional probe [12] or an equivalent measuring system with
an accuracy of at least + 6% (see annex B for further details). The response time to a stepwise change of the duct
flow shall not exceed 5 s, to reach 90 % of the final value.
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7.2 Combustion gas analysis
7.2.1 Sampling line

Construct the sampling line tubes of a material not influencing the concentration of the combustion gas species to
be analysed. The following sequence of the gas train has been shown to be acceptable: sampling probe, soot filter,
cold trap, gas stream pump, vent valve, plastic drying column and carbon dioxide removal columns (if used), flow
controller and oxygen analyser (see Figure 6 and annex B for further details). Alternative designs of the sampling
line must give equivalent results. The gas train shall also include appropriate spanning and zeroing facilities.

7.2.2 Oxygen measurement

Measure the oxygen concentration with an accuracy of at least + 0,04% of full scale in the output range of O to
25 vol % gxygen, or +0,01 vol % oxygen, in order to have adequate measurements of heat releaseiate. Take the
combustiop gas sample from the end of the sampling line. Calculate the time delay, including the-time cofstant of
the instrument; it is a function of the exhaust duct flow. This time delay shall not exceed 60-s)(see anngx B for
further detgils).

7.2.3 Carpon monoxide and carbon dioxide measurement

Measure the combustion gas species with an instrument having an accuracy of atleast + 0,1 vol % for the carbon
dioxide ang¢l + 0,02 vol % for carbon monoxide. A suitable output range is 0 to L val% for carbon monoxide @nd 0 to
6 vol % folf carbon dioxide. Take the combustion gas sample from the end of(the sampling line. Calculate [the time
delay, inclliding the time constant of the instrument; it is a function of the exhaust duct flow. It shall be a nfaximum
of 60 s (see annex B for further details).

7.2.4 Smoke obscuration measurement

Install an gptical system for measurement of light obscuration.across the centreline of the exhaust duct. Dg¢termine
the optical|density of the smoke by measuring the light transmitted with a photometer system consisting of a white
light sourcg and a photocell/detector or a laser system forumeasurement of light obscuration across the centreline of
the exhaugt duct.

One photgmeter system found suitable consists of-a lamp, lenses, an aperture and a photocell. See Figure 7 and
annex B fdr further details. Construct the system so that soot deposits on the optics during a test do not re¢luce the
light transrpission by more than 5 %.

Alternatively, instrumentation constructed using a 0,5 mW to 2,0 mW helium-neon laser, instead of a wihite light
system is @lso acceptable. See Figure 8 and annex B.4 for further details. It has been shown that white light and
laser systgms will give similar results [17].

8 Significance and use

8.1 This {est methed is used primarily to determine the heat release rate of materials, products and asspmblies.
Other pargmeters determined are mass loss rate, the time to ignition, and smoke and gas production.[ These
properties [are“determined on a sample which may be an assembly of materials or products that are tested in their
end-use thickness. Therefore, the heat release rate of a wall assembly, for instance, can be determined.

8.2 Representative joints and other characteristics of an assembly shall be included in a specimen when these
details are part of the normal design.

8.3 This test method is applicable to end-use products not having an ideally planar external surface. The radiant
flux field shall be adjusted to be that which is desired at the average distance of the surface from the radiant panel.
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9 Test specimens

9.1 Size and preparation

6:1999(E)

9.1 Test specimen's dimensions shall be 1 000 by 1 000 mm and up to 150 mm in thickness3). They 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.

9.2

joint detail.

specime

nchall alcsa-ha tastad without a ot datailif thae dasian-doas not includa oot
H-SHett-arSo-0e ROt e-ae S a0 e S Ho+REHae a0

If a product is designed to normally have joints in a field application, then that specimen shall incorporate the
The joint shall be centred in the specimen’s vertical or horizontal centreline as appropriate.

The

9.3 Th
the hold

9.2 Cd

Specim
and arg

NOTE
24 h, do

b edges of the specimen shall be covered with 12 mm ceramic wool blanket to eliminate the’ga
er and the specimen.

nditioning

bns shall be conditioned to moisture equilibrium (constant mass) at an ambient temperature of 2
lative humidity of (50 % 5) %.

Constant mass is considered to be reached when two successive weighing_eperations, carried out at a
hot differ by more than 0,1 % of the mass of the test piece or 1 g, whichever.is\the greater.

10 Callibration of apparatus

Calibrat
calibratg

10.1 H

10.1.1

10.1.2
radiant
flux met

b all instruments carefully with standard sources afteriinitial installation. Among the instrum
d are load cells or weighing platforms, smoke meters,flow or velocity transducers and gas analys

eat flux/distance relationship
Ignite the radiant panel and allow it to come'to equilibrium as indicated by its constant heat releag
A curve of average flux measurements over the specimen surface versus specimen distanc

panels shall be generated. The calibration panel shall be placed in the same position as a specim
er inserted from the unexposed face through the holes. The target face of the flux meter shall exts

toward

he radiant panel from the exposed surface of the calibration panel to minimize the convective he

p between

B °C + 3°C

h interval of

ents to be
bers.

e rate.

e from the
en and the
end 15 mm
at transfer

e with the
400, 600,

contribution. After the calibration-paniel has come to equilibrium, the flux measurements shall be mag
target fgce of the flux meter at.the-following distances, in millimetres, away from the radiant panel: 300
800, 1 oo, 2 000, 3 000, 4 000,/5 000 and 6 000.

10.1.3 |No individual flux;measurement shall deviate from the average at each of the distances by more than +5 %.

10.1.4 [The curve generated in 10.1.2 shall be used to determine the distance from the radiant panel foy a desired

radiant heat flux.eéxposure.

10.1.5 |Calibration shall be performed every three months or more frequently if any significant g
equipment-are made or if calibration is suspect.

hanges to

10.2 Heat release

10.2.1 Perform the calibration of the heat release instrumentation in the exhaust duct by burning propane or
methane gas and comparing the heat release rates calculated from the metered gas input, and those calculated
from the measured oxygen consumption. The value of net heat of combustion for propane is 46,5 MJ/kg and for
methane 50 MJ/kg . Position the calibration burner in the same location where the specimen is to be placed during
a 35 kW/m2 exposure test. Measure the gas flow at a pressure of 101 kPa + 5 kPa (standard atmospheric
pressure, measured at the flow gauge) and a temperature of 20 °C + 5 °C.

3) If specimens of thickness greater than 150 mm are to be tested, a suitable specimen holder needs to be constructed.
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10.2.2 The calibration source for the test shall be a gas burner with a nominal 0,3 m by 0,3 m porous top surface of
a refractory 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 % purity) or methane (98 % purity).
The gas for the burner flame shall not be premixed with air. The gas flow to the burner shall be measured with an
accuracy of at least £3 %. The heat output to the burner shall be kept constant and controlled within £5 % of the
prescribed value.

The burner may 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.

NOTE A burner may be constructed with a 25 mm thick porous ceramic-fiber board over a 152 mm plenum; or alternatively
a minimum [100 mm layer of sand can be used to provide the horizontal surface through which the gas is supplied-, The sand
burner may|be preferable for economic reasons. This type of burner is shown in Figure 10.

10.2.3 Arjother suitable calibration burner is a pipe, with an inner diameter of 100 mm + 1,5 mmsupplied ith gas
from beneath as described in ISO 9705 [9]. The gas for the burner flame shall not be premixed-Wwith air.

10.2.4 Ohbtain a minimum of two calibration points. Obtain a lower heat release rate value of 250 kW and @ higher
heat releasge rate of 600 kW.

10.2.5 Tgke measurements at least once every 6 s and start 1 min prior to ignition.of the burner. Deterinine the
average heat release rate over a period of at least one minute by (a) the oxygen consumption method|and (b)
calculating the heat release rate from the gas mass flow and the net heat of combustion. A correct factof of heat
released per oxygen consumed for the calibration gas (Epropane=12,78 MJ_per kg Oy Emethane=12,51 MJ per kg O2)
must be used in the oxygen consumption method (equation D.4). The difference between the two values ghall not
exceed 5 %. This comparison shall be made only after steady state conditions have been reached.

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

10.2.7 When calibrating a new system, or when modifieations are introduced, check the response timg of the
measuring| system by the following test sequence:

Time Burner output
0 min to 5 min 0 kw

5 min to 10 min 250 kW,

109 min to 15 min 600 kW

20 min to 25 min 0 kw

The respopse of the system to a stepwise change of the heat output from the burner shall be a maximum of 12 s to
90 % of final value.

10.2.8 Pgrforpiithe calibration described in 10.2.4, 10.2.5 and the calibration described in 10.2.7 at a duc{ air flow
correspomliing to’'oxygen concentration between 20,2 % and 20,4% with the radiant panel in operation only.

10.2.9 The change in measured heat release rate, comparing time average values over 1 min, shall not be more
than 10 % of the actual heat output from the burner.

10.3 Mass loss

Perform the calibration by loading the weighing platform with known masses corresponding to the measuring range
of interest, to ensure that the requirements of accuracy in 6.3.2 are fulfilled. Carry out this calibration daily, prior to
testing.

10
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10.4 Smoke obscuration

Calibrate the smoke meter initially to read correctly for two neutral density filters of significantly different values, and
also at 100 % transmission. The use of neutral density filters at 0,5 and 1,0 values of optical density has been
shown to be satisfactory for this calibration. Once this calibration is set, only the zero value of extinction coefficient
(100 % transmission) needs to be verified each day, prior to testing. Investigate any excessive departure from the
zero line at the end of a test, and correct it.

10.5 Gas analysis

Calibrat

10.6 H
The cal
compar

referend
standar

11 Pr
111 A

1111
flow pre

11.1.2

11.1.3
previous

1114
20,4 %

11.1.5
11.1.6

11.1.7
values.

11.1.8

11.1.9

b gas analysers daily, prior to testing (see ASTM E800 standard guide for further guidance).

eat flux meter
bration of the heat flux meter shall be checked whenever a recalibration of the apparatus is car,
son with an instrument (of the same type as the working heat flux meter and of Similar range

e standard and not used for any other purpose. The reference standard<shall be fully calik
lizing laboratory at yearly intervals.

pcedure

reparation

Open the water valve to the steel tubing which supports\the radiant panel and adjust the water
viously determined to be sufficiently high that water exiting the frame will not exceed 50 °C tempe

Position the specimen holder assembly remote toithe desired test location.

Place the water cooled shield in front of the radiant panel assembly and adjust the water flow
ly determined to be sufficiently high that water exiting the shield will not exceed 50 °C temperatur

Establish a duct air flow previously determined to correspond to oxygen concentration between 3
with the radiant panel in operation only.

Turn on the flow of gas to.each of the radiant panels and ignite them.
Allow the burners to,eperate for 30 min prior to testing.

Adjust, if necessary, the water flows from 11.1.1 and 11.1.3, and the duct flow from 11.1.4 to tk

[Turn on‘all’sampling and recording devices and calibrate the analysers.

Insert the specimen into the specimen holder. The specimen shall be placed in the specimer

ried out by
held as a
rated at a

flow to the
rature.

to the flow
e.

0,2 % and

e required

holder by

removi

the top specimen holder cap section, inserting the specimen and replacing the top cap

11.1.10

Switch on the wire igniters.

11.2 Procedure

11.2.1

Move the specimen trolley to the location necessary for the desired flux exposure.

11.2.2 Collect baseline data for 2 min after the signal from the weighing platform settles down to equilibrium.

11.2.3 Remove the water cooled specimen shield in not more than 2 s and start the timer marking the beginning of

the test.

11
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11.2.4 Record the times when flashing or transitory flaming occur. When sustained flaming occurs, record the time
and turn off the igniters. If the flame extinguishes after turning off the igniters, turn on the igniters again within 5 s

and do not

11.25 Ift

turn the igniters off until the entire test is completed. Report these events in the test report.

he duct flow is not sufficient to collect all the fire gases, then the duct flow shall be increased.

11.2.6 Record all important events during the test like cracking, melting, collapse of all or part of the specimen,

deformatio

ns and intumescing.

11.2.7 Collect data until 2 min after sustained flaming occurs on the unexposed side of the specimen or a

predeterm

ned time period.

11.2.8 Un
as specifie

12 Calc

The speci
from the td
rate shall

consumed

Consideral
equations
D.1 to calg

Calculate mass loss rate using the procedures in annex D.4.

Calculate s

The expos|

13 Test
Include the
13.1 Des
a) Name

b) Speci

c) Date and identification number of the report.

d) Name

less otherwise specified in the material or performance standard make three determinations’an
d in clause 13.

Ilations
nen heat release rate is calculated by subtracting the radiant panel assemblyheat release rate (1
tal heat release rate. The radiant panel heat release rate contribution measured by the natural
be multiplied by a factor of 1,05, to take into account the correct faetor of heat released per
for natural gas (Emethane=12,51).

ions for heat release measurements are presented in annex.Cy“Calculate heat release data, u

presented in annexes D.1 and D.2. The testing laboratory<shall choose one of the equations i
ulate heat release, based on the gas analysers installed.

moke release data using the equations in annex-D.3.

ed surface area of the specimen is 0,84 m2-, Use 0,84 m2 to calculate parameters per unit surfacg

report

following information in the-test report:
criptive information

and address of thiestesting laboratory.

men identification code or number.

and address of the test sponsor.

d report

aseline)
pas flow
oxygen

sing the
n annex

P area.

e) Name

f) Comp

of product manufacturer or supplier, if known.

osition or generic identification.

g) Density, or mass per unit surface area, total mass, thickness of the main components in the specimen,
thickness of the specimen, moisture content of materials if appropriate and mass of combustible portion of
specimen, if known.

h) Descr

iption of the specimen, if different from the product.

i) Details of specimen preparation by the testing laboratory.

12
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i)  Details of special mounting methods used.
k) Heating flux and exhaust system flow.
[) Type of gas used for radiant panel.

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

n) Conditioning of the specimens.

0) Da1le of test.

p) Tegt number and any special remarks.

13.2 Tlestresults (see also annex F)

Table of numerical results containing:

a) Tinfe to sustained flaming (s)

b) Peak heat release rate (kW), and the time at which it occurred (s)

c) Avegrage heat release rate values for the first 60 s, 180 s, 300 §/after ignition, or for other appropriate periods
(kW)

d) Tothl heat released (MJ)
e) Pedgk rate of smoke release (m2/s), and the time atwhich it occurred

f)  Avgrage rate of smoke release values for theyfirst 60 s, 180 s, 300 s after ignition, or for other appropriate
perjods (m2/s)

g) Tothl smoke released (m2)

h) Totpl mass loss (kg)

i) Pelncentage of mass loss (%)

i) Equation used to calculate heat release rate

k) Avarage yield of'earbon monoxide (kg CO/kg fuel) (optional)

13.3 QGraphical results

a) Plofofheat release rate vs. time

b) Plot of rate of smoke release vs. time (optional)

c) Plot of mass loss vs. time (optional)

d) Plot of mass loss rate vs. time (optional)

e) Plots of the duct temperature vs. time (optional)

f)  Plot of mass flow in the exhaust duct vs. time (optional)

g) Plotthe heat release rate vs. time from the radiant panel (baseline) (optional)

13
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13.4 Descriptive results

a) Photographs or videotape of the fire development.

b) All available information requested in 11.2.6.

14 Test

limitations

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

©1SO

a) Thes

b) Explo

15 Hazs

The test p
ignition of
protective
away from
with small

The wate
laboratory

16 Prec

The task g
Results frg

becimen melts sufficiently to overflow the drip tray.

Sive spalling occurs.

rds

ocedures involve high temperatures and combustion processes. Therefore hazards may exist fg
extraneous objects or clothing and for inhalation of combustion preducts. The operator s
ploves and clothes while removing the specimen shield and while moving the specimen trolley tq
spaces where the operator and viewers cannot move far enoughtaway from the area of the radian

cooled shield placed in front of the radiant panel assembly dramatically lowers the heatin
space. Additionally, it lowers the potential for harm to operators working in the area.

sion and bias

roup is actively pursuing the development-of data regarding the precision and bias of this test
m an ICAL study [18] including some repeatability data are available.

r burns,
hall use
ward or

the radiant panels. The construction of a viewing wall with windows is recommended for labgratories

t panel.

j of the

method.

14
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1 Radia
2 Water

Dimensions in millimetres

ISO/TR 14696:1999(E)
1 542
[ 1]
TTTT, 670
[ ] \ 2
25 1 /
theaters

Figure 1 — Radiant panel assembly
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DimensionsAin-millimetres

1000
S 41
=
1= | 1 T
y /—/. = 9
4 S 150

\
100
= N
N
3 — — ¢ T—I — T 1 L
I_l\ /I 1]
i 5
Key
1 Wire ignifers 6" Calcium silicate heat shield
2 Exposed|surface 7 Drip tray
3 Air space 8 Removable top cap
4 Scale 9 Gas stream interrupting projection plate

5 Wheels gdnd tracks

Figure 2 — Specimen holder
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Key

Z
2
3 —

Lo

T

N

1 1
5

1 Gas sampling port
2 Collection hood

3 Water

cooled supporting frame

4 Radiant heat units
5 Radiant panel
6 Wire igniter

7 "Specimen holder

8 Trolley

9 Weighing platform

10 Specimen

11 Top cap of sampler holder

Figure 3 — Intermediate-scale calorimeter
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Dimensions in millimetres

51

>

3

\

L

3

1829
2 1 2
P— 9
0 7 S T
o Q |

102

3

25,5

Key

1 Support trolley attachment points

2 Water outlet
3 Water inlet

JofoJofJoJoJoJ]oJoJoJofJoJlofolo]Jo]o

51

4 Emergency vent line

18

Figure 4 — Heat shield
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Dimensions in millimetres

Key
Guide
Guide|vanes

Openipg, @ 400 mm

To exhaust

Gas apalysis

Lamp,| photocellsystem
Bidire¢tional_probe

N o o WON P

8 Exhaust duct

9 Steel plates, 2 mm x 500 mm x 900 mm

10 Hood of 2 mm thick steel plates

11 Opening, 3 100 mm x 2 400 mm

12 Steel frame of profile 50 mm x 100 mm x 3,2 mm
13 4 steel plates, 395 mm x 400 mm

14 Steel plates (optional), 1 000 mm x 2 400 mm

Figure 5 — Collection hood and exhaust

5 000
3 500 min.
1 100 min. 2 3
| 100 min.
‘ A
——— 7| —— |
L (‘,:'| t——1 | I]% i | — R S
: |
=
5 6 8 9 | S
10 |
1
12 14
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11

|
2
b

(
—_
O A
—_
N
\
4
s
(o))
o

1
5

6 11
Key
1 Gas sampling probe 9 Waste regulator
2 Exhaust @luct 10 Desiccant
3 Soot filte 11 To optional CO, and CO analysers
4 Cold trap 12 CO, removal media
5 Separatign chamber 13 Flow controller
6 Drain 14 Filter, 7um
7 Pump 15 Oxygen analyser
8 Waste 16 Rotameter

Q

Includes fbsolute pressure transducer.
b Rotametdr is attached to outlet of oxygen analyser.

Figure 6 — Schematic of gas sampling train

Key
1 Walls of exhaust duct 4 Aperture
2 Lamp 5 Detector

3 Smoke particles

Figure 7 — White light optical system
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2 1 A
Saml
Al N
3 7 I — Berdl
7 %‘ < B =3 N
L \
L — . 10
;ll\ -!\ IN
/ I I n— \
° [HT] I °
A
5 '\ . AN 9
N |
Key
1 Purge|air orifices 6 Opal glass
2 Beami|splitter 7 Optical path
3 Cap 8 Ceramic fibre packing
4 Filter glot 9 Compensation detector
5 Main detector 10 0,5 mW helium-neon laser
Figure 8 — Smoke obscuration measuring system
3 2 1
L 5 6
Key
1 Bidirectional 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 9 — Laser beam and other instrumentation in exhaust duct
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Dimensions in millimetres
300

150

50

300
150
50

NOTE Shown without sand.

150
| |1
: .
@ | |
= _I|_:___:|J_ _____ [l
- 2
l th

Key

1 Space filled with silica sand
2 Propane fuel

Figure 10 — Sand burner
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Dimensions in millimetres

-

]

0,91

Key

1 Varialjle-length support tube (t0 Ap instrument)
2 Weld

Figure 11 — Bidirectional probe
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Dimensions in millimetres

1
50 10 10 50
/ N
=)
AN
2
—_— OOGO00000000000000000000OOOOO0O0OMD I
Y Y
@ 2° ¢ 3°

Key

1 Exhaust fluct
2 Sample flow

a2 Holes on|downstream side of flow

Figure 12 — Horizontal gas sampling probe
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Key
1 %in(g
2 Airflo

NOTE
between

D SS tube
v

holes 25,4 mm (1 in).

Figure 13 — Cross-type sampling probe

Small holes (centre, 9), 2,4 mm (3/32 in) diameter; large holes (outer, 16), 3,2 mm (1/8 in) diametgr; distance

25
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J
2
Key
1 SS tube, 12,7 mm OD.
2 Tofilter gnd gas analysers
NOTE Small Holes (centre, 9), 2,4 mm (3/32 in) diameter; large holes (outer, 16), 3,2 mm (1/8 in) diameter;|distance

between hole§25,4 mm (1 in).

Figure 14 — Cross-type gas sampling probe
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Annex A
(normative)

Design of hood and exhaust duct

6:1999(E)

A.1 Collect the combustion gases from the burning specimen by means of a hood. A system is described below

which h

A.2 Th
the hoo
the leas
height g
with diff
hood so

A3 In
size, s€
method

A4 Cd
To facil
Alternat
establis

A.5 Ds
specime
conditio

control the exhaust flow from about 0,5 kgs—Lup to maximum flow as stated above during the test proces

that the
duct areg

A6 An
demons
convect

S been tested In practice and proven 1o Tultill the specitications given in the metnod.

e following bottom dimensions of the hood have been found satisfactory: 3,1 m by 2,4 my; with
| itself of 1,0 m, see Figure 5. A vertical skirt on the hood will help assure all the fire gases are ¢
[ duct flow. The hood feeds into a plenum having a 0,9 m by 0,9 m cross sectional area. The ple
f 0,9 m. The maximum acceptable plenum height is 1,8 m, depending on building* constraints.
brent dimensions is acceptable, provided equivalence has been demonstrated)Design and manu
that no leakage exists.

the plenum chamber, it has been found that the incorporation of twoplates approximately 0,5 m
e Figure 5, is a satisfactory way to increase mixing of the compustion gases. Alternative
b are acceptable, if equivalence has been demonstrated.

nnect an exhaust duct to the plenum chamber. The innerdiameter of the exhaust duct is 0,4 n
tate flow measurements, guide vanes, if needed are |located at both ends of the exhaust duct
vely, the rectilinear part of the exhaust duct must have such a length that a fully developed flo
ned at the point of measurement. Connect the exhaust duct to an evacuation system.

sign the capacity of the evacuation system so as to exhaust minimally all combustion gases
n. This requires an exhaust capacity of‘at least 2,7 kg s—1 (about 8,000 m3h-1 at standard a
Ns) corresponding to a driving under_pressure of about 2 kPa at the end of the duct. Provide &

measurement system has sufficient’sensitivity for measuring low rates of heat release. Mixing v
an adequate means of solving'the problem if concentration gradients are found to exist.

alternative exhaust system design is acceptable if it is shown to produce equivalent results. EqU
trated by meeting thé-calibration requirements under clause 10. Exhaust system designs based
on are unacceptable.

A height of
ollected at
num has a

A system
facture the

by 0,9 m in
jas mixing

nto 1,0 m.
, Figure 5.
v profile is

eaving the
mospheric
means to
s. Ensure
hnes in the

ivalency is
on natural
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Annex B
(normative)

Instrumentation in exhaust duct

©1SO

B.1 Flow measurement

B.1.1 Ong technique for measuring the flow is a bidirectional probe located at the centreline offthe du
probe shoyn in Figure 11 consists of a stainless steel cylinder 44 mm long and with an inner diameter of
The cylinder has a solid diaphragm in the centre, dividing it into two chambers. The pressure-difference
the two chambers is measured by a differential pressure transducer.

B.1.2 Usg a differential pressure transducer with an accuracy of at least + 0,25 Pa and ‘6f the capacitance
suitable rahge of measurement is 0 Pa to 150 Pa.

B.1.3 Place one thermocouple within 152 mm of the bidirectional probe. Use.an Inconel sheathed therm
type K Chromel-Alumel. The wire gauge shall be in the range 24 AWG (0,5X.mm diameter) to 30 AWG ((
diameter).| Place the thermocouple wire, within 13 mm of the beadalong expected isotherms to
conductior] errors. Use an insulation between the Chromel and Alumehwires that is stable to at least 1
Ensure thdt the thermocouple does not disturb the flow pattern around\the bidirectional probe.

B.2 Sampling line

B.2.1 Logate the sampling probe in a position where the exhaust duct flow is uniformly mixed. Construct t
with a cylindrical cross section so as to minimize distusbance of the air flow in the duct. Collect the combug
specimeng across the entire diameter of the exhaust duct (see Figure 12).

B.2.2 Remove the particulates contained in.the combustion gases with inert filters, to the degree require
gas analyqdis equipment. Carry out the filtefing procedure in more than one step. Cool the combustion gas
to a maximum of 4°C. The combustion.gas specimens taken to each analyser shall be completely dried.

B.2.3 Transport the combustion-gases by a pump. Use a pump which does not allow the gases to co
grease or|similar products, all ‘ef which can contaminate the gas mixture. A diaphragm pump (coa
polytetraflyoroethylene) is suitable. Alternate pumps shown to have the same effect are acceptable, but th
often been shown to need/fregquent replacement.

B.2.4 Suitable sampling probes are shown in Figures 12, 13 and 14. These sampling probes are of the
cross type| Ring type’sampling probes are also acceptable, although they do not collect gas samples acros
diameter of the duct. Turn the intake of the sampling probe downstream to avoid soot clogging the probe.

B.2.5 A suitable pump has a capacity of 10 | min-1 kPa to 50 | min-1 kPa (minimum), as gas analysis ins

ct. The
22 mm.
between

type. A

bcouple,
,36 mm
ninimize
100 °C.

e probe
tion gas

d by the
mixture

ntact oil,
ed with
ey have

bar and
5 the full

trument

consumes about 1 I 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 > 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 are also acceptable.

B.2.8 If carbon dioxide is to be removed, use carbon dioxide removal media, as indicated in Figure 6.
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B.3 Combustion gas analysis

B.3.1 Oxygen concentration

Use an oxygen analyser, meeting the specifications under 7.2.2, preferably of the paramagnetic type.

B.3.2 Carbon monoxide and dioxide concentration

Analyse

rs found suitable are non-dispersive infrared analysers.

B.3.3 TiIIIC Dhlft

Gas concentration measurements require the use of appropriate time shifts in order to account fof_.gas fransit time

within th

B.4 9moke obscuration

B.4.1

B.4.1.1
convex
two hou
consisti
the vert

B.4.1.2

e sampling system.

White light system

enses, an aperture, a photocell and an appropriate power supply. Mount lenses, lamp and phot
sings, located on the exhaust duct, diametrically opposite eaehiother. It has been found tha
cal, is satisfactory in some cases.

Use a lamp of the incandescent filament type, which@perates at a colour temperature of 2,900

One suitable light measuring system4) based on white light has the fellowing components: a lamp, plano

bcell inside
a system

ng solely of a white light and a photocell, along the exhaust doct; across from each other and at §n angle to

K + 100 K.

Supply the lamp with stabilized direct current, stable within %'0,2 % (including temperature, short term and long term

stability’

B.4.1.3
to the fo

B.4.14

B.4.1.5
5 % ov
periodic]

B.4.1.6
housing

B.4.2

B.4.2.1
to 2,0 m
togethe

. Centre the resultant light beam on the photocell;

Select the lens system such that the lens L5, according to Figure 7, has a diameter, d, chosen
cal length, f, of L, so that d/f=0,04.

Place the aperture in the focus offens L, according to Figure 7.
Use a detector with a spectrally. distributed response according to the CIE photopic curve and li
br an output range of at least* 3,5 decades. Check this linearity over the entire range of the

plly with calibrated optical filters.

Design a system thab is easily purged against soot deposits. The use of holes in the periphery
5 is a means of achieving this objective.

|_aser system
An acceptable alternative system for measurements of smoke obscuration uses a laser beam.

W helium-neon laser beam is projected across the exhaust duct. Couple the two halves of the de
(see Figure 8).

with regard

near within

instrument

of the two

A\n 0,5 MW
vice rigidly

4) The system described below is an example of a light measuring system that has been found to be satisfactory:

lenses: plano convex, diameter 40 mm, focal length 50 mm;
lamp: Osram Halo Stars, 64410: 6 V, 10 W, or equivalent;
photocell: United Detector Technology, PIN 10 AP, or equivalent;

voltage supply: Gresham Lion Ltd, Model G x 012, or equivalent.
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B.4.2.2 |If a laser is used for smoke measurement, a suitable means of mounting it together with the combustion
gas sampling probes is shown in Figure 9.
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Annex C
(normative)

Considerations for heat release measurements
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feasurement of heat release rate by oxygen consumption

1917, Thornton [2] showed that for a large number of organic fuels, a more or less constant nef
eleased per unit of oxygen consumed for complete combustion. Huggett [3] obtained.an averag
stant of 13,1 MJ/kg of O, This value may be used for practical applications and iscaccurate, wi
ns, to within + 5%.

hornton's rule indicates that it is sufficient to measure the oxygen consumied in a combustion
determine the net heat released. This is particularly useful for full-scale fire\test applications. Fg
partment fires, the oxygen consumption technique is much more accUrate and easier to imple
b based on measuring all the terms in a heat balance of the compartment.

Perhaps the first application of the O, consumption principle infiré research was by Parker [4] u
hel test. Later, Sensenig applied it to an intermediate scale)roeom test [5]. During the late seV
jhties, the O, consumption technique was refined at thesNational Institute for Standards and T
brmerly National Bureau of Standards). A paper by Parkep[6] gives equations to calculate heat r
pnsumption for various applications. The technique_igynow used extensively in many laborator
[, both in bench-scale [7] and full-scale [8,9] fire test applications.

ease rate in ICAL fire tests based on the O, consumption principle. The approach follow
at different from Parker [6] as the emphasis is on intermediate-scale fire test applications and
ric flows is avoided. Volumetric flows require specification of temperature and pressure
htors have used different combinations of reference pressure and temperature. This leads to
greatly minimized if mass flows are used.

he basic requirement is théat all combustion products shall be collected in a hood and removed
duct. At a distance downstream of the hood sufficient for adequate mixing, both flow and com
bustion gases are méasured. It is assumed here that it is not possible to measure the air fig
as this is generally.the case for full-scale fire tests. The differences in treatment and equations
ly due to the extent to which combustion gas analysis is made. At least O, shall be measured.
pase rate measurements will be more accurate by measuring CO, and CO additionally.

C.16 |

assumptions made.

a)

The @mount of energy released by complete combustion per unit of oxygen consumed is take

must bé_emphasized that the analysis is approximate. The following list describes the main

amount of
e value for
h very few

system in
r example,
ment than

5ing ASTM
enties and
echnology
blease rate
es all over

[he objective of this section is to provide a comprehensive set of equations and guidelines to determine the

bd here is
the use of

Various
confusion,

through an
position of
w into the
to be used

However,

simplifying

nas:. E=

13,T™MJ7kg of O>.

b)
occ

c)

upy a constant volume at the same pressure and temperature.

reaction, are considered as nitrogen.

d)

before combustion gas analysis measurements are made.

All combustion gases are considered to behave as ideal gases, in other words 1 mole of any gas is assumed to

Incoming air consists of Oy, CO,, H,0, and N,. All "inert" gases, which do not take part in the combustion

0O,, CO,, and CO are measured on a dry basis, in other words water vapour is removed from the specimen
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C.1.7 In the analysis to follow, initial emphasis will be placed on the flow measurement. Equations to calculate
flow are applicable, unless otherwise indicated, irrespective of the configuration of the combustion gas analysis
system. In subsequent sections, distinction is made between various combustion gas analyser combinations.

C.2 Flow measurements

C.2.1 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 proflle |n the duct The latter is obtalned by measurlng veIocrty at a sufﬁcrent number of representatlve
points ovef-the-this C C e Ais profile
are describped in reference [11] Usually, condltlons in |ntermed|ate scale flre tests are such that the flowinthe duct
is turbulenf, resulting in a shape factor k. (=ratio of the average velocity to the velocity along the centreline)|close to
unity.

C.2.2 Dug to considerable soot production in many fires, pitot static tubes cannot be used beeause of the potential
for clogging of the holes. In order to deal with this problem, a more robust bidirectional iprobe was designed by
McCaffrey| and Heskestad [12]. This involves measuring the differential pressure across the probe fnd the
centreline jelocity and is valid in the range of Reynolds numbers, Re:

40 < Re <3800

In many infermediate-scale fire test applications, duct diameter and flow are’such that the Reynolds number|is:

Re> 3800

In this cage f(Re) is taken as a constant (1,08), which greatly simplifies the calculations (equation D.1).| Further
details of this and of all other calculations discussed in this annex“and in annex D are found in a paper by Janssens
[13]. For gdditional details, see also ISO 9705.

C.3 Heat release rate measurement if onlyxygen is measured

C.3.1 In this case all water vapour and CO, are-eliminated by the use of appropriate filtering media. This|leads to
the assumption that the specimen combustion-gas only consists of O, and N». This is approximately true provided
CO produgtion is negligible which is usually the case due to the abundant availability of oxygen. As the composition
of the incoming air is unlikely to change\during a test, and as the temperatures in building fires are usually not high
enough to[generate noticeable amolnts of nitrogen oxides by nitrogen fixation, the mole fraction of O in t}e air as

measured |by the analyser prior to-atest can be written on the basis of O, and N, exclusively. The mole fraction of
05 in the gxhaust combustion gases, as measured by the oxygen analyser, can be written likewise. As nifrogen is
conserved| and does not participate in the combustion reactions, the equations are derived on the badis of its
conservatipn.

C.3.2 In this case thetheat release rate (in kW) is calculated as a function of the heat released per unit of oxygen
consumed| (E, 13;1:MJ/kg of Oy), the ratio of the molecular weight of oxygen (Mo,, 32,0 kg/kmol) and molecular
weight of the incoming air (M,, generally taken as 28,97 kg/kmol) and the mass flow of the incoming air (in kg/s).
The flow easured is that of the mlxture of combustlon gases and the |ncom|ng air within the exhaust ductfand not
that of thelin€ors YOS Hecesss epletion
factor. The oxygen depletlon factor is the fraction of the |ncom|ng alr which is fulIy depleted of its oxygen (equation
D.4). It has been demonstrated (see Appendix in ASTM E1354), that the heat release rate is a function of E, Mo,
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.

C.3.3 The resulting equation D.5 is expected to be accurate to within + 5 % provided combustion is complete and
all carbon is converted to CO,. Errors will be larger 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 O, is not limited.
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C.4 Heat release rate measurement if oxygen and carbon dioxide are being measured

This case is similar to that covered in the former section. If is now assumed that only water vapour is trapped
before the sample reaches the combustion gas analysers. Again, the equations are derived on the basis of
conservation of N,. The mole fraction of CO, in the incoming air is taken to be 440 ppm. A new equation is how
needed, of course, for the oxygen depletion factor, equation D.7. Again the equation for heat release rate (equation
D.5) is accurate to within + 5% provided combustion is complete and all carbon is converted to CO».

C.5 Heat release rate measurement if oxygen, carbon dioxide and carbon monoxide are
being measured

This case reverts to that covered in C.4 if CO production is negligible. Taking CO into account, however, changes
the equditions. It means that a new oxygen depletion factor is required, equation D.8, as well as-a.new h¢at release
rate equation altogether, equation D.9.

C.6 donclusions

C.6.1 Depending on the configuration of combustion gas analysers and the type of flow measurement,|one of the
following procedures shall be used to calculate heat release rate.

C.6.2 Case 1: Only O, is measured.

Calculafe the mass flow of the exhaust combustion bases.

Calculate the oxygen depletion factor.

Calculafe the heat release rate.

C.6.3 Case 2: Both O, and CO, are measured.

Calculafe the mass flow of the exhaust combustion gases as in C.6.2.
Calculate the new oxygen depletion factor.

Calculafe the new heat release rate!.

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

Calculafe the mass flow_gfthe exhaust combustion gases as in C.6.2.
Calculate the new oxygen depletion factor.

Calculafe the new heat release rate.

C.6.5 The+ollowing numerical values are recommended for use in the equations:

a) Energies:
E = 13,1 MJ/kg of Oy, E¢o = 17,6 MI/Kg of O3, Epropane=12,78 MJ/Kg of O, Emethane=12,51 MJ/kg of O,.
b) Molecular weights

My = 29 kg/kmol (cases 1,2 & 3), Mco = 28 kg/kmol, Mco, = 44 kg/kmol, Mgy = 29 kg/kmol,
Me = 29 kg/kmol (cases 1,2 & 3), My,0 = 18 kg/kmol, My, = 28 kg/kmol, Mo, = 32 kg/kmol.

c) Expansion factor = 1,105 (cases 1,2 & 3).
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C.6.6 If a CO, analyser is used, this eliminates the need for removal of CO, from the combustion gas sample.
This is mainly of practical importance as the scrubbing agent used to remove CO» usually requires careful handling
and is rather expensive. If a significant amount of CO is produced (for example at or beyond flashover in ventilation
controlled room fires), accuracy of the heat release rate measurement is improved if CO is measured.

C.6.7 The presence of a water vapour analyser simplifies the analysis and improves accuracy even more.
Unfortunately, implementation of a water vapour analyser is not straightforward because sampling lines, filters, etc.
must be heated to avoid condensation. Thus, the use of a water vapour analyser precludes the need to estimate
the expansion factor. However, for this Technical Report, the use of water analysers is not recommended.
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Annex D
(normative)

Measurement equations

D.1 Heat release rate

D.1.1 The equation to calculate mass flow rate is:

Ak, |Ap
f(Re)| Te

me|= 26,54

The fungtion of the Reynolds number correction, f{Re), is taken to be 1,08 as described in C.2.

D.1.2 Case 1:Only O, is measured.

(D.1)

Calculafe the mass flow according to the equation in D.1 and the oxygemdepletion factor according to equiation D.2:

i XOz,i - XOz,e
[1_ XOz,e] X02,i

@ 7

Then, c@lculate the heat release rate (q) according to eguation D.3:

Mo,
My 1+ (a -1)

q 3 E ’he XOz,i
If only Q5 is measured, equation D.4 simplifies to equation D.4:

0Xe - X
Jd110E c 32021 02
F1105 - 15 X356

Q
|

iy
0
B

D.1.3 (ase 2: Only Ogand CO, are measured.

Calculafe the mass flow according to equation D.1 and the oxygen depletion factor according to equation

| Xa,i [1‘ XCOZ,e] ~Xo,e [1‘ XCOZ,i]

D.5:

=3

Xo i 11-Xg o = Xeo
Z" % Z

and the heat release rate according to equation D.3.

D.1.4 Case 3: O, and CO, and CO are measured.

(D.2)

(D.3)

(D.4)

(D.5)

Calculate the mass flow according to equation D.1, the moisture content of the incoming atmosphere according to

equation D.3 and the oxygen depletion factor according to equation D.6.

_ X0, [1‘ Xcoye ~ XCO,e] —Xo,.e [1‘ XCOZ,i]

X0, |1~ Xo,e = Xco,e ~ Xcoe

D

(D.6)
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Finally calculate the heat release rate according to equation D.7:

d
q:él;(p_[ECO_E]l

- @ Xco,,e IMo, Me
0 Xoyi
2 Xoge iMa [1ro(a-1)

D.2 Total heat release equations

Determine

the total heat released during combustion, g, by summation as follows:

©1SO

(D.7)

q=Yai (t)at

i

where the summation begins with the first reading after exposure and continues until the final reading of the

D.3 Smpoke measurement equations

Optical de
OD=
Extinction
k=(1

The volum
temperatu
volumetric
the photod

v, =

The densit
in the exhd

p=p

Then, the

hsity (OD) (equation D.9):
og(lo/1)

coefficient (k) (equation D.10):
Lp) In[lo/1]

etric flow is calculated as the product of the‘mass flow and the density of air, at the correg

duct flow gy, is adjusted because it is measured in the exhaust duct, but required at the temperat
etector, as shown in equation D.11:

o7, 0
e D_D
are O

y of air is adjusted between the literature value, measured at 273,15 K, and the value at the tem
ust duct, as shown.mnequation D.12:

27315

D Te

inal eguation for the volumetric flow is D.13:

(D.8)

test.

(D.9)

(D.10)

ponding

e. Thus, both the volumetric flow and the, density of air must undergo temperature correctiops. The

Ure near

(D.11)

berature

(D.12)

Vg =

Me [.)TL
pPo 27315

Rate of smoke release (RSR) is defined by equation D.14:

RSR =V, k

Total smoke released (TSR) is defined by equation D.15:

TSR = J'RSR dt
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