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ISO/TS 5660-3:

Foreword

2012(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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e main task of technical committees is to prepare International Standards. Draft Intg
hndards adopted by the technical committees are circulated to the member bodies fi
blication as an International Standard requires approval by at least 75 % of\the memb
Sting a vote.

other circumstances, particularly when there is an urgent market requirément for such doc
Chnical committee may decide to publish other types of document:

an ISO Publicly Available Specification (ISO/PAS) represents™an agreement between
experts in an ISO working group and is accepted for publication if it is approved by more {
of the members of the parent committee casting a vote;

an ISO Technical Specification (ISO/TS) represents_an agreement between the mem
technical committee and is accepted for publicationif it is approved by 2/3 of the memb
committee casting a vote.
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ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be conflirmed for

urther three years, revised to become an.International Standard, or withdrawn. If the IS
D/TS is confirmed, it is reviewed again after a further three years, at which time it must
hnsformed into an International Standard or be withdrawn.

tention is drawn to the possibiljty~that some of the elements of this document may be the

patent rights. ISO shall not be held responsible for identifying any or all such patent rights.
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D/TS 5660-3 was preparedyby Technical Committee ISO/TC 92, Fire safety, Subcommittee
tiation and growth.

is first edition of ISB/TS 5660-3 cancels and replaces ISO/TR 5660-3:2003.

D 5660 consists)of the following parts, under the general title Reaction to fire tests — He
oke productianm and mass loss rate:

PartIxHeat release rate (cone calorimeter method)

Paxt 2: Smoke production rate (dynamic measurement)
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SC 1, Fire

it release,

Part 3: Guidance on measurement [ Technical Specification]
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Introduction

The first edition of ISO 5660-1, which describes a test method for rate of heat release from building
products by means of a cone calorimeter, was published in 1993, following approximately 10 years of
development within ISO/TC 92, Fire safety, Subcommittee SC 1, Fire initiation and growth.

The cone calorimeter is a fire test instrument in which horizontal specimens are exposed to controlled
levels of radiant heating by means of a truncated cone-shaped heater. Continuous spark ignition is
provided and the time to ignition is recorded for specimens which ignite. The rate of heat release from
the burnigg imen-is-determined-frommeastremer he-atoth OXFECH-CORSHHREd

air flowing through the apparatus, which has been demonstrated to equate to heat release. The mass|of
the specimen is also measured throughout the burning period. The specimens are usually testedyunder
well vent]lated conditions.

Results are expressed in terms of peak and average rates of heat release, as well as total:heat releasged
and the effective net heat of combustion. ISO 5660-1:2002 limits the specimen typeta_essentially flat.
Several other groups are now utilizing the cone calorimeter, and a number of new parameters in additipn
to those defined in ISO 5660-1:2002 and ISO 5660-2:2002 have been defined and used. Some of thepe,
including|smoke measurement, require that measurements be made from the béginning of the test rather
than at thie onset of ignition, which is commonly used as the starting point forhieat release measurement.

The cone|calorimeter is also designed to allow measurement of smoke and gases such as CO and CQ».
Smoke measurement is the subject of ISO 5660-2:2002. Further wark'is under way to define a qualjty
control tgol for measuring burning rates of building products. 50717554 specifies a test apparatjus
similar td that of ISO 5660-1:2002 but measures only loss of mass when exposed to radiant heat. Mgss
loss may be a surrogate for measurement of heat release for some classes of building materials. A similar
system which measures the temperature of combustion products generated by this apparatus has been
standard]zed as ISO 13927 [23]. The cone calorimeter fire model is used to measure corrosivity of gades
products pf combustion in ISO 11907-4 [24]. The effect@f'the evolved gases on the resistance of a printed
circuit board target is used to assess corrosivity.

During d¢velopment of the cone calorimeter it became apparent that there was considerable interg¢st
in the us¢ of the instrument for products.ether than building products. Several standards have been
developed by various national and international groups based on ISO 5660-1:2002 and ISO 5660-2:2002.

This part of ISO 5660 provides recemimendations for the testing of products in the cone calorimeter
and giveq guidance on application jof the test results. Supplementary guidance is given in documents
referred o in References [1] and, [2].
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Reaction-to-fire tests — Heat release, smoke production

and mass loss rate —

Part 3:
Guidance on measurement

1| Scope

This part of ISO 5660 examines the measurement limitations and applications of(the cone calorimeter

ddta as currently used for building products, and recommends ways in which-some of theq
oviercome for other types of products for other application areas. It compiles‘information frqg
bady of experience with regard to the use of the instrument. This inforpiation is presented
guidelines, which will help to standardize the use of the cone calorimetenin this wider scope.

P4rticular guidance is given on aspects of specimen preparation and.on the behaviour, such a
spplling and intumescing, of specimens exposed to radiant heat.(The relevance of specimen
and the use of substrate, and methods of fixing to substratéare also discussed. Advice is|
apjproaches to testing a variety of “non-standard” products;)Recommendations are made on t¢
of|calibration of the apparatus, selection of appropriate heat flux levels and ignition protocols

2| Normative references

The following referenced documents are indispensable for the application of this document.
references, only the edition cited applies. For undated references, the latest edition of the r
ddcument (including any amendments) applies.

ISP 5660-1:2002, Reaction-to-fire tests — Heat release, smoke production and mass loss rate
Hdat release rate (cone calorimeter method)

ISP 5660-2:2002, Reaction-to+fire tests — Heat release, smoke production and mass loss rate
Smoke production rate (dynamic measurement)

ISP/TS 14934-4:2007kire tests — Calibration of heat flux meters — Part 4: Guidance on the U
flyx meters in fire tests
3| Capability and limitations of the cone calorimeter

Rdte of reat release is one of the fundamental properties of fire and should almost always be {
acfeuntinany assessmentoffire hazard. Heatrelease significantly affects fire growth. Considerabl
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to predict full scale fire characteristics. These characteristics include time to flashover in a small room lined

with the tested product and exposed to a high energy fire source such as that used in ISO 9705.

The design of the instrument also provides for measurement of smoke (both gravimetrically and
optically) and other gaseous products of pyrolysis or combustion. The instrument may thus be applied
to the assessment of real fire hazards such as smoke and toxic and corrosive gas emission in addition
to heat release, particularly when the results are expressed in terms of fundamental physically based

parameters, rather than ad hoc parameters.

When functioning as a rate of heat release apparatus, the parameter which is measured in th
from the specimen is the concentration of oxygen. Temperature measurements are made, but

e exhaust
these are

not used to measure the heat output from the specimen in the manner of a conventional calorimeter.
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This is a crucial point in understanding heat release by oxygen consumption calorimetry. The theory of
oxygen consumption calorimetry is discussed in more detail in Clause 10.

The instrument is limited to bench scale specimens and it uses a simple fire model which provides
continuous free ventilation and removal of the products of combustion. Specimen behaviour during
the experiment such as shrinking and swelling can be tolerated if this happens within small margins,
but if the specimen intumesces so that it touches the igniter or the cone, or if it exhibits spalling, this
behaviour will invalidate the results generated.

4 Cali

spatia Afilhn cnnn ol e

4.1 Gel

Regular 4
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— prelilninary calibration;

— oper{
— lessf
Table 1 gi
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4.2 He

Detailed jnformation on heat flux meter calibration is provided in ISO/TS 14934-4:2007.

Great car
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The setting of theréquired heat flux is set out in the manuals of the various instruments. Once a stead

state val
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heral

nd accurate calibration of several measuring devices is essential in order forwalid resu|

1:2002, Clause 10 (respectively 10.1 to 10.3):

iting calibration;
requent calibrations.
ves details of the major calibration requirements togethep with recommended intervals.

n procedures are to some extent controlled by the apparatus and the comments below may 1
11 makes of cone calorimeter.

1:2002.

at flux meter calibration (see 6.12 and 10.3.1 of ISO 5660-1:2002)

ibration fréquency

fained from the cone calorimeter. The following calibration procedures-ate outlined |i

ts

ot

lelines are given on actual operating experienges with these calibrations and follow the clayse
given in ISO 5660-1:2002. In addition thefe are some additional comments on low orifice
calibratign factors and the cause thereof. The clause numbers in parentheses refer to clauses given|i

e should be taken of the-heat flux meter which is in regular use and care should be taken|to
[ways with water ceoling. It should be checked regularly against a primary meter as set out|i
Annex E ¢f ISO 5660-1:2002.t0 ensure its continued correct working.

y_

e haseen obtained (fluctuations of + 0,1°C may occur) this value should be noted for futyre

and act asan early Warnlng of some change In partlcular users should ensure that the cont

ol

the specimen) do not penetrate the heater hehx and experlence the temperature ofthe flame rather than
that of the heater winding.

Table 1 provides information on the frequency of calibration of the instrumentation for the operation of
the Cone Calorimeter.
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Table 1 — Frequency for calibration and maintenance procedures

syre transducer

Equipment item Prior to run Daily Monthly Occasional 2
Drying/CO; Chec_k th_at urflqued
removal columns ~ [POrtion1s suthi- o o o
cientb
Analyser flow rates
Oxygen analyser Span Pressure/zero — time offsets
" Check and replace
Mﬁlll ITICCT lf needed
S¢ot mass filter Place in position — — Controller|set up
Load cell Check loading tare Calibrate — —
and mass
Heat flux/tempera-
ture relationship
Irfradiance Check temperature |Heat flux level ¢ Heat flux.inéter —
against reference
meter
CP/COy — Zero/span — —
Heat release flow
Heat release flow = |rates of 5 kWand
Methane — rate of 5 kW for methane burner —
methane btirner | Mass flow control-
ler
Laser smoke pho- Check adjustment Check response Check photometer
and 100 % trans- 1 s —
tdmeter o with filter Zero
mission
Djfferential pres- — Check zero — Check calibration

PMMA burn

Perform tgst

b | Always before spanning the oxygen analyser.

¢ | Also when required te:change irradiance level.

a | These calibrations need only be’carried out very occasionally or when alterations have been made to the system.

4.4 Oxygen-analyser calibration (see 10.1.5,10.1.6 and 10.2.3 of ISO 5660-1:2002)

Few problems should be encountered when carrying out the calibration of the oxygen analyser. When
runningthe “zero” check using pure nitrogen with analysers equipped to measure pressure in the sensor

ceE, ibhas been found easier to set the nitrogen flow using the analyser pressure reading. Thg

nitrogen

flow is adjusted until the pressure reading is the same as when the analyser is fed from the atmosphere.

The oxygen analyser delay time should be determined from time to time (recommended frequency, once
every three months) as set outin 10.1.5 of ISO 5660-1:2002. It should be remembered that because of the
time offset, the amount of valid data collected would be lower than the total test time by the extent of
the delay time. Thus, start to record the oxygen analyser output at the same time the calibration burner
is placed underneath the exhaust hood and continue until 3 min after removal of the calibration burner.
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4.5 Determining orifice plate calibration factor

4.5.1 Calibration using methane (see 10.2.4 of ISO 5660-1:2002)

It is recommended that the calibration consisting of burning methane be carried out when the heater
has been set at the required heat flux. This allows the differential pressure transducer (DPT) to warm
up. The fan is shut down and the DPT re-adjusted to zero. The fan is then set to the required air flow and
then the burning of methane is carried out.

ISO 5660-1:2002 requires that at the start of each day, one heat release calibration corresponding to a

heatreledse flow rate of 5 kW of the supplied methane be carried out. An orifice constant between 0,0
and 0,044 should be obtained with 99,9 % or 99,5 % methane at a flow rate of 8,37 I/min at 273 K01
and 1 atm (101,3 Pa)). Daily calibration factors should agree within approximately +1 %.

It should

calibratign of the instrument, but rather that it verifies the orifice plate constant, whigh(@ppears in t
calculatidns [see Equation (5) in 12.2, Equation (7) in 12.3.2 and Equation (9) in 12.4 of1SO 5660-1:200

Itisnota

Black pol
each labo

When zerping the differential pressure transducer (DPT), ensure thatthe’duct fan and any “decoupls

extractor]

and acrosgs the orifice plate. If necessary, a plastic bag or equivalentshould be used to block the open e

of the sta

It is impo
Te (absoly

4.5.2 Calibration using liquids

It should
that calib
held in a
burning 1

In additign to burning methafe for calibration, users have used a variety of materials such as alcohg

The heat
desirable

4.6 Ad

Some var
be obsery

be noted that the heat release calibration using methane does not constitute.an absolu

direct measurement of heat release.

ratory to check repeatability of the cone calorimeter performance.

system are switched off. Air should be prevented from floiwing over the open end of the stq
Ck.

irtant to keep records of the values of Xp (oxygenahalyser reading, mole fraction of oxyge

be noted that when calibrating using liquids, which usually have low flash points, it is essent
Irations be performed on a cold system (the cone heater is not powered). The liquid should
stable vessel, and the ves$el should be stable under the cone before ignition of the liquid. T|
quid should not be disturbed until it is all burned.

5 of combustion-0f ethanol and propan-2-ol are 26,8 kJ/g and 30,2 k]J/g, respectively. It
to use propan-2<ol with a purity = 99,5 %.

Hitional eomments on the orifice calibration factor

ation of the orifice plate calibration factor (also known as the methane calibration factor) m|

ymethylmethacrylate (PMMA) (with a thickness of 6 mm or greater) ¢an also be used withi

10
)

te
he
P].

d"
ck
nd

n),

te temperature of gas at the orifice meter) and Ap (orifice meter pressure differential) which
lead to ggod calibration factors which should also be noted every time the calibration is carried out.
this way any discrepancy is immediately identified-and early correction can be carried out.

In

ial
be
he

Is.
is

ay

edfor various reasons _However, any r‘h:mgp greater than 5 % isindicative of a malfunction

In

the majority of cases, the problem is caused by leaks into the sampling lines, in which case the recorded
factor will be higher than usual. Other items that can cause problems are

— blockages in the gas sampling line,

— connections between the orifice plate and the differential pressure transducer,

— leaks at the methane supply line,

— faulty differential pressure transducer,

— faulty methane flow meter,

— cold-trap refrigeration system clogged,
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— inactive COz removal agent. (If COz is not removed from the gas stream entering the oxygen analyser,
the heat release determined using the standard equations will be higher than expected; hence the

calibration factor will be lower.)

4.7 Calibration of smoke measurement system

Calibration using filters assumes that the system used to calibrate the filter is superior to the optical
system in the cone calorimeter. The photodiodes used in the cone calorimeter specify a high degree
of linearity. The optical density quoted for a commercially supplied filter is usually the average over a

ra

nge of wavelengths and the value at the frequency of the monochromatic laser used in the

cone may

ng
th

Th
th

If
m
de
in

Pl
m

where d is the duct diameter.

TH

where D' is the optical density of thecalibration filter.

A
m

th

where

t be this average value. Therefore, the use of the filter is better confined for daily routine¢}
e proper functioning of the system rather than as a primary calibration.

e photodiode.

filters calibrated at the correct wavelength are used, the following routinémray be used. T
pasurement system should be checked weekly using neutral density glasstilters of 0,3 nomir
nsity. This procedure assumes that the smoke system is the conventional split beam laser
[SO 5660-2.

hce the filter in the beam between the duct and the detector. Eollect data for a period of
pasured calibration extinction coefficient, ky, is obtained from the equation:

kmc =1In(lo/1)/d

e correct k value, k¢, is given by the equation:

ke =2,303D'/d

correction factor, f; is calculated from these two k values and is used to correct all su
basured k values.

f: kc/kmc

L1S

k' = kf

K is the corrected value;

tecking of

e user may therefore calibrate by checking zero and 100 % values and utilizing-the linearity of

he smoke
al optical
Hescribed

60 s. The

bsequent

km  is the measured value.
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Where a calibration factor, F, is used, it is calculated as follows:

F=f/d

and subsequent k' values are calculated using the equation:

k'=1In(lo/I) x F

The filter used should be of the doped type because coated filters can give rise to interference effects
with lase light amrdcamrdeteriorate-with-time—the fitter-shoutdravearetiablecatibrationcover ius the
wavelenglth of the measurement. The light transition factors of the filters should be checked every.three
years as the factor may change in use over several years.

4.8 Pr¢cautions in relation to water/C0O3 removal

Where carbon monoxide and carbon dioxide are analysed in the gas stream it is impértant to select the
correct dfying agent. Some drying agents (e.g. silica gel) lead to tailing of the carben dioxide peaks dltxe
to absorgtion on the drying agent. Anhydrous calcium sulfate has been found to-be the most relialle
drying agent and is recommended when carbon dioxide is to be analysed.

4.9 Routine maintenance

It should |pe noted that all safety precautions regarding potentially toxic or carcinogenic dusts shoyld
be carefullly observed when cleaning the ductwork and traps. Rarticular precautions should be takien
when dedling with fluorinated or other compounds with highi-toxic potencies. The study of fluorine-
containinjg compounds needs to be conducted with care ds’the generation of hydrogen fluoride cpn
result in ¢hemical attack on the glass beads of the refrigeration column as well as on human tissue due
to the highly corrosive nature of this compound.

The equipment will always collect a certain amount of soot. Some will inevitably be deposited on the
inside of the ductwork. This should be removed regularly by brushing and vacuum cleaning.

The gas sagmpling probe and the associatedtubing, which connect to the oxygen analyser, require periodlic
cleaning. ODne indication of blocking is the.need to adjust the waste regulator repeatedly to maintain the
proper flgw to the oxygen analyser, Cleaning of the interconnecting tubes consists of disassembling the
various s¢ctions of tubing and blowing them through with compressed air [0,70 MPa (100 psi)].

Never direct high pressure air\into the analyser and remember to vent the dirt and soot to a safe plage.
The pump situated in the gas sampling train should be cleaned or serviced following the manufacturejr’s
instructigns.

5 Testjspecimen preparation and presentation

5.1 General

Specimen preparation is described in Clause 8 of ISO 5660-1:2002 and the advice given therein is
generally recommended. Products used at thicknesses between 6 mm and 50 mm should be tested at
the finished thickness. For products thicker than 50 mm the advice in 8.1.4 and 8.1.5 of ISO 5660-1:2002
recommends that the product is cut down to 50 mm from the unexposed face. Care should be taken
when reducing the total thickness to ensure that the resulting product is representative of the original
specimen. Products used at thicknesses thinner than 6 mm should be tested at the finished thickness
as in end-use or fixed to a typical substrate. Guidance on the selection and use of suitable substrates is
given in ISO/TR 14697. Systems using air gaps should be studied carefully since this can influence the
results and special protocols should be determined. Figure 1 shows that the same piece of material can
give very different results when tested:

a) flat withoutan air gap;
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b) with an air gap that allows the specimen to burn on both sides;

c) with an air gap that allows pyrolysis products to escape from the irradiation zone unburnt.

In all cases, it is important that specimen construction enable pyrolysis products that are generated
behind surface layers to be vented from composite specimens in a similar way to that which they would
be released in the burning end product. Combustion products can either be vented from the top of the
specimen holder where the flames are and contribute to the heat release or may be vented from the base
of the specimen holder. Pyrolysis products escaping around the base of the specimen holder may also
burn but this is not necessarily the case.

the latter stages of the test, the only combustion may be due to pyrolysis from the inside of.the
esfaping around the specimen edge.

Infother circumstances, pyrolysis can take place so rapidly that the combustion-concentrati

exceeded before the pyrolysis fumes ignite. The use of the specimen shield ,(6-2"of ISO 566

or|{positioning the igniter before the test may be of assistance. It is important'that specifiers

enfsure that the data are relevant and consistent in testing sets of products (see also 8.4 and 1

Y

400

300

200

100 |-

100 200 300 X

a) Composite over mineral fibre pad

It |s possible that the upper part of the specimen may have been completely combusted andthat during

specimen

n limit is
0-1:2002)
and users
1.3).
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400 -
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100 |

0 100 200 300 X

b) Composite over air gap (two-sided burning)

400 [~
300 |~
200 |~

100

0 100 200 300 X

¢) Composite over air gap (one-sided burning)
Key
X time (js)
Y heat release rate (kW /m?2)

Figure 1 —Rate of ieat release againsttinme curves for 3T tiiick polyester resin/woven glass
roving composites tested at 50 kW/m2

5.2 Specimen trays and edge retainer frame

The 25 mm metal trays and associated retainer frames used for testing should be constructed from
stainless steel as specified in ISO 5660-1:2002. Use of incorrect steel may mean that there is alarge mass
range for the trays that would then have differing thermal inertia and lead to variation in test results.

IS0 5660-1:2002 requires that an edge retainer frame be used when testing in the horizontal orientation.
For composite products, edge coverage is important to be consistent with the end use application and
reduce any edge burning effects. However, some industry sectors may find that the use of the edge

8 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

retainer frame is unnecessary for their applications. Babrauskas [4] has studied this extensively. This
may be the case where low heat release rates from low thermal inertia materials are being masked
because of the high thermal capacity of comparatively bulky specimen hardware. The CBUF study [5]
examined furniture composites without using any edge frames. The CBUF test recommendations were
accepted by the ASTM committee E5 in 1995 when it replaced the 1993 protocol in ASTM E1474 [30],

If an edge retainer frame is used, the surface area will be less than the 0,01 mZ2. The exposed area should
be clearly stated in the reports.

6 Colactinon nfhoat flizsr

3
JUICLULUIVIL VUL TIIVAdU ITUA

ISP 5660-1:2002 does not prescribe the level of irradiance to be used in testing. It is theresponsibility
of [the end user or the product committees to ensure that the recommended heat flux levels selected
arg appropriate to end use. This will require careful consideration of the available research data on the
application. In general, two approaches are available:

—| testing at a heat flux deemed to be that of the design fire;
—| measuring the burning properties at a heat flux at which the material readily ignites.

Most measurements will be required for post-ignition test conditions:and the user should firsf decide if
thptis the case, as most properties measured will be very differentdepending on whether ignitfion has or
has not occurred. When the intention is to assess post-ignition{groperties of the product, it is important
toftest at a heat flux which causes ignition to occur within, atmest, about 10 min. This is becauge at lower
hejat fluxes specimens may show irreproducible ignition:hehaviour. In circumstances where jmaterials
shpw variable performance because they have been téested close to their critical ignition flpxes, it is
recommended to consider testing at least 5 kW/m?2 @bove this irradiance to obtain more reljable data
copcerning the intrinsic performance of the material.

It |s recommended to select levels from 25 kW/m?2, 35 kW/m2, 50 kW/m2 and 75 kW/mZ2. These levels
arp not special but are useful levels within the operating range of the cone calorimeter (10 kW/m?2 to
100 kW/m2), and they are suggested in, order that users produce data at a limited number off heat flux
leyels rather than at a wide number of arbitrary heat flux levels within the operating range.

Ugers will have the following objectives for results from the cone calorimeter:
a)| to generate fundamentdl bulk material properties;

b)| to generate input data-into fire engineering models;

c)| to predict performances in larger scale tests;

d)| to develop‘spécifications which require the use of the cone calorimeter.

Uders withlebjectives a) are likely to need to map the properties of materials over a range of heat flux
leyels, Forexploratory testing it is suggested that irradiances of 35 kW/mZ be used. Further information
cap, be found for materlals that resist 1gn1t10n at 35 kW/m2 by retestlng at 50 kW/m2 and|for those

m?2 : rties it is
1mportant to test th1ck spec1mens and to analyse data durlng the perlod When the materlal is behaving
as a thermally thick specimen. In practice, this means testing specimens that are at least 6 mm thick but
preferably 10 mm thick, and analysing data obtained over a period of a few minutes starting about 1 min
after ignition.

Users with objectives b) will generally be guided by the requirements of the models to be used.

Users with objectives c) will be making their decisions from recent research results, as thisisa developing
area. Predictions can be based on statistical correlations or the use of mathematical models. In both
cases, it is important to match the level of heat received by the specimen in the cone calorimeter to that
to be received by the majority of the specimen in the larger scale assessment.
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Examples are as follows:

— If a material supplier is interested in assessing the possible application of a material for sheathing
on an electric cable, indication of its performance in an [EC 60332-3-10 test could be gained from
testing it at 50 kW/m2 [31]. Testing at 75 kW/mZ2 would be required in order to assess the likelihood
of the same material surviving the UL 910 [33] test required for US plenum cables.

— Many upholstered furniture composites will ignite and burn in a repeatable manner when tested at
a heat flux of 25 kW/m?2 (defined in NFPA 264A [33]) but the more ignition-resistant composites may
not, and the higher heat flux of 35 kW/m?2 (specified in ASTM E1474) may be necessary.

Users with objectives d) have similar requirements to those with objectives c). This group shouldngte
that the dimplest types of specification would require the selection of a “design” irradiance to-which
materialg will be exposed. There will generally be materials that will ignite under the irradiance apd
those that will not. It need not necessarily be a requirement of the specification that the ‘materjal
showing |good” reaction (i.e. little reaction) to the radiation be tested at a higher irradiatiop’to give gopd
repeatability, provided that the specification is written so as to foresee any possible variability with such
materials Generally comparisons between materials for ranking or pass/fail-based test specifications
would need to be made on common irradiance tests, but it is important to specifynthe relevant heat flux

values sirjce the relative rankings of materials can change at different heat flukx values.
Table 2 gjves some indication of the ranges of irradiances developed in 8ome typical fires or fire té¢st
environments. Refer to the actual reference to find details of the position-of the heat flux measurement.
Table¢ 2 — Ranges of irradiance developed in some typicalfires or fire test environments
Irradiance Ref. Examples of effects
kW/jm?
12 tg 22 [7] |Critical ignition flux of manjrmaterials, e.g. polyethylene, polyacetal,
PMMA, wood, hardboard
10 tq 40 [8] |Output from waste paper basket fires
18 tq 20 [9] [Match flames
20 ta 25 [13] |Heat flux at floer level in flashover fire with ceiling temperature > 600 °C
20 tg 40 [10] |Developing\fire with 10 % to 15 % O3 by volume
<45 [10] |Oxidative pyrolysis fire 5 % to 21 % O3 by volume
25 [12] |Fluxbelow vertical spreading wall flame
25 tg 45 [12] ¢Flux on wall from vertical wall burning
30 tg 40 [9]> |Small (up to 250 mm high) gas diffusion flames
40t 70 [10] |Low ventilation fully developed fire 1 % to 5 % O by volume
40 to|115 [12] |On facade 0,8 m to 3,3 m above window at lintel
60 to[120 [7] |Premixed gas burner
50 to 150 [10] [High ventilation fully developed room fire 5 % to 10 % O3 by volume
70 to 150 [12] |Average ceiling values for post-flashover room fire
90 to 200 [12] |Average wall values for post-flashover room fire
105 to 175 [12] |Peak ceiling values for post-flashover room fires
115 to 230 112] |Peak wall values in post-flashover room fires
120 to 145 [12] |Peak floor values in post-flashover room fires
85 to 105 [7] |Kerosene blow lamp
140 [7] |Premixed blow torches oxyacetylene
200 [12] |Fully developed fire > 10 MW
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Table 2 (continued)

Irradiance Ref. Examples of effects
kW/m?2
200 [11] |Jetfire average
300 [11] |Jetfire peak

7 Ignition protocols

Fofr all cone testing, it is important that a correct ignition time be recorded. In certain cir€umstances,
for example furniture testing, the ignition time can be very short, i.e. less than 5 s. If this\gnifion point
is missed, the concentration of pyrolysis products can become too high to allow the sparkigniter system
used in the cone to actually ignite the volatiles.

One method to ensure that the correct ignition time is recorded is to select a sufficiently low he¢at flux so
as|to give a longer ignition time. However, lowering the heat flux can cause othér complications such as
pdor repeatability of test results and specimens extinguishing before complete combustion hasjpccurred.

If the time to ignition cannot be lengthened then there are several alternative methods which can be
used to ensure that the correct ignition time is recorded. In additioin to ensuring the corredt ignition
tine is recorded, it is critical to ensure that a steady reading for the initial mass of the specimen in the
load cell is obtained.

It |s also important for the load cell to be correctly adjusted to give suitable damping charagteristics.
This will ensure a fast yet accurate response from the doad cell.

For those load cell systems that can stabilize within*1 s to 2 s after positioning the specimen) either of
the following ignition protocols will ensure thatithe correct data are collected at ignition.

THe cone heater should be provided with a removable radiation shield to protect the specimer) from the
irfadiance prior to the start of the test. The shield should be made of non-combustible material, with a
total thickness not exceeding 12 mm. The shield shall be either of the following:

a)| water-cooled and coated with a durable matt black finish having a surface emisgsivity of
€=0,95=%0,05; or

b)| not water-cooled, which-may be either metal with a reflective top surface or ceramic i order to
minimize radiationtransfer.

The shield should beéquipped with a handle or other suitable means for quick insertion and removal.
The cone heater base plate should be equipped with a mechanism for introducing the shield int¢ position.

8| Guidance on the testing of non-standard products

8.1 General

[SO 5660-1:2002 is, in general, applicable to essentially flat homogeneous products, which do not
intumesce, swell, bend or collapse appreciably when exposed to radiant heat. This is because the space
between the specimen surface and either the cone heater or the igniter is limited, and therefore physical
as well as thermal damage can be caused to any expanding specimens. Any change in specimen surface
position will take the exposed specimen surface into a different heat flux zone. The change in exposure
condition during the test would be maximized when the specimen swells to the point of almost touching
the heater coils. ISO 5660-1:2002 also contains a method to test intumescent products.

8.2 Non-planar products

Products that are non planar, i.e. corrugated, or composites such as small electric cables, can physically
be housed in the specimen holder. They do, however, show two non-standard characteristics that need
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to be addressed by the user. The first is that different parts of the specimen surface can experience
different heat flux levels at any time. This can be calculated from specimen dimensions, the information
given in the thermal maps given in Figure 2, and simple trigonometry. These variations are small for
specimens with surface height variations less than 10 mm. The second is that planar specimens have
surface areas that are the product of the exposed edge lengths, but the exposure area of non-planar
products should be carefully estimated and used when calculating the test results.

If the lack of planarity does not involve some parts of the specimen because of air spaces and irregular
thermal contact with the substrate, the main source of problems for these specimens will derive
from radiative transfer aspects. The radiative problems are caused by different parts of the specimen
receiving[different radiative 11UXes, WhICh may arise [rom three main areas.

a) the variation of irradiance with distance from the cone due to the varying height$ of the
specimen surface;

b) the vpriation of irradiance with the angle presented by the various specimen surface orientatipn
(confjguration factor);

c) theppst-ignition feedback of radiation (and in extreme cases, convective heat)to-the burning surfgce
as a rjesult of the specimen’s own combustion.

The separation of these contributions is generally very difficult and it is important to realize that dqta
generated from such tests are comparative and not absolute.

Some explerimental data are available in the literature [14], [15], which.,show how the flux varies with the
distance from the base of the cone heater, and also radially out from the centre.

In all casps the data are for a parallel configuration. Attempts to adapt these data for use with ngn-
planar sppcimens will need to take into account the non-patallel nature of the surfaces. The informatipn
presented in 8.3 may assist in this.

The area|of non-planar specimens is not the product of the dimensions of the plan of the specimen
surface apd hence allowances must be made for this in any calculations that are generally normalized|to
the surfage area. Significantly different test datawill be produced from flat sheets and profiled produgts
made from the same material. This techniqueis therefore best used for comparing specimens of similar
geometryj, e.g. flat specimens with flat specimens, and circular cross-section specimens with others of a
similar crjoss-sectional area.
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Figure 2 — Typical irradiance-spacing curves — Offset 0 mm

8.3 Radiation transfer considerations

It is possible to use a simplified configuration factor, Fc, method, approximating the heater to disks,
which allows the ready calculation of radiation arriving at a parallel receiver placed at varying distance
from the base of the cone (i.e. “spacing”) and at points off the centre axis (i.e. “offset”). The output from
this simplified treatment [16] can then be compared with the experimental data in the literature [14], [15],

© IS0 2012 - All rights reserved 13


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

For a parallel receiver with a spacing of “x” and an offset of “y” the configuration factor, F¢(x,y) is given by:

Fe(x,y)=0,5|1-

If the off¢d

(xz +y2 —802)

\/804 +2><802(x2 —y2)+(x2 +y2)2

I e

[ \/404 +2x402[(x+65)2—y2}+[(x+65)2 +y2T J

simplifieq to:

Fc(x,p)=

80>  40°
80%+x*  40%+(x+65)°

This lattelr expression is plotted and normalized to Fc(25,0) in Figure 3, and shoews good agreement w

the exper

from the

The form
therefore

Various p|

Cone heater given the standard value [F¢(25,0)].

br expression reproduces the form and values of the experimental data fairly well and can al
be used to estimate irradiances for any spacing and offsét given the standard irradiance.

et is zero, i.e. the configuration factor is relative to the axis of symmetry, then the expressipn

imental data. It may therefore be used to determine the irradiance at any reasonable distar]ce

b0,

ots are given in Figures 4 to 7 and show significant variation for the corners (nominal 70 mm

offset) and also for the edges (nominal 50 mm offset) for small separations. Of particular note is the fjct
that the gorners of the specimen will show significantly.enhanced flux levels, relative to the centre,

the spaci

The simp
although

The expr
desirable
observati

14

g becomes small.

there is no limitation on the spacingwalue provided it is positive.

bssions may find application in testing, for example, intumescent materials where it may

bns of the height changes, itwould be possible to indicate the entire thermal history of the surfa

as

ifying assumptions mean that the equations given should not be used beyond a 75 mm offskt,

to use a greater spacing and to allow the material to intumesce unrestrained. If required, frogm
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Figure 3 — F¢ versus spacing curve — offset 0 mm

100

© IS0 2012 - All rights reserved

15


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

Key
X

Y Fcnol

Figure 4

16

0,9

0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1

offset

)
O 0 mm
B + 5mm
O 10 mm
B A 15mm
X 20 mm
B V 25mm
| | | |
0 20 40 60 80 X
(mm)
malized to F¢ (25, 0)

L — Fc versusoffset — Six spacings — Fc normalized to F¢ spacing 25 mm, offset 0 mm

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

Y
1,3 [~
1,2
1,1+
g
09 -
08—t
0,7 -
V——

O 0mm X
0,3 O 25mm

A 50 mm
0,2 |- X 75 mm

V 100 mm
0,1
0 | | | |

0 20 40 60 80 X

Kay
X | offset (mm)
Y | Fcnormalized to F¢ (25, 0)

Fijgure 5 — Fc versus offset — Five spacings — Fc normalized to Fc spacing 25 mm, offyet 0 mm

© IS0 2012 - All rights reserved 17


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

Key
X

Y Fcnol

0,7

0,6

0,5

0,4

0,3

0,2

0,1

offset

Figure

18

O 0mm
B + 5mm
O 10 mm
B A 15mm
X 20 mm
B V 25mm
| | | |
0 20 40 60 80 X
(mm)
malized to F¢ (each, 0)

6 — Fc versus offset — Six spacings — Fc normalized to each F¢ spacing, offset 0 mm

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=c4c11d91ad78e60cb008367da792ac05

ISO/TS 5660-3:2012(E)

04
O 0mm
0,3 O 25 mm
A 50 mm
0,2 | X 75 mm
V 100 mm
0,1 |
0 | | | | | | | |
0 20 40 60 80 X

Kay
X | offset (mm)
Y | Fcnormalized to F¢ (each; 0)

Figure 7 — Fcversus offset — Five spacings — Fc normalized to each F¢ spacing, offset 0 mm

8.4 Thermally mobile specimens

8.4.10 Thermoplastic materials

Specimens which melt to become mobile liquids require special attention. The aluminium foil tray
should be tightly constructed so that it does not leak during the test and other aspects of testing liquids
(see Clause 10) may be usefully applied. One variant is to use high profile edges on the aluminium tray
wrap that efficiently holds any liquids generated in the test.

8.4.2 Materials that intumesce

Swelling of a specimen during testing can lead to physical contact with the spark igniter or the heater
coils, and exposure of the specimen surface to fluxes that differ from the set heat flux at the specimen
surface. Such action has been physically restrained by the use of a flat grid that several researchers
have criticized as this can delay the times to ignition and influence the performance of surface coatings
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specially designed to enhance fire performance. These failures had been partially overcome by use of
a raised grid as described by Mikkola [17], but it is now considered that they are better overcome by
testing at ranges greater than 25 mm (e.g. 60 mm). In the latter case, the swelling specimen would then
avoid physical contact with the spark igniter or the heater coils and experience a less severe thermal
overexposure after swelling. The calculations described in 8.3 can be used to calculate the thermal
regimes the specimen surface would pass through.

ISO/TC 61 is now recommending that a spacing of 60 mm between the specimen surface and the cone
calorimeter base plate be used for testing intumescent specimens.
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change in geometry might affect the burning behaviour of the sample.

8.4.3 Specimens that retreat from the heat source

Some spefimens collapse on initial exposure to the radiant heat source. In the case of somethermoplastic
cellular golymers, this can be a reduction of almost the full specimen thickness, §g-there has begen
considerdble difference in opinion on the level of reduction in potential heat flux réeeived at the surfgce
after collgpse of the specimen. The variation of heat flux with distance is differentfrom those discussed
earlier bdcause the specimen is housed in a tray with edge frames and reflective aluminium foil trdys
which reflect more heat into the collapsed specimen than a free-standing.surface would experiente.
Lukas [18] has carried out a study of this situation and found that the heatflux at the bottom of a 50 mm
aluminium specimen tray is only 1 % lower than the 25 kW/m?2 measured at what would be the specimlen
surface. When the edge frame was used in similar experiments, the\heat flux reduction was 8 %. This
work implies that reduction in heat transfer to the specimen is netasignificant problem. These empiri¢al
results [18] show smaller differences than would be expected from 8.3.

9 Composites and layered products

9.1 General

Laminateld products may require some form of edge sealing to ensure that the burning process used|in

the cone ¢alorimeter reflects that found ifi practice. This may be done by the use of edge frames, Wh]l[c1h
reduce edge flaming and specimen bewing, or by sealing the edges of laminates or composites using
impermeable cements. Care should betaken when using results from products where:

a) the end use orientation differsfrom the test orientation;
b) one of the layers acts as\afire-resisting barrier under the conditions of test;
c) the end use application has different boundary conditions to that used in the test;

d) the pyrolysisfproducts are vented in a non-representative way.

9.2 Non:homogeneous products

Products that are non-homogeneous set other limitations. Problems of specimen mounting for
laminated specimens with components of different levels of combustibility can lead to significant edge
effects. Specimen mounting is particularly difficult when the specimen is thermally thin and is used in a
composite with air. In some cases, it is impossible to assess such composites. In other cases, for example
where the specimen is used in hollow square sections but at thicknesses greater than the thermal
thickness of the material, valuable data can be produced from testing plaques of the material.

9.3 Specimens with short test duration

Some specimens ignite and complete burning quickly. Problems associated with load cell stability and
other aspects of initiating tests can be overcome by the use of the heat shields described in Clause 7. It
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is also necessary to decrease the scan time of the measurements in order to collect as much test data as
possible. Scan times of 2 s should be considered.

10 Liquids

10.1 General

Liquids can be tested in the cone calorimeter but they introduce a number of issues that are not apparent
with solid specimens, for example effects of convection currents in the liquid, surface tension effects
arld sometimes vigorous boiling of the liquid.

10.2 Testing without the radiant heater

Flammable solvent materials and materials with low flash points may be carefully\tested in the cone by
this mode. A satisfactory protocol for testing in this mode is as follows:

—|{ the cone calorimeter should be in the normal testing condition witlCthe heater powg¢r off and
the heater cold;

—{ pour 20 g to 30 g of the flammable liquid for test into a quartz dish, which should bg weighed
externally prior to inserting into the specimen holder of the cone;

—| place the dish into the normal cone specimen holder, lisied with the fibre blanket with a minimum
thickness of 13 mm;

—| commence data acquisition;
—| ignite the flammable liquid with a pilot flame, rather than with a spark igniter;
—| allow the data acquisition to continue for'at least 1 min after all the liquid has been burnt

If, [for example, propan-2-ol were used, the total heat released would be 30,2 k] per gram of pfopane-2-
ol{ This can then be compared with thieresult from the run to check whether the orifice flow|constant,
C,[was correct or not. Other alcoh6ls'may be used for calibration purposes. The heat release frate from
ethanol or propan-2-ol in the normal specimen tray gives a heat release rate of between 3,5 kWjand 4 kW.

Theliquids are generally burntin a square or circular container. These liquids burn reasonably constantly
affer an initial stabilizing period, although the rate of heat release versus time curve is relatiyely noisy
dye to the flames pulsing and flickering at the liquid surface. The manner in which these liguids burn
varies considerably;fotr example, petroleum ether (60 °C to 80 °C) burns smoothly at the upper rim of
the container, aftéythe initial ignition. Other liquids, such as n-hexane, burn with relatively large flames.
In[both these €ases, the smoke production has been shown to be affected by the position of the cone
heater and ean increase up to 35 %, increasing in the following order:

a)| 65 min above the specimen in the horizontal position;

b)|_in the normal testing position;

c) inthe vertical position;
d) with the cone heater removed altogether, although no heat flux is imposed.
However, liquids burning with smaller flames show no such variation.

Since some liquids are immiscible with water, they can be burnt floating on water which ensures that
they burn at steady-state conditions without showing a rapid increase at the end of their burning, i.e. the
conditions ensure that the material burns as a thermally thick specimen.

Aliquid depth of about 6 mm to 12 mm in a container 15 mm deep ensures free access of air to the liquid
burning surface whereas a deep tray might not behave in an identical way due to less air being available.
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However, it may be necessary to have a reasonable difference between container depth and liquid depth
because of surface tension effects and also to prevent vigorous boiling which would cause the liquid to
spill over the edge of the container.

In all cases, it is essential to allow the specimen holder to return to approximately room temperature
before using it for a subsequent test to avoid any preheating of the specimen prior to testing.

10.3 Testing with the radiant heater

WARNING — Many liquids have low flash points and it is very important to ensure that volatile
liquids are NOT tested under radiant heat. The volatility of liquids increases with increasihg
temperature and care is necessary to avoid hazardous test conditions. The use of a shield betwegn
the radiant heater (if used) and the test specimen is recommended.

This applies to dielectric materials such as transformer liquids, including both silicones andmineral oils.
It also applies to hydraulic liquids. A study was carried out by IEC/TC 10/WG 8 on matefrials with a ranjge
of ignition points, including a mineral oil and a silicone fluid with a viscosity of 50 ¢5t-"The conclusipn
of this stpdy, which involved other heat release equipment, was that there wastnp necessity for the
development of a new method intended specially for electrical insulating fluids, butthat ISO 5660-1:2002
was suit1ble for this work.

[EC/TC 10/WG 8 used the following test conditions for these liquids:
— heat flux: 25 kW/m2;

— maximum test duration: 20 min;

— testviessel: quartz crucible;

— innerldiameter: 50 mm;

— height: 13 mm;

— thickphess of wall: 2,2 mm;

— volume of the specimen: 15 cm3.

The test yessel was placed on a cylindrical or square, asbestos-free, mineral fibre pad.

IEC/TS 60695-8-3:2008 specifies-quantitative test methods for determining the heat release from the
combustipn of insulating liquids’ of electrotechnical products when exposed to a defined heat flux with
sparkignjtion. Smoke production, ignition timesand masslossarealsomeasured.IEC/TS60695-8-3:2008
may also pe applicable t0other liquid test specimens.

11 The|theory.of oxygen consumption calorimetry

11.1 Geneéral

Thornton [19], in 1917, showed that, in the case of complete combustion, a large number of organic fuels
release an approximately constant amount of heat for every unit of oxygen, which is consumed. In 1980
Hugget obtained an average value of 13,1 k] of heat released for each gram of oxygen consumed and he
also showed that the value was not significantly affected by incomplete combustion. He concluded that
this value may therefore be used for practical applications and is accurate, with only a few exceptions,
to within + 5 %.

Table 3 lists some of the values reported by Hugget [20]. With the exception of three materials, ethene,
ethyne and polyoxymethylene, all the calculated heats of combustion per gram of oxygen consumed lie
between 12,32 k] and 13,61 K]J.
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The values were calculated assuming complete combustion. However, as stated above, Hugget does
discuss the effects of possible incomplete combustion and calculates values of AH. for several such

ca

or

ses. For example, in the case of cellulose burning to give a 9:1 ratio of CO3 to CO:

(CeH1005)n + 5,7 02 = 5,4 CO2 + 0,6 CO + 5 H20 + (CeH1005)n-1Hc = 13,37 k] /g of O3

burning to give an appreciable amount of carbonaceous char:

(CeH1005)n + 302 =3 CO2 + 3 C+ 5 H0 + (CeH1005)p-1He = 13,91 k] /g of O

coanared with:

(CeH1005)n + 6 02 = 6 CO2 + 5 H20 + (CeH1005)n-1He = 13,59 K] /g of O3

He discusses several other examples and concludes that the assumption of a con'stant heat r¢lease per
unlit of oxygen consumed will be sufficiently accurate for most applications.
If the correct value of Hc is known for a particular material, then this‘should be used instgad of the
approximate value.
11.2 Silicones
It might be expected that silicone oils and rubbers would deViate from the 13,1 k] /g of Oz “rulef because,
urllike conventional organic materials, the chemistry of:combustion involves the conversion pf the SiO
backbone into amorphous silicon dioxide.
R.[Buch [21] reported that the gross heat of combustion of poly(dimethylsiloxane) is 26,8 k] /g. Therefore
the net heat of combustion can be calculated usihg the following equation:
[S1(CH3)20] (s) + 4 O — SiO3 (solid amorphous) + 2 COz (g) + 3 H20 (g)
NQTE Water is considered to be a gaseous product in the calculations.
THe heat of gasification of liquid water is 43,2 kJ/mole. Therefore,
H=-(26,8 x 74,16) k] + (3.%'43,3) k] = -1 858 k]
anld 128 g of Oy are consunied, thus H¢ = -14,5 k] /g of O, which is significantly different from the geperal rule.
Table 3 — Heats of combustion for a variety of fuels
Fuel Heat of combustion 2 | Heat of combustion a
kl/g kj/g of Oz

Methane 50,0 12,5

Ethane 47":. 1 7,7

Butane 45,7 12,8

Octane 444 12,7

Ethene 471 13,8

Ethyne 48,2 15,7

Benzene 40,1 13,1

Butan-1-ol 33,1 12,8

Butanal 319 13,1

a  Reactants and products at 25 °C, all products gaseous.
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Table 3 (continued)

Fuel Heat of combustion 2 | Heat of combustion 2
K]/g k]/g of 02

Butanoic acid 22,8 12,5

1-Aminobutane 38,0 12,8

Butane-1-thiol 32,8 12,3

Chloroethane 19,0 12,8

Bromoethane 11,9 12,5

Polyethylene 43,3 12,6

Polypropylene 43,3 12,7

Polyisobutylene 43,7 12,8

Polybutadiene 42,7 13,1

Polystyrene 39,8 13,0

Poly vinyl chloride 16 12

PMMA 24,9 12,9

Polyacrylonitrile 30,8 13,6

Polyoxymethylene 15,4 14,5

Polycarbonate 29,7 13,1

Cellulose triacetate 17,6 13,2

Nylon 66 29,5 12,6

Cellulose 16 13

Cotton 15,5 13,6

Paper (newsprint) 18,4 13,4

Wood (maple) 17,7 12,5

Coal (lignite) 24,8 13,1

Coal (bituminous) 35,2 13,5

a  Reactants and products at 25 °C, all products gaseous.
11.3 Effect of additives@and fillers
It is important to reatize that the heat release measured by oxygen consumption calorimetry is the hgat
released during birning. It does not define whether this heat is released from the system, whether it is
used in sgme other chemical or physical change, or if released, what form the release of the energy takgs.
The data from, the cone test does not inform the researcher where the heat may be in the system at ajpy
stage in theZecombustion process. In

Heat release is normally quoted normalized to surface area of the sample. It is also commonly quoted
per gram of sample lost. This is called the effective heat of combustion. Because some fillers can
absorb heat and can also generate mass loss by dehydration as well as by combustion, some concern
has been raised that the oxygen depletion work erroneously reports the heat release measurements.
A mathematical analysis of the thermodynamics associated with the use of high (e.g. 60 %) loadings of
highly endothermic and highly hydrated fillers shows that maximum error would be 7 % overestimation
of the heat release (i.e. at these 60 % loadings, the system is actually releasing 7 % less heat than the
cone calorimeter indicates). The mathematical analysis is described fully in Annex B. Thus the flame
retardant is probably suppressing heat release even better than perceived.
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12 Start and end of test

12.1 Start of test

The user should decide if it is essential to use pre-ignition data in any test or average results that are
to be used in the assessment. ISO 5660-1:2002 begins measurement of heat-associated properties from
the point of ignition because most materials, when present in sufficient bulk, will generate significantly
more heat and smoke after ignition than they would before. There are some examples where this is not
true and some of these involve systems where the bulk of the material is pyrolyzed prior to ignition.
Considerable pre-ignition pyrn]ycic may howeverleadto cignifir:\nf generation of smoke and toxic gases
thpt would not be accounted for if the only data used are collected after ignition occurs. [d practice all
commercially available cone calorimeters collect data from the point of exposure and allew the operator
to|define the test start point, and many actually tell the operator the recorded ignition/time and ask if
thpt is to be appointed as the start of the test. Thus no software or hardware changes are needed for
pre-ignition data to be included in test reporting and test averaging.

12.2 End of test

ISP 5660-1:2002 states that the test ceases if the sample has not generated any data or if the specimen
did not ignite after the spark igniter had been sparking in positign\for a period of 30 min or after the
mgle fraction of oxygen remains within = 0,005 of that of the pre-test value for 10 min.

ISP 5660-1:2002 specifies that if ignition occurs and the sparkarm igniter is removed but the specimen
then extinguishes, the spark arm igniter should be re-inserted and remain throughout the ftest. This
capn be somewhat problematic with PVC, which burns for'long periods and also generates electrically
C(}lductive cobweb-like structures on the spark arm.-These can become substantially short t¢ the edge

frame and a loss of mass loss data can result. In these cases, the spark arm igniter should be| cycled in
an|d out of the burn zone to disturb any such deposits (e.g. once every 120 s).

Erld of test situations are defined as one of the'following, whichever occurs first:
a)[ 32 min after the time of sustained\flaming;

b)| 30 min have elapsed and the specimen has not ignited;

c)| after the mole fraction of'exygen remains within + 0,005 of that of the pre-test value for 1j0 min.
Observe and record physical changes to the sample such as melting, swelling and cracking.

ThHe above timings aredadequate for standard testing butresearchers interested in properties offmaterials
in[smouldering phaSes of fires may require that these be extended until after the required garameter
pelaks are seencFor example, those interested in carbon monoxide measurements may wish tq continue
the test for 5'min longer once peak values have been measured in the duct.

For very accurate work on gas species the variation in atmospheric pressure should be used infassessing
thp gds €oncentrations.

[SO5660-172002 Tequires tiat if the flame extinguishies after sustained flaming occurs and the spark
igniter is removed, the spark arm igniter should be reinserted and the spark turned on within 5 s. The
spark arm igniter should then not be removed until the entire test has been completed.

13 Recommendations for presentation of data

13.1 Current situation

[SO 5660-1:2002 gives the format for presenting data derived from heat and mass related aspects of the
calorimeter. These data (all with time) include the heat release rate, in kW/m2, as well as the average
heat release rate for specified intervals timed from ignition.
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Many test houses supply, in addition to the above data, information with respect to smoke emission and
toxic fume emission (commonly CO, CO2 and HCI, but others are also possible). Many of these data are
given in the form of rates of production but it should be noted that these rates are calculated on a “per
unit rate of mass loss of specimen” basis such as toxic fumes on a kg/kg (i.e. kg-s~1/kg:s-1) basis.

In ISO 5660-2:2002 the smoke production rate is expressed in m2/s (smoke extinction area per second).
In addition to the time to ignition, the following five parameters are commonly reported as a function of time:

— specimen mass loss rate (g/s);

— heat release rate (kW/m?2);

— smoKe production rate (m2/s);
— carbqn monoxide yield (kg/kg);
— carbqn dioxide yield (kg/kg).

The first jof these, mass loss rate, is calculated using the set of five-point differé€nee equations, i.e. the
mass loss|of the specimen as a function of time.

The second parameter, the heat release rate, is normalized to the surfacé area of the specimen aphd
since all $tandard test specimens have the same surface area, heat reléase rate values from differgnt
materialg can be directly compared.

The last tivo parameters are customarily normalized to the rate-of mass loss, i.e. CO or CO2 produced per
unit timelis divided by the mass of specimen lost in that unit of time. Since different materials lose mdss
at different rates, direct comparison of these parameters ca@wbe misleading.

The dimehsionless units for CO and CO; arise because what is being reported is the mass of gas produced
per unit mass of specimen volatilized. The quantity is¢herefore a dimensionless ratio.

This approach of normalizing several of the measured parameters to mass loss rate has some importgnt
consequepces. Whenever the mass loss rate-falls to low levels or tends towards zero (e.g. the later
stages of festing a flame retarded product-or during pyrolysis prior to ignition) then these normalized
parametgrs will become large or become indeterminate. An additional effect is to incorporate into the
parametdr of interest an amplification'of the noise in the mass loss data.

It also me¢ans that it is impossible to study the pre-ignition pyrolysis behaviour of materials, becayse
before ignition the mass loss rate will be close to zero, or in some cases it may even be positive when the
increase jn mass due to oxidation is greater than the loss of mass due to the evolution of volatiles.

The cone falorimeter does record data between the start of the test and the ignition time, but these dqta
are not ngrmally analysed.

Users wighing te-¢onvert the mass loss rate normalized data to “as measured” data or to surface area
normaliz¢d .data face considerable problems in that the averaging procedures used by the varigus
software [programs cause the 1:1 correspondence between the “as measured” data and the rate of mdss
loss from The specimen to be lost. This means that for accuracy and COnvenience It 1s Necessary to return
to the raw data and to recommence the entire calculation procedure.

It is proposed to rationalize the basis on which data are presented to overcome this problem.

13.2 Additional useful data

It is proposed that an additional data set and graphs in which all the parameters are given on an “as
measured” basis would be valuable. These would be calculated directly from the raw cone data.

With this as the basis, it is possible to report data from ¢ = 0 which, because of the small rates of mass
loss, is not practicable on the rate of mass loss basis. The use of the t = 0 origin is considered to be
particularly important for smoke and toxic fume aspects.
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It is recommended that two basic data sets be used as follows:

a)

b)

Sul
an
ar

Aqf

Set 1:

1) graphs ofthe cumulative value as a function of time of the following parameters from ¢ = 0 to t(end);
2) heatrelease, expressed in Kilojoules (K]);

3) smoke production, expressed in square metres (m?2);

4) CO and COy production, expressed in grams (g);

5) specimen mass, expressed in grams (g);
Set 2:

1) graphs of rate data as a function of time for the following parameters fromt = 0 to t(¢nd);
2) heatrelease rate, expressed in kilowatts (kW) (k]/s);

3) rate of smoke production, expressed in square metres per second (mZ2/s);
4) rate of CO and CO; production, expressed in grams per secotrd(g/s);

5) mass loss rate, expressed in grams per second (g/s).

ch a scheme would mean that all the basic data measured’by the cone calorimeter would be reported
d it would allow users to easily calculate derived data sets, e.g. on a rate of mass loss basis, o1 a surface
pa basis, if they so desired.

example of a typical graphical report is shown'in Figure 3.
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g) Heatrelease rate

h) Smoke production rate

Figure 8 — Example of a typical graphical report
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13.3.1 Provision should be made in the software for mass, heat release, smoke, carbon monoxide and
carbon dioxide data to be recorded as a function of time on an “as measured” basis, i.e. not normalized
with respect to either mass loss rate or specimen surface area.

13.3.2 Data should be collected, following extinction of the specimen, for a sufficient period to ensure
that carbon monoxide and smoke production and any other relevant information during smouldering is
not lost. Test durations of 30 min may be required.

13.3.3 Two sets of graphical data should be presented, as detailed in 13.2 above, the_first

Cul

13.3.4 If required an effective heat of combustion plot should be from t(ignition)\to t(end). 4

m

13

13.3.6 The effective surface area of the specimen sheuld be stated and software should be availab

us|

13.3.7 Software should be available to allow average values to be calculated between selected

eX

+ 2 min), t(ignition + 1 min) and t(ignition + 3 min), etc.

mulative values as a function of time and the second set being rates of production as afunctid

bntioned in 13.2 should be from ¢ = 0 to t(end).

the value of all cumulative parameters at t(end);
the maximum rates of production;

the times at which these maxima occurred.

ers to normalize the data with respect to the effective surface area and to the rate of mass loss if

hmple, between t = 0 and t(end), ¢t = 0 and t(ignition), t(ignition) and t(end), t(ignition) and

set being
n of time.

A1l graphs

.3.5 Numerical data for all the graphs should be readily accessible. The fitumerical data supplied should
state all of the following:

eto allow
required.

times. For
t(ignition
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Annex A
(informative)

Predictive methods from ISO 5660-1 data

A.1 Introduction

This ann¢x includes a discussion of various calculation methods that have been successfully applied
for interpreting bench-scale cone calorimeter data to predict the outcome of larger full-scatle:fire tesits.
Inclusion|of a calculation procedure is not an endorsement of that procedure and the userdsencouraged
to validate any calculation method employed. This annex provides only a summary.of some of the
procedurgs available, and the references listed in the Bibliography shall be consultéd)for the required
instructigns and limitations of the application. The procedures provided in this annégare notall inclusive
and should not be viewed as an attempt to standardize calculation procedures.-Users are encouraged|to
discover ¢pther methods that may be more suitable for their intended purposes:

A software package, ConeTools [35], [36], is available which provides thewecessary calculations to yse
cone calorimeter data to predict or link data obtained from tests on thé«cone calorimeter to the ISO 97D5
and the SBI (EN 13823:2010) fire tests.

Heat release rates (HRR) can be used to quantify fire preperties of building materials [35]. It |is,
however, [important to recognize that the quantity of heat released by typical building contents, such
as furnishings, far exceed that of building materials. Firesproperties of building materials are, howevr,
regulated to prevent an accidental fire situation from getting worse.

Analysing the role of HRR in building fires is complicated. In the vast majority of cases, the fire will
go into ventilation-limited burning shortly after:flashover, and stay in that mode until fuel supply|is
substantiplly depleted. Introducing some additional fuel from the building construction will not chanige
this HRR, but will either prolong the fire,or.else cause more unburned pyrolysates to be ejected. Tr;lxis
considerdtion means that a simple additive’summation of HRR from occupant goods and constructipn
materialswould not be correct. Insteadyit becomes necessary to consider what the actual hazard is, apd
how it mdy potentially be made wotsg. This reveals that there are two fire hazard issues to assess [3§]:

— whether heat release from the construction materials may make the fire growth faster (worse)|in
the early stages of the fir€) prior to when ventilation-limited burning is attained; and

— whether a potentially’longer-burning fire will adversely affect safety.

The question of a longer-burning fire is normally irrelevant. Building codes typically require structural
fire resisfance times greater than what is required to withstand burnout of the building contenits,
includinglany, conitribution of the structure itself [38].

T t b ding maatariale 100 o ardanca yazieh 1ICA Q7N +bn losgn cooln ooy nosep e bacd 710
es ll‘lg O g tracCrrars— i atCoTtantCyv It oo~ 77 00, thntTar gC—StarC T oo CoT It tC5ty 1t

lds-data
to classify material according to their expected fire performance. However, ISO 9705 is a labour and
material intensive test. As such, ISO 9705 is not considered for routine regulatory compliance testing. A

bench-scale testing method, such as ISO 5660-1, is more appropriate for routine testing.

The most extensive use of bench-scale total heat released criteria has been for regulating interior
linings or finishes. Toward this end, several models using input data from the cone calorimeter have
been developed which can be used to provide an indication of performance of a potential lining material
in the ISO 9705 full-scale room fire test.

Establishing the reliability of these models is the responsibility of the user, and may vary depending on
the type of product or material being evaluated. The information is presented only as a guide to users
of the cone calorimeter.
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A.2 A use of cone calorimeter data for predicting large-scale fire performance

A simple to use mathematical formula is proposed to facilitate material assessment from ISO 5660-1 test
data. The method was proposed by Cleary and Quintiere [39] and subsequently enhanced by Babrauskas
andJanssens [37]. Thereaderisreferred to these two peer-reviewed publications for detailed information.

This method of assessment introduces a parameter, termed “b”, that is used to predict full-scale room
corner test (ISO 9705) performance from ISO 5660-1 data. This mathematical model minimizes the
influence of measurement uncertainties associated with Total Heat Released (THR) levels less than
15 MJ/m2 in ISO 5660-1.

t.
b=0,0147,,— —t’—g
b

where
q,(;Vg is the average heat released (kW/m?2) at an irradiance of 50 KW/m?;

tig is the ignition time (s);
tp is the duration of flaming (s).

If p < -0,4, then a corresponding test of ISO 9705 would net\flashover at the 300 kW burné¢r output.
Materials meeting this condition would not support flashotér:

If p <0, fire hazard from the material is not significant:

Far the purposes of assessment of materials the b-parameter, computed from ISO 5660-1 dataf provides
a petter predictor of ISO 9705 performance than'establishing a threshold for total heat relegsed from
the same ISO 5660-1 data.

Table A.1 — ISO 9705 flashover prediction based on “b-parameter”

b-pararfeter Corresponding fu!l-scale fire
test behaviour
b<-04 No flashover
b<0 Limited fire hazard
b>0 Flashover

A{3 Modellng fire growth on combustible lining materials in enclosures

Wickstrdmand Goransson used ignition time and the entire heatrelease rate curve from ISO 5460-1 data
to[predict [ISO 9705 heat release rates for combustible linings [40]. They noted that in ISO 9705|exposure
scenario various parts of a lining material start pyrolyzing and burning at various times and ¢ontinued
to contribute to the fire until exhausted as a fuel or extinguished. They assumed that the heat release
rate from each burning point in ISO 9705 specimen surface went through the same time history as in
ISO 5660-1 at an arbitrary chosen irradiance level of 25kW-m-2. As such, this model is not suitable for
predicting materials that do not ignite at 25 kW m~2 heat flux exposure. By summing the contributions
from each part of the total burning area the total heat release for a test room was obtained.

In incremental form, Q, at the Nth time increment, could be obtained as,
. N N . N .
QY =3 aalqp
i=1

where
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AAi is the incremental burning area growth at the time increment i;

f]';’,{gv_i heat release per unit area after (N-1) time increments of the same length, recorded in a
bench scale calorimeter test.

For infinitesimally small time increments this equation yielded the Duhamel’s integral:

. t.
Q1) = [ Al (e —m)ae

where
A |is the time derivation of the burning area (m2-s-1);
t is the time (s);
T is the dummy variable.

Time to ignition governed the growth rate of the burning area. The area involved-as a function of tifne

was giver as:

2
A(t)3 Ay 1ralt=te)
tign

Ao [is the area behind the burner;
a is the empirical constant;

tx [is the value selected in relation to growth rate from burner (0,025s-1).

If this equation was differentiated then:

2Aoa

AA= tAt

tign

Thus the Involved area for a given time is proportional to the inverse of the ignition time, so the equatipn
could be ritten as:

Qprodlct: 2492 Z(tiqévs_iAt)

tign

The rate of héat'release curve had to be expressed in mathematical terms in order to solve the equatiofs.
Several wlorkers have suggested methods of representing the heatrelease rate from the cone calorimeter
[55], [56], [57]. The simplest of these approaches was described by Magnusson and Sundstrém [54], and
Cleary and Quintiere [39]. The latter approximated the heat release rate as an average constant value
with a certain duration, taking account of the area under the actual heat release curve. Magnusson and
Sundstrom idealised the rate of heat release curves for combustible linings from an open configuration
apparatus [54]:

Q”(t) = Q‘:naxe_/u

where
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Q” is the peak rate of heat release from the cone calorimeter, irradiance = 50kW-m~2
max  (kW-m-2);

A is the regression value, specific to the material (s-1) calculated using:

mec®)/
A =average of max

2012(E)

where Qc Is the measured heat release rate per unit area from the cone calorimeter at an,1
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uation Q(t) assumed a semi-infinite sample effectively excluding the last part of theycurve
at release often increases. This was justified by the findings of Thomas and-Karlson [57]
ind that the initial part of rate of heat release curve had much greater influence on the fij
hn the final part of the curve, particularly when modelling concurrent flamé.spread.

4 Using cone calorimeter data for predicting Single Burning Item (SBI) tes{

e first approach to modelling the Single Burning Item (SBI}jtest (EN 13823) was pre;s
psserschmidt, van Hees and Wickstrom [41]. Other models.frave subsequently been devel

jective of these models is to predict the heat release rateof.a specimen in the SBI test from

e growth rate index, FIGRA, can be calculated. FIGRA is\the main classification parameter fr
e Euroclass is determined.

e essential feature of the model is that only thedheat release data of a single cone calorime
e exposure of 50 kW is required as input data into the model.

{5 An application to plastics

rschler has also presented extensivedata on a wide range of plastic materials [2]. In this cas
[culation of the Propensity for Flashover (in full-scale testing) is calculated from

Flashover Propensity =1og TTI/RHR (sm2/kW) where
TTl is the Time teJgnition
RHR Average Rate of Heat Release

a study of seme’35 materials, they can be grouped into 4 categories.

1,0 < Flashover Propensity

0,0 <Elashover Propensity < 1,0

Fradiance

where the
[58] who
e growth

f results
ented by
ped. The

iwhich the
om which

ter test at

e a simple

£ 1 1 P . -0
-1,0=<Flashover Propemnsity < 6,6

-2

,0 < Flashover Propensity < -1,0

Flashover Propensity < -2,0

A.

6 A use of cone calorimeter — Shipboard evaluation

The US Coast Guard sponsored the development of a method to predict ISO 9705 room-corner tests
performance from cone calorimeter data [42]. The study concluded that fire growth can be correlated
but not smoke production.
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A.7 Predictive method for materials

Ostman and Nussbaum [45] have developed an empirical relationship between the basic parameters
from ISO 5660-1 (or its sister standard ASTM E1354) and ISO 9705. Heat release rates and time to
ignition in a cone calorimeter (in accordance with the ASTM version) were determined for 11 different
surface linings at constant heat flux levels of 25 kW/m?2, 50 kW/mZ2 and 75 kW/mZ. The times to flashover
in ISO 9705 were predicted from these cone calorimeter data. They found that a combination of heat
release and time to ignition along with the density of the material provided an acceptable correlation
with the time to flashover. The relation was described by the equation:

T=a <M+ b
A

where

T 1is the time to flashover in full scale at 25 kW/m?2, (s);

t isthe time to ignition in small scale at 25 kW/m?2, (s);

A s the heat release during peak period at 50 kW/m?2, (J-m?2);

p s the density, kg/m3;

a s the empirical constant, 2,76 x 106 ]J.(kg:m)-0,5;

b  is the empirical constant, -46,0 s.
As an exfension of this work, Ostman and Tsantaridis 146] developed a linear regression equati
for predi¢ting the time to flashover in ISO 9705 based on ISO 5660-1 data. The ISO 5660-1 data at
irradianck of 50kW/mZ2 were used to predict ISO 9705 behaviour. The regression equation derived w

025 .17
te, = ,07%+60
THR350

where

tfo is the time to flashever in the room fire test (s);

tig is the time to.gnition in the cone calorimeter at 50kW/m?2 (s);

THR3po is the totalheat release 300 s after ignition at 50 kW/m?2 (J/m2);

p is the)mean density (kg/m3).
The corrdlation coefficient was 0,97 valid for the room scenario studied [46].

A.8 Combustion behaviour of upholstered furniture

Babrauskas and Krasny [48] developed a method to predict furniture calorimeter performance from
ISO 5660-1 data. The peak heat release rate value from ISO 5660-1 was used as input. The relationship
was given by:

dts =0,63(qhs ) (MF)(FF)(SF)

where
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ISO/TS 5660-3:

4 is the predicted peak rate of heat release (kW) in full scale;

2012(E)

(dhs) is the measured rate of heat release kW/m?2 in ISO 5660-1 under specified conditions;

MF is the combustible mass (kg);
FF is 1,66 for non-combustible,

0,58 for melting plastic,

0,30 for wood,
0,18 for charring plastic;
SF is 1,0 for plain, primarily rectilinear construction,

is 1,5 for ornate, convolute shapes and intermediate values for intermediate shap¢

ndstrom observed that the conditions occurring in ISO 9705 room test facility due to the b

(NT FIRE 032) [49], [50]. A zone model (CFAST) and a field model (JASMINE) were used for fire

the room scenario. This analysis showed that no actual rooni tests were required and thaf
titne history of the heat release rate for the upholstered farniture need be characterized.

calorimeter results were therefore predicted from ISO.5660-1 data. The relationships deri
based on furniture fire models. In order to predict the full-scale furniture burning behav
ISP 5660-1 data three predictive models were developed.

A.B.1 Model 1: The correlation model

When determining the propagating/non-propagating behaviour of the furniture, CBUF f
usiing the average value taken over 180, s‘after specimen ignition (with an irradiance of 35k
ISP 5660-1 data could be used to predict whether a furniture fire would be propagating ot
medel derived depended upon the@rrangement and type of furniture used being factored in [

A.B.2 Model II: The convolition model

Sundstrém described Model 11 as predicting the full heat release curve from a full-scale furni
m ISO 5660-1 data 153]. Babrauskas, Myllyméki and Baroudi found that the heat release
measured in the furhitlre calorimeter can be predicted as the convolution integral of the bur
rafe A and the heatrelease rate ¢’(¥;t) from the burning area.

0(t) = j;q”(f;t—r)A(r)dr o=y

ThHe‘heat release rate from the burning area was dependent of the irradiance history of the el

ES.

urning of

iece of furniture were predicted from the results of large-scale testing in the Furniture Calorimeter

mnodelling

only the
Furniture
ved were
our from

und that

V/m2) the
not. The

19], [50],

ture item

rate Q(t)

ning area

ementary

AAL ) A F £.

nd flame.

o thao ciinfornn washioh 1o coscnd by el n o diobs s ot o ofn s bhatoanan o coranfo o0
ar\'a uﬂll J UL LIIC OULI'IAdCLT, VWIIICIT IS Ldauostu U)’ LI T auIidaliiIve 1itdl t1rdIiioriCcr privve LI tiie Ssuridaluo

¢’(7;t) and A are not known exactly so the heat release rate from the burning area was taken to be the

same as in ISO 5660-1 tests with an irradiance of 35kW/m-2 and specimen thickness of 50

mm. The

basis for this formula can be applied directly to surface spread of flame as indicated later in this annex.

A.8.3 Model III: Thermal fire spread model For mattresses

Babrauskas, Myllymaki and Baroudi describe Model III as based on the physical processes of ignition,
flame spread etc., to predict fire growth in mattresses [49], [51]. The burning area was assumed to be

circular with the fire spreading radically outwards with a cylindrical flame to enable the calc
the preheating of the surface to its ignition temperature.

© IS0 2012 - All rights reserved
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