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ISO 5660-

Foreword

1:2015(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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INTERNATIONAL STANDARD ISO 5660-

1:2015(E)

Reaction-to-fire tests — Heat release, smoke production
and mass loss rate —

Part 1:
Heat release rate (cone calorimeter method) and smoke

AdAriotian ymvoato (Ayvrmnaoamico myonciirnonsand)
proauctiontrate gaynamic measturement)
1 Bcope
This| part of ISO 5660 specifies a method for assessing the heat release xdte and dyngmic smoke
production rate of specimens exposed in the horizontal orientation to coftrolled levels of irradiance
with an external igniter. The heatrelease rate is determined by measurenient of the oxygen cpnsumption
deriyed from the oxygen concentration and the flow rate in the combustion product stream.[The time to
ignifion (sustained flaming) is also measured in this test.
The dynamic smoke production rate is calculated from measutement of the attenuation of p laser light
bearp by the combustion product stream. Smoke obscuratiohds recorded for the entire test} regardless
of whether the specimen is flaming or not.
2 Normative references
The [following referenced documents are indispensable for the application of this documenit. For dated
refefences, only the edition cited applies. For undated references, the latest edition of the referenced
docyment (including any amendments) applies.
ISO $54, Standard atmospheres for canditioning and/or testing — Specifications
[SO 13943, Fire safety — Vocabulary
ISO 14697, Fire tests — Guidance on the choice of substrates for building products
3 [erms and définitions
For the purposes‘of this international standard, the terms and definitions given in ISO 13943 and the
following apply:
3.1
essdntially flat surface
surface whose I[TTegularity from a ptane does ot exceed £ 1 mim
3.2
flashing
existence of flame on or over the surface of the specimen for periods of less than 1 s
3.3
ignition

onset of sustained flaming as defined in 3.1

© ISO 2015 - All rights reserved
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3.4

irradiance

(at a point of a surface) quotient of the radiant flux incident on an infinitesimal element of surface
containing the point, and the area of that element

Note 1 to entry: Convective heating is negligible in the horizontal specimen orientation. For this reason, the term
“irradiance” is used instead of “heat flux” throughout this part of ISO 5660 as it best indicates the essentially
radiative mode of heat transfer.

3.5
material

single substanee-eruniformly-dispersedmixttre

EXAMPLE Metal, stone, timber, concrete, mineral fibre and polymers

3.6
orientation
plane in which the exposed face of the specimen is located during testing, with either the verticpl or
horizontally face upwards

3.7
oxygen corjsumption principle
proportional relationship between the mass of oxygen consumed dufing combustion and the |heat
released

3.8
product
material, cdmposite or assembly about which information is«eéquired

3.9
specimen
representative piece of the product which is to be tésted together with any substrate or treatment

Note 1 to enflry: For certain types of product, for example products that contain an air gap or joints, it may not be
possible to pfepare specimens that are representative of the end-use conditions (see Clause 7).

3.10
sustained flaming
existence of flame on or over the surface of the specimen for periods of over 10 s

3.11
transitory [flaming
existence of flame on or{over the surface of the specimen for periods of between 1 and 10 s

3.12
smoke obsturation
reduction, ysually expressed as a percentage, in the intensity of light due to its passage through smoke

3.13

extinction coefficient

natural logarithm of the ratio of incident light intensity to transmitted light intensity, per unit light
path length

3.14
smoke production
integral of the smoke production rate over the time interval being considered

3.15

smoke production rate

product of the volumetric flow rate of smoke and the extinction coefficient of the smoke at the point of
measurement

2 © IS0 2015 - All rights reserved
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4 Symbols
See Table 1.
Table 1 — Symbols and their designations and units

Symbol Designations Unit

A exposed surface area of specimen m?

A initially exposed surface area of the specimen m?

C orifice flow meter calibration constant ml/2 gl/2 K1/2
D’ optical density X

F optical density calibration factor m-]
Ah, net heat of combustion KJlg?
Ah ogs effective net heat of combustion M] kg1
1,/1 ratio of incident light to transmitted light 1

k linear Napierian absorption coefficient (commonly called extinction Coefficient) | m™]

kq measured calibration extinction coefficient m-]

k, calculated calibration extinction coefficient m-]

K measured extinction coefficient m-1

L light path length through smoke m

m mass of the specimen g

Am total mass loss g

mg mass of the specimen at the end of the test g

mg mass of the specimen at sustained flaming g

m 4ho-90 average mass loss rate per unit area between 10 % and 90 % of mass loss gm2sl
my mass of the specimen at 10 % 0f total mass loss g

Mg mass of the specimen at 90 % of total mass loss g

m mass loss rate of the specimen gsT
m, mass flow rate in exhaust duct kg 41
M molecular weight'of the gases flowing through the exhaust duct kg nol-1
Ap orifice meter pressure differential Pa

Py smoke-production rate m? p-1
P p smoke production rate normalized to the specimen area st

q heat release rate kw

N heat release rate per unit area kW/|m~2
qux maximum value of the heat release rate per unit area kW|m2
Gais0 average heat release rate per unit area over the period starting at t;, and ending (kW m~2

’ 180 s later
Ga300 average heat release rate per unit area over the period starting at t;, and ending (kW m~2
’ 300 s later

Qa tot total heat released per unit area during the entire test MJ m—2
I, stoichiometric oxygen/fuel mass ratio 1

S total smoke production m?

Sa total smoke production per unit area m2 m~2
San total smoke production per unit area before ignition m?2 m~2
Sa2 total smoke production per unit area after ignition m? m2
t time S

© ISO 2015 - All rights reserved
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Table 1 (continued)

Symbol Designations Unit

tq delay time of the oxygen analyser S

tig time to ignition (onset of sustained flaming) S

At sampling time interval S

t10 time at 10 % of total mass loss s

tyo time at 90 % of total mass loss s

T, absolute temperature of gas at the orifice meter K

T, temperature of thre smokeat the poinmt of reasurenernt K

Vs volume flow rate of smoke at the point of measurement m3s1

Xo2 oxygen analyser reading, mole fraction of oxygen 1

X0, initial value of oxygen analyser reading !

X0, oxygen analyser reading, before delay time correction 1

P density kg m-3

o specific extinction area m?2 kg1
NOTE Detailed discussion of some of these parameters and their units is givén'in referencell1l.

5 Principle
The test mdthod is based on the observation that, generally, the net heat of combustion is proportional
to the amount of oxygen required for combustion. The relationship is that approximately 13,1 x 13 K]
of heat are feleased per kilogram of oxygen consumed. Specimens in the test are burned under ambient

air conditions, while being subjected to a predetermined external irradiance within the range of (

m~2 to 75 k)

This test m
evolution of
specimens.

The princip
that is tran
of distance.
air conditio
m—2to 75 k
loss rate of
is transmitf
coefficient 3
smoke prod
calculated 4

kW

»

IV m~2 and measurements are made of oxygen concentrations and exhaust gas flow rate

ethod is used to assess the contribution that the product under test can make to the rate of
heat duringits involvement in fire,These properties are determined on small representative

e of the smoke measuremerntis based on the observation that, generally, the intensity of light
smitted through a volumé of combustion products is an exponentially decreasing fun¢tion
This is commonly referred to as Bouguer’s law. Specimens in the test are burned in ambient
ns, while being subjécted to a predetermined external irradiance within the range ( kW
W m~2 and measurements are made of smoke obscuration, exhaust gas flow rate, and gass
the specimen..Smoke obscuration is measured as the fraction of laser light intensity|that
ed through’the smoke in the exhaust duct. This fraction is used to calculate the extin¢tion
iccording.to Bouguer's law. The test results are reported in terms of smoke production and
uctiop-rate-both normalized to exposed specimen surface area. Smoke production rdte is

exhaust dut
over the time

production

~ e DIQOUCHlon 1o Calcllialod | . S —a e 21RTe ATEREaTAERS arias
interval being considered. The variables reported are normalized to area because
is proportional to area.

smoke

The test method is used to assess the contribution that the product under test can make to the rate of
evolution of smoke and to the amount of smoke produced during its involvement in a well-ventilated
fire. These properties are once again determined on small representative specimens.
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6 Apparatus

6.1 General

A schematic representation of the apparatus required for this part of ISO 5660 is given in Figure 1. The
individual components are described in detail in 6.2 to 6.19.

Carbon Monoxide and Carbon dioxide measurements can optionally, and additionally, be made and
used in the calculation of the heat release rate. The apparatus, procedures and calculation methods

described in Annex G are then applicable.

Wit
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The

the
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of n
mai
stai

matq
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junc
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speg

6.3
The

I} minor modifications to the apparatus, specimens may be tested in the vertical

ex E gives guidance on these modifications.

Cone-shaped radiant electrical heater

hctive element of the heater shall consist of an electrical heater rod, capableof deliverin
pperating voltage, tightly wound into the shape of a truncated cone (see-Figure 2). The

minal thickness 13 mm and nominal density 100 kg m~3. The irradiance from the heg
tained at a preset level by controlling the average temperature of three thermocouy
less steel sheathed thermocouples have proved suitablebut Inconel or other high p
brials are also acceptable), symmetrically disposed and in gontact with, but not welded t
ent (see Figure 2). Either 3,0 mm outside diameter:sheathed thermocouples with €

|

be used. The heater shall be capable of producingdrradiance on the surface of the spe
b KW m~2. The irradiance shall be uniform within'the central 50 mm x 50 mm area of {
imen surface, to within * 2 %. for an irradiance of 50 kW m~2

Radiation shield

cone heater shall be provided with a removable radiation shield to protect the specim

irradliance prior to the start of a test.“Fhe shield shall be made of non-combustible material,

thic

a)
b)

The

cone

6.4
The

kkness not exceeding 12 mm.. The shield shall be one of the following, either:
vater cooled and coated with a durable matt black finish of surface emissivity € = 0,95

hot water-cooled, which may be either metal with a reflective top surface, or metal wit
fop surface, or cé€ramic, in order to minimize radiation transfer.

Khield shall beequipped with a handle or other suitable means for quick insertion and r
heater base plate shall be equipped with a mechanism for moving the shield into posit

Irradiance control

prientation.

b 5000 W at
heater shall

ncased on the outside with a double-wall stainless steel cone, fillediith a refractory fibre blanket

ter shall be
les (type K
erformance
, the heater
xposed hot

fion or 1,0 mm to 1,6 mm outside diameter sheathed thermocouples with unexposed hot junction

cimen of up
he exposed

en from the
with a total

+0,05; or

h a ceramic

bmoval. The
on.

Irradiance control system shall be properly tuned so that 1T maintains the average tem

perature of

the heater thermocouples during the calibration described in 10.1.2 at the preset level to within * 10 °C.

6.5 Weighing device

The weighing device shall have a resolution of 0,1 g and an accuracy of + 0,3 g or better, measured
according to the calibration procedure described in Clause 10.2.2. The weighing device shall be capable
of measuring the mass of specimens of at least 500 g. The weighing device shall have a 10 % to 90 %
response time of 4 s or less, as determined according to the calibration described in 10.1.3. The output
of the weighing device shall not drift by more than 1 g over a 30 min period, as determined with the
calibration described in Clause 10.1.4.
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6.6 Specimen holder

The specimen holder is shown in Figure 3. The specimen holder shall have the shape of a square pan
with an opening of (106 + 1) mm x (106 + 1) mm at the top, and a depth of (25 + 1) mm. The holder
shall be constructed of stainless steel with a thickness of (2,4 + 0,15) mm. It shall include a handle to
facilitate insertion and removal, and a mechanism to ensure central location of the specimen under the
heater and proper alignment with the weighing device. The bottom of the holder shall be lined with
a layer of low density (nominal density 65 kg m=3) ceramic fibre blanket with a thickness of at least
13 mm. The distance between the bottom surface of the cone heater and the top of the specimen shall
be adjusted to be (25 * 1) mm, except for dimensionally unstable materials for which the distance shall
be (60 + 1) mm (see Clause 7.5).

6.7 Reta

The frame §
with an ins
specimen f3
appropriate

ner frame

hall be constructed of stainless steel with a thickness of (1,9 + 0,1) mm in the shape of

ce shall be (94,0 £ 0,5) mm square as shown in Figure 4. The retainer frame shall hay
means to secure it to the specimen holder with a specimen in positien.

6.8 Exhajust gas system with flow measuring instrumentation

The exhaus

[ gas system shall consist of a centrifugal exhaust fan ratedfor the operating temperati

a hood, intake and exhaust ducts for the fan, and an orifice plate flow.meter (see Figure 5). The dist

between th
shall be cap
pressure. T

b bottom of the hood and the specimen surface shall be)(210 + 50mm). The exhaust sy
able of developing flows up to 0,035 m3 s71, under standard conditions of temperaturg
he recommended location of the fan is indicated jn-Figure 5. As an alternative, it is accepf

de dimension of each side (111 + 1) mm and a height of (54 + 1) mm. The‘opening fof

box
the
e an

ires,
hnce
btem

and
able

to locate the fan further downstream and to have the measuring orifice before the fan, provided|that

the requirements described in the remainder of this clawse are fulfilled.

A restrictivg orifice with an internal diameter of (57 ¢ 3) mm shall be located between the hood andl the
duct to promote mixing.

‘Tom
or of
void

A gas sampling ring probe shall be located in the fan intake duct for gas sampling, (685 + 15) mm
the hood (sge Figure 5). The gas sampling ring probe shall contain 12 small holes with a diamet
(2,2 £ 0,1) ;m, to average the stream-composition, with the holes facing away from the flow to 3
clogging with soot.

The tempetature of the gas stream shall be measured using a 1,0 mm to 1,6 mm outside diameter
sheathed-junction thermocouple or a 3 mm outside diameter exposed-junction thermocouple positipned
in the exhayst stack on th€ gentreline and (100 + 5) mm upstream from the measuring orifice platg.

ifice
mm
ther
gas
a-both

The flow rate shall be\determined by measuring the differential pressure across a sharp edge oy
[internal dfameter (57 * 3) mm, thickness (1,6 * 0,3) mm] in the exhaust stack, at least 350
froim-the fan, if the latter is located as shown in Figure 5. If the fan is located fur
than 1nd1cated in Figure 5, 1t is acceptable to locate the or1f1ce plate between the

sides of the orlflce plate shall be at least 350 mm.

6.9 Gas sampling apparatus

Gas sampling apparatus incorporates a pump, filters to prevent entry of soot, facilities for removal of
the moisture, a by-pass system set to divert all flow except that required for the gas analysers, a further
moisture trap and a trap for CO, removal.
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A schematic view of an example of the gas sampling apparatus is shown in Figure 6. Other arrangements
which satisfy the requirements may be used. The transport delay time of the oxygen analyser, t;, shall

be determined according to 10.1.5, and shall not exceed 60s.

NOTE

If an (optional) CO, analyser is used, the formulae used to calculate the heat release

different from those for the standard case (see Clause 12 and Annex G).

6.10 Ignition circuit

rate can be

External ignition is accomplished by a spark plug powered from a 10 kV transformer or spark igniter.
The spark plug shall have a gap of (3,0 + 0,5) mm. The electrode length and location of the spark plug

shal
dimg

6.11

The
tow|

6.12

The

oxy4
and

to 1
regu
com
anal

70 °
mea

6.13

The
loca

This

be such that the spark gap is located (13 + 2) mm above the centre of the specimen
pnsionally unstable materials for which the distance is (48 + 2) mm (see Clause 7.5)!

| Ignition timer

gnition timer shall be capable of recording elapsed time to the nearest secgnd and shall
ithin 1 s in one hour.

. Oxygen analyser

oxygen analyser shall be of the paramagnetic type, withsa\fange of at least 0 % oxyg
en. The analyser shall exhibit a drift of not more than 504l/1 of oxygen over a period of
a noise of not more than 50 pl/l of oxygen during this 30-min period, as measure
).1.6. Since oxygen analysers are sensitive to stream pressures, the stream pressy
lated (upstream of the analyser) to minimize flowfluctuations, and the readings from t
bensated with an absolute pressure transducer to allow for atmospheric pressure var
yser and the absolute pressure transducey;shall be located in an isothermal enviro

C. The oxygen analyser shall have a 10.% to 90 % of full-scale response time of less t
sured according to 10.1.5.

b Heat flux meters

working heat flux meter shall be used to calibrate the heater (see 10.2.5). It shall be poj{
ion equivalent to the centre of the specimen face during this calibration.

heat flux meter'‘shall be of the Schmidt-Boelter (thermopile) type with a desig

(100
dia

the heat flux nieter shall be water-cooled. A cooling temperature which would cause cong
watér on thetarget surface of the heat flux meter shall not be used.

Radfation‘shall not pass through any window before reaching the target. The instrume
robyst;simple to set up and use, and stable in calibration. The instrument shall have a repg

+ 10) kW m~2.‘The target receiving the heat shall be flat, circular, of approximately
eter and coated’'with a durable matt black finish of surface emissivity € = 0,95 * 0,05.

, except for

be accurate

en to 25 %
30 minutes,
1 according
re shall be
he analyser
ations. The

nment. The
temperature of the environment shall be maintained to within 2 °C of a preset value betweg

n 30 °Cand
nan 12 s, as

itioned at a

n range of
12,5 mm in
The body of
ensation of

ent shall be
patability to

within £ 0,5 %.

The calibration of the working heat flux meter shall be checked according to 10.4.1, by comparison with
two instruments of the same type as the working heat flux meter and of similar range held as reference
standards and not used for any other purpose (see Annex F). One of the reference standards shall be
fully calibrated at a standardizing laboratory at yearly intervals.

6.14 Calibration burner

The calibration burner shall be constructed from tube with a square or circular orifice with an area
of (500 = 100) mm? covered with wire gauze through which the methane diffuses. The tube is packed
with refractory fibre to improve uniformity of flow. The calibration burner is suitably connected to a
metered supply of methane of at least 99,5 % purity. The accuracy of the flow meter or controller shall
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be * 3 % of the readout corresponding to a heat release rate of 5 kW. The accuracy verification shall be
performed according to Clause 10.4.3.

6.15 Data collection and analysis system

The data collection and analysis system shall have facilities for recording the output from the oxygen
analyser, the orifice meter, the thermocouples and the weighing device. The data collection system
shall have an accuracy corresponding to at least 50 pl/1 of oxygen for the oxygen channel, 0,5 °C for
the temperature measuring channels, 0,01 % of full-scale instrument output for all other instrument
channels, and at least 0,1 % for time. The system shall be capable of recording data every second. The
system shallk (0 arded
for each tesf shall be stored so that it can be recovered and used to check the accuracy of the software.

For operatipnal or safety reasons, it is permitted to guard the heater and sampleCholder with|side
screens. Hoever, it shall be demonstrated that the presence of the screens does not-affect the ignjtion

If the screeps form an enclosure, the attention is drawn to the fact that there is a possible expldsion
hazard whe¢n the instrument is not operated under conditions prescribéd by this part of ISO 5660,
in particulgr for experiments in oxygen enriched atmosphere. If an-eXplosion hazard exists, prpper
precautiong shall be taken to protect the operator, e.g. by installingan‘éxplosion vent facing away from
the operatof.

6.17 Smoke obscuration measuring system

For measutfing the attenuation of laser light in the.exhaust duct; the system comprises a heljum-
neon laser [between 0,5 mW and 2 mW, polarized),-silicon photodiodes as main beam and reference
detectors, gnd appropriate electronics to derive thedextinction coefficient and to set the zero reagling.
The meter ghall be located horizontally (111 * 1}:;mm downstream of the gas sampling ring. Two small
diameter tybes welded onto each side of the.exhaust duct serve as part of the light baffling for the
purging airjand also allow for any smoke that may enter, despite the purge flow, to be deposited om the
tube walls pefore reaching the optical elements. One acceptable arrangement of a smoke measyring
system is shown in Figure 7.

NOTE Ekperimental work has(been performed with systems using a white light source with collimpating
opticsl2l. Sugh systems have beelrshown to yield generally similar results [17-19] but not under all conditions{29].
Theoretical predictions [21] haGe)been verified experimentally. White light systems may be used if shown to|have
an equivalelﬂ)t accuracy.

6.18 Smoke system thermocouple

To measur¢ thie temperature of the gas stream near the smoke meter. This temperature shall be
measured ysing a 1,0mm to 1,6mm outside diameter unearthed sheathed-junction thermocouple|or a
3 mm outside diameter exposed-junction thermocouple positioned in the exhaust stack on the centre
line and 50 mm downstream from the smoke meter, as shown in Figure 5.

6.19 Optical filters

To calibrate the smoke obscuration measuring system. Two glass neutral density dispersion filters[22],
accurately calibrated at the laser wavelength of 632,8 nm, are required. The filters used shall not be
of the coated type because these filters can give rise to interference effects with laser light and can
deteriorate with time. The filters shall have nominal optical densities of 0,3 and 0,8. Corresponding
values of extinction coefficient, k, are obtained from the formula:

k=(2,303 D) L1
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Suitability of a product for testing

7.1 Surface characteristics

A product having one of the following properties is suitable for testing:

a)
b)

Whdn an exposed surface does not meet the requirements of either Z1\a) or 7.1 b), the p1
be t¢sted in a modified form complying as nearly as possible with thefequirements giver
test
modjification.

7.2

A prjoduct submitted for this test can have faces whicly differ or can contain laminations
materials arranged in a different order in relation to'the two faces. If either of the faces can
in us

7.3

For 1
at n(

7.4

Comjposite specimens are suitable for testing, provided they are prepared as specified in
expq

7.5

Sam
of th
of t
sha

an essentially flat exposed surface;
a surface irregularity which is evenly distributed over the exposed surface provided th

1) atleast50 % of the surface of a representative 100mm square area lies within a dep

1:2015(E)

at

th of 10 mm

from a plane taken across the highest points on the exposed suriace,
DI

D) for surfaces containing cracks, fissures or holes not exceeding 8mm in,width n
depth, the total area of such cracks, fissures or holes at the surface dges'not excee
representative 100mm square area of the exposed surface.

report shall state that the product has been tested in a modified form, and clearly ¢

Asymmetrical products

e within a room, cavity or void, then both faces shall be tested.

Materials of short burning time

pecimens of short burning time{3.min or less), the heat release rate measurements sh|
t more than 2 s intervals. For longer burning times, 5 s intervals may be used.

Composite specimens

sed in a mannerAypical of end use conditions.

Dimensionally unstable materials

e con€ heater after ignition, shall be tested with the separation of 60 mm between th

r 10mm in
d 30 % of a

roduct shall
1 in 7.1. The
escribe the

of different
be exposed

all be taken

o

.3 and are

ples thatintumesce or deform so that they contact the spark plug prior to ignition, or the underside

b base plate
(see 10.2.5)

econe heater and the upper surface of the specimen. In this case the heater calibration
1|1 " Fvitthet 4 C 60 et 1 : 1

late. It shall

be stressed that the time to ignition measured with this separation is not comparable to that measured
with the separation of 25 mm.

Other dimensionally unstable products, for example products that warp or shrink during testing, shall
be restrained against excessive movement. This shall be accomplished with 4 tie wires, as described
below. Metal wires of (1,0 + 0,1) mm diameter and at least 350 mm long shall be used. The sample shall
be prepared in the standard way as described in Clause 8. A tie wire is then looped around the sample
holder and retainer frame assembly, so that it is parallel to and approximately 20 mm away from one
of the 4 sides of the assembly. The ends of the wire are twisted together such that the wire is pulled
firmly against the retainer frame. Excess wire is trimmed from the twisted section before testing. The
3 remaining wires shall be fitted around the specimen holder and retainer frame assembly in a similar
manner, parallel to the three remaining sides.
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Materials that distort so extensively that they cannot be held by 4 wires should be tested using the fine
wire grid made of (0,8 £ 0,1) mm with wire spacing of (20 + 2) mm shown in Figure 8.

Materials that intumesce in a fluid phase such that molten materials overflows the edge frame or seep
between the edge frame and the specimen holder invalidate the test. Therefore, such materials should
be tested without the edge frame and should be housed in 0,1 mm thick aluminium tray wrappings
which extends 10mm above the top edge of the test specimen.

7.6 Materials that require testing under compression

Materials, such as fibres, which need to be both physically restrained or compressed to be tested at
installed d¢nsities should be tested in a wire cage structure made of (1,0 = 0,1) mm steel wirg with
(9 £ 1) mm $pacing as shown in Figure 9, which provides appropriate artificial boundaries to enabl¢ the
materials tg be tested (see Clause 8.3.3).

8 Specimen construction and preparation

8.1 Specimens

8.1.1 Unless otherwise specified, three specimens shall be tested at each’level of irradiance selgcted
and for each different exposed surface.

8.1.2 The|specimens shall be representative of the product and shall be square with sides measyring
100 _) mm|

8.1.3 Proflucts with normal thickness of 50 mm or less’shall be tested using their full thickness.

8.1.4 For|products with a normal thickness of greater than 50 mm, the requisite specimens shall be
obtained by] cutting away the unexposed face todeduce the thickness to 50 mm.

8.1.5 When cutting specimens from products with irregular surfaces, the highest point on the sufface
shall be arrgnged to occur at the centre-of the specimen.

8.1.6 Ass¢mblies shall be tested as specified in 8.1.3 or 8.1.4 as appropriate. However, where
thin materipls or composites\ate used in the fabrication of an assembly, the nature of any under]ying
constructiof, including any-ait gaps, can significantly affect the ignition and burning characteristifs of
the exposed surface.

The influenfe of the‘underlying layers shall be understood and care taken to ensure that the test result
obtained or] any assembly is relevant to its use in practice.

When the preduct is a material or composite which would normally be attached to a well-defined
substrate, it shall be tested in conjunction with that substrate using the recommended fixing technique,
for example bonded with the appropriate adhesive or mechanically fixed. In the absence of a unique
or well-defined substrate, an appropriate substrate for testing shall be selected in accordance with
ISO 14697.

8.1.7 Products that are thinner than 6mm shall be tested with a substrate representative of end-use
conditions, such that the total specimen thickness is 6 mm or more. However, some products thinner
than 6 mm could be tested in specific cases and placed directly above refractory fibre blanket. This shall
be mentioned in test report.
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8.2 Conditioning of specimens

Before the test, specimens shall be conditioned to constant mass at a temperature of (23 + 2) °C, and a
relative humidity of (50 = 5) % in accordance with ISO 554.

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

Materials such as polyamides, which require more than one week in conditioning to reach equilibrium
may be tested after conditioning in accordance with 1SO 2911, This period shall be not less than one

wee

8.3

8.3.]

A co
thicl
cove
the
be W
mor
aroy
sped
shal

For 1
used

8.3.2

All s
com

| 1 111 | | . 4l i b o
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Preparation

|  Specimen wrapping

hditioned specimen shall be wrapped in a single layer of aluminium foil, of 0,025 mm
kness, with the shiny side towards the specimen. The aluminiumfoil/shall be pre-cut
r the bottom and sides of the specimen and extend 3mm or moré beyond the uppe
specimen. The specimen shall be placed in the middle of the foil and the bottom and
rrapped. The excess foil above the top surface shall be cutif necessary so that it doeg
e than 3mm above the top surface of the specimen. The“excess foil at the corners shg
nd the corners to form a seal around the top surface ofithe specimen. After wrapping, t
imen shall be placed in the specimen holder and céy¥ered by a retainer frame. No alu
be visible after the procedure is completed.

oft specimens, a dummy specimen having the;same thickness as the specimen to be te
to pre-shape the aluminium foil.

P Specimen preparation

pecimens (other than those that intumesce in a fluid phase or those that require te
pressing in specimen cages,@s in Clause 8.3.3) shall be tested with the retainer fran

Figulre 4. The following steps shall be taken to prepare a specimen for testing:

a)
b)

‘)

d)
e)

put the retainer frame owa flat surface facing down;
nsert the foil-wrapped specimen into the frame with the exposed surface facing down;

put layers of nefractory fibre blanket (nominal thickness 13mm, nominal density 65kg
lintil at least-one full layer, and not more than two layers extend above the rim of the fr

it the Sample holder into the frame on top of the refractory fibre and press down; and

Sécure the retainer frame to the specimen holder and re-invert the holder ready for tes

to 0,04 mm
to a size to
- surface of
sides shall
not extend
11 be folded
he wrapped
minium foil

sted may be

sting under
e shown in

m3) on top
me;

ting

8.3.3 Preparing specimens of materials that require testing under compression

a) Construct the specimen test cage shown in Figure 9 by forming a 241 mm x 101 mm sheet of steel
mesh, constructed from (1,0 = 0,1) mm steel wire with (9 + 1) mm spacing wire separation, around
a solid template 10 mm x 100 mm x 100 mm.

b) Remove the template and then pack the test material into the specimen cage such that the density
is that used in the installed use.

c) Testthe specimen as described in 8.3.1 but do not use the retainer frame
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nvironment

The apparatus shall be located in an essentially draught-free environment in an atmosphere of relative
humidity of between 20 % and 80 % and a temperature between 15 °C and 30 °C.

10 Calibration

10.1 Preli

minary calibrations

10.1.1 Generat

The calibra
experiment]
of the heatg
the oxygen
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manufactur

10.1.2 Irrg
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during this
the value to
output. Aft
weighing de
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10.1.4 We

Set the heig
frame. Placg

Lions in this section, except for that in Clause 10.1.7, shall be performed before condug

ting

s, when commissioning a Cone calorimeter; or after maintenance, repair or replacement

r assembly or irradiance control system (10.1.2), the weighing device (10.1.3*and 10
analyser or other major components of the gas analysis system (10.1.57and 10.1.6).
Lests to determine the effect of side screens in 10.1.7 are conducted atthe time the scr
d. For a new instrument that is delivered with side screens, this~shall be done by
er.

pdiance control system response characteristics

v rate of (0,024 + 0,002) m3 s~1. After reaching equilibritim of the heater, record the ave
erature. Test a specimen of black poly(methyl-methacrylate) (PMMA), without the rets
rding to the procedure in Clause 11. The PMMA\specimen shall have a thickness of at
Falidity of the test shall be checked against thezexpected average heat release rate reco
t three minutes following ignition for the specific batch of PMMA which should be prov
lier. During the test, record the average heater temperature at 5 s intervals.

jghing device response time

bater shall not be turned on forthis calibration. Place an empty specimen holder w
r mass on the weighing device: The mass accounts for the retainer frame, which is not

zero. Gently add a second'mass of (250 + 25) g on the holder and record the weighing d
er equilibrium is reached, gently remove the mass from the holder, and again record
vice output. Determine the response time of the weighing device as the average of the t
hing device output to change from 10 % to 90 % of its ultimate deflection.

jghing device output drift

Tht of\the cone heater to the same position as when testing a specimen with the retd
e athermal barrier on the weighing device. Turn on power to the exhaust fan and cone he

1.4),
The
eens

the

ver to the cone heater and the exhaust fan. Set an irrddiance of (50 = 1) kW m2, and an
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iner
east
rded
ided

th a
sed

calibration. Measure the weighing device output, and mechanically or electronically adjust

vice
the
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ater.
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equilibrium of the heater temperature, remove the thermal barrier and place an empty specimen holder
with a (500 = 25) g mass on the weighing device. The mass accounts for the retainer frame, which is not
used during this calibration. After equilibrium is reached, with an interval of at least 5 s measure the
weighing device output and mechanically or electronically adjust the value to zero. Gently add a second
mass of (250 * 25) g on the specimen holder. After equilibrium is reached, record the weighing device
output. After 30 min, record the weighing device output. Calculate the drift of the weighing device
output as the absolute value of the difference between the mean of 12 initial and 12 final values.

10.1.5 Oxygen analyser delay and response times

The cone heater shall not be turned on for this calibration. Turn on the exhaust fan, and set an exhaust
flow rate of (0,024 + 0,002) m3 s~L. Determine the delay time of the oxygen analyser by delivering a
methane flow rate equivalent to (5 * 0,5) kW to the calibration burner. Light the burner outside the
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hood and allow the flame to stabilize. Quickly introduce the burner underneath the hood, and leave
the burner in position for 3 min. Then, remove the burner from underneath the hood and turn off
the methane supply. Record the output of the analyser from the moment of insertion of the burner
underneath the hood, until 3 min after removal of the burner. The turn-on delay is the time difference
between insertion of the burner and the oxygen reading reaching 50 % of its ultimate deflection.
Calculate the turn-off delay similarly. The delay time ¢, is the average of at least three turn-on and turn-
off delays. The oxygen concentration at a given time shall be taken as the concentration registered after
the time interval ¢.

The response time of the oxygen analyser is calculated as the average for the turn-on and turn-off
experiments of the time for the oxygen analyser output to change from 10 % to 90 % of its ultimate
defl¢ction.

The jultimate deflection is taken as the average oxygen concentration between 1 min.and|3 min after
insertion (or removal) of the burner.

10.1.6 Oxygen analyser output noise and drift

The [cone heater shall not be turned on for this calibration. Turn on the g€xhaust fan, and set an exhaust
flow| rate of (0,024 + 0,002) m3 s1. Feed the oxygen analyser with oxygen-free nitrogen gps. After 60
min)switch to dried ambient air from the exhaust duct at the normal flow rate and pressure as for the
sample gases. After reaching equilibrium, adjust the oxygen analyser output to (20,95 * 0,01) %. Start
recofding the oxygen analyser output at a maximum of 5 s intervals for a period of 30 min{ Determine
the drift by use of a least squares fitting procedure to fit a straight line through the data pojnts. For the
strajght line fit, the absolute value of the difference between the reading at 0 and at 30 mir represents
the short-term drift. Determine the noise by computing the root-mean-square deviation [around the
linegr trend line according to the following formula:

‘ms —

M)

where x; is the absolute difference between the data point and the linear trend line.

Recqgrd this rms noise value in.térms of pl/1 of oxygen.

10.1.7 Effect of side screens

To ¢valuate the effect of side screens on the test results, six specimens of black poly(methyl
methacrylate) (PMMA) of thickness between 17 and 26 mm shall be tested at (50 + 1) kW m~2 without
the retainer frame, according to the procedure described in Clause 11. The first three tejsts shall be
conductedwith the screens removed, the remaining three tests with the screens in place. The screens
are permifted if the differences between the average values of tj,, g 180, and g max for the two test

serigs-dre found to be statistically insignificant according to a two-sided t-test at a significdnce level of

5 %. This t-test shall be performed for the three variables (ti5, g 180, and g max) according to the

following procedure.

a) for the two series of three tests, calculate the averages via
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10.2 Opern
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5 successful if the value of the test statistic does net-exceed 2,776, or if the two aver

ating calibrations

10.2.1 General
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calibration.

hg calibrations shall be performed-at the start of testing each day, in the order given bg
Calibration shall also be performéed when changing to a different irradiance level.

jghing device accuracy,

g device shall be calibrated with standard weight pieces in the range of the test speci

(4)

6)

ages

low.

men

cone heater shall\be turned off and the apparatus shall be cooled down to ambient

e before this calibration is performed. Place an empty specimen holder with a (500 + }
e weighing device. The mass accounts for the retainer frame, which is not used during
Measure-thie weighing device output, and mechanically or electronically adjust the

to zero. Gently adda“mass between 50 g and 200 g on the holder and measure the weighing de

output afte
the same r4

" it peaches a steady value. Repeat this procedure at least four times after adding mass
nge."At the end of the calibration, the total mass on the holder shall be at least 500 g,
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this
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weighing device output recorded during the calibration. It shall be better than 0,3 g.

10.2.3 Oxygen analyser

the

Zero and calibrate the oxygen analyser. This calibration may be performed with the cone heater
operating or not, but shall not be performed during heater warm-up. Turn on the exhaust fan, and set
an exhaust flow rate of (0,024 + 0,002) m3 s~1. For zeroing, feed the analyser with oxygen-free nitrogen
gas, with the same flow rate and pressure as for the sample gases. Adjust the analyser response to
(0,00 = 0,01) %. Calibration shall be similarly achieved using dried ambient air and adjusting for a
response of (20,95 * 0,01) %. Carefully monitor analyser flow rates and set to be equal to the flow rate
used when testing specimens. After each specimen has been tested, ensure that a response level of
(20,95 £ 0,01) % is obtained using dried ambient air.
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10.2.4 Heat release rate calibration

Perform a heat release rate calibration to determine the orifice constant C. This calibration shall be
performed with the cone heater operating or not, but shall not be performed during heater warm-up.
Turn on the exhaust fan, and set an exhaust flow rate of (0,024 + 0,002) m3 s~L. Start collecting baseline
data at 5s intervals for a period of at least 1-min. Introduce methane into the calibration burner using a
calibrated flow meter or controller at a flow rate corresponding to g, = (5 # 0,5) kW based on the net
heat of combustion of methane (50,0 x 103) k] kg~1. Allow the methane to burn at a constant rate for
3 min then collect data at 5s intervals over a 3-min period. Calculate the orifice constant C according to
Formula (6) in Clause 12, usmg averages over the three-min period of the measured values of ¢,, T,, AP,

ing the 1-min

An dlternate procedure for performing this calibration consists of burning a suitable liqyid fuel (e.g.
ethanol) in a special pan that is placed on the weighing device. The average theoretical heat felease rate
is then obtained as the total mass of fuel burnt multiplied by the net heat of combustion of the fuel, and
dividled by the duration of flaming.

10.2.5 Heater calibration

At the start of testing each day, or when changing to a differentirradiance level, adjust th¢ irradiance
contfrol system so that the conical heater produces the requiredisradiance to within + 2 %, g4s measured
by the heat flux meter. No specimen or specimen holder shall be' used when the heat flux metef is inserted
into the calibration position. Operate the cone heater for atleast 10 min when stable at set ppint.

10.3 Smoke meter calibration

10.3.1 Calibration with neutral density filters

The [smoke meter shall be calibrated to read correctly (k to within 0,1 m™1) for the fwo neutral
dendity filters specified in 6.19, and 100.% transmission. This neutral density filter calibrgtion will be
perfprmed at least every year or upon reassembling of the optics after cleaning and maintepance.

10.3.2 Calibration before test

Immnlediately before eachtest, the zero value of extinction coefficient (100 % transmission)|shall be set
by hardware or softwate)as appropriate.

10.4 Less frequent calibrations

10.4.1 Operating heat flux meter calibration

At nlaximum intervals of 100 working hours, check the operating heat flux meter against the reference
heatlflux meter using one of the procedures described in-Annex H,or the proceduresdescribed in
[SO 14934-3. Comparlsons shall be made at irradiance levels of (10, 25 35, 50, 65 and 75) KW m=2, The
readings from the two meters shall agree to within + 2 %. If the operating heat flux meter is found
to disagree with the reference meter by more than + 2 % the operating heat flux meter should be
recalibrated and re-checked against the reference meter. If the operating heat flux meter cannot be
brought to within a *+ 2 % agreement over the entire range the operating meter shall be replaced.

10.4.2 Linearity of heat release rate measurements

At maximum intervals of 100 working hours, with the instrument calibrated at 5 kW according to
10.2.4, perform a further calibration with a flow rate corresponding to 1 kW = 10 % and 3 kW + 10 %,
using the basic procedure as described in 10.2.4. With the value for C from the 5 kW calibration, the
measured heat release rate at 1 and 3 kW shall be within + 5 % of the set value.
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10.4.3 Accuracy of calibration burner flow meter

The accuracy of the calibration burner flow meter shall be verified every 6 months or when the
calibration factor determined according to 10.2.4 differs by more than 5 % from the value obtained
during the first heat release rate calibration following the previous flow meter verification. To verify
the accuracy of the flow meter, perform the burner calibration described in 10.2.4, with a reference
flow meter in series with the operating flow meter. During the 3-min period of data collection, both flow
meters shall agree to within * 3 %. If the difference between the two measurements exceeds + 3 %, the

operating flow meter shall be re-calibrated as recommended by the manufacturer.

Alternatively, set the flow through the mass flow meter to a flow rate corresponding to g, = (5 + 0,5) kW.

Then turn
meter. Turn
If the differ
calibrated 4

11 Test procedure
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ence between the two measurements exceeds * 3 %, the operating flow metershall b
s recommended by the manufacturer.

ral precautions

— So that suitable precautions are taken to safeguard health, the attention

cedures involve high temperatures and combustion processes. Therefore, hazards can

h and removal of test specimens. Neither the cone heater nor the associated fixtures
while hot except with the use of protective’gloves. Care shall be taken never to touck
r which carries a substantial potential (10 kV). The exhaust system of the apparatus

for proper operation before testing and shall discharge into a building exhaust system

pacity. The possibility of the violentejection of molten hot material or sharp fragments

of specimens when irradiated cannot totally be discounted and it is therefore essential
on be worn.

ck the CO, trap and the moisture traps. Replace the chemicals if necessary. Drain
]l water in the cold trap separation chamber. The normal operating temperature of the
t exceed 4 °C;

traps ord{ilters in the gas sampling line have been opened during the check, the gas samj
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the gas sampling ring probe. The oxygen analyser shall then read zero.
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11.2.2 Adjust the distance between the base plate of the cone heater and the upper surface of the
specimen as specified in 6.6 or 7.5.

11.2.3 Turn on power to the cone heater and the exhaust fan. Power to the gas analysers, weighing
device and pressure transducer shall not be turned off on a daily basis.

11.2.4 Set an exhaust flow rate of (0,024 + 0,002) m3 s~1,

11.2.5 Perform the required calibration procedures specified in 10.2. Put a thermal barrier on top of
the weighing device (for example, an empty specimen holder with ceramic fibre blanket or water cooled

16
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radiation shield) in place during warm up and between tests to avoid excessive heat transmission to the
weighing device.

11.2.6 The zero value of the extinction coefficient shall be set prior to every test.
11.3 Procedure

11.3.1 Start data collection. Collect one minute of baseline data. The standard scan interval is 5 s, unless
a short burning time is anticipated (see 7.3).

11.3.2 Insert the radiation shield in position (see 6.3). Remove the thermal barrier, pritecting the
weighing device (see 11.2.5). Place the specimen holder and specimen, prepared according t¢ Clause 8.3,
on thhe weighing device.

The fadiation shield shall be cooler than 100 °C immediately prior to the insertion.

11.3.3 Insert the spark plug and remove the radiation shield in the correct sequence accofding to the
type|of shield that is used, as described below.

For type a) shields (see 6.3), remove the shield and start the test.Within 1s of removing the shield,
inseft and power the igniter.

For fype b) shields (see 6.3), remove the shield 15 s after theinsertion and start the test. Within 1s of
remgving the shield, insert and power the igniter.

11.3.4 Record the times when flashing or transitery flaming occurs. When sustained flanhing occurs,
recofd the time, turn off the spark, and remove the spark igniter. If the flame extinguishes [in less than
60 sffter turning off the spark, re-insert the spark igniter and turn on the spark within 5 s, dojnot remove
the gpark until the entire test is completed.:Report these events in the test report (Clause 13].

11.3.5 Collect all data until either:

a) P2 min after the time to sustained flaming (the 32 min consist of a 30 min test peifiod, and an
hdditional 2 min post-test period to collect data that will be time-shifted). Data are processed to
Lhe time to sustained flaniing plus 30 min.

b) BO min have elapsed’and the specimen has not ignited;

c) Ko, returns tg\a/value greater than the pre-test value minus 100 ul/1 of oxygen conceptration for
10 min. The.€nd of test is the beginning of the 10 min period

d) fthe mass:wofthe specimen islessthan 0,1 g for 60 s. The end of test is the beginning of the[60 s period.

iwhichever occurs first, but in any case, minimum test duration shall be 5 min. Observe and record

hyicical chongac to thao carnnla ol oo coaltin g coalling and cra o g
Ty Stea- e g e 5to—+trt-Sahpre-Stuetrasert g, SWwetttht S artatratctt roy

11.3.6 Remove specimen and specimen holder. Put a thermal barrier on top of the weighing device.

11.3.7 Three specimens shall be tested and reported as described in Clause 13. The 180 s mean heat
release readings shall be compared for the three specimens. If any of these mean readings differ by more
than 10 % from the arithmetic mean of the three readings, then a further set of three specimens shall be
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tested unless the mean value is less than 10 kW m~2. In such cases, the arithmetic mean of the set of six
readings shall be reported.

The smoke production rate test data shall not be discarded if piloted ignition does not occur, because
the production rate data may have relevance under non-flaming conditions. The zero value of the
extinction coefficient shall be verified prior to every test as part of the procedures specified in 11.2.

NOTE 1 The test data have limited validity if the specimen melts sufficiently to overflow the sample holder,
if explosive spalling occurs, or if the specimen swells excessively and touches the spark igniter or the heater
base plate.

NOTE2 T
Separate noy
production 1

ptes under non-flaming conditions.

12 Calculations

12.1 Gendral

The formulge from 12.2 to 12.5 assume that only O, is measured as indicated irthe gas analysis sy$tem
in Figure 6| Appropriate formulae for cases where additional gas analySis equipment (CO,, CO|and
possibly H,P) is used and CO, is not removed from the O, sampling lines'¢an be found in Annex G. If CO,
is removed from the O, sampling lines (even when CO, is separately’ measured), then the Formulap (6)
to (8) shall pe used.

The calculation for smoke obscuration is described in 12.6.

12.2 Calibration constant for oxygen consumptign analysis

The heat rdlease rate calibration specified in 10.24, shall be performed daily to check for the prpper
operation df the instrument and to compensate for minor changes in determination of mass flogw. A

calibration

malfunction. The calibration constant, C, is calculated using

more than 5 % different from thé-previous one is not normal and suggests instrugent

. a, i 1,105=1, 5X02 -
(1254%10%)(1,10) VAP~ x0 - X,
0, 2
where ¢, ¢orresponds to the-rate of heat release (in kW) of the methane supplied (see 10)2.4),
(12,54 x 10§) k] kg1 is ARy/p, for methane, 1,10 is the ratio of the molecular weights of oxygen and pir.
12.3 Heat|releasé rate
12.3.1 Pridrcto performing other calculations, calculate the oxygen analyser reading from the recopded
analyser data-and-the-delay-timetusing-the folowingformuda:
1
on(t) = on(t +ty) (7)
12.3.2 Calculate the heat release rate, Q(t) , from
. Ap Xg _Xo
H=(Ahn./r)1,100C |— ———— 8
4(t)= (M /7,)(1,10) ‘/Tc s Tiar, (®)

where Ah/r, for the specimen is taken as (13,1 x 103) kJ kg1, unless a more accurate value is known,
and X9, is determined as the average of the oxygen analyser output measured during the 1-min
baseline measurements.

18
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12.3.3 Heatrelease per unit area can be obtained from
C[A(t) =q(t)/ Ag 9

where 4, is the initially exposed area of the sample, 0,008 84 mZ2. In case where the retainer frame is not
used (see 8.3.2), A, is 0,01 m=2.

12.4 Exhaust duct flow rate

The mass flow rate, in kilo-grams per second, in the exhaust duct is given by

i, =C |22 (10)

12.5 Mass loss rate

12.5.1 The mass loss rate, —m, at each time interval can be calculated\using the following five-point
numferical differentiation formulae:

For the first scan (i = 0):

_ 25my —48mq +36m, —16m3 +3m,

-[m]; _ 11
[ ]1_0 12At ( )
For the second scan (i = 1):
: 3mgy +10my —18m, +6mz —m,
-[m],_{ = 12
[ ]1_1 12At ( )
For gny scan for which 1 <i < n-1 (where-iris the total number of scans):
(1], = —m;_p+8m;_ —8m;,q +my, (13)
12At
For the next to last scan (i ='n-1):
. =3m, <10m,_ +18m,,_, —6m,_3 +m,_4
-[m];_,_1 = 14
[ ]z_n—l 12A¢ ( )
For the last scatw{i = n):
(1] o = —-25m, +48m,_; —36m,,_, +16m,_3—3m,,_, (15)

12A¢

12.5.2 The mass loss rate which includes the “main” burning period, i.e. from 10 % of ultimate mass loss
being lost to 90 %, is given by

m,, —m 1

. 10 90

m = X — 16
A410-90 — T T A (16)

90 10 S

where

© IS0 2015 - All rights reserved 19


https://standardsiso.com/api/?name=299d7584be94ee2d0a45d251d0e5be9b

ISO 5660-1:2015(E)

Am

my =

My

NOTE

mg - mg
mg - 0,10 Am

mg-0,90 Am

Formulae for the effective heat of combustion, Ah ¢, are given in Annex D.

12.6 Smoke obscuration

12.6.1 Th
k=1In(I

12.6.2 Smg

Ps, A =

The volumg
with the or
Vs

(m

The value d
associated ¥

If 0,, CO,, C
Annex G.

12.6.3 The
(pre-ignitio

SA,l =/

and the tot
ignition) pe

SA,ZZ/

. 3 -1
\T)(12,2x10° M)

s i ££3 o3 £ 1. 2o 4 H Jd losx ]l 1 4+ 1 4. H £-11
CAUITCUTUIT CUTTIIUITITE, K, 1S UTTTT HIIIIICTU Uy UIT STTTURTTITICTCT TITT T UTIILS A5 TUTTU VWS,

/DL
ke production rate per unit area of exposed specimen is given by:
A~ kVs

tric flow rate at the smoke meter, VS ,is calculated from the mass flow rate measured

fice plate,m, , via

f T, is obtained from the thermocouple desckibed in 6.18 and not from the thermoco
vith the orifice plate mass flow measurement.

O and H,0 analysers are present; m, and M are obtained from Formulae (G.9) and (G.1

nh) period of the test shall becalculated from:
N
Y Vokat
i=s

1l smoke production per unit area of exposed specimen obtained during the flaming (j
riod of the test shall be similarly calculated from:

i=f %
W kat
i=s

(17)

(18)

(19)

uple

0) in

total smoke production per unit area of exposed specimen obtained during the non-flagning

(20)

host-

(21)

Where the values s and ffor i refer to the start and the end of the time period over which the average is
calculated. Thus, for the non-flaming phase, s refers to the start of the test and fto the time of the start
of sustained flaming. For the flaming phase (if any); s corresponds to the time of the start of sustained
flaming and f corresponds to the end of the flaming phase.

13 Test report

These test results relate only to the behaviour of the test specimens under the particular conditions
of the test. They are not intended to be the sole criterion of assessing the potential fire hazard of the
product in use.
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The test report shall be as comprehensive as possible and shall include any observations made during
the test and comments on any difficulties experienced during testing. The units for all measurements
shall be clearly stated in the report. Units defined in Table 1 shall be used in the report.

The following essential information shall also be given in the test report:

name and address of manufacturer/supplier;

frade name and specimen identification code or number;

kpecimen thicknessl), expressed in millimetres, and massl), expressed in grams. With
hnd assemblies a nominal thickness and density of each of the components shall be giv
with the apparent (overall) density of the whole;

Hetails of specimen preparation by the testing laboratery;

kpecimen mounting, face tested, and any speeial mounting procedures (i.e. for i

rradiancel) expressed in kilowatts per'square metre, and exhaust system flow ratel), e
humber of replicate specimens-tested under the same conditions (this shall be a minim;

fime to sustained flamihg!), expressed in seconds;

fest duration?), i.e. the time between the start of the test and the end according to 11.3.]
heat release.fate (per unit area), expressed in kilowatts per square metre, represented

average values!) for the first 180 s (g, 1g0), and 300 s (g 300), after ignition, g

composites
bn, together

ntumescent

xpressed in

hm of three,

), expressed

hs a curvel),

r for other

hppropriate periods and peakl) g, (ga mayx ), Values, expressed in kilowatts per squarg

metre.

For specimens which do not show sustained flaming, report the above quantities tabulated for
periods beginning with the next reading after the last negative heat release rate reading at the

beginning of the test. Certain specimens do not show visible, sustained flaming, but

do indicate

non-zero heat release rate values. There will be negative readings, in general, since before the

specimen starts burning the outputis 0 * noise.

Average heat release rate values shall be calculated using the trapezium rule for integration. For

example, with a 5s data collection interval, qu180 is obtained as follows:

a) name and address of test laboratory;
b) name and address of sponsor;
c)
d) pHate of the test;
e) pperator;
f)
g) Fomposition or generic identification;
h)
i)  rolour of the specimens;
j)
k)
kpecimen) that were used;
1) prifice flow rate calibration constant C;
m)
Cubic metres per second;
n)
bxcept for exploratory testing.
0)
p)
n seconds;
q)
Fecorded for the entire test;
r)
1) Report these items for each specimen.

© ISO 2015 - All rights reserved
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1) sum the rate of heat release rate values for 35 scans following the scan closest to ignition or
the first scan after the last negative value; if the test is completed before the 180s period has
elapsed, use the test average instead;

2) add half of the heat release rate measured at the scan closest to ignition or the first scan after
the last negative value, and at the 36th scan after the scan closest to ignition or after the first

SCa

n after the last negative value;

3) multiply the sum obtained in step 2 by the scan interval (5) and divide by 180;

s) total heat released by the spec1men1) expressed in mega]oules per square -metre. The total heat

shall b
occurrd

The tot
In this

occurring at the beginning of the test;

t) massl)
u) sample
loss, m
ignitior
V) averagg
second
w) values
x) additio

y) difficul

z) total sy
specim

aa) total sgoke production per unit.area of exposed specimen over the flaming phase for ¢

specim
bb) total sn

cc) agraph
(Ps a Ve

dd) the exp|

ht sustained flaming, mg, and mass remaining after the test, mg, both expressed in gram

mass lossl), expressed in grams per square metre, and the averagé'rate of specimen nass

expressed in grams per square metre second (g m~2 s~1), computed over the period bety
and the end of the test;

rate of specimen mass loss per unit areal), m , 1.9, expressed in grams per square nj
(g m~2s71), computed over the period between 10 % and 90 % of mass loss;

letermined in items 0), p), 1), s), t), u) and v),averagéd for all replicates;
hal observations?), such as transitory flamingor flashing;
Lies encountered in testingl), if any,

hoke production per unit area of exposed specimen over the non-flaming phase for ¢
en (Sp 1)

bn (SA’Z).
poke production per gnit area of exposed specimen for every specimen (S, =Sy 1 + Sy 5)

showing the rateef smoke production per unit area as a function of time for every speci
sus time), showing the time at first ignition.

0sed surface area of the test specimen (4).

veen

etre

very

very

men
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ressure ports

rifice plate

hermocouple (located on stack centreline)
ood

lower

eater

as samplingrihg probe

8
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13
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13

spark plug

optional screens

blower motor

retainer frame and specimen
specimen holder

weighing device

smoke measurement section

Figure 1 — Apparatus
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Dimensions in mm
110 0,5

90 +0,5

65 +0,5

177 0,5

197 0,5

Key
inner shdll
refractory fibre packing
thermocquple

outer shdll
space bldck

N U1 A W N

heating eJement

Figure 2 — Cone heater
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Dimensions in mm
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Figure 83— Specimen holder
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Dimensions in mm
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1 tapped holes in 4 plages (M3 or 10 x 32 recommended)
Figure 4 — Retainer frame
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Dimensions in mm
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Figure 5 — Exhaust system
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2
b C
~ _ 8
3] & 5 6 5 7
[ ] [ ] [ ] —
U 1 T 1 I 1 I 1 I
a
gas samppling ring probe 7 flow controls
particulpte filter 8 oxygen analyser
optional cold trap 2 To optional CO, and CO analysers:
pump b Waste.
moisturg trap ¢ Alternative position forywaste.
optional CO, removal trap
Figure 6 — Example for gas sampling and measurement system
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6

C
Key
1 |cap 6  ceramic fibre packing
2 |beam splitter a \He-Ne laser beam (0,5 mW).
3 [purge air orifices b To compensater detector.
4  f[filter slot ¢ To main detector.
5 |opal glass d  Optical path.

Figure 7 — Cress section of typical smoke measuring arrangement
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Figure 9 — Wire cage for materials that require testing under compression
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Introduction
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This
info

A2

A.2.
typi

its e

ignitle, if at all. The size of the fire from any items already burning$hall be known due to its ¢
e external irradiance on nearby items. Flame spread overneach surface shall also be evd
release rate from the whole surface is then determined\knowing the heat release rate p

to th
heat]
for a
then

A2.
a)
b)
‘)

A.2.
for 4
fires

For ¢
initi
50 Kk

annex aims to provide the test operator, and perhaps the user of the test results, with
mation on the method, the apparatus and the data obtained.

Heat release rate measurements

| Heatrelease rate is one of the most important variables in determinihg the hazard fro

valuation quite complex. A determination should first be made*when each separate

given irradiance, as a function of time, as evaluated tising this bench scale test. The tota
involves a summation over all surfaces for all materials.

D

P Factors which complicate the calculation©f‘the heat output of a fire are:
the different burning durations for each(individual material involved;
the geometry of each surface, and

the burning behaviour of the material i.e. melting, dripping, or structural collapse.

B The test method does ot prescribe the irradiance levels. These should be determine
ach product to be asgessed. For given applications and products a comparison with son
is generally necessary to determine the time period over which heat release is to be calg

xploratory testing, it is recommended to use the spark igniter and an irradiance value o
hlly; in the abiSence of further specifications from the sponsor, tests at 25 kW m=2, 35 |
W m~2 are'recommended. Results obtained then suggest whether additional testing

al fire, many items composed of many surfaces contribute to the.development of a fire, {

background

m a fire.In a
hus making
surface will
ontribution
iluated. The
er unit area
| fire output

1 separately
he full-scale
ulated.

f 35 kW m—2
kW m~2 and
at different

irradlianceevéls is desirable.

hbstantially
cur for that

(10 W
specimen.

A.3 Choice of operating principle

A.3.1 A number of apparatuses have been developed for measuring heat release rate. Traditionally,
the simplest is a direct measurement of flow enthalpy from a chamber thermally lagged to present
an adiabatic environment. A truly adiabatic apparatus, with the use of guard heaters, is possible, but
would be prohibitively expensive. A combustion chamber that is insulated in a simpler manner leads to
a significant under-measurement of the heat release, so that only an empirical calibration is possible.
Furthermore, that calibration may be sensitive to the sootiness of the combustible. A more advanced
scheme is an isothermal instrument, with the heat release rate taken to be that which shall be supplied
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by a substitution burner to maintain isothermal conditions. This scheme gives better results, however, its
practical implementation is complex and costly.

A.3.2 It is difficult to measure heat directly without some loss. However, it is simple to contain the
total products of combustion without loss and to measure the oxygen concentration in that stream.
Heat release can be computed from such measurements using the oxygen consumption principle. This
principle states that for most common combustibles an amount of heat equal to (13,1 x 103) K] is released
for each kilogram of oxygen consumed from the air stream. This quantity varies by about + 5 % for most
common combustibles. This principle forms the basis of the test method detailed in this part of ISO 5660.
The method remains useful even if a significant fraction of the products become CO or soot rather than
CO,; in thes i i

Excessively|high CO concentrations which could result from a restricted oxygen supply, cannot o
under the nprmal operating conditions of this test method since oxygen intake is not restricted.

ccur

A.4 Heater design

imal
or a
e in

A.4.1 Expgrience with various heat release rate measurement techniques suggests that for min
errors in ifradiance, the specimen should see only either a thermostatically controlled heater,

water-cooldgd plate or open air. Nearby solid surfaces, if they are not temperature controlled, can ri
temperaturg due to specimen flame heating and can then act as furthersources of radiation back t¢ the
specimen which can lead to errors. Furthermore, when oxygen consumption is used as the measure;F'\ent
principle, a gas-fired heater is not desirable because it can contribute-a noisy baseline to oxygen readjings,

even thoug

A.4.2 The
include high
design. In t
while the ¢
ensures the

A.4.3 Dud

A.5 Pilot

Ignition of
difficulties
and sooting
by draught
specimen. A
igniter. The

allowance can be made for its oxygen consumption.

heater, in the shape of a truncated cone, initiallyrndeveloped for ISO 5657 has been modifi
er irradiance, temperature control, flow stréamline improvement and to be of a more ru
ne horizontal orientation, the conical shape approximately follows the fire plume conf]

flames do not reach the sides of thecone.

to the shape of the heater, the apparatus is commonly referred to as the Cone calorimetg

ignition

fest specimens in‘many apparatuses is achieved by a gas pilot. This however can pr¢g
Wwhen assessing heat release due to its contribution to heat output, deterioration of ori

b and fire~retardants, and most importantly, additional heat should not be applied tq
\n electric’spark is free of most of these difficulties and has therefore been adopted a
spark’igniter requires only occasional cleaning and adjustment of the electrodes.

bd to
bged
ours

entral hole allows the stream to emerge“without impacting on the heater. Air entrainnent

b1,

sent
fices

Its design is.also difficult since it should be centrally located, be resistant to extinguishiment

the
t the

A.6 Back face conditions

The heat losses through the back face of the specimen can have an influence on the burning rate near
the end of its burning time. For reproducible measurements the loss through the back face should be
standardized and this is achieved by using a layer of insulating material.

A.7 Light sources

The obscuration of light by an aerosol such as smoke occurs by two different phenomena: absorption
and scattering. For highly detailed aerosol science studies, these two components can be measured
individually. For fire safety concerns, however, normally only the total smoke obscuration is measured.
Smoke obscuration is, by definition, the total attenuation due to both absorption and scattering.
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Most early fire test methods such as the ASTM E662 [2] or the DIN test methods used a white-light
source and some collimating optics, with a photodetector for sensing the light energy. However, from
a theoretical point of view, polychromatic light is unsuitable for such measurement because Bouguer’s
law is valid only for monochromatic lightl2ll. Experimental studies [20] have confirmed theoretical
predictions of the errors introduced by using white light.

Errors of this type can be avoided by the use of monochromatic radiation. A monochromatic light
source can be created by filters or by monochromators. It is more convenient, however, to use a laser,
which is an intrinsically monochromatic source. Readily available helium-neon lasers provide such
monochromatic radiation at the red wavelength of 632,8 nm. A laser source has other advantages. As
the source has sufficiently high intrinsic collimation, no lenses are needed. It also has a narrow beam
whigh decreases errors due to multiple scattering.

A.8

Trad
the
Cong
are

Soot deposition on the optics

tmoke from
e windows.
corrections
roach to be
is provided
o the room
ng particles

itional smoke measuring equipment generally has incorporated windowsto exclude
ptics. This has undesired consequences since during a test, soot is dépoesited on theg
equently, the instrument sustains a drift of baseline and some approximate post-test

eeded. The availability of the very small diameter laser source allowed a different apy
taks}‘n in the design of the apparatusl23l. To avoid particle depositioron the optics, purging
by nmpaking use of the fact that the inside of the duct is at negative pressure with respect
outsfide. Furthermore, the beam tubes are purposely made long and narrow, so any ingressi
will deposit on the tube walls instead of on the optics further©out from the duct.

Photometer design

the source

nventional smoke photometer is a single-beam instrument. Thus, any changes in

sity due to power fluctuations, ageing, etc., are reflected directly as an error in th
signpl. Significantly better stability is obtaified by a dual-beam design, whereby there arg
detectors. One detector measures the smoke-attenuated light radiation, while the second d
meapures the source intensity, withoutany intervening smoke. By taking the ratio of these
a high degree of stability is introdueed into the measuring system. Such a dual-beam arrj
proyiided in the present instrument(241.

The [laser photometer assembly’is made of two pieces rigidly mounted to each other, but n
coupjled to the exhaust ductonly by resilient gaskets. This technique isolates the photo
vibrations of the exhadstfan. The photometer can be used by either using an electronic
takes the two detector signals and gives a final output directly in terms of the extinctior
k, or{ by taking the‘two detector signals into the data collection system and performing thg
within the dataréduction process.

The |calibration of the photometer is done with the use of two optical filters of differing
valups which are inserted into a specially designed slot in the photometer. The use of tv

b measured

two photo
btector only
Fwo signals,
ingement is

echanically
meter from
circuit that
coefficient
arithmetic

Attenuation
vo different
slot, located

valups’helps to verify that the calibration is linear. The photometer contains a second filter
in f —This i i i eams are in
balance. If the detectors are properly matched and the system adjusted, then attenuating the source
should not affect the final reading since both beams are equally attenuated.

The flow-through system used in the apparatus described in this part of ISO 5660 also minimizes other
problems common to smoke measuring equipment; e.g. excessive wall losses and nonlinear effects due
to soot overloading are endemic to closed-box smoke measurement systems. It was demonstrated by
extensive comparisons conducted by the Fire Research Station [22] that the present arrangement is less
prone to such errors.
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A.10Principles of smoke production rate measurement

The primary data from the photometer is expressed as the extinction coefficient, k. This is defined by
the formula:

k=1n (I,/1)L1 (A1)

where

I isthe attenuated beam intensity,

I

, Isthe beam intensity in the absence of smoke,

L is fhe optical path length across the exhaust duct.
The smoke production rate, P, is calculated using the formula:

» Lo

Ps = kY A.2)

where VS ig the volume flow rate.
The smoke production rate per unit area of exposed specimen, P ,, iscalculated using the formula

P

S

A= PJAT A.3)
where A is the exposed surface area of the test specimen.

A.11 The calculation of the volume flow rate

The mass flow rate in the exhaust duct VS is calculated as described in Clause 12. However, in ordgr to

calculate the smoke production rate it is neCessary to know the volume flow rate. This is derived from
the mass flgw rate using the formula:

. T L
Vo=t =r, —S A.4)
PoTo

where p is|the density of airatthe photometer and is calculated using the formula:
p =129 kg m3(27315K/T,) A.5)
The density of air atstandard temperature and pressure p, is 1,293 kg m~3, T, is the temperature i the

duct close tp the laser photometer, as determined by a thermocouple measurement at that location. No
corrections|are made for variations in pressure.

A.12 Smoke meter calibration using a calibration factor

Calibration using filters assumes that the system used to calibrate the filter is superior to the optical
system of the smoke meter. The photodiodes used in the smoke meter specify a high degree of linearity.
The optical density quoted for a commercially supplied filter is usually the average over a range of
wavelengths and the value at the frequency of the laser may not be this average value. Therefore the
use of a filter is better confined to use as a daily checking routine as to the functionality of the system
rather than as a primary calibration. The user may therefore calibrate by checking the zero and 100 %
transmission values and utilizing the linearity of the photodiodes.

If filters calibrated at the correct wavelength are used, the following routine may be followed.
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Place a filter in the beam between the duct and the detector. Collect data for a period of 60 s. The
measured calibration extinction coefficient, k4, is obtained from the formula:

ky = In(I/NL

(A.6)

where L is the light path length through smoke. The correct value, k5, is given by the formula:

k, = (2,303 D')L-1

where D’is the optical density of the calibration filter.

A co
mea

A

whe

Whe

and

A

rrection factor, k,/k,, is calculated from these two values and is used to correct,all
sured k values, thus:

(= (ky / kq ) ki

Fe k,, is the measured value.
re a calibration factor, F, is used it is calculated as follows:

= (ky/ky) L1

subsequent k values are calculated using the formula:

b= Fln (I,/])

© ISO 2015 - All rights reserved

(A7)

subsequent

(A.8)

(A9)

(A.10)

35


https://standardsiso.com/api/?name=299d7584be94ee2d0a45d251d0e5be9b

ISO 5660-

1:2015(E)

Annex B
(informative)

Supplementary calculations — Normalization to the mass loss rate

of the specific extinction area of specimen

For the ap
of the yield
specimen 1
smoke to th
134

o s

where

Vs
Am

—-

t

At any give
dividing the

=kV

o s

However, th
Calculation

The averagg
O_'f = (n

where

tcatiomrof smokedatatofire modets; it tssometimes desirabletoreport the dataimts
of smoke per unit mass loss of specimen, independent of the apparatus flow conditiony
jass. To do this the specific extinction area is defined as the ratio of the extinctioh ar
e mass loss of the specimen that is associated with the production of that smoke:

-1

Am 't

the specific extinction area, in square metres per kilogram;

the extinction coefficient, expressed per metre;

the volume flow rate of smoke at the point of measurement in a specified period in m3
the specimen mass loss in a specified period, intkilograms;

the period of time for Am, in seconds.

h time during the flaming phase of a test the specific extinction area can be calculate
smoke production rate by the mass-10ss rate:

(-m)

is formula should not be used if the mass loss rate factor is zero or less.
of the mass loss rate) m , is described in 12.5.

 specific extiriction area over the flaming phase of the test is given by:

=m0 Vokat
i:t-g

rms
and
pa of

[B.1)

2]

d by

B.2)

B.3)

mg

is the specimen mass at ignition

is the specimen mass at the end of the test.

The reported variables would be

a) 6f over the flaming phase for every specimen, and

b) agraph of o as a function of time for every specimen

The average specific extinction area is a useful parameter in fire modelling because it is not sensitive to
the scale of the fire. Thus, a value of ¢ obtained from a bench-scale test will be close to what is actually
realized in a fire, provided that the combustion conditions are similar.

36
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Additional information on smoke variables and their usage is given in references[1] and [26],

NOTE For materials containing absorbed water or molecularly bound water, mass loss measured will not
fully represent mass lost by combustion.
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C.1 Resc

Annex C
(informative)

Resolution, precision and bias

lution

Methane ca
itself) of +

within 2 %
with other

The unifory
can under 3
(methyl me
resolution i

C.2 Spe¢q

The limits
slowest res
pressure tr

C.3 Predision

The repeat
(now withd

NOTE T
2,8 x the sta

libration studies have shown typical fluctuations (due mainly to the turbulence of thef
,5 % in heat release rate with a linearity to within 5 % over a range of 1 kW tor12°kW,
over a range of 1 kW to 12 kW and within 2 % over a range of 5 to 12 kW:x(Calibrat
rases show similar results. Calibration gases can be delivered to the burnerat a steady
hity of solid-fuel combustion, however, is governed by the pyrolysis at(the surface, w
ome circumstances show substantial fluctuations. For instance, the fluctuations for
rhacrylate) are typically greater than for wood products. With solid-materials, thereforg
5 determined by the specimen pyrolysis process, rather than by instfument limits.

d of response

o the speed of response of any technique for measuting heat release rate are set by
ponding element. With this method this is the oxygen analyser. Response times o
hnsducer and thermocouple are usually considerdbly faster.

hbility r and reproducibility R in C.3land C.4 were calculated according to ISO 5725:
rawn) which was valid when the interlaboratory trials were conducted.

he current version of ISO 5725+1 reports r and R as 1 x the relevant standard deviation, rather
ndard deviation.

A set of i
functionall
25 mm blac

erlaboratory trials was’ conducted by ISO/TC 92/SC 1/WG 5. The protocol used
the same as described in this part of ISO 5660. The materials tested in these trials W
PMMA (p = 1 180.kg/m3), 30 mm rigid polyurethane foam (p = 33 kg/m3), 13 mm par
40 kg/m3), 3¢mm hardboard (p = 1 010 kg/m3),10 mm gypsum board (p = 1 110 kg
fire-retardant-treated particle board (p = 750 kg/m3). Three replicates of each mat
in two orientations (horizontal and vertical) and at two irradiance levels (25 kW m

ame
and
ions
rate.
hich
poly
, the

r the
the

1986

than

was
rere:
ticle
m3)
erial
and

orientations and number of replicates. Since the findings for rand R in the ASTM trials showed generally
similar trends, the data were analysed as a combined data set. ASTM data were excluded in the one
instance (i.e. for g, ,4,) Where instructions to the laboratories differed. Six laboratories tested the

following materials: 6mm fire-retardant-treated ABS (p = 325 kg/m3), 12 mm particle board
(p = 640 kg/m3), 6 mm Black PMMA (p = 1 180 kg/m3), 6 mm Polyethylene (p = 800 kg/m3), 6 mm PVC
(p =1 340 kg/m3) and 25 mm rigid polyisocyanurate foam (p = 28 kg/m3).

Values for repeatability r and reproducibility R at the 95 % confidence level were calculated for the
complete data set according to ISO 5725:1986 for five variables. Such values for r and R are equal to
2,8 x the appropriate standard deviation and include test results identified as “stragglers”. The variables

were chosen as being representative for the test results: tig, g, ., q4 150, Qaror and Ah ogr. A linear

regression model (Formula II in ISO 5725:1986) was used to describe r and R as a function of the mean
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over all replicates and over all laboratories for each of the five aforementioned variables. The regression
formulae are given below. The range of mean values over which the fit was obtained is also indicated.

The results for ¢, in the range of 5 s to 150 s were:

r=41+0,125t; (C.1)
R=74+0,220 t;, (€.2)

The results for ¢, in the range of 70 kW m~2 to 1120 kW m~2 were:

1=133+0131¢, (C.3)
R=604+0141¢G, (C4)

The fesults for G, ,4, in the range of 70 kW m2 to 870 kW m~2 were:

1=23,3+0,037 4, 150 (C.5)
R=255+0,151 G, ;g (C.6)

The fesults for Q, (.. in the range of 5 MJ/m? to 720 M]/mi¢were:

1= 74+ 0,068 Qp or (C.7)
R=118+0,088 Qy (C.8)

The fpesults for Ah ¢ in the range of 7K}/g to 40 k] /g were:
=123+ 0,050 Ah (C.9)

R =2,42 + 0,055 Ah, o (C.10)

The [meaning of these-formulae is best illustrated by means of an example. Suppose a labofatory tests
a sipgle sample of\a/certain material and determines that the time to ignition is 100 s. [[f the same
labofatory now:conducts a second test on the same material, the value of r is evaluated as:

r=41+0,125%100=17s

Then theprobability is 95 % that the result of the second test will fall between 83 s and 117 s. Suppose
now=na he-same-mrateriaHstested-byadifferen e-va ot Riseve ate as:

R=74+0,220x100=29s

Then the probability is 95 % that the results from the test at that laboratory will fall between 71 s
and 129 s.

C.4 Precision (test procedures for materials that intumesce or deform)

A set of interlaboratory trials on materials that intumesce or deform when subjected to heat was
conducted by ISO/TC 61/SC 4/WG3. The protocol used was functionally the same as described in
this standard, with a distance between sample surface and heater base plate of 60 mm (instead
of the standard 25 mm) as specified in Clause 7.5. The materials tested in these trials were: 9,6 mm
black PMMA, 4 mm PVC, 3 mm fire-retardant polypropylene, 5,8 mm polycarbonate, and 7,8 mm

© IS0 2015 - All rights reserved 39


https://standardsiso.com/api/?name=299d7584be94ee2d0a45d251d0e5be9b

ISO 5660-1:2015(E)

polycarbonate. Three replicates of each material were tested in the horizontal orientation, and at
50 kW m~2 by 10 laboratories.

Values for repeatability r and reproducibility R at the 95 % confidence level were calculated according

to ISO 5725:1986 for three variables; tig, q, . and Q4 ;o A linear regression model (Formula II in

ISO 5725:1986) was used to describe r and R as function of the mean over all replicates and over all
laboratories for each of the three aforementioned variables. The regression formulae are given below.

The range of mean values over which the fit was obtained is also indicated.

The results

for ti; in the range of 27 s to 167 s were:

r=2,340,255t;, (€.11)

R=2,310,652 ¢ (€.12)
The results|for g, . inthe range of 83 kW m2 to 855 kW m~2 were:

r=36,6/+0,064q, .. (€.13)

R=36,§+0,330 g, . (€.14)
The resultsffor Q, (., in the range of 27 MJ/m? to 319 M]/m? were:

r=15,5[+ 0,008 Q4 ¢, (€.15)

R=15Y+ 0,125 Qp ¢ (€.16)
A comparison of Formulae (C.1) and (C.2) $6- (C.11) and (C.12) reveals that repeatability [and
reproducibility of ignition time is worsened byrinicreasing the distance between the sample surfacqd and
the heater base plate to 60 mm. The repeatability of the remaining two variables does not seem fo be
affected [sefe Formulae (C.3) and (C.7) ysi(C.13) and (C.15)], but reproducibility is slightly worse for the
60 mm disthnce [see Formulae (C.4) anigh(C.8) vs. (C.14) and (C.16]].
C.5 Bias|in heat releasedméasurement
For solid spgecimens of ugknown chemical composition, as used in building materials, furnishingg, etc
it has been Hocumented that the use of the oxygen consumption standard value of Ah/r, = (13,1 x[103)
kJ/kg oxygen, resultsyin an expected error band of + 5 %. For homogeneous materials with only a
single pyrolysis meehanism, this uncertainty can be reduced by determining Ah, from oxygen bomb
measureme¢nts<and r, from ultimate elemental analysis. For most testing, this is not practical gince
specimens pfe)usually composites, non-homogeneous or exhibit several degradation reactions] For
reference materials, however, careful determination of An,/r, can make this source ol uncertainty

substantially less. See Figures C.1, C.2 and C.3.
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Figure C.1 — Values of r and R of t;, forintamescent material
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Figure C.2 — Values of rand R of ¢ 5 .., for intumescent material
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Figure C.3 — Values of r and R of Q 4 ,, for intumescent material
C.6 Smoke precision

A series of interlaboratory tests for this part of ISO 566@was carried out, among seven laboratorief, on

five specim
project of
area (m? kg

bns simulating upholstered furniture composites in the European fire research prograi
BUF (Combustion Behaviour of Upholstered Furniture). In these tests, specific exting
1), which is based on the measurement of extinction coefficient of smoke and mass lo

mme
tion
ss of

uring the tests, was obtained incaddition to heat release data. This parameter is explained
. Although this parameter is-specified as an informative parameter, the results of the
ory tests give precision data'on smoke generation measurement method.

specimen d
in Annex B
interlabora

Table C.1 p ered

furniture.

Fesents the contents ofithe specimen which are combination of materials of upholst]

Table CA+=Combinations of materials of upholstered furniture

Back-coated acrylic fabric, 546 g m=2, non-fire retarded high resilient polyurethane foa
23 Kkg m3

Fire retarded cotton fabric 422 g m~2, combustion modified high resilient foam, 30 kg

Combinatiofp 1.

w

Combinatiop 2.
Combinatio+ B«
Combination 4.

Polypropylene fabric, 264 g m=2, non-fire retarded polyurethane foam, 21 kg m=3

Wool fabric, 432 g m~2, combustion modified high resilient foam, 30 kg m=3

Combination 5.

Same as combination 1 but includes Kevlar interliner, 65 g m=2

Table C.2 presents the data for repeatability r and reproducibility R as well as average value m. The
analysis was carried out according to ISO 5725:1986 which was valid when the tests were conducted.

Table C.2 — Repeatability and repoducibility of specific extinction area (m2/kg)

Specimen Laboratories reporting m r R

Combination 1: 6 399 93 366
Combination 2: 5 108 60 076
Combination 3: 6 499 91 112

42 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=299d7584be94ee2d0a45d251d0e5be9b

ISO 5660-1:2015(E)

Table C.2 (continued)

Specimen Laboratories reporting m r R
Combination 4: 6 241 27 056
Combination 5: 5 341 93 333

Alinear regression model specified in ISO 5725:1986 can be used to describe r and R as functions of the
mean. The following formulae are obtained from the data in Table C.2.

r=28,83+0,14 m (€.17)

R = 15,03 + 0,56 m (C.18)

C.7| Bias in Smoke production measurement

The pias of this test method is unknown.
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