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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governn
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting.| Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 92, Fire safety,"Subcommittee SC 1, Fire init

nsists of the following parts, under the general title Reaction to fire tests for floorings:
Determination of the burning behaviour using a radiant heat source

Determination of flame spread at a heat flux-level of 25 kW/m?2
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Introduction

ISO/TR 5658-1 describes the development of standard tests for flame spread and explains the theory of flame

spread, including horizontal flame spread over floorings.

Floorings are not readily involved in fires but if fire develops due to other contents of a building burning, then

ﬂ o sionita ana it it ba abhla ta datareaina sy hathaorthao floorino oA~ $
ooripgs-may-grite-and-tisrecessary-to-be-able-te-determine-whetherthe-flooring-will-propagate

This|part of ISO 9239 provides a simple method by which horizontal surface spread of flame-on
spedimen can be determined for comparative purposes.

flames.

a horizontal

Fire [is a complex phenomenon: its behaviour and its effects depend upon a number of interrelated factors.
The pehaviour of materials and products depends upon the characteristics of the-fire, the method jof the use of

the raterials and the environment in which they are exposed. The philosophy-of “reaction to
explained in ISO/TR 3814.

A tegt such as is specified in this part of ISO 9239 deals only with a(simple representation of
aspgct of the potential fire situation typified by a radiant heat source{and flame; it cannot alone
diredt guidance on behaviour or safety in fire.

CAUTION:

The |possibility of a gas-air fuel explosion in the test*chamber should be recognized. Suitablg

consjistent with sound engineering practice should betinstalled in the panel fuel supply system. T}
include at least the following:

— B gas feed cut-off which is immediately_activated when air and/or gas supply fail;

— B temperature sensor or a flame detection unit directed at the panel surface that stops fuel fl
banel flame goes out.

Attenption is drawn to the possibility that toxic or harmful gases may be produced during exp
spedgimens. In view of the potential hazard from products of combustion, the exhaust system shall

fire” tests is
a particular

provide any

safeguards

hese should

bw when the

bsure of the
be designed

and joperated so that the laboratory environment is protected from smoke and gas. The operator shall be

instriicted to minimize his-exposure to combustion products by following sound safety practice, el

that the exhaust system is working properly, wearing appropriate clothing etc. The operator sh
awaie that the walls-and fittings of the test chamber become hot during the test and gloves shoul
avoid burns.

g., ensuring
buld also be
d be worn to
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Re
Pa

action to fire tests for floorings —

rt 2:

Determination of flame spread at a heat flux level of 25 kW/m?2

1

This

systems exposed to a heat flux gradient in a test chamber, when ignited with pilot flames. The

grad
toa

This
cove
inclu
chan

This
resp
appr
2
The
refer]
docu

ISO

ISO/

3

For t

Scope
part of ISO 9239 specifies a method for assessing the burning behaviour of horizontally mou

ent is higher than the one described in ISO 9239-1 in order to simulate \conditions in a corri
oom containing a fully developed fire (post-flashover).

method is applicable to all types of flooring such as textile €arpets, cork, wood, rubbef
rings as well as coatings. Results obtained by this method reflect the performance of
ding any substrate if used. Modifications of the backing, ‘bonding to a substrate, underl
ges of the flooring may affect test results.

part of ISO 9239 is applicable to the measuremenht and description of the properties of

bnse to heat and flame under controlled laboratory conditions. It should not be used alone tq
hise the fire hazard or fire risk of floorings underactual fire conditions.

Normative references

following referenced documents are indispensable for the application of this documen
ences, only the edition cited\applies. For undated references, the latest edition of the
ment (including any amendments) applies.

13943:2000, Fire safety *— Vocabulary

TR 14697:1997Fire tests — Guidance on the choice of substrates for building products

Terms-and definitions

he purposes of this document, the definitions given in ISO 13943, together with the following

nted flooring
radiant heat
dor adjacent

and plastic
the flooring,
ay, or other

floorings in
describe or

. For dated
referenced

Bpply.

3.1
heat
incid

3.2

flux
ent heat energy (both radiant and convective) per unit area (kW/m?2)

critical heat flux at extinguishment

CHF

incident heat flux at the surface of a specimen at the point where the flame ceases to advance and may

subs

equently go out
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3.3
heat flux at
HF-X

X min

total heat flux received by the specimen at the most distant spread of flame position after X min of testing

3.4
flux profile

curve relating radiant flux on the specimen plane to distance from the zero point

NOTE The zero point of the radiant flux profile is specified as the inner edge of the hottest side of the specimen

holder.

3.5
flashing
existence of

3.6

transitory flaming

existence of

3.7

sustained flaming

existence of

3.8
flame front
furthest exte

3.9

flooring
upper layer
accompanyi

3.10
substrate
floor on whid

4 Appar

41 Test

4.1.1 Location of chamber

The test app

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

flame on or over the surface of the specimen for periods of between 1 s and4 s

flame on or over the surface of the specimen for periods of moré¢han 4 s

ht of flame spread of a sustained flame along the length of the test specimen within a given ti

of a floor, comprising any surface finish,” with or without attached backing and with
ng underlay, interlayment and adhesive

h the flooring is mounted or the material that represents the floor

atus

chamber

ardtus' shall be placed in a room with a clearance of at least 0,4 m to the walls and the ceiling.

ne

any

4.1.2 Construction of chamber

The test chamber shall have the dimensions shown in Figures 1 to 4. The chamber shall be made of calcium
silicate boards of (13 + 1) mm thickness and 650 kg/m3 nominal density, with a tightly fitting panel of fire-
resistant glass of dimensions (110 = 10) mm x (1 100 £ 100) mm situated at the front, so that the whole length
of the specimen can be observed during the test. The chamber may have an outside metal cladding. Below
this observation window, a tightly closing door shall be provided through which the test specimen platform can

be moved in

and out.

© ISO 2002 — All rights reserved
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Dimensions in millimetres
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1 exhaust duct 6 observation window 11 light receiver (optional)
2 exhaust hood 7 door for insertion and removal of specimen 12 exhaust stack
3 testchamber 8 pyrometer 13 tubes for purging air supply
4  gas-fired radiant panel 9 illumination unit (optional)
5 specimen holder with specimen 10 slot for calibration filters

Figure 1 — Side and plan view of test equipment
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Dimensions in millimetres
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/
exhaust duct 7  exhaust hood
illumination unit (optional) 8 specimen holder with specimen
steel tubes for light measuring system (optional) 9 testchamber
light receiver (optional) 10 door for insertion and removal of specimen
collar or rubber rings 11 tubes for purging air supply
slot for calibration filters

Figure 2 — End view of test equipment
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Dimensions in millimetres
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Figure 3 — Section A-A of test equipment
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Key

a b WON =
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Dimensions in millimetres
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exhaust gtack scale
thermocouptes sSpecimeT hotder wittrspecimen

test chamber

gas-fired

radiant panel

specimen transport system

= ©O© o N O

0 pyrometer

Dimension measured from the zero point (the inner edge of the specimen holder) to the inner surface of the chamber

Dimension measured from the bottom edge of the radiating panel to the inner surface of the chamber wall.

Figure 4 — Section B-B of test equipment
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4.1.3 Ventilation into chamber

The bottom of the chamber shall consist of a sliding platform, which shall have provision for rigidly securing
the test specimen holder in a fixed and level position (see Figure 5). The total air access area between the
chamber and the test specimen holder shall be (0,06 +0,02) m2 and the base of the chamber shall be
constructed so that the air enters at the hotter end of the exposed specimen. A ventilation control board, cut
from (13 + 1) mm thick and 650 kg/m3 nominal density calcium silicate board, shall be inserted from the side
of the chamber (see Figure 6). Other materials such as 1 mm thick steel sheet have also proved to be suitable
for construction of the ventilation control board.

An alternative way of creating a suitable air inlet is to fix calcium silicate boards to the sides of the specimen
tray i T anel may be
measured using the radiation pyrometer in its normal position.

/ 5
/ 6
/ 7
9
10
- —

Key

1 illumination unit (optional) 6 gas-fired radiant panel

2 exhaust duct 7 pilot flames from line burner

3 light receiver (optional) 8 scale

4  exhaust hood 9 specimen holder with specimen and with sliding platform

5 testchamber 10 air inlet at hotter end of specimen at bottom of chamber

Figure 5 — Perspective view showing test principle
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Dimensions in millimetres

2— | /

a—H

WC

Key

1 exhaust stack 5 ventilation control board attached to underside of supporting framework
2 test chamber 6 airinlet

3 specimen holder 7  supporting framework

4 radiant panel 8 position of specimen holder

Dimension is approximately 170 mm.
Air.

L and W dimensions are dependant upon specific apparatus construction such that # x L = 0,06 m2 + 0,01 m2.

Figure 6 — Typical location of ventilation control board for air inlet
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Key

1 ghamber walls 4 airinlet 0,06 m2

2 flll boards\(to block air) 5 fill boards the same thickness and density as chamber walls

3 dliding.specimen tray 6 fill boards fastened to specimen tray with angle iron and fasteners

Figure 7 — Air inlet configuration with calcium silicate boards fastened to the sides of the
specimen tray
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4.2 Radiant panel

The source of radiant heat energy shall be a panel of porous refractory material mounted in a cast iron frame,

with a radiati

on surface of (300 + 10) mm x (450 + 10) mm.

The panel shall be capable of withstanding temperatures of up to 900 °C and use a fuel gas/air mixing system

with suitable

instrumentation (see annex A) to ensure consistent and repeatable operation.

The radiant heat panel shall be mounted in the chamber with its longer dimension at (30 + 1)° to the horizontal

plane (see F

igure 4).

Propane/air

4.3 Test specimen holder

The test sj
thickness tq
(200 + 3) mn
of two bolts

The test spe

The overall 1

A steel scal¢ marked with 10 mm and 50 mm intervals starting at the-inner edge of the test specimen h

shall be mol

4.4 Pilot

The pilot bu
(ID) and 10
along the ce
Figure 9). It

ecimen holder is fabricated from heat resistant L-profile stainless steel0f)(2,0£0,1

the dimensions shown on Figure 8. The test specimen is exposed through an ops
n x (1 015+ 10) mm. The test specimen holder is fastened to the sliding,steel platform by m
bn each end.

cimen holder shall be provided with means to secure the specimen(e:g. steel bar clamps).

hickness of the holder is (22 £ 2) mm.

nted on both sides of the test specimen.

burner

ner, used to ignite the test specimen, shalbbe of stainless steel with nominal diameters of &
mm (OD), 250 mm in width with 2 lines\of 19 evenly-spaced 0,7 mm diameter holes drilled ra
htreline and 16 evenly spaced 0,7 mm:diameter holes drilled radially 60° below the centreline
s important to keep the holes in the/pilot burner clean. A soft wire brush has been found sui

mixtures have been proved to be suitable but other fuel gas/air mixtures can be utilised as wll.

mm
bning
eans

blder

mm
Hially
(see
table

for removing surface contaminants. Nickel-chromium or stainless steel wire, 0,5 mm outside diametgr, is

suitable for ¢

The pilot bu
the specime
of the speci
propane hay
burner shall
the propane
height from

pening the holes. In operation; the propane flow shall be adjusted to (0,026 + 0,002) I/s flow

ner shall be positioned-so that the flames generated from the lower line of holes will imping
h (10 £ 2) mm from_the Zero point (see Figure 10). The pilot burner shall be 3 mm above the
men holder wheri”the burner is in the ignition position. The gas used shall be 95 % mini
ing a calorific vallie of approximately 83 MJ/m3. When not being applied to the test specime
be capable. of being moved at least 50 mm away from the zero point of the test specimen.
gas flow properly adjusted and the pilot burner in the test position, the pilot flame will va

hpproximately 60 mm to approximately 120 mm across the width of the burner (see Figure 10).

ate.

eon
edge
mum
n the
With
ry in

4.5 Exha

Lst)system

An exhaust system, decoupled from the exhaust stack, shall be used to extract the products of combustion.
With the panel turned off, dummy specimen in place and the access door closed, the air velocity in the
exhaust stack shall be (2,5 + 0,2) m/s (see Figures 1 and 2).

4.6 Anemometer

An anemometer with a range up to 3,0 m/s and with an accuracy of + 0,1 m/s shall be provided for measuring
the air velocity in the exhaust stack. It shall be fitted in the exhaust stack, in such a way that its measuring
point coincides with the centre line of the exhaust stack at (250 + 10) mm above the lower edge of the exhaust
stack (see Figure 3).

10 © 1SO 2002 — All rights reserved
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Dimensions in millimetres
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Figure 8 — Specimen holder with dummy specimen
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Dimensions in millimetres
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150°

Figure 9— Pilot burner

4.7 Radiation pyrometer
In order to dontrol the thermal output ‘of the radiant panel, use may be made of a radiation pyrometer with a
range of 480 °C to 900 °C (blackbody temperature) and an accuracy of + 5 °C suitable for viewing a circular
area 250 mm in diameter at a'distance of about 1,4 m.

The sensitivity of the pyrometer shall be substantially constant between the wave lengths of 1 um and 9 ym.

4.8 Thermocouples

A 32mm s
flooring of the radiant panel test chamber. It shaII be located in the longitudinal central vertical plane of the
chamber, 25 mm down from the top and 100 mm back from the inside wall of the exhaust stack (see Figures 3
and 4).

A second thermocouple may be inserted centrally in the exhaust stack, at a distance of (150 + 2) mm from the
top of the exhaust stack. The thermocouples shall be cleaned after each test.

12 © 1SO 2002 — Al rights reserved
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Dimensions in millimetres
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v
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Key
1 Qgilot burner
2 dpecimen holder
3 gpecimen
4  Zero point
a is the\height of pilot flames.
b Gdsflow.

Figure 10 — Arrangement of pilot burner above specimen during ignition period

4.9 Heat flux meter

The heat flux meter used to determine the heat flux profile to the test specimen shall be of the Schmidt-Boelter
type without window and a diameter of 25 mm. Its range shall be from 0 kW/m? to 50 kW/m2, and shall be
calibrated over the operating flux level range from 1 kW/m2 to 30 kW/m2. A source of cooling water with a
temperature range of 15 °C to 25 °C shall be provided for this instrument.

The heat flux meter shall have an accuracy of + 3 % of the measured value.

© 1SO 2002 — Al rights reserved 13
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4.10 Dummy specimen

The dummy specimen used for calibration shall be made of (20 + 1) mm thick uncoated calcium silicate board
of (850 + 100) kg/m3 density. It shall be (250 + 10) mm wide and (1 050 + 20) mm long (see Figure 8), with
(26 £ 1) mm diameter holes centred on and along the centreline at 110 mm, 210 mm through to 910 mm

locations, measured from the zero point of the test specimen.

5 Test specimen

5.1 The test specimen shall be representative of the flooring system and simulate actual installation
practice, especially adhesives and substrates in so far as is possible or necessary.

5.2 Cut the specimens (1 050 = 5) mm x (230 = 5) mm. Prepare 6 specimens, 3 in the production-direction
of the sample and 3 perpendicular to the production direction.

NOTE Ifthe thickness of the specimen is more than 19 mm, the length can be reduced to (1 025 +5) mm.

5.3 For flgoring systems consisting of tiles, they shall be mounted in such a way'that a transverse jojnt is
situated 250/ mm from the zero point. If the tiles are not glued, the edges of the specimen shall be securgd by
mechanical means on the substrate. No supplementary mechanical means shall-be used with the exceptipn of
the edge frapne.

5.4 The flporing system shall be mounted in its intended end use on a‘substrate which simulates the actual
floor. The aghesive which is used for the specimens shall be the same\as that used in practice.

If in practicg different adhesives are used, either specimens With” each of the intended adhesives shall be
prepared or ppecimens without adhesives.

5.5 Flooring systems utilizing an underlay(s) or interlayment in the actual end use shall be tested with this
underlay(s) ¢r interlayment, or as specified in the produet standard.

5.6 Materfals that, due to shrinkage, withdraw-from the specimen holder frame, can show different rgsults
depending gn the fixing. Special attention shall’therefore be given to the use of good fixing techniques for
materials with a tendency to shrinking during. heat exposure.

5.7 Wash|ng and cleaning procedures to examine the durability of the flooring in terms of thg fire
performancg shall be in accordance with the procedures specified in the product standards for floorings.

6 Conditioning

Condition the specimens in accordance with ISO/TR 14697.

For flooring$ which are glued to the substrate, the glueing shall be done before the test specimensg are
conditioned Bnd‘the curing time shall be at least 3 d. This time can be part of the conditioning

7 Calibration procedure

7.2

The following calibration procedures shall be determined after each essential change of the apparatus,

or at least once a month. If there are no changes in subsequent calibrations, this interval can be extended to

6 months.

7.2 Position the sliding platform and the mounting frame in the chamber together with the dummy specimen.
Measure the airflow rate velocity in the exhaust stack with the exhaust on and the access door closed, and if
necessary, adjust it to (2,5 £ 0,2) m/s. Ignite the radiant panel.

14
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Allow the unit to heat for at least one hour until the chamber temperature has stabilized (see 8.1). The pilot

burner shall be off during this period.

7.3 Measure the heat flux level at the 410 mm point with the heat flux meter. Insert the heat flux meter in

the opening so that its detecting surface is between 2 mm and 3 mm above and parallel to the

plane of the

dummy specimen. Read its output after 30 s. If the level is (12 + 0,6) kW/m?2 start the flux profile determination.

If it is not, make the necessary adjustments in flowrate to the gas/air flows to the panel. It is

important to

ensure that the detecting surface of the heat flux meter is horizontal since small misalignments cause

variations in heat flux measurements.

7.4 Perform the calibration under the conditions given in 7.2 and 7.3.

Insert the heat flux meter in each hole in turn, starting with the 110 mm and ending with the 910
the detecting plane of the meter and the time of measurement agree with 7.3. To determing whe
flux [evel has changed during these measurements, check the reading at 410 mm after the 910 m

7.5 | Record the radiant heat flux data as a function of distance along the specimén-plane. Car
smooth curve through the data points. This curve is the heat flux profile curve (see Figure 11).

If thg heat profile curve is within the tolerances of Table 1, the test equipmentys’in calibration and
profile determination is completed. If not, carefully adjust the fuel flowrate and allow at least 10 nj
that the chamber temperature is stabilized. Repeat the procedure, until the heat flux profile
spedification in Table 1.
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Figure 11 — Heat flux profile curve
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Table 1 — Required total heat flux distribution onto the calibration board

Distance to zero Total heat flux Tolerances

point of specimen
mm KW/m?2 kW/m?
110 25,2 +1,0
210 21,5 +0,6
310 16,5 +0,6
410 12,0 +0,6
510 8.3 +0.6
610 5,8 +04
710 4,2 +0,4
810 3,3 +0,4
910 2,6 +0,4

7.6 Remoyve the dummy specimen and close the door. After 5 min measure the(black body temperatyre of
the panel with a radiation pyrometer and measure the temperature of the chamber: Record the results far the
calibration values.

7.7 Some|designs of ventilation control board will not allow a pyrométer’'to be used to measure the black
body temperature of the panel. For this type of equipment, the heat\flux level at the 110 mm and 41Q mm
points shall be measured daily.

8 Standard test procedure

8.1 Measlre the black body temperature of the radiant panel with the sliding platform in the test chamber
and the doof closed but without the test specimen.If-the black body temperature differs by more than +(5 °C
from that esfablished by the calibration procedure;adjust the gas/air input to the radiant panel, then check the
temperature|of the chamber. If the temperatureis equal to the value of the calibration (+ 10 °C), the apparatus
is ready for dise. If a pyrometer cannot be used with the equipment (see 7.7), a daily calibration of the heat flux
level at the 110 mm and 410 mm points(shall be carried out.

8.2 Insert|the test specimen, in€luding any underlay(s) and substrate into the specimen holder. Place¢ the
steel bar clamps across the back of the assembly and tighten the nuts firmly or apply other fixing means.
Raise the pile of textile floorings' using a vacuum cleaner if applicable and mount the test specimen and its
holder on to[the sliding platferm.

Ignite the pilpt burnerckeeping it at least 50 mm away from the intended zero point of the test specimen. Move
the sliding pglatformsinto the chamber and immediately close the door. This is the start of the test. Stant the
timing and r¢cording devices.

M th ilbtBurnar flama inta cantact wwith tha tact cnaciman At tha 10 M dictanecn Anceribhad in 4 4 1
ove the piletburnerflame-into-contact-with-the-test specimen-at-the-1+0-mm-distance-deseribed-in4-4—Leave

the pilot burner flames in contact with the test specimen for 10 min, then withdraw the pilot burner to a position
at least 50 mm away from the zero point of the specimen. Extinguish the pilot burner flames. During the test
both the gas and airflow to the radiant panel shall be kept constant.

8.3 At 10 min intervals from the start of the test and at the flame-out time, measure the distances between
the flame front and the zero point to the nearest 10 mm. Observe and record any significant phenomena such
as melting, blistering, time and location of glowing combustion after flame-out, penetration of the flame
through to the substrate, flashing or transitory flaming.

Note the times when the flame front reaches each 50 mm mark and the most distant point reached measured
to the nearest 10 mm.

The test shall be terminated after 30 min, unless the sponsor requires a longer test duration.
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