NORME
INTERNATIONALE E

INTERNATIONAL
STAN DARD Premieére édition

First edition
2000-10

PUBLICATION GROUPEE DE SECURITE
GROUP SAFETY PUBLICATION

Essais des cables électriques soumis au feu —

Partie 3-10:

Essai de propagation verticale de la flamme des
fils ou cables en nappes en position verticale —
Appareillage

Tests on electric cables under fire conditions —

Part 3-10:
Test for vertical flame spread of vertically-mounted
bunched wires or cables — Apparatus

© 1EC 2000 Droits de reproduction réservés — Copyright - all rights reserved

Aucune partie de celte publiation ne pewt éfre reprodulte ni  No part of this publication may be reproduced or ulilized in
utitisée sous quelque forme gue ce solt et par aucun procéde. any form or by any means. elecltrpnic or mechanical
électronique ou mécanique. y compns la pholocopie et les  inciuding pholacopying and microfiim. withoul permission in

microfiims. sans l'accord écrit da Féditeur writing from the publisher
International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 G300 e-mail: inmall@iec.ch |EC web site http://www iec.ch

Commission Electrotechnique Internationale COBE PRIX R
international Electrotechnical Commission PRICE CODE

MemayHaposHar DnedTpoTexsiueckan Homurooua
Four prix. voir calalogue en vigueur

@ For price. see current catalogue




60332-3-10 © 1EC:2000 -3 -

CONTENTS

INTRODUCTION ..o TR e e e s et

Clause

LI = 1T o Y- S S OO R S P T U U PO VPN UUOSU USRS

o B WM

5.1 Testchamber. .. ...oimnai oo e s
5.2  Airsupply. ... e Ao e e e w e
5.3 Ladder types ..o e e en SUTUUPINTININ
5.4 Effluent cleaning attachment .............. S e e e s e e e s
6 Ignition SOUIMCe .. ..corvv . coivemmamenrmicni o s e Cnar e

Annex A (informative) Details of recommended burner ... ..o e
Annex B (informative) Flowmeter calibration correction factors... ... oo i i s

Figure 1 — Test chamber . e e it et st an s v s e g R n e e e
Figure 2 — Thermal insulation of back and sides of the test chamber .............. ... ...
Figure 3 — Positioning of burner and typical arrangement of test sample on ladder
Figure 4 — Tubular steel ladders for cable test. ..., e
Figure 5 — Burner configurations ..........ooviiiiiiccn wovisaannn

Figure 7 —~ Example of schematic diagram of burner control systems

N OFNIBEVE TEI O O IS o vttt ot e 4 tr st aae st s aan s e mans atamaamn e a4 ot ee 4 omn mm i a e a o 0wt o 1t o
BTN YR TeY o - DU O USSP URUPTY
TESt BIIVITOMITIEIT - oot e et ettt aas 22t e a2 2t 0 2 a2 a0 8t 2 n it g mma mam e aa arn e oe sa s vnn e

.11
.11

.11

w11
TESE APPEATATUS 1. vacare v ineoeara e sasos craiusa s oai s asnra o e haa s 4t a£8 S ane 45 L a e Te A e e e

213

................................... 13
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 13
,,,,,,,,,,,,,,,,,,,,,,,,,, v 13

.13

........................... v 1B
5 700 T 8o - O PP PP PP PPt
B.2  POSIHOMENG v v eeve vt coiin v o saseas st e a e 4 ntan e SR e e an Ea s T Ay e

.15
17

.. 33
.. 35

.19

v 21
................. 23
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 25

.................................... 27
Figure 6 — Arrangement of holes for BUrmers ..o i v e

.29



60332-3-10 @ IEC:2000 -3 -
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS —

Part 3-10: Test for vertical flame spread of vertically-mounted
bunched wires or cables — Apparatus

FOREWORD

The IEC {international Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees {IEC National Committees). The object of the IEC is ¢ promote
international co-operation on alf questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes international Standards. Theilr preparation is
entrusted to technical commitiees; any IEC National Committee interested in the subjec! dealt with may
participate in this preparatory work. International, governmental and non-governmenta! organizations liaising
with the |EC also participate in this preparation. The 1EC collaborates closely with the International Organization
for Standardization (IS0) in accordance with conditions determined by agreement between the two
organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
{rom all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense

in order to promote international unification, IEC National Committees underiake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure o indicate its approval and cannot be rendered responsible for any
equipment declared {o be in conformity with one of its standards

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The EC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60332-3-10 has been prepared by IEC technical committee 20:
Electric cables.

It has the status of a group safety publication in accordance with IEC Guide 104,

IEC 60332-3-10 forms one of a series of publications dealing with tests on electric cables under
fire conditions; the series supersedes |IEC 60332-3 published in 1992. The parts of the series
are described in the introduction.

All pre-existing categories of test are retained and updated. A new category (category D) has
been added to cater for testing at very low non-metallic volumes.

The text of this standard is based on the following documents:

FbIs Report on voting
26/402/FDIS 20/426/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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Annexes A and B are for information only.

The committee has decided that the contents of this publication will remain unchanged until
2008. At this date, the publication will be

* reconfirmed;

e withdrawn;

» replaced by a revised edition, or
= amended.
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INTRODUCTION

Parts 1 and 2 of IEC 60332 specify methods of test for flame spread characteristics for a single
vertical insulated wire or cable. It cannot be assumed that, because a wire or cable meets the
requirements of parts 1 and 2, a vertical bunch of similar cables or wires will behave in a
similar manner. This is because flame spread along a vertical bunch of cables depends on a
number of features, such as

a) the volume of combustible material exposed to the fire and to any flame which may be
produced by the combustion of the cables;

b) the geometrical configuration of the cables and their relationship to an enclosure;

¢) the temperature at which it is possible to ignite the gases emitted from the cables;

d) the quantity of combustible gas reieased from the cables for a given temperature rise;

e} the volume of air passing through the cable instaliation;

f) the construction of the cable, for example armoured or unarmoured, multi- or single-core.

All of the foregoing assume that the cables are able to be ignited when involved in an external
fire.

Part 3 of IEC 60332 gives details of a test where a number of cables are bunched together to
form various test sample installations. For easier use and differentiation of various test
categories, the parts are designated as follows:

Part 3-10: Apparatus

Part 3-21: Category A F/R

Part 3-22: Category A

Part 3-23: Category B

Part 3-24: Category G

Part 3-25; Category D

Parts from 3-21 onwards define the various categories and the relevant procedures. The
categories are distinguished by test duration, the volume of non-metallic material of the test
sample and the method of mounting the sample for the test. In alil categones cables having at
least one conductor of cross-sectional area greater than 35 mm® are tested in a spaced

conf:gurataon whereas cables of conductor cross-sectional area of 35 mm® or smaller are
tested in a touching configuration.

The categories are not necessarily related to different safety levels in actual cable instaliations.
The actual installed configuration of the cables may be a major determinant in the level of
flame spread occurring in an actual fire.

The method of mounting described in category A F/R (part 3-21) is intended for special cable
designs used in particular installations

Categories A, B, C and D (parts 3-22 to 3-25 respectively) are for general use where different
non-metallic volumes are applicable.

Additional categories, especially to cover the use of small diameter communication cables in
closely bunched configurations, will be further considered when more data are available.
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TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS ~

Part 3-10: Test for vertical flame spread of vertically-mounted
bunched wires or cables — Apparatus

1 Scope

The series of international Standards covered by Parts 3-10, 3-21, 3-22, 3-23, 3-24 and 3-25 of
IEC 60332 specifies methods of test for the assessment of vertical flame spread of vertically-
mounted bunched wires or cables, electrical or optical, under defined conditions

NOTE For the purpose of this standard the term “electric wire or cable” covers alf insulated metallic conductor
cables used for the conveyance of energy or signals.

This part of IEC 60332 details the apparatus and its arrangement and calibration.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of 1EC 60332, For dated references, subsequent amendments
ta, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 60332 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and 1SO maintain
registers of currently valid International Standards.

IEC 60695-4, Fire hazard testing — Part 4: Terminology concerning fire fesis

IEC Guide 104, The preparation of safely publications and the use of basic safety publications
and group safety publications

3 Definitions

For the purpose of this part of IEC 60332 the foliowing definition applies. The definition is taken
from |EC 60695-4.

3.1
ignition source
source of energy that initiates combustion

4 Test environment

The test shall not be carried out if the external wind speed, measured by an anemometer fitted
on the top of the test rig, is greater than 8 m/s and shall not be carried out if the temperature of
the inside walls is below 5 °C or above 40 °C measured at a point approximately 1 500 mm
above floor level, 50 mm from a side wall, and 1 000 mm from the door. The enclosure door
shall be closed throughout the test.
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5 Test apparatus
The test apparatus consists of the following:

5.1 Test chamber

The test rig (see figure 1) shall comprise a vertical test chamber having a width of
(1 000 x 100) mm, a depth of (2 000 = 100) mm and a height of (4 000 = 100) mm, the floor of
the chamber shall be raised above ground level. The test chamber shall be nominally airtight
along its sides, air being admitted at the base of the test chamber through an aperture of
{800 x 20) mm x (400 + 10) mm situated {150 + 10} mm from the front wall of the test chamber
{see figure 1).

An outlet (300 = 30) mm x {1 000 = 100) mm shall be made at the rear edge of the top of the
test chamber. The back and sides of the test chamber shall be thermally insulated to give a
coefficient of heat transfer of approximately 0,7 W-m™2.K™'. For example, a steel plate 1,5 mm
to 2,0 mm thick covered with 65 mm of mineral wool with a suitable external cladding is
satisfactory (see figure 2). The distance between the ladder and the rear wall of the chamber is
(150 + 10) mm, and between the bottom rung of the ladder and the floor (400 = 5) mm. The
clearance between the lowest point of the test piece and the floor is approximately 100 mm
(see figure 3).

5.2  Air supply

A means of supplying a controlled air flow through the chamber shall be fitted.

NOTE 1 It is recommended that the air should be blown into the test chamber, via the air inlet, using a suitable
fan.

Prior 1o burner ignition, the air flow shali be adjusted to a rate of (5 000 + 500) /min at a
constant controlled temperature of (20 = 10) °C and at atmospheric pressure and measured at
the inlet side before the test commences. This air flow rate shall be maintained throughout the
test until cable burning or glowing has ceased or for a maximum time of 1 h from completion of
the test flame application period, after which period the flame or glowing shall be extinguished.

NOTE 2 In order to remove noxious gases, it is recommended to maintain the air flow for some minutes after the
end of the test, before entering the test chamber

5.3 Ladder types

There are two types of tubular steel ladder: a standard ladder of (500 + 5) mm width and a wide
ladder of (800 = 10) mm width. Details of the types of ladder are given in figures 4a and 4b.

5.4 Effluent cleaning attachment

Legal requirements may make it necessary for equipment for collecting and washing the
effluent to be fitted to the test chamber. This equipment shall not cause a change in the air flow
rate through the test chamber.
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6 Ignition source

6.1 Type

As required by the test procedure the ignitiocn source shall be one or twe ribbon-type propane
gas burners complete with venturi mixer, and their own set of flowmeters. The propane gas
shall be technical grade propane of nominal 95 % purity. The flame-producing surface of the
burner(s) shall consist of a flat metal plate through which 242 holes of 1,32 mm in diameter are
drilled on 3,2 mm centres in three staggered rows of 81, 80 and 81 holes each to form an array
having the nominal dimensions 257 mm x 4,5 mm. As the burner plate may be drilled without
the use of a drilling jig, the spacing of the holes may vary slightly. Additionally, a row of small
holes may be milled on each side of the burner plate to serve as pilot holes with the function of
keeping the flame burning.

The burners are shown in figures 5a and 5b, and the placement of the holes in figure 8.

NOTE 1 To ensure reproducibility between results from different testing stations, a burner, which is readily
avaitable, is recommended for use. For details, see annex A

Each burner shall be individually fitted with an accurate means of controlling the propane gas
and air input flow rates, either by means of a rotameter-type flowmeter or mass flowmeter.,

NOTE 2 Mass {lowmeters are recommended for ease of use.

Figure 7 shows an example of a rotameter-type system.

SAFETY NOTE - The following precautions are recommended to ensure safe operation of the
ignition source:

— the gas supply system should be equipped with flashback arresters;
— a flame failure protection device should be used;

— safe sequencing of the propane and air supply should be employed during ignition and
extinguishing.

The calibration of the propane gas and air rotameter-type flowmeters shall be checked after
installation to ensure that the pipework and venturi mixer have not affected the calibration.

Corrections for the variations in temperature and pressure from that specified on the propane
gas and air rotameter-type flowmeters shall be applied when necessary, see annex B.

Propane gas and air rotameter-type flowmeters shall be calibrated according to the following
reference conditions.

Reference temperature and pressure are 20 °C and 1 bar (100 kPa).

For the purpose of this test, the air shall have a dew-peint not higher than 0 °C.
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The flow rates at reference conditions (1 bar and 20 °C) for the test shall be as foliows:

Air (77,7 = 4,8) I/min
Propane {13,5 = 0,5) Vmin

to provide a nominal (73,7 + 1,68) x 10°J/h ({70 000 = 1 600) Btu/h)!) to each burner.

NOTE 3 The net heat of combustion is used to calculate the propane How rate,

6.2 Positioning

For the test, the burner shall be arranged horizontally at a distance of (75 £ 8) mm from the
front surface of the cable sample, {600 + 5) mm above the fioor of the test chamber and
approximately symmetrical with the axis of the ladder. The point of application of the burner
flame shall lie in the centre between two cross-bars on the ladder and at least 500 mm above
the lower end of the sample (see figure 3 and figure 5a).

Adjustment of air and gas flows prior to the test may be carried out away from the test position.

Where two burners are used in combination with the wide ladder, they shall be arranged so¢ as
to be approximately symmetrical with the axis of the ladder, as shown in figure 5b. The burner
system shall be positioned such that the centre line of the burner system is approximately
coincident with the centre of the ladder.

) This is also equivalent to (20,5 + 0,5) kW.
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1 Smoke outlet {300 + 30) = (1 000 + 100)
2 Air infet {800 % 20) % (400 = 10)

3 Rig raised above ground level

Dimensions in millimetres

Figure 1 - Test chamber
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1 Steel plate, 1,5 mm to 2 mm thick
Thermal insutation of mineral wool approximately
65 mm thick with suifable external cladding to give

a coefficient of heat transfer of approximately 0,7 W x m™ x K™

Dimensions in millimetres

Figure 2 — Thermal insulation of back and sides of the test chamber
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1 Round steel rungs

2 Metal wire ties

3 Centre line of burner

4 Floor

5 Maximum width {according to test category)

Dimensions in millimetres

Figure 3 — Positioning of burner and typical arrangement of test sample on ladder
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Figure 4b - Wide {adder

Figure 4 — Tubular steel ladders for cable test
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Figure 5b — Two burners in combination for use with the wide ladder
Kay

1 Venturi air-gas mixer
2 Propane gas eniry
3 Compressed air entry

Dimensions in millimetres

Figure 5 — Burner configurations
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1 242 round holes, 1,32 mm in diameter
on 3,2 mm centres, staggered in three
rows of 81, 80 and 81 holes, centred
on the face of the burner

Dimensions in millimetres (approximate values)

Figure 6 - Arrangement of holes for burners
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1 Regulator 8 Gas flow
2 Piezoelectric igniter § Rotameter-type flowmeters
3 Flame failure device 10 Venturi mixer
4 Control thermocouples 11 Burner
5 Propane cylinder 12 Ball vaive
6 Screw valve (6A = alternative position) 13 Air flow
7 Pilot feed 14 Compressed air cylinder

Figure 7 — Example of schematic diagram of burner contro! systems
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Annex A
(informative)

Details of recommended burner

A burner (catalogue number 10L171-55) and venturi mixer {catalogue number 14-18) complying
with the requirements of clause 6 can be obtained from:

American Gas Furnace Tel: +1 201 352 2120

PO Box 4886 Telefax: +1 201 352 5174

140 Spring Street

Elizabeth, NJ 07207

USA

NOTE The information given in this annex, covering named products and their suppliers, is given for the
convenience of users of this International Standard and does not constitute an endorsement by IEC of the product
named. Equivalent products may bhe used if they can be shown to lead to the same resulls
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Annex B
(informative)

Flowmeter calibration correction factors

B.1 General

When using the rotameter type flowmeters to monitor the supply rate of the gases, two factors
need to be considered in order to use them correctly. It is important

a) to know what the flowmeter is indicating when used under the actual operating conditions;

b} to know under what conditions of temperature and gas pressure the flowmeter was
calibrated, and at what conditions it was designed to operate.

Considering point a), most flowmeters are designed to indicate the volumetric flow rate at
atmospheric temperature and pressure, i.e. 20 °C and 1 bar. However, considering point b}, not
all flowmeters are calibrated and designed to work at the same temperature and pressure, and
care should be taken to ensure that the temperature and pressure of the gas flowing through a
flowmeter are correct for that particular meter. Working the flowmeter at temperatures and
pressures different from these conditions requires application of a correction factor such as
provided hereinafter.

B.2 Example
B.2.1 General
Assume that air flow rate of 77,7 ¥min at 1 bar and 20 °C is required at the burner.

Flowmeter 1 is calibrated to operate at 2,4 bar absolute and 15 °C, but to indicate i/min at 1 bar
and 15 °C.

Flowmeter 2 is calibrated o cperate at 1 bar absolute and 20 °C, but to indicate I/min at 1 bar
and 20 °C.

Assume that the air supply pressure up to and including the flowmeters is alternatively at 1 bar
(see B.2.2) or at 2,4 bar {see B.2.3) and 20 °C.

The calibration correction factor is given as tollows:

o RS
Pa T%

where
T is the absolute temperature, in kelvins (K);
P is the absolute pressure, in bars (bar);

Py, Ty are the calibration conditions;

P, T, are the operating conditions.
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B.2.2 Air supplied at 1 bar
Flowmeter 1

This will require a correction factor to be used since the meter is operating in conditions
removed from its designed operating conditions.

Py = 2,4 bar T1=156"C=288K
P, =1 bar T,=20°C=293K
Substituting these values:
C= 22428 _ 456
1 288

Thus, to set a flow rate of 77,7 I/min at reference conditions, a reading on this flowmeter of
121,2 Umin (77,7 x 1,56) is required.

Flowmeter 2

Since this meter is operating under its design conditions, the required flow rate of 77,7 I/min
can be read directly from the meter with no correction factor necessary.

B.2.3 Air supplied at 2,4 bar

Flowmeter 1

This will reguire a correction factior for temperature, but not for pressure since the meter is
operating at its design pressure.

Py =2,4 bar Ty =16°C =288K
Py = 2,4 bar T,=20°C=293K
Substituting these values:
C= —2—"—1-><—2—9~§- = 1,01
2,4 288

Thus, to set a flow rate of 77,7 I/min at reference conditions, a reading of 78,5 I/min
(77,7 x 1,01) on this flowmeter is required.
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Flowmeter 2

This will also require a correction factor since it is operating in conditions removed from its
design conditions.

Py =1bar T;=20°C=293K
Py = 2.4 bar Ty =20°C =293 K
Substituting these values:
C=|1-x2B _ges
2,4 293

Thus, to set a flow rate of 77,7 I/min at reference conditions, a reading of 50,5 I/min
{77,7 x 0,65) on this flowmeter is required.
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