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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TESTS FOR ELECTRIC CABLES UNDER FIRE CONDITIONS -
CIRCUIT INTEGRITY -

Part 1: Test method for fire with shock at a temperature of at least

0 n ©

and with an overall diameter exceeding 20 mm

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
alll national electrotechnical committees (IEC National Committees). The object 'ef *lIEC is to prpmote
infernational co-operation on all questions concerning standardization in the electrical“and electronic fielfls. To
this end and in addition to other activities, IEC publishes International Standardsy Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any [EE€-/National Committee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accofdance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters&xpress, as nearly as possible, an international
copsensus of opinion on the relevant subjects since each deghnical committee has representation frpm all

3) IEL Publications have the form of recommendations forNnternational use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable effortsare made to ensure that the technical content ¢f IEC
Pyblications is accurate, IEC cannot be held respopsible for the way in which they are used or fgr any

4) In]order to promote international uniformity, JEC National Committees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
essment services and, in some-areas, access to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have the latest edition of this publication.

7) N( liability shall attach"teMEC or its directors, employees, servants or agents including individual experfs and
me¢mbers of its techpical’committees and IEC National Committees for any personal injury, property damage or
other damage of @ny“nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising-out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pyblications,

8) Atjention_is\drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) Atjention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of

p entriaghte IEC chall nat hg hald racnaoncihlg for idaontifiuing any Ar all cioh natant riahto
A HGAS—= e -8-e+a—f peRSere+otaeRt R gy irSHeRpateRt+HGHS-

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60331-1 has been prepared by IEC technical committee 20:
Electric cables.

This second edition cancels and replaces the first edition published in 2009. It constitutes a
technical revision.

The significant technical changes with respect to the previous edition are as follows:

— extension of the scope to include metallic data and telecom cables and optical fibre
cables, although details for the specific point of failure, continuity checking arrangement,

t
a

n

oz 3

=

=

The fext of this International Standard is based on the following,documents:

Full i
ther

This

It has

A list
unde

The
the n

—

q

haintenance_tesult date indicated on the IEC web site under "http://webstore.iec.g
the data related’to the specific publication. At this date, the publication will be

confirmed,

ithdrawn,

o W

ables

st eamnln tast nrnr\nr'lnrn and tast ranort ralavant to metallic data and telecom ¢
Lig

hd optlcal flbre cables are not given by IEC 60331-1;
nproved description of the test environment;

odified steel test ladder with two extra vertical elements to accommodate the mo
sting of single core cables without concentric metal layer and the testing‘\of cables v
bending radius in normal use larger than approximately 400 mm;

andatory use of mass flow meters/controllers as the means of controlling accuratel
put flow rates of fuel and air to the burner;

nproved description of the information to be included in the te'styreport.

FDIS Repgrt on voting
20/1781A/FDIS 20/1792/RVD

nformation on the voting for the approval ofthis International Standard can be fou
bport on voting indicated in the above table.

document has been drafted in aceardance with the ISO/IEC Directives, Part 2.
the status of a group safety publication in accordance with IEC Guide 104.

of all parts of the IEC.60331 series, published under the title: Tests for electric ¢
r fire conditions — Circuit integrity, can be found on the IEC website.

committee has(decided that the contents of this publication will remain unchanged

jified
ith a

y the

nd in

hbles

until
h" in

e replaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

IEC 60331 consists of the following parts under the general title: Tests for electric cables
under fire conditions — Circuit integrity:

Part 1: Test method for fire with shock at a temperature of at least 830 °C for cables of rated
voltage up to and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm

Part 2: Test method for fire with shock at a temperature of at least 830 °C for cables of rated
voltage up to and including 0,6/1,0 kV and with an overall diameter not exceeding 20 mm

Part B: Test method for fire with shock at a temperature of at least 830 °C for cables_of fated
voltage up to and including 0,6/1,0 kV tested in a metal enclosure

Part [11: Apparatus — Fire alone at a flame temperature of at least 750 °C
Part 21: Procedures and requirements — Cables of rated voltage up to and.including 0,6/1{0 kV
Part RP3: Procedures and requirements — Electric data cables

Part R5: Procedures and requirements — Optical fibre cables

NOTE|1 Parts 21, 23 and 25 relate to fire-only conditions at a flame/semperature of at least 750 °C.

NOTE| 2 Parts 11, 21, 23 and 25 are no longer subject tomaintenance. IEC 60331 Parts 1 and 2 afe the
recommended test procedures

Since its first edition (1970), IEC 60331 has béen extended and has introduced a range of test
apparatus in order that a test may be carried out on large and small power, control, data and
opticpl fibre cables.

Succgssful tests carried out in accordance with this standard will enable an identification fo be
markjed on the product.
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TESTS FOR ELECTRIC CABLES UNDER FIRE CONDITIONS -
CIRCUIT INTEGRITY -

Part 1: Test method for fire with shock at a temperature of at least
830 °C for cables of rated voltage up to and including 0,6/1,0 kV
and with an overall diameter exceeding 20 mm

1 $cope

This part of IEC 60331 -specifies-the test apparatus-and procedure-and-gives-the performiance
requirements, including recommended flame application times, for low voltage power cgbles
crnfodelinon ve te snd lnelodine O E0 0 [0 L cendl conteel enlloe volth o pe Lo clvelioss ool
are flequired to-maintain circuit integrity when subject to fire -and mechanical shock under
specffied conditions. 1 is intended for use when testing cables of greater than 20 - mm oyerall
e

This [part of IEC 60331 specifies the test method for cables which are required to maintain
circult integrity when subject to fire and mechanical shock under Specified conditions.

This document is applicable to cables of rated voltage not €xceeding 600 V/1 000 V, inclfiding
thosg of rated voltage below 80 V, metallic data and télecom cables and optical fibre cables.

It is intended for use when testing cables of greatgrthan 20 mm overall diameter.

NOTE| Cables of smaller diameter—sheould *are intended to be tested using the apparnatus,

procgedure and requirements of IEC 60331:2.

This

aera

meth]

This | document includes, details for the specific point of failure, continuity cheg¢king
arrarfjgement, test sample, test procedure and test report relevant to electric power| and
contrpl cables with (ratéd voltage up to and including 600 V/1 000 V. Details for the spgcific
point| of failure, c@ntinuity checking arrangement, test sample, test procedure and test report
relevent to méeétallic data and telecom cables and optical fibre cables are not given by
IEC 60331-1(

NoTE| Although the scope is restricted to cables with rated voltage up to and including 0,6/1,0

the

kV,

purchase

r, for cables with rated voltage up to and including 1,8/3 (3,3) kV, provided

he nrocedure—mav can he used with the agrnnmanf of the manufacturer and
A ! G B H G—WHH—R g4 —h maRtHacttHer—ah

suitable fuses are used.

that

Annex A provides the method of verification of the burner and control system used for the

test.

Requirements are stated for an identification that may optionally be marked on the cable to
signify compliance with this document.

CAUTION - The test given in this standard may involve the use of dangerous voltages
and temperatures. Suitable precautions should be taken against the risk of shock,
burning, fire and explosion that may be involved, and against any noxious fumes that

may

be produced.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60584-1, Thermocouples — Part 1:-Reference-tables EMF specifications and tolerances

IEC 60269-3, Low-voltage fuses — Part 3: Supplementary requirements for fuses for use by

kllnnl nnnnnnn [fuacnac mainhs, for haojion haold Aand ocimailayr Annlinafinaa) Cyvamnlo f
unskited—persens—(fuses—mainty—for—household—and—similar—appheations) Exampies o

standardized systems of fuses A to F

IEC Guide-104
= G an

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO Ind IEC maintain terminological databases for use insstandardization at the follqwing
addr¢sses:

o |EC Electropedia: available at http://www.electrop€dja.org/

e |30 Online browsing platform: available at httpi//www.iso.org/obp

3.1
circyit integrity
ability of an electric cable to continue to operate in a designated manner whilst subjected to a
specified flame source for a specified périod of time under specified conditions

3.2
draupght-free environment
spacg in which the results of tests are not significantly affected by the local air speed

4 Testconditions— Test environment

The fest shall be*carried out in a draught-free environment within a suitable chambegr, of
minimum volunie—40 20 m3, with facilities for disposing of any noxious gases resulting|from
the burning.~Stufficient ventilation shall be available to sustain the flame for the duration gf the
test. JAir, inlets and the exhaust chimney should be located in such a way that the burner flame

remalins{stable during the verification procedure and test. If necessary, the burner shgll be
shie|hmmmjmmm f T h the

walls of the chamber in order to observe the behaviour of the cable during the test. Fume
exhaust should be achieved by means of natural draught through a chimney located at least
1 m from the burner. A damper may be used for adjustment of ventilation conditions.

NOTE Experience has shown a chamber similar to the "3 m cube" specified in IEC 61034-1 to be suitable.

The chamber and test apparatus shall be at a temperature of between 10 °C and 40 °C at the
start of each test.

The same ventilation and shielding conditions shall be used in the chamber during both the
verification and cable test procedures.
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5 Test apparatus

5.1
The t

a) a

Test equipment
est equipment shall consist of the following:

test ladder, on to which the test specimen is mounted, comprising a steel framework

b) a
c)

a
d) a

|
e)
f) fu

oY)

A ge

fastened to a rigid support as described in 5 2:

source of heat comprising a horizontally mounted ribbon burner as described in 5:3;
shock-producing device as described in 5.4;

test wall equipped with thermocouples for verification of the source of heat.as described
Annex A;

continuity checking arrangement as described in 5.6;

ses as described in 5.7.

heral arrangement of the test equipment is shown in Figure 1,XEigure 2 and Figure 3.
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Dimensions in millimetres

1200 100

~ 400

600 +50

o
X
W
\

1

11.
=
|

Key

1 shock producing device 5 fixed vertical elements of test ladder

2 steel test ladder 6 adjustable vertical elements of test ladder
3 rubber bush 7 rigid support framework

4 ribbon gas burner P plane of adjustment

Figure 1 — Schematic diagram of test configuration
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Dimensions in millimetres

l —
3
4
. /
o
= — 31—
o
N
2 3
IEC
Key
1 entry for air 4 horizontal steel test ladder
2 rubber bush 5 entry for propane gas
3 rigid support framework
Figure 2 — Plan view of fire test equipment
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Dimensions in millimetres

r 1)
L]
/ W
! Yt
/ I\
- 5
=) { +5 s
+H h
o / 1 60° 0 \\
b
n
! \\L
ISR S
[ ‘ b 20015 \\>
| - -_|
2
\ ~ R\
WY
I I S
| 400 5 | WY
— -~
|—— ——l L
i 600 +5
= e
Q
Lo
+
o
o
l ©
3
N
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‘ ¥
|
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IEC
shock producing device H horizontal distance-ef-metal-enclosure-centre-tine from burner face tg
the centre of the test specimen
ste€l test ladder v vertical distance-ef-metal-enclosure-centre-tine from centre line of
burner to the centre of the test specimen

gas burner

centre line of burner face

Figure 3 — End elevation of fire test equipment (not to scale)

Test ladder and mounting

The test ladder shall consist of a steel framework as shown in Figure 1. The-twe four central
vertical elements of the ladder shall be adjustable in order to accommodate different sizes of
cable under test. The test ladder shall be (1 200 £ 100) mm long and (600 £ 50) mm high, and
the total mass of the test ladder shall be (48 24 + 1) kg. Ballast, if required, shall be placed on
the steel supports.

NOTE 1

Angle iron approximately 45 mm wide and 6 mm thick, with suitable slots cut to allow for fixing of the

bolts or saddles, has been found to be a suitable material for construction of the ladder.
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Each horizontal element shall have a mounting hole not more than 200 mm from each end,
the exact position and diameter being determined by the particular supporting bush and
supporting framework used. The test ladder shall be fastened to a rigid support by four
bonded rubber bushes of hardness 50-60 Shore A fitted between the horizontal steel
elements of the ladder and the support framework, as shown in Figure 1 and Figure 2 so as to
allow movement under impact.

NOTE 2 A typical rubber bush, which has been found to be suitable, is shown in Figure 4.

Dimensions in millimetres

20-30

IEC

Figure 4 — Typical rubber bush for supporting the test ladder

5.3 Source of heat
5.3.1 Burner

The pource of Heat shall be a ribbon type propane gas burner with a nominal burner|face
length of 500-mm (outer distance between outer holes) with a venturi mixer. The nominal
burng¢r facewidth shall be 10 mm. The face of the burner shall have three staggered rows of
drilled hales, nominally 1,32 mm in diameter and drilled at centres 3,2 mm from one anqther,
as shown in Figure 5.

A centre-feed burner is recommended.

Additienalhy; A row of small holes milled on each side of the burner plate, to serve as pilot
holes for keeping the flame burning, is permitted.

Guidance on the choice of a recommended burner system is given in Annex B.
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Dimensions in millimetres
(Dimensions are approximate)

4,5

IEC.

NOTE| Round holes, 1,32 mm in diameter, on centres 3,2 mm from one another, staggered inthree rows and
centreld on the face of the burner. Nominal burner face length 500 mm.

Figure 5 — Burner face

5.3.2 Flow meters and flow rates

Masq flow meters/controllers-should shall be used as the mpeans of controlling accurately the
input|flow rates of fuel and air to the burner.

For the purposes of this test, the air shallhave a dew point not higher than 0 °C.

The mass flow rates used for the test shall be as follows:

alr: (160-=-8) U/min-at reference conditions (1 bar and 20 °C) or (3 267 +{163)

mels—

nktonane (10 + 0 A\ WMmin at refarance conditionse (1 bar and 20 °Clor (310 + 12\ mals -

pfopane: (10 = 0,4) I/min-at reference conditions (1 barand 20 °C)or (319 + 13) mg{s ;-
Propgne: (32Q ¥13) mg/s

NOTE|1 This_is approximately equivalent to a volume flow rate of (10,0 £ 0,4) litres/min at reference conglitions
(1 bar|and 20:==2E).

NoTE} < The purity of the propane is not defined. Industrial grades that contain impurities are
allowedprovided-thatthecatibratiomrequirementsareachieved:

Air: (3270 + 163) mg/s

NOTE 2 This is approximately equivalent to a volume flow rate of (160 £ 8) litres/min at reference conditions
(1 bar and 20 °C).

A schematic diagram of an example of a burner control system is given in Figure 6.
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IEG
Key
1 regulator 9 mass flow meters
2 piezoelectric igniter 10 venturi mixer
3 flame failure device 11 burner
4 control thermocouples 12 ball valve
5 propane cylinder 13 air flow
6 screw valve (6A =)alternative position) 14 compressed air cylinder
7 pilot feed 15 screw valve on pilot feed
8 gas flow
Figure 6 — Schematic diagram of an example of a burner control
system-usingrotameters

5.3.3 Verification

The burner and control system shall be subject to verification following the procedure given in
Annex A.

5.4 Shock producing device

The shock-producing device shall consist of a mild steel round bar (25,0 £ 0,1) mm in
diameter and (600 = 5) mm long. The bar shall be freely pivoted about an axis parallel to the
test ladder, which shall be in the same horizontal plane as, and (200 £ 5) mm away from, the
upper edge of the ladder. The axis shall divide the bar into two unequal lengths, the longer
length being (400 £ 5) mm which shall impact the ladder. The bar shall drop under its own
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weight from an angle of (60+g)° to the horizontal to strike the upper edge of the ladder at its

midpoint as shown in Figure 1 and Figure 3.

5.5

Positioning of source of heat

The burner face shall be positioned in the test chamber so that it is at least 200 mm above the
floor of the chamber, or any solid mounting block, and at least 500 mm from any chamber

wall.

By reference to the centre point of the test specimen (cable) to be tested, the burner shall be

positgm—mm—m—mmuﬁtﬁt—zrm—m—m—m—m—m—m
of the test specimen and at a vertical distance of (V£ 2) mm from the burner horiz

centr

The

al plane to the centre of the test specimen, as shown in Figure 3.

exact burner location to be used during cable testing shall be determined using

entre
ontal

) the
Il be

verification procedure given in Annex A, where the values of H and V to.-be used shg

detefqmined.

NOTEl The burner should be rigidly fixed to the framework during~testing so as to prg¢vent

movegment relative to the test specimen.

5.6 | Continuity checking arrangements for electric power“and control cables with
rated voltage up to and including 600 V/1 000 V

Durirlg the test, a current for continuity checking shall\be passed through all conductors g

test

specimen. This shall be provided by a three-phase star connected or single-p

f the
hase

transfformer(s) of sufficient capacity to maintain.{he test voltage up to the maximum leakage

bf the

lnd to

curregnt allowable.

NOTE|1 BDBue Note—shouldbetaken—of the fuses characteristics when determining the power rating
transfgrmer.

This purrent shall be achieved by eénnecting, at the other end of the test specimen, a suitable
load pnd an indicating device (e:g-lamp) to each conductor, or group of conductors.

NOTE|2 A current of 0,25 A at the-test voltage, through each conductor or group of conductors, has been fo

be suifable.

5.7 | Fuses

Fusep used in the‘test procedure in Clause 7 shall-be-of-type-BH; complying with IEC 60

Fuse
may

Whe

System A<D Type DII, 2A. Alternatively, a circuit-breaker with equivalent character
be used.

P69-3
stics

e\a circuit-breaker is used, its equivalent characteristics shall be demonstrate

d by

reference to the characteristic curve shown in IEC 60269-3.

The test method using fuses shall be the reference method in the case of dispute.

6 Test specimen (electric power and control cables with rated voltage up to
and including 600 V/1 000 V)

6.1

Test specimen preparation

A cable sample at least 4,5 m long shall be available from the cable length for test. Each
individual test specimen to be tested shall consist of a piece of cable, taken from the cable
sample, not less than 1 500 mm long with approximately 100 mm of sheath or outer covering
removed at each end.
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At each end of the test specimen each conductor shall be suitably prepared for electrical
connections, and, if there is more than one conductor, the exposed conductors shall be
spread apart to avoid contact with each other.

6.2
6.2.1

Test specimen mounting

Single core cables with concentric metal layer and multicore cables

The test specimen shall be bent to form an approximate arc of a circle. The internal radius of

the b

end shall be the manufacturer’s declared minimum bending radius in normal use.

The {est specimen shall be mounted cenirally on the test Tadder, as shown in Figure 7,

Lsing

metal clips which shall be earthed. Two U-bolts on the upper horizontal element of the-lgdder

are recommended, but P-clips made of metal strip (20 + 2) mm wide for cables from 20 m

m up

to 50| mm in diameter, and (30 = 3) mm wide for larger cables shall be used on the)two central
vertig¢al elements. The P-clips shall be formed so as to have approximately the~same diameter

as the test specimen under test.

If the
posit
the c

If the

Fig

the s’llots for the U-bolt (key 5 in Figure 7), the test specifhen shall be mounted as sho
u

test specimen is too small to be mounted on the central vertical-elements when i

entre so that the specimen may be mounted as shown in Figure 8.

bending radius in normal use is too large to mount the,\Cable as shown in Figure

e 9, using P-clips, which shall be earthed, on the fodr central vertical elements.

Dimensions in millin
(dimensions are approx

h the

on shown in Figure 7, the two central vertical elements shall be-equally moved towards

7 on
vn in

netres
mate)

7
{7
Y,
i\

0 o1 [e= o
‘NP
4
2 T}T
[e) [ ) o y T ¢ - ——o )
1 6 6 1
| 400 |
| -l IEC
Key
1 U-bolt 5 slot for U-bolt
2 P-clip 6 slot for movement of adjustable vertical elements
3 adjustable vertical elements R minimum bending radius of cable in normal use
4 slot for P-clip fixing

Figure 7 — Example of method of mounting a larger diameter test specimen for test

(with a bending radius between approximately 200 and 400 mm)
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Dimensions in millimetres

(dimensions are approximate)
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Figure 8 — Detailed section of adjustable position of vertical ladder elements
for mounting a smaller diameter test specimen for test (with a maximum

bending radius of approximately 200 mm)
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Dimensions in millimetres
(dimensions are approximate)
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Key \Q/
1 P-clip 3 slot for P- |i|($)|s3<ing
2 adjustable vertical elements 4 slot foé/ement of adjustable vertical elements

Figure 9 — Example of method of mountin gt specimen with a bending radiug
in normal use larger thar\ proximately 400 mm

7
6.2.2 Single core cables without coggﬁ}ric metal layer

The test specimen shall be mounted | @)aight centrally on the test ladder using four veftical
elemgnts, as shown in Figure 10, using metal clips which shall be earthed to fix the cahle to
thesg vertical elements. o\

O

N\
The vidth of the metal clips @II be in accordance with 6.2.1.

bending will not affect t formance for this type of cable, as internal forces such as in multicore cables will not

NOTE| Testing of a stra%gp{% specimen is appropriate for single core cables without concentric metal layler, as
occur,

.

The |P-clips be formed so as to have approximately the same diameter as the test
spec meng test.

&
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Dimensions in millimetres
(dimensions are approximate)
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1 P-clip 3 slot for P-clip fixihg
2 adjustable vertical elements 4 slot for mQvement of adjustable vertical elements
Figure 10 — Method of mounting test §pecimen of a single core cable
without concenfric metal layer
7 Test procedure (electric power and control cables with rated voltage up tp
gnd including 600 V/1 000 V)
7.1 Test equipment and arrangement
The {est procedure defined (in,this clause shall be carried out using the apparatus detailed in
Clauge 5.
Mount the test specimen on the test ladder and adjust the burner to the correct position
relative to the testispecimen in accordance with 5.5.
7.2 | Electrical connections
At the transformer end of the test specimen, earth the neutral conductor, if present, and any
protectivé conductors. Any metal screens, drain wire or metallic layer shall be interconnécted

and earthed. Connect the transformer(s) to the conductors, excluding any conductor which is
specifically identified as intended for use as a neutral or a protective conductor, as shown in
the circuit diagram in Figure 11. Where a metallie sheath, armour or screen acts as a neutral
or protective conductor, it shall be connected, as shown in the circuit diagram in Figure 11, as
for a neutral or protective conductor.

For single-, twin- or three-phase conductor cables, connect each phase conductor to a
separate phase of the transformer(s) output with a 2 A fuse or circuit-breaker with equivalent
characteristics in each phase.

For multicore cables that have four or more conductors (excluding any neutral or protective
conductors), the conductors shall be divided into three roughly equal groups, ensuring that
adjacent conductors are, as far as possible, in different groups.
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For multipair cables, the conductors shall be divided into two equal groups, ensuring that the
a-core of each pair is connected to one phase and the b-core of each pair is connected to
another phase (L1 and L2 in Figure 11). Quads shall be treated as two pairs.

For multi-triple cables, the conductors shall be divided into three equal groups, ensuring that
the a-core of each triple is connected to one phase, the b-core of each triple to another phase
and the c-core of each triple to the third phase of the transformer (L1, L2 and L3 in Figure 11).

Connect the conductors of each group in series and connect each group to a separate phase
of the transformer output with a 2 A fuse or circuit-breaker with equivalent characteristics in

each

phase.

NOTE]
appr
requi
were
cond
be in

NOTE]

appli
phas

NOTE| In certain cases, for example when testing &, control cable using a three-p

trans
cond
volta

rated voltage, such that both the test voltage between conductors and the test voltage

cond

At th

=

— o O

a phase conductor. Where a metallie sheath, armour or screen acts as a ne

cluded in the test report.

For cable constructions not specifically identified above, the test voltage shou

ES.

former, it may not be possible to apply a testvoltage between conductors and
ictor to earth equal to the rated voltage simultaneously. In such cases, either thg

Lictor to earth is equal to or higher than, the rated voltage.

b end of the test specimen remote_from the transformer:

bnnect each phase conductor,Cor group of conductors, to one terminal of the load
dicating device (as described in 5.6), the other terminal being earthed;

bnnect the neutral conductor and any protective conductor to one terminal of the
nd indicating device (as~“described in 5.6), the other terminal being connected to U
P or L3) at the transformer end (see Figure 11).

The above test procedure connects the neutral conductor to earth. This may/n¢t be
ppriate if the cable is designed for use on a system where neutral is not earthed. If
red by the cable standard, it is permissible for the neutral conductor to be\tested ap if it

utral

Lictor, it shall always be connected to earth. Any such variations in methodology should

d be

bd, as far as is practicable, to ensure that adjacent conductors’are connected to different

hase
from
test

je between conductors, or the test voltage from conductor to earth shall be equal tp the

from

and

load
1 (or
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Key
L1, L, L3 phase conductor (L2, L3 if present)
N neutral conductor (if present)
PE protective conductor (if present)
1 fransformer 5 test conductor or group
2 fluse, 2 A 6 </load and indicating device
3 1orL2orlL3 7V test specimen
4 nhetal clips 8 metal screen (if present)

Figure 11 — Basic circuit diagram. < Electric power and control cables
with rated voltage up to-and including 600 V/1 000 V

7.3 | Flame and shock application

Ignite¢ the burner and adjust the_propane and air flow rates to those obtained during the
verification procedure (see Annex A).

Immediately after igniting.the burner, activate the shock-producing device and start thg test
durafion timer. The shock-producing device shall impact the ladder after 5 min + 10 s|from
activation and subsequently at 5 min £ 10 s intervals. After each impact, the impacting bar
shall|be raised fromthe test ladder no more than 20 s after the impact.

7.4 Electrification

Immediately after starting the test duration timer, switch on the electricity supply and adjust
the \nlfngn to the rated \lnlfngn of the cahle (Qllhjﬁr‘f to a2 minimum \lnlfngn of 100 \/ AC),
i.e. the test voltage between conductors shall equal the rated voltage between conductors,
and the test voltage from conductor to earth shall equal the rated voltage from conductor to
earth.

The test shall continue for the flame application time given in 8.1, after which the flame shall
be extinguished.
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8 Performance requirements (electric power and control cables with rated
voltage up to and including 600/1 000 V)

8.1

Flame application time

The flame application time shall be as specified in the relevant cable standard. In the absence
of such a standard, a flame and impact application time of 30 min, 60 min, 90 min or 120 min

shall

8.2

be chosen.

Acceptance criteria

Withl reference to the test procedure given in Clause 7, the cable possesses

char

|
—

|,.

In th
test
shall

10 1
i

cteristics for providing circuit integrity so long as during the course of the test

e voltage is maintained, i.e. no fuse fails or circuit-breaker is interrupted,

conductor does not rupture, i.e. the lamp is not extinguished.

Retest procedure

b event of a failure, as judged by the requirements of the‘relevant standard, two fU
tpecimens, taken from the same cable sample, shall-be tested. If both comply, theg
be deemed successful.

[est report (electric power and control-cables with rated voltage up to an
hcluding 600 V/1 000 V)

a) t

7

The lest report shall include the followingihformation:

e number of this document;

full description of the cable tested,;

a
c) t:[e manufacturer of the cable tested;
t

e test voltage and actual applied electrical connections, in accordance with Paragr
to 9 of 7.2;

e) a

y option used¢in*the test procedure (i.e. failure detection method);

f) the type and«disposition of clips supporting cable sample;

g) the actualcable bending radius used for the test;

h) the methdod used for temperature monitoring during the verification procedure;

i) theXeint of failure mechanism (i.e. voltage not maintained or conductor rupture);

Fe by either one of the criteria listed shall be sufficient to show a failure'for that cablg.

the

rther
test

aphs

j) the actual performance requirement applied (by reference to Clause 8);

k) the flame application time;

[) the chamber volume and temperature at the start of the test.

11 Cable marking

If a cable is required to be marked to signify compliance with this document, it shall be
marked with the number of this document and the duration of flame application, as follows:
“IEC 60331-1 (XX)” where XX shall be the duration in minutes. The marking shall be in
addition to any requirement of the cable standard.
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Annex A
(normative)

Verification procedure for the source of heat

A.1 Measuring equipment

The flame temperature shall be measured using two 1,5 mm mineral insulated, stainless steel
sheathed thermocouples type K-te in conformance W|th IEC 60584-1, mounted on the test wall
;  test
wall. The honzontal I|ne of the thermocouples shaII be (100 t 10) mm above the bottom qf the
wall.| The wall shall consist of a board of heat-resistant, non-combustible and nen-maqtallic
material (900 £ 100) mm long, (300 + 50) mm high and (10 £ 2) mm thick.

Dimehsions in millimetres

1 1

900 £100 /\

) 450 +50 /\ - 10 +2
&

]
S 12545 | 12545 20,0 £1,0
+H i - >
S 2 2
[s2]
fa
L W [*J W § - S
| —I\ = b "
— _ 4 — z | =
| | e el
T (H)
110 £10
4 4
IEC
Key
1 thermocouple'supports
2 thermocouplé&tip
3 burner,
4 1,5.mm type K sheathed thermocouples
H horizontal distance of thermocouple tip from burner face
14 vertical distance of thermocouple tip from centre line of burner

Figure A.1 — Temperature measuring arrangement

A.2 Procedure

Position the burner 100 mm to 120 mm horizontally from the thermocouple (H#) and 40 mm to
60 mm vertically below the centre line of the thermocouples (V) as shown in Figure A.1.

Ignite the burner and adjust the gas and air supplies to those given in 5.3.

Monitor the temperature as recorded by the thermocouples over a period of 10 min to ensure
conditions are stable.


https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

IEC 60331-1:2018 RLV © IEC 2018 - 25—

A.3 Evaluation

The verification procedure shall be considered satisfactory if:

a) the arithmetic mean of the averaged readings for each of the two thermocouples over the |
10 min falls within the requirement of (830 +48) °C and

b) the difference of the averaged readings for each of the two thermocouples over the 10 min
period does not exceed 40 °C.

At least one measurement shall be made every 30 s in order to obtain the average.

NoTE| The actual method of obtaining the average thermocouple reading over the peripd is
not specified, but it is recommended that a recorder with averaging facilities is used in prder
to damp the variability caused by point measurement.

If thg verification is not successful, the flow rates shall be altered within the-tolerances given
in 5.3 and a further verification carried out.

A.4 | Further verification

If the verification of Clause A.3 is not successful, the distances (H and V) between the byrner
and the thermocouples shall be altered (within the toletance given in Clause A.2) and a
further verification carried out.

If no| successful verification can be achieved within the tolerances given, then the byrner
systgm shall be considered as incapable of providing the source of heat required by this
document.

A.5 | Verification report

The position established for successful verification (of # and V) and the flow rates used|shall
be regcorded.
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Annex B
(informative)

Guidance on the choice of recommended test apparatus

(burner and venturi)1

AGF burner insert 11-55, and a suitable 500 mm burner, including the specified burner face,

A commercially available burner face meeting the recommendations of this document is the
is the AGF, reference 1857B. A recommended venturi mixer is the AGF 14-18.
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the same results.

1


https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

IEC 60331-1:2018 RLV © IEC 2018 - 27 -
Bibliography

IEC 60331-2, Tests for electric cables under fire conditions — Circuit integrity — Part 2: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter not exceeding 20 mm

IEC 61034-1, Measurement of smoke density of cables burning under defined conditions —
Part f—Festapparatus



https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

IEC 60331-1:2018-03(en-fr)

1EC IEC 60331-1
INTERNATIONAL
STANDARD

NORME &
INTERNATIONALE ®

Q
N4

Edition 2.0 2018-03

S

&
o
Tests for electric cables under fire conditionﬁ(circuit integrity —
Part 1: Test method for fire with shock at aQ perature of at least 830 °C for
cabjles of rated voltage up to and includ{®0,6/1,0 kV and with an overall
diameter exceeding 20 mm ")

)
Essais pour cables électriques sgﬁnis au feu — intégrité des circuits —
Partie 1: Méthode d'essai au feu'avec chocs pour les cables de tension assignée
au plus égale a 0,6/1,0 k\@@ diameétre externe supérieur a 20 mm, a une

température d'au moins °C

>
S
/ //f%/ //%
/// /// /// ////
/ /;//// //%”

/)
/
!
1Y

/
I


https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

-2- IEC 60331-1:2018 © IEC 2018

CONTENTS
L0 @ ]\ I I = S PP 2
FOREWORD ...ttt et e et e e et e e e e et et e e e e e e e e e et e e e e e e e eenns 4
LN I 2 1 1 L N 1 P 6
1 S T o] o 1 Y S 7
2 NOrMative refErENCES ..o e 7
3 Terms and definitions ... 8
4 (eSSt eNVIFONMENt . ... e N e 8
5 [eSt APPAratUS ..o e D e [ 8
51 Test equipment ... 8
5p Test ladder and MOUNTING ..o b Je e e e eeenas .12
5B Source of heat ... N .13
b.3.1 BUINET e N .13
5.3.2 Flow meters and flow rates ... ... 14
5.3.3 Verification ... D ...15
54 Shock producing deVICE ......cvuiiiiiiiii e o e .15
5.p Positioning of source of heat.........coooi e Y ...16
5. Continuity checking arrangements for electricpower and control cables with
rated voltage up to and including 600 V/1 000,V ........ccooviiiiiiiiiiiieee e, ...16
5.F FUSES e e ...16
6 [est specimen (electric power and control cables with rated voltage up to and
NClUdiNG 600 V/1 000 V) u.iiniiiiiee e (e e et e e e e e e e e e e e e e e e e e anns ...16
6./ Test specimen preparation ... ..o e ...16
6.p Test SPeCIMEN MOUNTING ... G e e e A7
5.2.1 Single core cables with-concentric metal layer and multicore cables.......... L7
5.2.2 Single core cables without concentric metal layer...............co.ooiii, .19
7 lest procedure (electric power and control cables with rated voltage up to and
NClUdiNg 600 V/1 000 V)0 ettt e e e e ...20
7. Test equipment.and arrangement.... ... ...20
7.P Electrical CONNECTIONS ... ... e ...20
7B Flame and-shock application........ ..o .22
7.4 Ele T atioN .. e .22
8 Performance requirements (electric power and control cables with rated voltage
Ip to-and including 600/1 000 V) ouuiiiiii e .23
8. Flame application time ... ... .23
8. ACCEPLANCE CIITEIIA ..o e ettt e e e e e e e e enens 23
9 R eSSt PrOCEAUIE ... e e e e 23
10 Test report (electric power and control cables with rated voltage up to and
iINCIUAING B00 V/1 000 V) uuiiiiii et e e e e e e e e e e e e e anas 23
I 0% o L= o = o 11 o [ PP 23
Annex A (normative) Verification procedure for the source of heat.................cocoiiiin. 24
A1 Measuring €QUIPMIENT .. .. e e 24
A.2 P IO AU .. 24
A3 EValUAt 0N . e 25
A.4 Further verification ... ... 25
A5 N erifiCation FEP Ot ... e 25


https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

IEC 60331-1:2018 © |IEC 2018 -3-

Annex B (informative) Guidance on the choice of recommended test apparatus (burner

=Y Lo B VZ=T o1 10 ] 1 PPN
BB O G AP Y e
Figure 1 — Schematic diagram of test configuration.................ccoiiiii
Figure 2 — Plan view of fire test equipment ...
Figure 3 — End elevation of fire test equipment (notto scale).........ccocoiiiiiiiiiiii,
Figure 4 — Typical rubber bush for supporting the test ladder..............ooooiiiin,
Flgur 5 BUIIIUI fGUG ...................................................................................................... P
Figune 6 — Schematic diagram of an example of a burner control system .......................%
Figune 7 — Example of method of mounting a larger diameter test specimen for test
(with|a bending radius between approximately 200 and 400 mm).........cooeeve N,
Figune 8 — Detailed section of adjustable position of vertical ladder elements‘for
mounting a smaller diameter test specimen for test (with a maximum bending'radius of
approximately 200 MM ) ... e e e e e e e
Figude 9 — Example of method of mounting test specimen with a bending radius in
norm]al use larger than approximately 400 mm ..o MO
Figude 10 — Method of mounting test specimen of a single core.cable without
concentric metal [ayer.. ..o N
Figude 11 — Basic circuit diagram — Electric power and control cables with rated
voltage up to and including 600 V/1 000 V ... e

Figude A.1 — Temperature measuring arrangementi. ... e

17

18

19

20

22
24


https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC 60331-1:2018 © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TESTS FOR ELECTRIC CABLES UNDER FIRE CONDITIONS -
CIRCUIT INTEGRITY -

Part 1: Test method for fire with shock at a temperature of at least

1 0 hlas o Vs

and with an overall diameter exceeding 20 mm

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
all| national electrotechnical committees (IEC National Committees). The object ‘of *IEC is to pr
international co-operation on all questions concerning standardization in the electrical‘and electronic fiel
this end and in addition to other activities, IEC publishes International Standardsy Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any [EC-National Committee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g

2018

rising
pbmote
fis. To
tions,

“IEC
rested

non-
losely

with the International Organization for Standardization (ISO) in accofdance with conditions determined by

agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters&xpress, as nearly as possible, an interna
cohsensus of opinion on the relevant subjects since each {dechnical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations forlinternational use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts'are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, JEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
between any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some-areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach"toNEC or its directors, employees, servants or agents including individual exper
members of its techmical’committees and IEC National Committees for any personal injury, property dam
other damage of @ny~nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising:out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications,

At{ention_is\drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.
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At{eqtion is drawn to the possibility that some of the elements of this IEC Publication may be the sub
paten }

International Standard IEC 60331-1 has been prepared by IEC technical committee 20:
Electric cables.

This bilingual version (2018-11) corresponds to the monolingual English version, published in
2018-03.

This second edition cancels and replaces the first edition published in 2009. It constitutes a
technical revision.
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The significant technical changes with respect to the previous edition are as follows:

— extension of the scope to include metallic data and telecom cables and optical fibre
cables, although details for the specific point of failure, continuity checking arrangement,
test sample, test procedure and test report relevant to metallic data and telecom cables
and optical fibre cables are not given by IEC 60331-1;

— improved description of the test environment;

— modified steel test ladder with two extra vertical elements to accommodate the modified
testing of single core cables without concentric metal layer and the testing of cables with a
bending radius in normal use larger than approximately 400 mm;

— mandatory use of mass flow meters/controllers as the means of controlling accurately the
riput flow rates of fuel and air to the burner;

mproved description of the information to be included in the test report.

The fext of this International Standard is based on the following documents:

FDIS Report on voting
20/1781A/FDIS 20/1792/RVD

Full information on the voting for the approval of this International Standard can be foupd in
the réport on voting indicated in the above table.

The French version of this document has not been votediupon.
This document has been drafted in accordance withthe ISO/IEC Directives, Part 2.
It hag the status of a group safety publication in accordance with IEC Guide 104.

A lis{ of all parts of the IEC 60331 series, published under the title: Tests for electric cables
undey fire conditions — Circuit integrity, can be found on the IEC website.

The gommittee has decided that the contents of this publication will remain unchanged| until
the maintenance result date_indicated on the IEC web site under "http://webstore.iec.gh" in
the data related to the specific publication. At this date, the publication will be

g¢confirmed,

—

e withdrawn,

—

gplaced by‘a revised edition, or

e amended.
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INTRODUCTION

IEC 60331 consists of the following parts under the general title: Tests for electric cables
under fire conditions — Circuit integrity:

Part 1: Test method for fire with shock at a temperature of at least 830 °C for cables of rated
voltage up to and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm

Part 2: Test method for fire with shock at a temperature of at least 830 °C for cables of rated
voltage up to and including 0,6/1,0 kV and with an overall diameter not exceeding 20 mm

Part B: Test method for fire with shock at a temperature of at least 830 °C for cables_of rated
voltage up to and including 0,6/1,0 kV tested in a metal enclosure

Part [11: Apparatus — Fire alone at a flame temperature of at least 750 °C
Part 21: Procedures and requirements — Cables of rated voltage up to and.including 0,6/1{0 kV
Part P3: Procedures and requirements — Electric data cables

Part R5: Procedures and requirements — Optical fibre cables

NOTE|1 Parts 21, 23 and 25 relate to fire-only conditions at a flame/emperature of at least 750 °C.

NOTE| 2 Parts 11, 21, 23 and 25 are no longer subject tox{maintenance. IEC 60331 Parts 1 and 2 afe the
recommended test procedures.

SincT its first edition (1970), IEC 60331 has_béen extended and has introduced a range of test
apparatus in order that a test may be carried out on large and small power, control, data and
opticpl fibre cables.

Succgssful tests carried out in accordance with this standard will enable an identification fo be
markjed on the product.
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TESTS FOR ELECTRIC CABLES UNDER FIRE CONDITIONS -
CIRCUIT INTEGRITY -

Part 1: Test method for fire with shock at a temperature of at least
830 °C for cables of rated voltage up to and including 0,6/1,0 kV
and with an overall diameter exceeding 20 mm

rd .Y

bcope

part of IEC 60331 specifies the test method for cables which are required, to mai

circult integrity when subject to fire and mechanical shock under specified conditions.

This
thos

Itis

Cab

document is applicable to cables of rated voltage not exceeding 600 V1 000 V, incl
¢ of rated voltage below 80 V, metallic data and telecom cables and optical fibre cabl

intended for use when testing cables of greater than 20 mm overall diameter.

Ies of smaller diameter are intended to be tested usingvthe apparatus, procedurg

requirements of IEC 60331-2.

This
arra

document includes details for the specifio “point of failure, continuity che
rigement, test sample, test procedure and {est report relevant to electric power

contrpl cables with rated voltage up to and inéluding 600 V/1 000 V. Details for the sp

point| of failure, continuity checking arrangemeént, test sample, test procedure and test r
relevant to metallic data and telecom cables and optical fibre cables are not give
IEC 60331-1.

Althgugh the scope is restricted to(cables with rated voltage up to and including 0,6/1,

the
cabl

used

grocedure can be used, with_the agreement of the manufacturer and the purchase
gs with rated voltage up teland including 1,8/3 (3,3) kV, provided that suitable fuse

Annex A provides the method of verification of the burner and control system used fo

test.

Req
sign

CAU

and

Jirementsiare stated for an identification that may optionally be marked on the cafj
ify compliahce with this document.

ntain

ding
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and

cking
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r, for
5 are
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burning, fire and explosion that may be involved, and against any noxious fumes
may be produced.

2

Normative references

MON — The test given in this standard may involve the use of dangerous voltages
mm&nmmmm—wmmmnrnm—nlock,

that

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including

any

IEC

amendments) applies.

60584-1, Thermocouples — Part 1: EMF specifications and tolerances
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IEC 60269-3, Low-voltage fuses — Part 3: Supplementary requirements for fuses for use by
unskilled persons (fuses mainly for household and similar applications) — Examples of
standardized systems of fuses A to F

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

B

g
J

3.1

circy
abilit
spec

3.2
drau
spac

4 1

The
minin
burni
test.

remajins stable during the verification\pfocedure and test. If necessary, the burner shg

shiel
walls
exha

1 m from the burner. A dampermay be used for adjustment of ventilation conditions.

NOTE|

The
start

The
verifi

EC Electropedia: available at http://www.electropedia.org/

6O Online browsing platform: available at http://www.iso.org/obp

it integrity
y of an electric cable to continue to operate in a designated manner whilst subjected
fied flame source for a specified period of time under specified conditions

ght-free environment
e in which the results of tests are not significantly affegted“by the local air speed

[est environment

test shall be carried out in a draught-free.environment within a suitable chambsg
hum volume 20 m3, with facilities for disposing of any noxious gases resulting fron
ng. Sufficient ventilation shall be available to sustain the flame for the duration g

to a

r, of
h the
f the

Air inlets and the exhaust chimney should be located in such a way that the burner flame

jed from any draughts by the use of draught shields. Windows may be installed i
of the chamber in order to ‘ebserve the behaviour of the cable during the test. |
st should be achieved by-means of natural draught through a chimney located at

Experience has shown.a chamber similar to the "3 m cube" specified in IEC 61034-1 to be suitable.

thamber and_ test apparatus shall be at a temperature of between 10 °C and 40 °C 3
of each test:

same wventilation and shielding conditions shall be used in the chamber during bot
cationyand cable test procedures.

Il be
h the
Fume
least

t the

h the

5 Test apparatus

5.1

Test equipment

The test equipment shall consist of the following:

a) a test ladder, on to which the test specimen is mounted, comprising a steel framework
fastened to a rigid support as described in 5.2;

b) a
c) a

source of heat comprising a horizontally mounted ribbon burner as described in 5.3;
shock-producing device as described in 5.4;

d) a test wall equipped with thermocouples for verification of the source of heat as described
in Annex A;


http://www.electropedia.org/
http://www.iso.org/obp
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e) a continuity checking arrangement as described in 5.6;
f) fuses as described in 5.7.

A general arrangement of the test equipment is shown in Figure 1, Figure 2 and Figure 3.
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Dimensions in millimetres

1200 100

~ 400

600 +50

o
X
W
\

1

11.
=
|

Key

1 shock producing device 5 fixed vertical elements of test ladder

2 steel test ladder 6 adjustable vertical elements of test ladder
3 rubber bush 7 rigid support framework

4 ribbon gas burner P plane of adjustment

Figure 1 — Schematic diagram of test configuration
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Dimensions in millimetres

l —
3
4
- /
o
= — 3=
o
N
2 3
IEC
Key
1 entry for air 4 horizontal steel test ladder
2 rubber bush 5 entry for propane gas
3 rigid support framework
Figure 2 — Plan view of fire test equipment
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Dimensions in millimetres

f 1)
LY
/ W\
| Wt
/ W\
;‘ ! 5 5 \"
+
+ *
o / 1 60° 0 \\
1o} 1 \‘
N i
! l ‘\\L
oy 3 f
i | k20045 \}
! - -—|
2
| \ ‘ (:’\\
WY
I I b
| 400 %5 | WY
— -~
I—— ——l L
i 600 +5
[ i
Q
o)
+l
o
o
l ©
3
N
+l
A
4 —e—f-—} '
‘ ¥
|
H %2
IEC
Key
1 shock producing device H horizontal distance from burner face to the centre of the test specimgn
2 steel test Tadder Vv vertical distance from centre line of burner to the centre of the test
specimen
3 gas/burner
4 centre line of burner face

Figure 3 — End elevation of fire test equipment (not to scale)

5.2 Test ladder and mounting

The test ladder shall consist of a steel framework as shown in Figure 1. The four central
vertical elements of the ladder shall be adjustable in order to accommodate different sizes of
cable under test. The test ladder shall be (1 200 + 100) mm long and (600 + 50) mm high, and
the total mass of the test ladder shall be (24 + 1) kg. Ballast, if required, shall be placed on
the steel supports.

NOTE 1 Angle iron approximately 45 mm wide and 6 mm thick, with suitable slots cut to allow for fixing of the
bolts or saddles, has been found to be a suitable material for construction of the ladder.
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Each horizontal element shall have a mounting hole not more than 200 mm from each end,
the exact position and diameter being determined by the particular supporting bush and
supporting framework used. The test ladder shall be fastened to a rigid support by four
bonded rubber bushes of hardness 50-60 Shore A fitted between the horizontal steel
elements of the ladder and the support framework, as shown in Figure 1 and Figure 2 so as to
allow movement under impact.

NOTE 2 A typical rubber bush, which has been found to be suitable, is shown in Figure 4.

Dimensions in millimetres

20-30

IEC

Figure 4 — Typical rubber bush for supporting the test ladder

5.3 | Source of heat
5.3.1 Burner

The pource of heat shall be a ribbon type propane gas burner with a nominal burner|face
length of 500-mm (outer distance between outer holes) with a venturi mixer. The nominal
burng¢r face*width shall be 10 mm. The face of the burner shall have three staggered rows of
drilled hales, nominally 1,32 mm in diameter and drilled at centres 3,2 mm from one anqther,
as showfn in Figure 5.

A centre-feed burner is recommended.

A row of small holes milled on each side of the burner plate, to serve as pilot holes for
keeping the flame burning, is permitted.

Guidance on the choice of a recommended burner system is given in Annex B.
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Dimensions in millimetres
(Dimensions are approximate)

4,5

IEC.

NOTE| Round holes, 1,32 mm in diameter, on centres 3,2 mm from one another, staggered inthree rows and
centreld on the face of the burner. Nominal burner face length 500 mm.

Figure 5 — Burner face

5.3.2 Flow meters and flow rates

Masq flow meters/controllers shall be used as the means~of controlling accurately the jinput
flow fates of fuel and air to the burner.

For the purposes of this test, the air shall have a dew point not higher than 0 °C.
The mass flow rates used for the test shall be.as follows:
Propane: (320 £ 13) mg/s

NOTE|1 This is approximately equivalent to a volume flow rate of (10,0 £ 0,4) litres/min at reference congitions
(1 bar|and 20 °C).

The purity of the propane is\not defined. Industrial grades that contain impurities are allpwed
provided that the calibration requirements are achieved.

Air: (3270 £ 163) mg/s

NOTE| 2 This is>a@pproximately equivalent to a volume flow rate of (160 % 8) litres/min at reference conditions
(1 barjand 20 2C).

A scTematic diagram of an example of a burner control system is given in Figure 6.
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Key
1 regulator 9 mass flow meters
2 piezoelectric igniter 10 venturi mixer
3 flame failure device 11 burner
4 control thermocouples 12 ball valve
5 propane cylinder 13 air flow
6 screw valve (6A =)alternative position) 14 compressed air cylinder
7 pilot feed 15 screw valve on pilot feed
8 gas flow
Figure 6 — Schematic diagram of an example of a burner control system

5.3.3— Verification

The burner and control system shall be subject to verification following the procedure given in
Annex A.

5.4 Shock producing device

The shock-producing device shall consist of a mild steel round bar (25,0 £ 0,1) mm in
diameter and (600 + 5) mm long. The bar shall be freely pivoted about an axis parallel to the
test ladder, which shall be in the same horizontal plane as, and (200 + 5) mm away from, the
upper edge of the ladder. The axis shall divide the bar into two unequal lengths, the longer
length being (400 £ 5) mm which shall impact the ladder. The bar shall drop under its own

weight from an angle of (60+g)° to the horizontal to strike the upper edge of the ladder at its
midpoint as shown in Figure 1 and Figure 3.
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5.5 Positioning of source of heat

The burner face shall be positioned in the test chamber so that it is at least 200 mm above the
floor of the chamber, or any solid mounting block, and at least 500 mm from any chamber
wall.

By reference to the centre point of the test specimen (cable) to be tested, the burner shall be
positioned centrally at a horizontal distance of (4 £ 2) mm from the burner face to the centre
of the test specimen and at a vertical distance of (V+2) mm from the burner horizontal
central plane to the centre of the test specimen, as shown in Figure 3.

verification procedure given in Annex A, where the values of H and V to be used shgll be

The 'anct burner location to be used during cable testing shall be determined using the
dete

mined.

The burner should be rigidly fixed to the framework during testing so as to prevent movement
relative to the test specimen.

5.6 | Continuity checking arrangements for electric power and control cables with
rated voltage up to and including 600 V/1 000 V

During the test, a current for continuity checking shall be passed-through all conductors gf the
test gpecimen. This shall be provided by a three-phase ‘star connected or single-phase
transformer(s) of sufficient capacity to maintain the test voltage up to the maximum ledkage
currgnt allowable.

NOTE|1 Note the fuse characteristics when determining thespower rating of the transformer.

This purrent shall be achieved by connecting, @t the other end of the test specimen, a suitable
load pnd an indicating device (e.g. lamp) toxeach conductor, or group of conductors.

NOTE|2 A current of 0,25 A at the test voltagey.through each conductor or group of conductors, has been folund to
be suifable.

5.7 Fuses

Fusep used in the test procedure in Clause 7 shall comply with IEC 60269-3 Fuse System A-D
Type|DII, 2A. Alternatively, a circuit-breaker with equivalent characteristics may be used.

Whefe a circuit-bréaker is used, its equivalent characteristics shall be demonstrated by
refergnce to the characteristic curve shown in IEC 60269-3.

The fest methed using fuses shall be the reference method in the case of dispute.

and including 600 V/1 000 V)

6.1 Test specimen preparation

A cable sample at least 4,5 m long shall be available from the cable length for test. Each
individual test specimen to be tested shall consist of a piece of cable, taken from the cable
sample, not less than 1 500 mm long with approximately 100 mm of sheath or outer covering
removed at each end.

At each end of the test specimen each conductor shall be suitably prepared for electrical
connections, and, if there is more than one conductor, the exposed conductors shall be
spread apart to avoid contact with each other.
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6.2 Test specimen mounting
6.2.1 Single core cables with concentric metal layer and multicore cables

The test specimen shall be bent to form an approximate arc of a circle. The internal radius of
the bend shall be the manufacturer’s declared minimum bending radius in normal use.

The test specimen shall be mounted centrally on the test ladder, as shown in Figure 7, using
metal clips which shall be earthed. Two U-bolts on the upper horizontal element of the ladder
are recommended, but P-clips made of metal strip (20 + 2) mm wide for cables from 20 mm up
to 50 mm in diameter, and (30 + 3) mm wide for larger cables shall be used on the two central

vertiﬁmmmmmmweter
as the test specimen under test.

If thg test specimen is too small to be mounted on the central vertical elements{when ih the
positlon shown in Figure 7, the two central vertical elements shall be equallymoved towards
the centre so that the specimen may be mounted as shown in Figure 8.

If thg bending radius in normal use is too large to mount the cable as~shown in Figure|7 on
the dllots for the U-bolt (key 5 in Figure 7), the test specimen shall~xbeé mounted as shoyn in
Figude 9, using P-clips, which shall be earthed, on the four central‘\wertical elements.

Dimensions in millimetres
(dimensions are approxfmate)

\ 6 6
- . . / -
\f_a./ \I’/
l 5
0 | —) o
J
O P o
IEG

Key
1 U-bolt 5 slot for U-bolt
2 P-clip 6 slot for movement of adjustable vertical elements
3 adjustable vertical elements R minimum bending radius of cable in normal use
4 slot for P-clip fixing

Figure 7 — Example of method of mounting a larger diameter test specimen for test
(with a bending radius between approximately 200 and 400 mm)
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Dimensions in millimetres
(dimensions are approximate)
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adjustable position of vertical elements 5 U-bolt
normal position of vertical elements 6 slot for movement of adjustable vertical
elements
lower horizontal element of tést.Jadder 7 slot for P-clip fixing

©

additional clip to maintain cable arc (if
required)

P-clip

Figure 8 — Detailed section of adjustable position of vertical ladder elements
for mounting a smaller diameter test specimen for test (with a maximum
bending radius of approximately 200 mm)
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Dimensions in millimetres
(dimensions are approximate)
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6.2.2
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NOTE
bendir
occur,

The
spec

s
ﬁ
@]

P-clip 3 slot for P-clip_fixing

adjustable vertical elements 4 slot foymovement of adjustable vertical elements

Figure 9 — Example of method of mounting:test specimen with a bending radiug
in normal use larger than-approximately 400 mm

Single core cables without concéentric metal layer
est specimen shall be mounted ‘straight centrally on the test ladder using four ve

ents, as shown in Figure 10, using metal clips which shall be earthed to fix the cah
vertical elements.

vidth of the metal clips (shall be in accordance with 6.2.1.

Testing of a straight\tést specimen is appropriate for single core cables without concentric metal lay
g will not affect the ‘performance for this type of cable, as internal forces such as in multicore cables

P-clips shall’ be formed so as to have approximately the same diameter as the
men under test.

rtical
le to

er, as
ill not

test
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2 adjustable vertical elements 4 slot for mOvement of adjustable vertical elements
Figure 10 — Method of mounting test specimen of a single core cable
without concentric metal layer
7 Test procedure (electric power and control cables with rated voltage up tpo
and including 600 V/1 000 V)
71 Test equipment and arrangement
The {est procedure defined (in,this clause shall be carried out using the apparatus detail
Clause 5.
Mount the test specimen on the test ladder and adjust the burner to the correct po
relative to the testispecimen in accordance with 5.5.
7.2 | Electrical connections
At the transformer end of the test specimen, earth the neutral conductor, if present, ang
protectivé conductors. Any metal screens, drain wire or metal layer shall be interconnécted

and earthed. Connect the transformer(s) to the conductors, excluding any conductor which is
specifically identified as intended for use as a neutral or a protective conductor, as shown in
the circuit diagram in Figure 11. Where a metal sheath, armour or screen acts as a neutral or
protective conductor, it shall be connected, as shown in the circuit diagram in Figure 11, as

for a

neutral or protective conductor.

For single-, twin- or three-phase conductor cables, connect each phase conductor to a
separate phase of the transformer(s) output with a 2 A fuse or circuit-breaker with equivalent
characteristics in each phase.

For multicore cables that have four or more conductors (excluding any neutral or protective
conductors), the conductors shall be divided into three roughly equal groups, ensuring that
adjacent conductors are, as far as possible, in different groups.
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For multipair cables, the conductors shall be divided into two equal groups, ensuring that the
a-core of each pair is connected to one phase and the b-core of each pair is connected to
another phase (L1 and L2 in Figure 11). Quads shall be treated as two pairs.

For multi-triple cables, the conductors shall be divided into three equal groups, ensuring that
the a-core of each triple is connected to one phase, the b-core of each triple to another phase
and the c-core of each triple to the third phase of the transformer (L1, L2 and L3 in Figure 11).

Connect the conductors of each group in series and connect each group to a separate phase
of the transformer output with a 2 A fuse or circuit-breaker with equivalent characteristics in

each

phase.

The
appr
requi
were
cond
be in

For @
far a

In ce
may

equal to the rated voltage simultaneously. In such «ases, either the test voltage bet
Lctors, or the test voltage from conductor to €arth shall be equal to the rated voltrage,

cond
such
earth

At th

=

o 0

above test procedure connects the neutral conductor to earth. This may.,ng

red by the cable standard, it is permissible for the neutral conductor to be\tested a
a phase conductor. Where a metal sheath, armour or screen acts) as a ne

cluded in the test report.

able constructions not specifically identified above, the test veltage should be applie
b is practicable, to ensure that adjacent conductors are connected to different phases

rtain cases, for example when testing a control cable using a three-phase transform
hot be possible to apply a test voltage between conductors and from conductor to

that both the test voltage between conducters and the test voltage from conduc
is equal to or higher than the rated voltage:

e end of the test specimen remote fram the transformer:

bnnect each phase conductor, o\ group of conductors, to one terminal of the load
dicating device (as described.in5.6), the other terminal being earthed;

bnnect the neutral conductor and any protective conductor to one terminal of the
nd indicating device (as described in 5.6), the other terminal being connected to LU
D or L3) at the transformer end (see Figure 11).

t be

ppriate if the cable is designed for use on a system where neutral is not earthed. If

5 if it
utral

Lictor, it shall always be connected to earth. Any such variations in methodology should

d, as

p .

er, it
earth
veen

or to

and

load
1 (or
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L1, L2, L3 phase conductor (L2, L3 if present)
N neutral conductor (if present)
PE protective conductor (if present)
1 fransformer 5 test.conductor or group
2 fluse, 2 A 6 </load and indicating device
3 1orL2orlL3 7V test specimen
4 hetal clips 8 metal screen (if present)
Figure 11 — Basic circuit diagram.< Electric power and control cables
with rated voltage up to-and including 600 V/1 000 V
7.3 | Flame and shock application

Ignit¢ the burner and adjust the_propane and air flow rates to those obtained during the

verifi

Imme

durafion timer. The shock-producing device shall impact the ladder after 5 min + 10 s
btion and subsequently at 5 min £ 10 s intervals. After each impact, the impacting bar

activ
shall

7.4

Imme

cation procedure (see Anhex A).

diately after igniting.the burner, activate the shock-producing device and start thg

be raised from the test ladder no more than 20 s after the impact.

Electrification

diately after starting the test duration timer, switch on the electricity supply and 4

the

nlfagn to the rated \/nlfngn of the cable (ellhjnnf to a2 minimum \/nlf:gn of 100 \/

test
from

djust
AC),

i.e. the test voltage between conductors shall equal the rated voltage between conductors,
and the test voltage from conductor to earth shall equal the rated voltage from conductor to

earth

The test shall continue for the flame application time given in 8.1, after which the flame shall
be extinguished.
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8 Performance requirements (electric power and control cables with rated
voltage up to and including 600/1 000 V)

8.1 Flame application time
The flame application time shall be as specified in the relevant cable standard. In the absence

of such a standard, a flame and impact application time of 30 min, 60 min, 90 min or 120 min
shall be chosen.

8.2 Acceptance criteria

Withl reference to the test procedure given in Clause 7, the cable possesses| the
characteristics for providing circuit integrity so long as during the course of the test

— the voltage is maintained, i.e. no fuse fails or circuit-breaker is interrupted,
— a|conductor does not rupture, i.e. the lamp is not extinguished.

Failufe by either one of the criteria listed shall be sufficient to show a failure for that cable.

9 Retest procedure

In the event of a failure, as judged by the requirements of, the‘relevant standard, two further
test $pecimens, taken from the same cable sample, shall-be tested. If both comply, thg test
shalllbe deemed successful.

10 Test report (electric power and control cables with rated voltage up to and
including 600 V/1 000 V)

The lest report shall include the followingsinformation:

a) the number of this document;

b) a|full description of the cable tested;
c) t:[e manufacturer of the cable tested;
d) the test voltage and actual applied electrical connections, in accordance with Paragnaphs

7|to 9 of 7.2;

e) ahy option used(inthe test procedure (i.e. failure detection method);

f) the type and«disposition of clips supporting cable sample;
g) the actualcable bending radius used for the test;
h) the method used for temperature monitoring during the verification procedure;

i) thepoeint of failure mechanism (i.e. voltage not maintained or conductor rupture);

j) the actual performance requirement applied (by reference to Clause 8);
k) the flame application time;
[) the chamber volume and temperature at the start of the test.

11 Cable marking

If a cable is required to be marked to signify compliance with this document, it shall be
marked with the number of this document and the duration of flame application, as follows:
“IEC 60331-1 (XX)” where XX shall be the duration in minutes. The marking shall be in
addition to any requirement of the cable standard.
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Annex A
(normative)

Verification procedure for the source of heat

A.1 Measuring equipment

The flame temperature shall be measured using two 1,5 mm mineral insulated, stainless steel
sheathed thermocouples type K in conformance with IEC 60584-1, mounted on the test wall

owR—i—Figure—A—d- o—the o4 : be—(20-0-+1-0 r—front-ofthe test
wall.|The horizontal line of the thermocouples shall be (100 + 10) mm above the bottom\af the
wall.| The wall shall consist of a board of heat-resistant, non-combustible and nen-matallic
material (900 £ 100) mm long, (300 + 50) mm high and (10 £ 2) mm thick.

Dimehsions in millimetres

1 1

900 £100 /\
450 £50 / \ 10 2

3 L
3 1255 | 12545 , 20,010
+ j - 2
S 2 2
[s2]
I [¥ [*J W § o L E
| It |[2
— _ 4 — B | =
T (#H)
110 £10
4 4
IEC
Key
1 thermocouple'‘supports

thermocouplétip
burner,
1,5 mm type K sheathed thermocouples

horizontal distance of thermocouple tip from burner face

thml\)

vertical distance of thermocouple tip from centre line of burner

Figure A.1 — Temperature measuring arrangement

A.2 Procedure

Position the burner 100 mm to 120 mm horizontally from the thermocouple (H) and 40 mm to
60 mm vertically below the centre line of the thermocouples (V) as shown in Figure A.1.

Ignite the burner and adjust the gas and air supplies to those given in 5.3.

Monitor the temperature as recorded by the thermocouples over a period of 10 min to ensure
conditions are stable.
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A3

Evaluation

The verification procedure shall be considered satisfactory if:

a) the arithmetic mean of the averaged readings for each of the two thermocouples over the

1

0 min falls within the requirement of (830 +48) °C and

b) the difference of the averaged readings for each of the two thermocouples over the 10 min
period does not exceed 40 °C.

At least one measurement shall be made every 30 s in order to obtain the average.

The
spec

If thg verification is not successful, the flow rates shall be altered within the-tolerances
in 5.3 and a further verification carried out.

A4

If the
and
furth

If no
systeg
docu

A.5

The
be re

actual method of obtaining the average thermocouple reading over the peried, i

Further verification

verification of Clause A.3 is not successful, the distances (H and V) between the b

pr verification carried out.

5 not

fied, but it is recommended that a recorder with averaging facilities is used ‘in order to
damp the variability caused by point measurement.

jiven

pyrner

the thermocouples shall be altered (within the toletance given in Clause A.2) and a

pyrner

successful verification can be achieved within the tolerances given, then the b
m shall be considered as incapable of providing the source of heat required by this
ment.

Verification report

position established for successful verification (of # and V) and the flow rates used
corded.

shall



https://iecnorm.com/api/?name=db2b1e0a3de75e0b78eeeee034a28d39

- 26 — IEC 60331-1:2018 © |IEC 2018

Annex B
(informative)

Guidance on the choice of recommended test apparatus
(burner and venturi)1

A commercially available burner face meeting the recommendations of this document is the
AGF burner insert 11-55, and a suitable 500 mm burner, including the specified burner face,
is the AGF, reference 1857B. A recommended venturi mixer is the AGF 14-18.

The fecommended burner and venturi are available from:

AGF |[Burner, Inc.
www|agfburner.com

1955/ Swarthmore Ave
Lakewood, NJ 08703-8060

1 This information 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 be used if they can be shown to lead to
the same results.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ESSAIS POUR CABLES ELECTRIQUES SOUMIS AU FEU -
INTEGRITE DES CIRCUITS -

2018

Partie 1: Méthode d'essai au feu avec chocs pour les cables de tension

- - -
a ala¥a¥Va a aVa - [)_H (] - aV-Wa aa¥a a0 arne NO -

20 mm, a une température d'au moins 830 °C

AVANT-PROPOS

Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale, de normali
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux'de I'lEC). L'IEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les don|
de| I'électricité et de I'électronique. A cet effet, I'lEC - entre autres activités — publie des N
internationales, des Spécifications techniques, des Rapports techniques, des. Spécifications accessib
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). keur’ élaboration est confiée
comités d'études, aux travaux desquels tout Comité national intéressé par le“sujet traité peut participeg
organisations internationales, gouvernementales et non gouvernementales/ en liaison avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I'Organisationlrternationale de Normalisation
se|on des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, €tant donné que les Comités nationaux dg
intéressés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme «de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous+es efforts raisonnables sont entrepris afin qud
s'dssure de I'exactitude du contenu technique de ses/publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation gui‘en est faite par un quelconque utilisateur final.

D4gns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre~toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étrg indiquées en termes clairs dans ces dernieres.

L'lEC elle-méme ne fournit aucungvattestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs dojvent s'assurer qu'ils sont en possession de la derniére édition de cette publication].

Adcune responsabilité~he doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEG; ‘pour tout préjudice causé en cas de dommages corporels et matériels, ou de touf]
dommage de._guetque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice).et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
todite autre-Publication de I'lEC, ou au crédit qui lui est accordé.

L'dttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publig
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réferencées est obligatoire pour une application correcte de la présente publication.

L'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de brevets et de ne pas avoir signalé leur existence.

t faire
droits

La Norme internationale IEC 60331-1 a été établie par le comité d'études 20 de I'lEC: Cables
électriques.

La présente version bilingue (2018-11) correspond a la version anglaise monolingue publiée
en 2018-03.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2009. Elle constitue
une révision technique.

Les modifications techniques majeures par rapport a I'édition précédente sont les suivantes:
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Le texte anglais de cette norme est issu des documents 20/1781A/FDIS et,20/1792/RVD.

extension du domaine d'application aux cables métalliques de données et de
télécommunications et aux cables a fibres optiques, bien que les informations concernant
le point spécifique de défaillance, le dispositif de contrdle de la continuité, I'échantillon
d'essai, la procédure d'essai et le rapport d'essai pertinents pour les cables métalliques de
données et de télécommunications et pour les cables a fibres optiques ne soient pas
fournis dans I'lEC 60331-1;

amélioration de la description de I'environnement d'essai;

modification de I'échelle d'essai en acier avec deux éléments verticaux supplémentaires
afin d'effectuer les essais modifiés sur des cables unipolaires sans couche de métal
concentrique et les essais sur des cébles de rayon de courbure en utilisation normale

supérieura-environ-400 mm-
P y

utilisation obligatoire de débitmétres massiques/régulateurs comme moyens précis de
cpntrole des débits d'entrée de combustible et d'air au brdleur;
a

mélioration de la description des informations a inclure dans le rapport d'essai.

Le rppport de vote 20/1792/RVD donne toute information sur levote ayant aboypti a

I'appfobation de cette norme.
La version frangaise de cette norme n'a pas été soumise au vote:
Ce dpcument a été rédigé selon les Directives ISO/IEC,Partie 2.

Il a lg¢ statut d'une publication fondamentale de sécurité conformément au Guide IEC 104

Une Jiste de toutes les parties de la série IEG,60331, publiées sous le titre général: Essais
pour|céables électriques soumis au feu — Intégrité des circuits, peut étre consultée sur l¢ site

web fe I'lEC.

Le comité a décidé que le contenucde cette publication ne sera pas modifié avant la daje de
mainfenance indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données

relatives a la publication recherchée. A cette date, la publication sera

reconduite,
slipprimée,
remplacée par.une édition révisée, ou

amendée.
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INTRODUCTION

L'IEC 60331 comprend les parties suivantes présentées sous le titre général: Essais pour
cables électriques soumis au feu — Intégrité des circuits:

Partie 1: Méthode d'essai au feu avec chocs pour les cébles de tension assignée au plus
égale a 0,6/1,0 kV et de diameétre externe supérieur a 20 mm, a une température d'au moins
830 °C

Partie 2: Méthode d'essai au feu avec chocs pour les cébles de tension assignée au plus

égale
moin

Parti
0,6/1
830

Parti

Parti
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Parti
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5 830 °C

C
e 11: Appareillage — Incendie seul avec flamme a une températuré>d'au moins 750 °

b 21: Procédures et prescriptions — Cables de tension assSignée jusque et y co
0 kV

p 23: Procédures et prescriptions — Cables électriques-de données

b 25: Procédures et prescriptions — Cables a fibres optiques

1 Les Parties 21, 23 et 25 décrivent uniquement les*conditions d'essai avec une flamme a une tempé
oins 750 °C.

2 Les Parties 11, 21, 23 et 25 ne font plus*l'objet d'une maintenance. Les Parties 1 et 2 de I'lEC
rtent les procédures d'essai recommandées!

is sa premiere édition (1970),-I'lEC 60331 a été élargie afin que I'appareillage d'
e étre utilisé pour les essais-des petits et gros cables de puissance, de command

bssais satisfaisants.réalisés conformément a la présente norme pourront permettreg
fication sur le produit par un marquage.

d'au

b 3: Méthode d'essai au feu pour les cébles de tension assignée au, plus égale a
0 kV, soumis a essai sous conduit métallique avec chocs, a une température d'au moins
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pssai
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ESSAIS POUR CABLES ELECTRIQUES SOUMIS AU FEU -
INTEGRITE DES CIRCUITS -

Partie 1: Méthode d'essai au feu avec chocs pour les cables de tension
assignée au plus égale a 0,6/1,0 kV et de diameétre externe supérieur a
20 mm, a une température d'au moins 830 °C

1 Domaine d'application

La présente partie de I'lEC 60331 spécifie la méthode d'essai pour les cablesynécesspires
afin de conserver l'intégrité du circuit quand ils sont soumis a un feu et“a des ghocs
mécgniques dans des conditions spécifiées.

Le présent document s'appliqgue aux cables de tension assignée~au plus égale al 600
V/1 400 V, y compris les cables de tension assignée inférieure a 80.Vy1es cables métalliques
de dgnnées et de télécommunications ainsi que les cables a fibres;optiques.

Elle pst prévue pour étre utilisée pour soumettre a l'essai~des cables de diamétre externe
supéfieur a 20 mm.

Pour| les cables de diamétre plus petit, I'appareillage, la procédure et les exigences de
I'lEC[60331-2 sont utilisés.

Le présent document comprend des détails concernant le point spécifique de défaillange, le
dispgsitif de contréle de la continuité, I'échantillon d'essai, la procédure d'essai et le rapport
d'esdqai pertinents pour les cables électriques de puissance et de commande de tepsion
assignée au plus égale a 600 V/1 000 V. Les détails concernant le point spécifique de
défaillance, le dispositif de contrble,de la continuité, I'échantillon d'essai, la procédure d'essai
et 1¢ rapport d'essai pertingnts  pour les cables métalliques de données el de
téelécpmmunications ainsi que(les cables a fibres optiques ne sont pas fournis |dans
I""EC|60331-1.

Bien|que le domaine d'application soit limité aux cables de tension assignée au plus égple a
0,6/1[,0 kV, par accord-entre le fabricant et I'acheteur, la procédure peut étre utilisée pour des
cablgs de tensionyassignée au plus égale a 1,8/3 (3,3) kV a condition d'utiliser des fugibles
appropriés.

'essai.

L‘An¥exe Afournit la méthode de vérification du braleur et le systeme de contrdle utilisé[pour

Les exigences sont indiquées pour une identification pouvant étre éventuellement apposée
par marquage sur le cable pour signifier sa conformité a la présente norme.

AVERTISSEMENT - L'essai indiqué dans la présente norme peut mettre en ceuvre
l'utilisation de tensions et de températures dangereuses. Il convient de prendre des
précautions appropriées contre les risques de choc, de briilure, de feu et d'explosion
qui peuvent en résulter et contre toutes fumées nocives pouvant étre générées.
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2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s'applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60584-1, Couples thermoélectriques — Partie 1: Spécifications et tolérances en matiere
de FEM

[EC 60269-3—+Fusiblesbassetension—Partie—3—FxigenrcesSupplementairespourtes—+usibles
destinés a étre utilisés par des personnes non qualifiées (fusibles pour ~usages
essentiellement domestiques et analogues) — Exemples de systemes de fusibles normaligés A
aF

3 Termes et définitions

Pourl|les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases de données terminologiques destinées a étre util{sées
en ngrmalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.eleetropedia.org/

e |30 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
intédrité du circuit
aptityde du céble électrique a continuer de forctionner de la fagon prévue lorsqu'il est squmis
a ung source de flamme spécifiée pendant.une durée spécifiée dans les conditions spécifiées

3.2
envifonnement en air calme
envirpnnement dans lequel lestrésultats des essais ne sont pas affectés de mapiere
significative par la vitesse locale de I'air

4 Environnementd'essai

L'esdai doit étreeffectué dans un environnement en air calme, dans une chambre appropriée,
d'un polume nfinimal de 20 m3, pourvue de moyens d'évacuation des gaz nocifs résultaht de
la cgmbustion! Une ventilation suffisante doit étre disponible pour maintenir la flamme
pendant la durée de I'essai. Il convient de placer les entrées d'air et la cheminée d'évacjation
de sorterque la flamme du brileur reste stable pendant la procédure de vérification et I'gssai.

Si nécessaire—le—broleur—doitéire—protégé—conire—les—courants—dair—par—tulilisation de
protections. Des fenétres peuvent étre installées dans les parois de la chambre de fagon a
observer le comportement du cable pendant I'essai. Il convient d'évacuer les fumées par

tirage naturel au moyen d'une cheminée située a au moins 1 m du brdleur. Un volet
d'extraction peut étre utilisé pour régler les conditions de ventilation.

NOTE L'expérience a montré qu'une chambre similaire au "caisson de 3 m" spécifié dans I'lEC 61034-1 était
appropriée.

La température de la chambre d'essai et de I'appareillage d'essai doit étre comprise entre
10 °C et 40 °C au début de chaque essai.

Les conditions de ventilation et de protection utilisées dans la chambre au cours des
procédures de vérification et d'essai du cable doivent étre identiques.
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5 Appareillage d'essai

5.1 Equipement d'essai
L'équipement d'essai doit étre constitué des éléments suivants:

a) une échelle d'essai sur laquelle I'éprouvette d'essai est montée, comprenant un cadre en
acier fixé a un support rigide comme décrit en 5.2;

b) une source de chaleur comprenant un brlleur de type a ruban monté horizontalement
comme décrit en 5.3;

c)

d) upe paroi d'essai équipée de thermocouples pour la vérification de la source de chpaleur
cpmme décrit dans I'"Annexe A;

e) up dispositif de controle de la continuité comme décrit en 5.6;

f) dgs fusibles comme décrit en 5.7.

Une fisposition générale de I'équipement d'essai est représentée a la_Figure 1, la Figurg 2 et
la Figure 3.
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Dimensions en millimétres

1200 100

600 +50

/

oo
7
I1§C
Légende
1 dispositif de production de chocs 5 éléments verticaux fixes de I'échelle d'essai
2 échelle d'essai en acier 6 éléments verticaux amovibles de I'échelle d'essai
3 manchon amortisseur en 7 cadre support rigide du dispositif d'essai
caoutchouc
4 brdleur a gaz du type a ruban P plan d'ajustement

Figure 1 — Schéma de configuration de I'essai
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Dimensions en millimetres

l —
3
4
o
o
= — 3=
o
N
2 3
IEC
Léggnde
1 arrivée d'air 4 échelle d'essai horizontale en acier
2 manchon amortisseur en 5 arrivée du gaz propane
caoutchouc
3 cadre support du dispositif
d'essai
Figure 2 — Vue en plan de I'équipement d'essai au feu
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Dimensions en millimetres
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IEC
Légende
1 dispositif de production H distance horizontale de la face du braleur au centre de I'éprouvelte
de chocs d'essai
2 echelle d'essai en acier 14 distance verticale de I'axe central du brdleur au centre de I'éproyvette
d'essai
bruteur a gaz
4 axe central de la face du

braleur

Figure 3 — Vue en élévation de I'équipement d'essai au feu (non a I'échelle)

5.2 Echelle d'essai et son montage

L'échelle d'essai doit étre constituée d'un cadre en acier comme représenté a la Figure 1. Les
quatre éléments centraux verticaux de I'échelle doivent étre amovibles afin de les adapter aux
différentes tailles de cables en essai. L'échelle d'essai doit avoir une longueur de
(1200 £ 100) mm et une hauteur de (600 = 50) mm, et la masse totale de I'échelle d'essai
doit étre de (24 + 1) kg. Si nécessaire, un lest doit étre placé sur les supports en acier.
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NOTE 1 L'utilisation de corniere en acier de largeur approximative de 45 mm et d'épaisseur approximative de
6 mm, comportant des encoches appropriées afin de permettre la fixation des boulons et des pinces, s'est révélée
étre convenable pour la construction de I'échelle.

Chaque élément horizontal doit comporter un trou de montage situé au plus a 200 mm de
chaque extrémité, la position exacte et le diameétre étant déterminés en fonction du type de
manchon amortisseur et du type de cadre support utilisés. L'échelle d'essai doit étre fixée a
un support rigide a l'aide de quatre manchons amortisseurs en caoutchouc de dureté
50-60 Shore A placés entre les éléments horizontaux en acier de I'échelle et le cadre
support, tel que représenté a la Figure 1 et la Figure 2, de fagon a permettre son déplacement
lors des chocs.

NOTE| 2 Un manchon amortisseur type en caoutchouc, qui s'est avéré étre approprié, est représgnté a
la Figlire 4.

Dimensions en millimétres

20-30

IEC

Figure 4 — Manchon amortisseur type en caoutchouc
pour supporter I'échelle d'essai

5.3 Source de chaleur

5.3.1 Brialeur

La source de chaleur doit consister en un brlleur a gaz propane du type a ruban, dont la face
a une longueur nominale de 500 mm (distance maximale entre les trous extérieurs), muni d'un
meélangeur venturi. La largeur nominale de la face avant du brileur doit étre de 10 mm. La
face du braleur doit comporter trois rangées de trous en quinconce, de diamétre nominal de
1,32 mm et dont les centres de pergcage sont espacés l'un de l'autre de 3,2 mm, comme
représenté a la Figure 5.

Il est recommandé d'utiliser un brlleur a alimentation centrale.

Une rangée de petits trous disposés de chaque c6té de la plaque du brileur est autorisée afin
de servir de trous pilotes pour que la flamme continue de brdler.
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