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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLE CLEATS FOR ELECTRICAL INSTALLATIONS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
inte prattoratee-operatoronrat-auestons—conreerntrg—Standardizatortnthe—etectrteatand—etectrentefiglds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredsto, ds “IEC
Publjication(s)”). Their preparation is entrusted to technical committees; any IEC National Commiitee inferested
in the subject dealt with may participate in this preparatory work. International, governmental ajd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC_collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with conditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly.as,possible, an interpational
congensus of opinion on the relevant subjects since each technical committee~has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international usel and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical contenf of IEC
Pubjications is accurate, IEC cannot be held responsible for the Wway-in which they are used or [for any
misinterpretation by any end user.

4) In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
transparently to the maximum extent possible in their national and regional publications. Any divérgence
between any IEC Publication and the corresponding national or regional publication shall be clearly indi¢ated in
the |atter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide copformity
assessment services and, in some areas, access to\NJEC marks of conformity. IEC is not responsible [for any
ser\ices carried out by independent certification bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committees and\IlEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsogver, whether direct or indirect, or for costs (including legal feg¢s) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publjications.

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

8) Attegntion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indigpensable for the correef\application of this publication.

9) Attgntion is drawn to jthe_possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEC shall.not be held responsible for identifying any or all such patent rights.

This redline . version of the official IEC Standard allows the user to identify the chpnges
made|to the previous edition. A vertical bar appears in the margin wherever a change
has bren made. Additions are in green text, deletions are in strikethrough red text
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International Standard |EC 61914 has been prepared by subcommittee 23A: Cable
management systems, of IEC technical committee 23: Electrical accessories.

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

This edition includes the following significant technical changes with respect to the previous
edition:

a) Additional declaration and test for lateral load retention depending on cleat mounting
orientation with associated new figures;

itional declaration of the distance between the cable centres in any short-circyit test

itional requirement to photograph the short-circuit test arrangement’before ang after

This edition also includes the following editorial changes with respect to the previous ed|tion:

g) Editorial clarification of definitions;

h) Edijtorial clarification of procedures for selection af test samples and the testing of [cleats
depigned for more than one cable;

i) Relaxation of some mandrel material requirements;

j) Clarification of the inspection requirements following a short-circuit test and addipg the
opfion of either a.c. or d.c. voltage testing following a second short-circuit;

k) Clarification that the resistance to_corrosion test applies to all types of fixing;
) Ngw cleat example illustration;

m) Lirpitations of use of the formulae in Annex B added.

The tgxt of this standard is.based on the following documents:

FDIS Report on voting
23A/786/FDIS 23A/795/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this standard, the following print types are used:

— requirements proper: in roman type;
— test specifications: in italic type;

— notes: in smaller roman type.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,
e withdrawn,

+ replaced by a revised edition, or
*+ amended.

IMPO

that [it contains colours which are considered to be useful for the-g¢
understanding of its contents. Users should therefore print this document.us|
colour printer.

icates
rrect
ng a
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CABLE CLEATS FOR ELECTRICAL INSTALLATIONS

1 Scope

This International Standard specifies requirements and tests for cable cleats and intermediate
restraints used for securing cable in electrical installations. Cable cleats provide resistance to
electromechanical forces where declared. This standard includes cable cleats that rely on a
mounting surface specified by the manufacturer for axial and/or lateral retention of cables.

This standard does not apply to:

— caple glands;

— caple ties.
2 Noprmative references

The fdllowing documents, in whole or in part, are normatively referenced in this documeht and
are inglispensable for its application. For dated references, only’the edition cited appligs. For
undated references, the latest edition of the referenced document (including any
amengments) applies.

IEC 60060-1:4989 2010, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60695-11-5:2004, Fire hazard testing, ~ Part 11-5: Test flames — Needle-flame test
method — Apparatus, confirmatory test arrangement and guidance

1SO-8

Dlactine an ehonitae Determination—of - indentation hardness bv meanls
A= SHE SR Hte eteriHAatoRn—or—HaeRtatHoR—AaraesSS—oy—eah

8:-2003
O L ovOo T aotiCS—ana

durometer (Shore hardness)

o
0]
T
D

ISO 4287:1997, Geometrical product specifications (GPS) — Surface texture: Profile mefhod —
Terms, definitions and surface texture parameters

ISO 4892-2:2006, Rlastics — Methods of exposure to laboratory light sources — Part 2: Xenon-
arc lamps

ISO 9227:2088€ 2012, Corrosion tests in artificial atmospheres — Salt spray tests

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

3.1

cable cleat

device designed to provide securing of cables when installed at intervals along the length of
cables

Note 1 to entry: A cable cleat is provided with a means of attachment to a mounting surface but does not rely on
an unspecified mounting surface for the retention of the cables. Examples of mounting surfaces that may be
specified are ladder, tray, strut—wire—and-beam (see Figures A.8-and-A-9) or rail. Where declared, cable cleats
provide resistance to electromechanical forces.

Note 2 to entry: See Figure A.1 to Figure A.9 for some examples of cable cleats. These examples do not limit the
use of other cable cleat designs that conform to the requirements of this standard.
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3.2

intermediate restraint

cable retaining device designed to be used with cable cleats, without being attached to the
mounting surface, to hold the cables together in order to provide resistance to
electromechanical forces

3.3
metallic
consisting of metal only

3.4
non-nyetattic
considting of non-metallic material only

3.5
compgpsite
considting of metallic and non-metallic materials

Note 1 fo entry: Fibre reinforced resin materials are not considered to be composite tnder this definition.

3.6
short{circuit current
overcyrrent resulting from a circuit condition in which the current flows through an abnjormal
or unintended path of negligible impedance between Jlive’ conductors, or between Ja live
conduptor and an earth, having a difference in potentialunder normal operating conditiops

3.7
peak $hort-circuit current
i

p
maximum possible instantaneous value of the*short-circuit current (see Annex B)

3.8
initiallr.m.s. symmetrical short-circuit current
I"k
r.m.s.|value of the a.c. symmetrical component of a short-circuit current, applicable fat the
instant of the short circuit if the’impedance remains at the zero-time value (see Annex B

3.9
decayling (aperiodic).component of short-circuit current
id.c.
mean |value between the top and bottom envelope of a short-circuit current decaying from an
initial yalue to.zero (see Annex B)

3.10
steady-state short-circuit current

Iy

r.m.s. value of the short-circuit current which remains after the decay of the transient
phenomena (see Annex B)

3.11
trefoil formation
formation of three cables so laid as to be mutually equidistant

Note 1 to entry: Viewed in cross-section, the lines joining the cable centres form an equilateral triangle
(see Figure 5).

Note 2 to entry: The formation is known as “close trefoil” formation when the cables are touching each other.
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3.12

flat formation

formation of a number of cables laid in a plane, usually with equal spacing between adjacent
cables (see Figure 6)

3.13
electromechanical forces
induced forces acting on current-carrying conductors

3.14
retention

|' H'H 4L L b L oLl - L N N ) lavl
|m|t|n5 e Taterar andror axrar movement or tne caoie

3.15
securjng
fixing fo or from a mounting surface or another product

3.16
envirgnmental influences
effect jof corrosive substances or solar radiation, etc.

4 Gpgneral requirements

Produpts covered by this standard shall be so designed and constructed that, |when
assenibled and installed as for normal use according<to the manufacturer’s instructiong, they
ensure securing of cables as declared in accerdance with Clause 6 and shall not [cause
damage to the cable.

Compliance is checked by the relevant tests\specified in this standard.

5 Ggpgneral notes on tests
5.1 Tests according to this' standard are type tests.
— Prdducts of all sizes-shall comply with Clause 8 and 9.1a).

— Foril the requirements in 9.1b), 9.1c) and 9.1d) where there are a number of cleafs in a
ranjge, the rahge is divided into one or more-classes types. In this case, the smallegt; and
the|largestiand-any-critical size of cleat of each-class type are tested;—exceptforthefestin

— The_test for compliance with 9.1e) is performed on the set of samples selected as defined
in 9.5.1.

NOTE For guidance in determining—classes types, cable cleats or intermediate restraints having material,
construction characteristics, and classifications according to Clause 6 below, in common, are considered to be the
same-elass type.

5.2 Unless otherwise specified, all tests shall be carried out on three new samples of each
size selected as specified in 5.1, assembled and installed as for normal use according to the
manufacturer’s or responsible vendor's instructions. Where a cable cleat is designed to
accommodate more than one cable the number, size and shape of the mandrels used in the
test shall represent the number, size and shape of the cables for which the cable cleat is
intended.

5.3 Tests on non-metallic and composite cleats and intermediate restraints shall not
commence earlier than 168 h after manufacture.
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5.4 Unless otherwise specified, the tests shall be carried out at an ambient temperature of
(23*2)°C.

5.5 Compliance with this standard is satisfied if all the applicable test requirements are
achieved. If only one of the samples does not satisfy a test due to a manufacturing fault, then
that test and any preceding one which may have influenced the results of the test shall be
repeated and also the tests which follow shall be made in the same required sequence on
another full set of samples, all of which shall comply with the requirements.

NOTE The applicant, when submitting the first set of samples, may also submit an additional
set of samples, which may be necessary should one sample fail. The test house should then,
withoyt further request, test the additional set of samples and should only reject if_a further
failurel occurs. If the additional set of samples is not submitted at the same time,_a_failure of
one sample would entail rejection.

5.6 |When toxic or hazardous processes are used, due regard shall be taken, of the safety of
persofs within the test area.

6 Classification

6.1 |According to material

6.1.1 Metallic

6.1.2 Non-metallic

6.1.3 Composite

6.2 [According to maximum and minimum.temperature

Table 1 — Maximum temperature for permanent application

A7 Maximum temperature
°C

+ 40

+ 60

+ 85

+ 105

+120

Table 2 — Minimum temperature for permanent application

B. Minimum temperature
°C

+5

-5

- 15
-25
-40
- 60

NoTE For temperature values above 120 °C and below -60 °C, the manufacturer or
responsible vendor may declare temperatures outside the values tabulated above.
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6.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.4

6.4.1

Manu

classi

6.4.4

Manu

assoclation with cleats.

6.4.2
6.4.3

NOTE
6.4.4
6.4.5

NOTE

applicafion, the cable cleat and intermediate.restraints, if used, will continue to perform as designed and
ihg to this standard. The physicalsdondition of the cable cleats and intermediate restraints after short circuit
applicafion has only been evaluated:inder laboratory conditions. The continued use of the cable cle
intermefiate restraints, if used, folfowirig an actual short circuit incident, is solely at the discretion of th
respongible for the installation.

accord

6.5 [According to environmental influences
6.5.1 Resistant.to ultraviolet light for non-metallic and composite components
6.5.1. Not declared

6.5.1.2 Resistant to ultraviolet light

6.5.2

According to resistance to impact
Very light
Light
Medium
Heavy

Very heavy

A ling to t f retenti ist to elect hanical f both

General

1]acturers of cleats shall declare a classification under 6.4.2 and may, also ded
ication under 6.4.3. Manufacturers of cleats may also declare a classification
br 6.4.5.

flacturers of intermediate restraints shall declare a classification-under 6.4.4 or 6

With lateral retention
With axial retention

This value is for guidance purposes as it is not possible telreplicate cables using mandrels.
Resistant to electromechanical forcesj withstanding one short circuit

Resistant to electromechanical forces, withstanding more than one short
circuit

The intent for cable cleats and intermedtate restraints classified under 6.4.5 is that after one shor

are a
under

4.5 in

[ circuit
tested

hts and
e party

Resistant to corrosion for metallic and composite components

6.5.2.1 Low

6.5.2.2  High

7 Marking and documentation

7.1
Each

- th
— th

Marking
cleat and intermediate restraint shall be marked with

e manufacturer’s or responsible vendor’s name or logo or trademark;

e product identification or type.
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Where it is not possible to apply the marking directly onto the product, then the marking shall
be placed on the smallest supplied package.

7.2 Durability and legibility

Marking on the product shall be durable and easily legible to normal or corrected vision.

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a
piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with
petroleum spirit.

After ffie 1est, the marking snall remain legible (0 normal or corrected Vision.

Marking made by moulding, pressing or engraving is not subjected to the rubbing test.

NOTE Examples of methods for applying marking are by moulding, pressing, engraving,) printing, aphesive
labels, gtc.

7.3 |Documentation
The mlanufacturer or responsible vendor shall provide in their literature:

— the classifications according to Clause 6;

— th¢ maximum and minimum cable or bundle diameters;
— the lateral load for cleats declared under 6.4.2;

— the axial load for cleats if declared under 6.4.3;

— the method of assembly and installation including tightening torques, where appropriate,
anf any limitation on mounting orientationfor lateral retention.

Additipnally, for cleats and/or intermediate restraints declared under 6.4.4 or 6.4.p, the
manuflacturer or responsible vendor shall provide in their literature:
— the peak short-circuit current;

— the initial r.m.s. symmetrical short-circuit current;

— the cable outside diameter and the distance between cable centres, S, used in the test
in P.5;

— the maximum spaeing, D, as shown in Figure 4.

Compliance is-efiecked by inspection.

NOTE |Some or all of this information may also be required to be provided on packaging or instruction| sheets
suppliedl with-the product.

8 Construction

The surfaces of cleats and intermediate restraints shall be free from sharp edges, burrs, flash,
etc. that are likely to damage cables or inflict injury to the installer or user.

Compliance is checked by visual and manual inspection of the surface.

9 Mechanical properties

9.1 Requirements

Cleats and intermediate restraints shall be:
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a) capable of accommodating the size or range of cable or cable bundle diameter declared

by

the manufacturer or responsible vendor without cracking or breaking, or stripping of the

threads of screws or bolts;

Compliance is checked by measurement and by visual and manual inspection.

b) resistant to impact at the minimum declared temperature;

Compliance is checked by the test according to 9.2.

c) capable of withstanding the lateral load at the maximum declared temperature;

Compliance is checked by the test according to 9.3

d) ca

pable of withstanding the axial load at the maximum declared temperature where

d
Ca
e) re
Co

9.2

The i
compd

radius|

tared—n64-3:
mpliance is checked by the test in 9.4.
sistant to electromechanical forces, where declared in 6.4.4 or 6.4.5.

mpliance is checked by the test in 9.5.

Impact test

mpact test is carried out using a typical arrangement as~shown in Figure 1. The
nent transmitting the impact to the cleat or intermediate réstraint shall have a spherical

of (BOOfg)mm at the point of contact.
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Dimensions in millimetres

]

|

|
o 2
[

[

> |t

; <

IEC

Key
1

Hamr-n(-)r_
; faﬁ height (see Table 3)
N |-'igid steel base
slightly rounded edges
section A - A

steel intermediate piece

N ooy wi N

sample

Figure 1 — Typical arrangement for impact test

Before The test, the samples are assembled onto a solid polyamide-6& or metal test mandrel
having a diameter equivalent to the maximum declared diameter for which the cleat is
designed and mounted on a rigid support.

For cleats and intermediate restraints taking more than one cable, the appropriate number of
mandrels is used.

For metallic cleats and intermediate restraints, the test is carried out at ambient temperature.

For composite and non-metallic cleats and intermediate restraints, the samples are
conditioned at the declared lowest temperature according to Table 2 with a tolerance of

+2
(*2)°C for a period of (60+8)min. The impact is applied within a period of (1072)3 after
removal from the refrigerator.
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Each sample is placed in position on the steel base as shown in Figure 1. The energy value of
the hammer is as declared in Table 3.

The impact is applied at the weakest point of the cleat or intermediate restraint and the
direction of impact is radial to the centre of the mandrel nearest to the point of impact.

After the test, the samples shall show no signs of disintegration nor shall there be any cracks
or damage, visible to normal or corrected vision, that are likely to impair normal use. In case
of doubt, the samples are subjected to the test of 9.3.

Table 3 — Impact test values

Classification Nominal Equivalent mass Height
Impact
energy
J kg (+ 2%) mm (= 1%)
Very light 0,5 0,25 200
Light 1,0 0,25 400
Medium 2,0 0,5 400
Heavy 5,0 1,7 300
Very heavy 20,0 5,0 400

NOTE |The figures in Table 3 have been taken from IEC 60068-24/5.
9.3 |Lateral load test

The cdjeat is mounted on a test rig as shown in Figure 2, or a similar arrangemenf. The
mounting surface can be made of steel or-aluminium plate, plywood or other material. Ror the
purpoge of applying the load, a rigid mahdrel of circular, or other appropriate cross-sectlion, is
positigned within the cleat’s apertureyFor cleats and intermediate restraints taking morg than
one chble, the appropriate numhker~of mandrels is used. Where more than one manfirel is
used the load shall be appliedtd.a mandrel furthest from the mounting surface. Care is|taken
to ensure that the load acts_through the centre line of the—cleat's—aperture mandrel. The
mandiel size is the minimum for which the cleat is designed.

For mgtallic cable cleats, the declared load is applied gradually and held for a period o

(5 1)
+0

(6013 \min.

For non-metallic and composite cleats, the sample assembly is placed in a full draft
air-cirgulating oven. The tests are carried out after the oven temperature has reachdd and

-2
maintained the declared maximum temperature from Table 1 with a tolerance of -2)°c. The
load is applied gradually and then held for a period of (60*8) min.

A cable cleat intended for a single mounting orientation shall be tested in that orientation and
that orientation shall be declared in the documentation.

A cable cleat intended for multiple mounting orientations shall be tested in each mounting
orientation using separate samples. The test load on one set of samples shall be applied
perpendicular to the mounting surface (Figure 2a or Figure 2b), and to the second set of
samples parallel to the mounting surface (Figure 2c or Figure 2d).
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When it can be determined that a particular mounting orientation represents the most onerous
condition, the results of the tests in that orientation may represent all mounting orientations.

Movement of the mandrel shall be less than 50 % of the mandrel diameter.

NOTE The test is meant to determine the lateral retention of the cleat and not the strength of the mounting

/ Z
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: IEC 142/09
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Fiqure 2a — Lateral load test with load applied Figure 2b — Lateral loadtest with load applied
perpepdicular to mounting surface on cleat with two perpendicular to mounting surface on cldat with
fixings single fixing
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Figure c — Lateral load test with load applied parallel to Figure 2d — Lateral load test with load applied
npounting surface ‘op cleat with two fixings parallel to mounting surface on cleat with single

fixing

Key

1 mounting surface
2 cleat

3 mandrel

4 direction of load

Figure 2 — Typical arrangements for lateral load test
9.4 Axial load test

The test is carried out using a mandrel with an overall-diameter cross section equivalent to
the minimum declared cable-diameter cross section for which the cleat is designed. The test

mandrel shall have a diametrical tolerance of (fg’g)mm for mandrels up to and including

16 mm diameter and of (fg’g)mm for larger diameters. In the case of non-circular cables, a
profile is to be used simulating the outer cable dimension, as declared by the manufacturer or
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responsible vendor. For cleats and intermediate restraints taking more than one cable, the
appropriate number of mandrels is used. Where more than one mandrel is used the load shall
be simultaneously applied to all mandrels.

All mandrels shall have a surface roughness less than or equal to 7 um Ra in accordance with
ISO 4287. For test temperatures below 105 °C, test mandre/seha# may be solid polyamide-66
or metal. Metallic mandrels

shall be used for test temperatures 105 °C and h/gher

The cleat is mounted on a rigid mounting surface and assembled in the test rig as shown in
Figure 3, or a similar arrangement. The mounting surface can be made of steel or aluminium
plate, ptywood orottrer materiat.

For metallic cable cleats, the declared load is applied gradually and held for‘a-pefiod of
(5%3) min.

For non-metallic and composite cleats, the sample assembly is placed in a ful| draft
air-circulating oven. The tests are carried out after the oven tempeftature has reachdd and

+2
maintgined the declared maximum temperature from Table 1 with a’tolerance of (*2)°C. The
load ig applied gradually and held for a period of (5*8) min.

After the test, the displacement of the mandrel(s) with respect to the cleat shall not bg more

than § mm.
7

i
o

IEC

Key

1 cleat

2 mandrel

3 direction of load

4 mounting surface

Figure 3 — Typical arrangement for axial load test
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9.5 Test for resistance to electromechanical force
9.5.1 General

A short-circuit test is carried out as follows, using the manufacturer’s or responsible vendor's
declared values of peak short circuit current(/) and initial r.m.s. symmetr/cal short- CII’CUIt
current(l”,). A

One set of cleats of
each type and of a size suitable for the test cable shall be tested. The test is performed-at
ambient—temperature using unarmoured single core 600V / 1000V stranded copper

conductor cable of either (35*2)mm or (50*2) mm diameter.

The tgmperature limits specified in 5.4 do not apply to this test. The test is carried out|at the
prevalfing ambient temperature on the declared arrangement at the declared /short{circuit
level. |The ambient temperature shall be recorded in the test report. Typical assembligs are
shown in Figure 4.

g 10
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o~ TT s i} s T
3 1 l \ 1T\ 1T\ )
|- 1 1 1 ~—
5
= (s
EC
Key
1 supply end
2 Cable cleats
3 intermediate restraints
4 short-circuit busbar end
5 mounting surface
D spacing

Figure 4 — Typical assemblies for test for resistance to electromechanical force

The arrangement of the cables is as shown in Figure 5 or Figure 6-er-any-otherconfiguration
as-declared-by-the-manufacturer-orresponsible-vendor with one cable per phase. One end of
each cable is connected to a three phase supply and the other end to a short-circuiting busbar
with all three phases being connected. The short-circuiting busbar shall be insulated from
earth (ground). The cable is restrained at a minimum of 5 positions along the cable run.
Where intermediate restraints are used, at least 4 cleats and at least 3 intermediate restraints
shall be used. Cleats and intermediate restraints, where used, shall be equally spaced. The
cleats are fixed to a mounting surface defined by the manufacturer (e.g. cable ladder) which
shall be selected with regard to the forces likely to occur during the test.
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(A

IEC 145/09

IEC
Key
S cable centre spacing
Figure 5 — Typical arrangement of three cables in trefoil formation
IEC 146/09
S S
IEC
Key
S cahla cantra snacina
g

9

Figure 6 — Typical arrangement of cables in flat formation

Care is taken to ensure the cross-sectional area of the cable is adequate for the magnitude
and duration of the test current which shall be chosen so that the I?t (thermal stress) rating of
the cable used is not exceeded.
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The test report shall contain the following information:

— the manufacturer’s or responsible vendor’s catalogue references of the cable cleat and

intermediate restraint (where used),—the—assembly—details—showingthe—spacing—and-the
cable external diameter used-in the test shall be recorded.;

— the assembly details showing:

— ca

the number of cleats and their spacing, D;
the number of intermediate restraints (where used) and their spacing, D;
the cable centre spacing, S;

le conductor diameter, insulation thickness, external diameter and markings

- a
co

— thd
—  thd

If the
install

The ¢
durati

NOTE -1

end of

NOTEZ

short
9.5.2

Cleats
requir
—  thq

— thq

pa
thd

— thq
of

9.5.3

bre-test photograph of the test assembly and a post-test photograph documenti
hdition of the cable cleats, and intermediate restraints if used

test duration;

ambient temperature during the test.

test station has to undertake a calibration test, action is taken-fo.ensure that th
btion is not affected.

bbles of the test-set-up—s arrangement are subjected to a-three phase short cir
bn of not less than 0,1 s. The duration of the test is recordéd.

Care must be taken to ensure that there is adequate restraint for the cables a
the cable run to be tested.

Annex B may be used to calculate the theoretical forces that may be created
Circuits in order to plan testing.

For cable cleats and intermediate restraints classified in 6.4.4

and intermediate restraints classified under 6.4.4 shall comply with the fol
bments:
re shall be no failure thatwill affect the intended function of holding the cables in

cable cleats and thé.intermediate restraints, if used, shall be intact with no m

rts—{minor-deformdtioh-is—acceptable) including all devices used to secure the clg

mounting surface;

re shall be«no..cuts or damage visible to normal or corrected vision to the outer §

Forcable cleats and intermediate restraints classified in 6.4.5

Cleats

the each_table caused by the cable cleats or by the intermediate restraints, if used.

hg the

e test

cuit of

each

Huring

owing

place;

issing
ats to

heath

and intermediate restraints classified under 6.4.5 shall comply with the insp

ection

requirements of 9.5.2 after the first and after the second short-circuit applications.

After a second short-circuit application, a voltage withstand test is performed by applying a
minimum test voltage of 2,8 kV d.c. or 1,0 kV a.c. for a period of (6 0+5) s according to the

provisions of IEC 60060-1:1989 2010,—13-1—Regtirements—for-thetestvoltage,—and—14-1;
Withstand-voltagetests Clause 5, Tests with direct voltage or Clause 6, Tests with alternating

voltage. The voltage withstand test shall be administered between the cable cores, which
should be connected together, and the mounting frame. The mounting frame shall be bonded

to the earth/ng system Wher&the%ab#es%eerpeﬁa%esereenmguer—smeldmg—the%ereensﬁaﬁd

The cable jackets and mount/ng frame shall be pre- wettedie#(ai)mm—beﬁeﬁe—the—test—beyns
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. , T +15 : . ,
using-water-with-a—resistivity-of {100 15 )-Q-m—which-shall-be-measured-immediately-before
starting-the-test with sufficient water to facilitate a current leakage path along the outer jacket
for (2*8) min before the test begins.

The cables shall meet the requirements of the voltage withstand test without failure of the
insulation.

10 Fire hazards

10.1 [Ftamepropagation

Non-metallic and composite cable cleats and intermediate restraints shall have “adequate
resistance to flame propagation.

Compliance is checked by the following test.

Using|an arrangement as shown in Figure 7, the sample shall be submitted to the ngedle-
flame ftest as specified in IEC 60695-11-5 with the following additiohal information:

— the flame shall be applied to the outer surface of the sample;

—  thg time of application shall be (30*7)s,

— the underlying layer shall consist of three layers ofstissue paper,

— there shall be a single application of the flame.
The sample shall be deemed to have passed.thetest if:

— 30|s after the test flame is removed, thére is no flaming of the sample,

— there is no ignition of the tissue papér.
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Dimensions in millimetres

200+5

IEC

Key

1 cleat

2 burner

3 stand

4 tissue paper

Figure 7 — Typical arrangement of the needle-flame test

10.2 |Smoke emission

The smoke emissions from cleats and intermediate restraints need not be considered because
of their small size and quantity in normal use.

10.3 Smoke toxicity

The smoke toxicity from cleats and intermediate restraints need not be considered because of
their small size and quantity in normal use.
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11 Environmental influences

11.1 Resistance to ultraviolet light

Cleats and intermediate restraints classified according to 6.5.1.2 shall be subjected to
ultraviolet light (UV) conditioning according to the following requirements.

When the product is provided in more than one colour, the colour having the heaviest organic
pigment loading shall be subjected to this test. The samples tested are considered
representative of the entire colour range.

Samples shall be mounted in the ultraviolet Tight apparatus in a convenient manner sﬂ:itable
for thg product to be tested and the test equipment and so that the samples do not totuch each
other.

The gamples are to be exposed for a minimum of 700 h—at—a—spegtral—irradiaHce—of
051 WHm?.nm)—or—for—1—000-h—at-a—spectral-irradiance—of—0,35-W/(mé=ny) to Xenqn-arc,
Methold A, Cycle 1 in accordance with 1ISO 4892-2:2006. There shall bé.continuous exposure
to light and intermittent exposure to water spray. The cycle shall censist of 102 min without
water|spray and 18 min with water spray. The apparatus shall operate with a water-¢ooled
xenontarc lamp, borosilicate glass inner and outer optical filters, a spectral irradiapce of
either| 051 WHm?snm)—or—0.35 W/{m?enm)—at 340 prm—and-g-blackpanel—temperatyire—of
{65%—9 (0, 51*8 8%) W/(m2+nm) at 340 nm and a black-standard temperature of (63f§) °C. The

tempefrature of the chamber shall be (38f§) °C. The relative humidity in the chamber shall be
(50719) %.

Following the exposure, the samples shall be<vheld for a minimum of 30 min under ambient
conditfons.

After UV exposure, the samples shall show no signs of disintegration nor shall there he any
crackg or damage, visible to normakor corrected vision. The samples shall then be subjected
to thelimpact test, as described in'9.2 and shall comply with the impact test requirementg.

In adélition where declared—in—accordance—with or the sample shall complyv/ it the
A—aagHHoen—wWnRere—aecirarea+—acecoraahnce—wWhn o —s—tHe—Sampre—SHaH—Gompy/—wWHhA—he
raauirbments of the relewanrt test snecified-in af the declared values after the tltravioldt liaht
reqtemenis-ortnefereyanttestspecHeaA—atrtneagecare g yardesarernetiiavoqtAgmi

NOTE |Cleats that eemiply with IEC 61914:2009 do not need to be re-tested.

11.2 |Resistance to corrosion

11.2.1| . <General

Metallic or composite cleats and intermediate restraints shall have adequate resistance to
corrosion.

Compliance is determined by the test in 11.2.2 unless otherwise specified below.

Metallic or composite cleats and intermediate restraints, including fixings such as nuts, bolts,
screws and washers, made of non-ferrous metals, cast-iron, malleable-iron or stainless steel
containing at least 16 % chromium need not be tested and are assumed to meet the
classification for high resistance to corrosion. Stainless steel containing at least
13 % chromium is assumed to meet the classification for low resistance to corrosion and need
only be tested where declared in accordance with 6.5.2.2 for high resistance. Where corrosion
protection is provided by a layer of zinc equal to or greater than that specified in Table 4,
measurement of the zinc layer is required without the need to carry out further testing.
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The mean and minimum thickness shall be determined by taking five measurements over the
plated surface.

Fixings, such as nuts, bolts, screws and washers shall not be subjected to the test in 11.2.2,
however, the presence of a protective coating is required.

The presence of a coating on-serews fixings shall be determined by inspection with normal or
corrected vision.

A cut edge, a punched hole and the threaded surface of a tapped hole of a part formed from
galvanized stock of thickness 2,5 mm or less is not required to be coated.

Table 4 — Resistance to corrosion

Classification Typical Mean zinc layer Minimum zinc layer | Salt.spray dliration
usage thickness thickness
um um h
Low Indoor, dry locations 5 3,5 24
High Outdoor, wet locations 2@ 25 18 192

28  Forluse in marine or other corrosive environments additional protection may'be required and additional
congideration should be given to the appropriate duration of test exposuré€ orto the use of an alternative|test
method.

11.2.2 Salt spray test

All grgase shall be removed from the parts to be tested, by cleaning with white spirit. Alf parts
shall then be dried. The samples shall then be assembled onto a polyamide 66 mandrel|with a
diamefer equal to the smallest cable diameter.declared for the cleat or intermediate restraint.

Sampies shall be subjected to a neutralcsalt spray (NSS) test according to ISO 9227 for the
duratipn specified in Table 4.

Surfages where a coating is not-required under 11.2.1 shall be protected during the fest in
accordlance with the directions'in1SO 9227.

After the parts have been-dried for a minimum of 10 min in a heating cabinet at a tempdrature
+5

of (10025) °C, any fraces of rust on sharp edges and a yellowish film may be removed by

rubbing.

The spmple_shall have passed the test if there is no red rust visible to normal or corrected
vision

Zones that trap saltwater during the test are not considered for the test result.

12 Electromagnetic compatibility

12.1 Electromagnetic emission

Products covered by this standard are, in normal use, passive in respect of electromagnetic
emission.
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12.2 Inductive heating

Ferromagnetic materials (e.g. cast iron, mild steel) that surround single conductors in a.c.
circuits are susceptible to heating from eddy currents. The manufacturer or responsible
vendor of cleats made from ferromagnetic materials that may complete an electrical and
magnetic circuit around the cable, shall issue a warning that the cleats shall not be used on
single core cables in a.c. circuits.
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Annex A
(informative)

Examples of cable cleats

Figures A.1 to A.9 show examples of cable cleats.

Figure A.1 - Figure A.2 — ,.'\\D Figure A.3 -
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Annex B
(informative)

Calculation of forces caused by short-circuit currents

B.1 Characteristics

Recommendations for the calculation of short-circuit currents are given in the IEC 60909
series and IEC 61363-1. The latter covers ships and offshore units. The information given in
this annex is based on IEC 60909-0.

The characteristics of the current during a short circuit depend on a number.of, factors,
includ|ng the electrical separation from the generator. Figure B.1 shows a current vg. time
charagteristic typical of a far-from-generator short circuit. The a.c. component i .this cage has
a congtant amplitude (/" = /) and is superimposed on a decaying d.c. component, iy { This
falls ffom an initial value, A, to zero.

|

@

2V21%
ip

:/
i
2V21 = 2/21%

EC

Key.

1 current

2 top envelope

3 decaying d.c. component, i, . of the short-circuit current

4 bottom envelope

5 time

A initial value of the d.c. component, i . of the short-circuit current

Figure B.1 — Short-circuit current of a far-from-generator
short circuit with constant a.c. component

For near-to-generator short circuits, the a.c. component has a decaying amplitude (I", > I)
and is also superimposed on a decaying d.c. component, iy . that falls from an initial value, A,
to zero. Figure B.2 shows a typical current vs. time characteristic for a near-to-generator short
circuit.
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1 current
2 top envelope
3 decaying d.c. component, i, . of the short-circuit-current
4 bottom envelope
5 time
A initial value of the d.c. component, i) of the short-circuit current
Figure B.2 — Short-circuit current of a near-to-generator
short circuit with decaying a.c. component
B.2 |Specification of the test current

A complete specification of shott:circuit currents should give the currents as a function ¢f time
at the| short-circuit location from the initiation of the short circuit up to its end. In| most
practi¢al cases, this is noti\necessary. It is usually sufficient to know the peak current, {,, and
the vajues of the initialrm.s. symmetrical, I",, and steady state, /,, short-circuit currentsg.

In order to specify.the current used in a short-circuit test the following are quoted:

— the peak current, ip;
— thg initial r.m.s. symmetrical short-circuit current, 7",.

— the_short-circuit duration_ ¢

B.3 Calculation of the mechanical forces between conductors

The electromagnetic force acting on a conductor is determined by the current in the conductor
and the magnetic field from the neighbouring conductors. In cable installations, the distances
between the cables are normally small and hence the forces may be considerable.

To calculate the forces a cleat may be subjected to during a short-circuit, the equations
derived in this Annex may be used. The derivation of equations (B.5), (B.6) and (B.7) is
based on a symmetrical fault current with no d.c. component. The derivation also assumes
that the cables are rigid. For these reasons these equations should not be used to
extrapolate short circuit test results.
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In the case of two parallel conductors, the electromagnetic force on a conductor can be
derived from Equation B1:

F(t)=B(t)-i(t)-1 (B.1)

where

/ is the length;
F() is the momentary electromagnetic force on a conductor;
B(t) is the momentary magnetic field from the neighbouring conductor;

i(t) is the momentary current in the neighbouring conductor.
If the [d.c. component of the short-circuit current is disregarded, the momentary force |has a

sinusqgidal variation with a frequency twice the frequency of the currents (Equation B.1|). The
d.c. component gives a decaying force-component with a frequency the same as the gystem

frequgncy.
- \B

IEC

Figure B.1 — Two parallel conductors

For the two parallel conductors in’Figure B.3., the magnetic field from current iy, pt the
locatign of the other conductor is:

Bzﬂo-HZﬂo'i1/2~ﬂ~S (BZ)
where
Uy = 4107 (Him)
and thle mechanical force is:
F:szR:f2~lllc-f1/7-7T-S (B.3)
This equation is usually written as:
Fy=02-i1-ip /S (B.4)

In this equation, the force is given in N/m, i in KA and S in metres.In a three phase system, the
magnetic field in Equation B.2 is the resulting momentary vector value from the other two
phases.

The vector Equation B.3 confirms that two parallel conductors are repelled if the two currents
have a difference in phase angle of 180° and that the force is directed towards the other
conductor for currents that have the same phase angle.
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The evaluation of Equation B.4 requires S >>d but gives an acceptable accuracy when the
current distribution is uniform (or symmetrical) within the conductors.

For a three phase short circuit with the conductors in flat configuration, the forces on the two
outer conductors are always directed outwards from the central conductor. The force on the
central conductor is oscillating. The maximum force on the outer conductors in flat formation
can be calculated by

Fio =016-i,2 /S (B.5)

The mlaximum force on the middle conductor in flat formation can be calculated by

Fim =017-i,2 1§ (B.6)

For a three phase short circuit with the cables in a trefoil configuration the' maximum fofce on
the conductor is:

F =017-i,% /5§ (B.7)

where

Fq is the maximum force on the cable conductoriin flat formation for a single phasq short
circuit [N/m];

Fio is the maximum force on the outer cable’conductors in flat formation for a three [phase
short circuit [N/m];

Fgy | is the maximum force on the centre cable conductor in flat formation for a three phase
short circuit [N/m];

Fy is the maximum force on/the cable conductor in a trefoil configuration for a|three
phase short circuit [N/mj;

i is the peak short-circuit current [kA];

d is the external diameter of the conductor [m];

S is the centre to‘centre distance between two neighbouring conductors [m].
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLE CLEATS FOR ELECTRICAL INSTALLATIONS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote

2)
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end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredsto, 3

he subject dealt with may participate in this preparatory work. International, governimental ar
brnmental organizations liaising with the IEC also participate in this preparation. IEC_collaborates

formal decisions or agreements of IEC on technical matters express, as nearly.as,possible, an inter
sensus of opinion on the relevant subjects since each technical committee~has representation
ested IEC National Committees.

ications is accurate, IEC cannot be held responsible for the way+in which they are used or
nterpretation by any end user.

sparently to the maximum extent possible in their national and regional publications. Any div
een any IEC Publication and the corresponding national ot regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity: Independent certification bodies provide co
pssment services and, in some areas, access to\JEC marks of conformity. IEC is not responsible

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

iability shall attach to IEC or its directors, employees, servants or agents including individual exps
hbers of its technical committees and\I[EC National Committees for any personal injury, property dar
r damage of any nature whatsoeever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot}
ications.

Epensable for the correet\application of this publication.
ntion is drawn to the_possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC shall.not be held responsible for identifying any or all such patent rights.

btional Standard |EC 61914 has been prepared by subcommittee 23A:
ementsystems, of IEC technical committee 23: Electrical accessories.
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Publications have the form of recommendations for international use{ and are accepted by IEC National
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Cable

etond edition cancels and replaces the first edition published in 2009. This Tdition

A . ) ..
Utﬂb d tcblllllbdl TS VvISITUTT.

This edition includes the following significant technical changes with respect to the previous

edition:

a) Additional declaration and test for lateral load retention depending on cleat mounting
orientation with associated new figures;

b) Additional declaration of the distance between the cable centres in any short-circuit test
and associated new figures;

c) Specification of the cable to be used in short-circuit testing and relaxation of the ambient
temperature limits for the test;

d) Additional requirement to photograph the short-circuit test arrangement before and after

the test and to record more complete details of the cable used,;
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e)

Revised parameters for the test of resistance to UV light.

This edition also includes the following editorial changes with respect to the previous edition:

f)
g)
h)

m) Limitations of use of the formulae in Annex B added.

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

Revised and updated normative references and bibliography;
Editorial clarification of definitions;

Editorial clarification of procedures for selection of test samples and the testing of cleats
designed for more than one cable;

Relaxation of some mandrel material requirements;

Clarification of the inspection requirements following a short-circuit test and adding the

arification that the resistance to corrosion test applies to all types of fixing;
Ngw cleat example illustration;

FDIS Report on voting
23A/786/FDIS 23A/795/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting|indicated in the above table.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this| standard, the following print types are used:

requirements proper: in roman type;
tegt specifications: in italic type;

notes: in smaller roman type.

The cpmmittee has decided that the contents of this publication will remain unchangef until
the stability date indicated .on the IEC website under "http://webstore.iec.ch" in thg data

relatedl to the specific publication. At this date, the publication will be

re¢onfirmed,

withdrawn,

rellaced by a'revised edition, or
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 document using a
colour printer.
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CABLE CLEATS FOR ELECTRICAL INSTALLATIONS

1 Scope

This International Standard specifies requirements and tests for cable cleats and intermediate
restraints used for securing cable in electrical installations. Cable cleats provide resistance to
electromechanical forces where declared. This standard includes cable cleats that rely on a
mounting surface specified by the manufacturer for axial and/or lateral retention of cables.

This s
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fandard does not apply to:

ble glands;

Dle ties.
brmative references

llowing documents, in whole or in part, are normatively referenced in this docume
lispensable for its application. For dated references, only’the edition cited applig

undat¢d references, the Ilatest edition of the referenced document (including

ameng

IEC 6
requir

IEC 6
metho

ISO 4
Terms

ISO 4
arc la

ISO 9

ments) applies.

060-1:2010, High-voltage test techniques~< "Part 1. General definitions an
pments

695-11-5:2004, Fire hazard testing ~ Part 11-5: Test flames — Needle-flam
d — Apparatus, confirmatory test arrangement and guidance

P87:1997, Geometrical product-specifications (GPS) — Surface texture: Profile me
, definitions and surface texture parameters

B92-2:2006, Plastics — Methods of exposure to laboratory light sources — Part 2: X
nps

P27:2012, Corrosion tests in artificial atmospheres — Salt spray tests

3 Terms, definitions and abbreviations

For th

bpufposes of this document, the following terms, definitions and abbreviations ap

ht and
s. For
any

) fest

e test

thod —

enon-

o

y.

3.1
cable

cleat

device designed to provide securing of cables when installed at intervals along the length of
cables

Note 1 to entry: A cable cleat is provided with a means of attachment to a mounting surface but does not rely on
an unspecified mounting surface for the retention of the cables. Examples of mounting surfaces that may be
specified are ladder, tray, strut (see Figure A.8) or rail. Where declared, cable cleats provide resistance to
electromechanical forces.

Note 2 to entry:

use of other cable cleat designs that conform to the requirements of this standard.

See Figure A.1 to Figure A.9 for some examples of cable cleats. These examples do not limit the
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3.2

intermediate restraint

cable retaining device designed to be used with cable cleats, without being attached to the
mounting surface, to hold the cables together in order to provide resistance to
electromechanical forces

3.3
metallic
consisting of metal only

3.4
non-nyretattic
considting of non-metallic material only

3.5
compgpsite
considting of metallic and non-metallic materials

Note 1 jo entry: Fibre reinforced resin materials are not considered to be composite under this definition.

3.6
short{circuit current
overcyrrent resulting from a circuit condition in which the current flows through an abnjormal
or unintended path of negligible impedance between Jlive’ conductors, or between Ja live
conduptor and an earth, having a difference in potentialunder normal operating conditiops

3.7
peak $hort-circuit current
i

p
maximum possible instantaneous value of the*short-circuit current (see Annex B)

3.8
initiallr.m.s. symmetrical short-circuit current
I"k
r.m.s.|value of the a.c. symmetrical component of a short-circuit current, applicable fat the
instant of the short circuit if the’impedance remains at the zero-time value (see Annex B

3.9
decayling (aperiodic).component of short-circuit current
id.c.
mean |value between the top and bottom envelope of a short-circuit current decaying from an
initial yalue to.zero (see Annex B)

3.10
steady-state short-circuit current

Iy

r.m.s. value of the short-circuit current which remains after the decay of the transient
phenomena (see Annex B)

3.11
trefoil formation
formation of three cables so laid as to be mutually equidistant

Note 1 to entry: Viewed in cross-section, the lines joining the cable centres form an equilateral triangle
(see Figure 5).

Note 2 to entry: The formation is known as “close trefoil” formation when the cables are touching each other.
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3.12

flat formation

formation of a number of cables laid in a plane, usually with equal spacing between adjacent
cables (see Figure 6)

3.13
electromechanical forces
induced forces acting on current-carrying conductors

3.14
retention

|' H'H 4L L b L LL - L b L il ol
|m|t|n3 e Taterar andror axrar movement or thecaoie

3.15
securjng
fixing fo or from a mounting surface or another product

3.16
envirgnmental influences
effect jof corrosive substances or solar radiation, etc.

4 Gpgneral requirements

Produpts covered by this standard shall be so .designed and constructed that,|when
assenibled and installed as for normal use according<to the manufacturer’s instructiong, they
ensure securing of cables as declared in accerdance with Clause 6 and shall not [cause
damage to the cable.

Compliance is checked by the relevant tests\specified in this standard.

5 Geeneral notes on tests

5.1 |Tests according to this(standard are type tests.

— Prpducts of all sizes shall comply with Clause 8 and 9.1a).

— For the requirements in 9.1b), 9.1c) and 9.1d) where there are a number of cleafs in a
ramge, the range.is divided into one or more types. In this case, the smallest apd the
largest size of cleat of each type are tested.

— The test for.compliance with 9.1e) is performed on the set of samples selected as defined
in P.5.1°

NOTE [For“guidance in _determining types, cable cleats or intermediate restraints having material, consfruction
characteristics, and classifications according to Clause 6 below, in common, are considered to be the same type.

5.2 Unless otherwise specified, all tests shall be carried out on three new samples of each
size selected as specified in 5.1, assembled and installed as for normal use according to the
manufacturer’s or responsible vendor's instructions. Where a cable cleat is designed to
accommodate more than one cable the number, size and shape of the mandrels used in the
test shall represent the number, size and shape of the cables for which the cable cleat is
intended.

5.3 Tests on non-metallic and composite cleats and intermediate restraints shall not
commence earlier than 168 h after manufacture.

5.4 Unless otherwise specified, the tests shall be carried out at an ambient temperature of
(23*2)°C.
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5.5 Compliance with this standard is satisfied if all the applicable test requirements are
achieved. If only one of the samples does not satisfy a test due to a manufacturing fault, then
that test and any preceding one which may have influenced the results of the test shall be
repeated and also the tests which follow shall be made in the same required sequence on
another full set of samples, all of which shall comply with the requirements.

The applicant, when submitting the first set of samples, may also submit an additional set of
samples, which may be necessary should one sample fail. The test house should then,
without further request, test the additional set of samples and should only reject if a further
failure occurs. If the additional set of samples is not submitted at the same time, a failure of
one sample would entail rejection.

5.6 ’LWhen toxic or hazardous processes are used, due regard shall be taken of the_safety of
persofs within the test area.

6 Classification

6.1 |According to material

6.1.1 Metallic

6.1.2 Non-metallic

6.1.3 Composite

6.2 |According to maximum and minimum temperature

Table 1 - Maximum temperature-for permanent application

A. Maximum temperature
°C

+ 40

+ 60

+ 85

+ 105

+120

Table 2 — Minimum temperature for permanent application

B. Minimum temperature
°C

+5

-5
-15
-25
- 40
- 60

For temperature values above 120 °C and below -60 °C, the manufacturer or responsible
vendor may declare temperatures outside the values tabulated above.
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6.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.4

6.4.1

Manuflacturers of cleats shall declare a classification under 6.4.2 and may, also ded
i

classi
6.4.4

Manuflacturers of intermediate restraints shall declare a classification“under 6.4.4 or 6

assoc

6.4.2
6.4.3

NOTE
6.4.4
6.4.5

NOTE

applica
accordi
applica
interme
respong

6.5
6.5.1
6.5.1.
6.5.1.1
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According to resistance to impact
Very light
Light
Medium
Heavy

Very heavy

A ling to f f retenti ist to elect hanical f both

General

cation under 6.4.3. Manufacturers of cleats may also declare a classification
br 6.4.5.

ation with cleats.

With lateral retention
With axial retention

This value is for guidance purposes as it is not possible te/replicate cables using mandrels.
Resistant to electromechanical forces; withstanding one short circuit

Resistant to electromechanical forces, withstanding more than one short
circuit

The intent for cable cleats and intermediate restraints classified under 6.4.5 is that after one shor
ion, the cable cleat and intermediate-restraints, if used, will continue to perform as designed ang

ion has only been evaluated:.Under laboratory conditions. The continued use of the cable cle
diate restraints, if used, following an actual short circuit incident, is solely at the discretion of th
ible for the installation.

According to environmental influences
Resistant.to ultraviolet light for non-metallic and composite components
Not declared

p Resistant to ultraviolet light

are a
under

4.5 in

k circuit
tested

hg to this standard. The physical-condition of the cable cleats and intermediate restraints after shont circuit

hts and
e party

6.5.2

Resistant to corrosion for metallic and composite components

6.5.2.1 Low

6.5.2.2  High

7 M

7.1

arking and documentation

Marking

Each cleat and intermediate restraint shall be marked with

— the manufacturer’s or responsible vendor’s name or logo or trademark;

— the product identification or type.
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Where it is not possible to apply the marking directly onto the product, then the marking shall
be placed on the smallest supplied package.

7.2 Durability and legibility

Marking on the product shall be durable and easily legible to normal or corrected vision.

Compliance is checked by inspection and by rubbing the marking by hand for 15 s with a
piece of cloth soaked with water and again for 15 s with a piece of cloth soaked with
petroleum spirit.

After ffie 1est, the marking snall remain legible (0 normal or correctedq VISIor.

Marking made by moulding, pressing or engraving is not subjected to the rubbing test.

NOTE |Examples of methods for applying marking are by moulding, pressing, engraving, printing, adhesivd labels,
etc.

7.3 |Documentation
The mlanufacturer or responsible vendor shall provide in their literature:

— the classifications according to Clause 6;

— the maximum and minimum cable or bundle diameters;
— the lateral load for cleats declared under 6.4.2;

— the axial load for cleats if declared under 6.4.3;

— thg method of assembly and installation including tightening torques, where appropriate,
anfd any limitation on mounting orientation’for lateral retention.

Additipnally, for cleats and/or intermediate restraints declared under 6.4.4 or 6.4.p, the
manufiacturer or responsible vendor shall provide in their literature:
— the peak short-circuit current;

— the initial r.m.s. symmetri¢al'short-circuit current;

— the cable outside diameter and the distance between cable centres, S, used in the test in
9.%;

— the maximum spaeing, D, as shown in Figure 4.

Compliance is,chiecked by inspection.

NOTE |[Some or all of this information may also be required to be provided on packaging or instruction| sheets
suppliedl with,the product.

8 Construction

The surfaces of cleats and intermediate restraints shall be free from sharp edges, burrs, flash,
etc. that are likely to damage cables or inflict injury to the installer or user.

Compliance is checked by visual and manual inspection of the surface.

9 Mechanical properties

9.1 Requirements

Cleats and intermediate restraints shall be:
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a) capable of accommodating the size or range of cable or cable bundle diameter declared
by the manufacturer or responsible vendor without cracking or breaking, or stripping of the
threads of screws or bolts;

Compliance is checked by measurement and by visual and manual inspection.

b) resistant to impact at the minimum declared temperature;
Compliance is checked by the test according to 9.2.

c) capable of withstanding the lateral load at the maximum declared temperature;
Compliance is checked by the test according to 9.3

d) capable of withstanding the axial load at the maximum declared temperature where

d 1 U VX Bo
dicu N1 v.%.9,

Cdmpliance is checked by the test in 9.4.
e) resistant to electromechanical forces, where declared in 6.4.4 or 6.4.5.
Cdmpliance is checked by the test in 9.5.

9.2 |Impact test

The impact test is carried out using a typical arrangement as~shown in Figure 1. The
companent transmitting the impact to the cleat or intermediate réstraint shall have a spherical

radius| of (300fg)mm at the point of contact.
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Dimensions in millimetres

220

40

IEC

Key
1

Hamr‘m»er—
i faﬁ _height (see Table 3)
N ;'igid steel base
slightly rounded edges
section A — A

steel intermediate piece

N oo W N
4

Sample

Figure 1- Typical arrangement for impact test

Before the test, the samples are assembled onto a solid polyamide or metal test mandrel
having a diameter equivalent to the maximum declared diameter for which the cleat is
designed and mounted on a rigid support.

For cleats and intermediate restraints taking more than one cable, the appropriate number of
mandrels is used.

For metallic cleats and intermediate restraints, the test is carried out at ambient temperature.

For composite and non-metallic cleats and intermediate restraints, the samples are
conditioned at the declared lowest temperature according to Table 2 with a tolerance of

(f%)"C for a period of (60+g)min. The impact is applied within a period of (10_(2))3 after

removal from the refrigerator.
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Each sample is placed in position on the steel base as shown in Figure 1. The energy value of
the hammer is as declared in Table 3.

The impact is applied at the weakest point of the cleat or intermediate restraint and the
direction of impact is radial to the centre of the mandrel nearest to the point of impact.

After the test, the samples shall show no signs of disintegration nor shall there be any cracks
or damage, visible to normal or corrected vision, that are likely to impair normal use. In case
of doubt, the samples are subjected to the test of 9.3.

Table 3 — Impact test values

NOTE
9.3

The ¢

Classification Nominal Equivalent mass Height
Impact
energy
J kg (+ 2%) mm (£ 1%)
Very light 0,5 0,25 200
Light 1,0 0,25 400
Medium 2,0 0,5 400
Heavy 5,0 1,7 300
Very heavy 20,0 5,0 400

The figures in Table 3 have been taken from IEC 60068-2<75.
Lateral load test

eat is mounted on a test rig as shown in Figure 2, or a similar arrangemen

mounting surface can be made of steel or-aluminium plate, plywood or other material. R

purpo
positid
one ¢

be of applying the load, a rigid mahdrel of circular, or other appropriate cross-secl
ned within the cleat’s apertureyFor cleats and intermediate restraints taking mor,
bble, the appropriate number “of mandrels is used. Where more than one man

used the load shall be applied-.to.a mandrel furthest from the mounting surface. Care is

to eng
minim

For m
(6073

For n
air-cir

ure that the load acts (through the centre line of the mandrel. The mandrel size
Um for which the cleat is designed.

etallic cable cleats, the declared load is applied gradually and held for a pef
min.

on-metallic and composite cleats, the sample assembly is placed in a ful
Culating oven. The tests are carried out after the oven temperature has reache

mainta

f. The
or the
ion, is
e than
irel is
taken
is the

jod of

draft
d and

L. The

ined the declared maximum temperature from Table 1 with a tolerance of (3)°

load is applied gradually and then held for a period of (60+8) min.

A cable cleat intended for a single mounting orientation shall be tested in that orientation and
that orientation shall be declared in the documentation.

A cable cleat intended for multiple mounting orientations shall be tested in each mounting
orientation using separate samples. The test load on one set of samples shall be a
perpendicular to the mounting surface (Figure 2a or Figure 2b), and to the second set of
samples parallel to the mounting surface (Figure 2c or Figure 2d).

pplied

When it can be determined that a particular mounting orientation represents the most onerous
condition, the results of the tests in that orientation may represent all mounting orientations.
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Movement of the mandrel shall be less than 50 % of the mandrel diameter.

NOTE The test is meant to determine the lateral retention of the cleat and not the strength of the mounting

surface.

gt

@\

{44

% .
o

@ IEC
@ IEC
Figure 2a — Lateral load test with load applied Figure 2b < ‘Lateral load test with load applied
perpepdicular to mounting surface on cleat with two perpendicular to mounting surface on cldgat with
fixings single fixing
s
o7 G E——C
@ IEC
Figure 2c — Lateral load test with load applied parallel to Figure 2d — Lateral load test with load applied
ounting surface on cleat with two fixings parallel to mounting surface on cleat with single
fixing

Key
1

2
3
4

mounting surface
cleat
mandrel

direction of load

Figure 2 — Typical arrangements for lateral load test

9.4 Axial load test

The test is carried out using a mandrel with an overall cross section equivalent to the
minimum declared cable cross section for which the cleat is designed. The test mandrel shall
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have a diametrical tolerance of (J_rg'%)mm for mandrels up to and including 16 mm diameter

and of (fg’g)mm for larger diameters. In the case of non-circular cables, a profile is to be used

simulating the outer cable dimension, as declared by the manufacturer or responsible vendor.
For cleats and intermediate restraints taking more than one cable, the appropriate number of
mandrels is used. Where more than one mandrel is used the load shall be simultaneously
applied to all mandrels.

All mandrels shall have a surface roughness less than or equal to 7 um Ra in accordance with
ISO 4287. For test temperatures below 105 °C, test mandrels may be solid polyamide or
metal. Metallic mandrels shall be used for test temperatures 105 °C and higher.

The cleat is mounted on a rigid mounting surface and assembled in the test rig as.shown in
Figurg 3, or a similar arrangement. The mounting surface can be made of steel of. aluminium
plate, plywood or other material.

For metallic cable cleats, the declared load is applied gradually and held for a pefiod of
(5%3) min.

For npn-metallic and composite cleats, the sample assembly) is placed in a full draft
air-cirgulating oven. The tests are carried out after the oveh'témperature has reachdd and

maintained the declared maximum temperature from Table(1 with a tolerance of (f%)°C. The

load i§ applied gradually and held for a period of (5*8) fmin.

After the test, the displacement of the mandrel(§)\with respect to the cleat shall not bg more
than § mm.

55

==
o

IEC

Key

1 cleat

2 mandrel

3 direction of load
4

mounting surface

Figure 3 — Typical arrangement for axial load test
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9.5 Test for resistance to electromechanical force
9.5.1 General

A short-circuit test is carried out as follows, using the manufacturer’s or responsible vendor's
declared values of peak short-circuit current(i,) and initial r.m.s. symmetrical short-circuit
current(l”,). One set of cleats of each type and of a size suitable for the test cable shall be
tested. The test is performed using unarmoured single core 600 V/ 1 000 V stranded copper

conductor cable of either (35fg )ymm or (SOfg)mm diameter.

The temperature limits specified in 5.4 do not apply to this test. The test is carried out at the
prevaifimg—ambiernt temperature oI the dectared—arrangerert at thre dectared—storticircuit
level. |The ambient temperature shall be recorded in the test report. Typical assembligs are
shown in Figure 4.

e me

D
~ ~
®\m—n TT TT T ﬂjw/@
— I\ L\ I\ [\ L\ —
1 - II/ \@
D D
D ‘ )
el I ] o : o T

-~
-
-
-

FC

Key
1 supply end

2 Cable cleats

3 intermediate restraints
4 short-circuit busbar end
5 TTouTTtiTTg surface

D spacing

Figure 4 — Typical assemblies for test for resistance to electromechanical force

The arrangement of the cables is as shown in Figure 5 or Figure 6 with one cable per phase.
One end of each cable is connected to a three phase supply and the other end to a short-
circuiting busbar with all three phases being connected. The short-circuiting busbar shall be
insulated from earth (ground). The cable is restrained at a minimum of 5 positions along the
cable run. Where intermediate restraints are used, at least 4 cleats and at least 3
intermediate restraints shall be used. Cleats and intermediate restraints, where used, shall be
equally spaced. The cleats are fixed to a mounting surface defined by the manufacturer (e.q.
cable ladder) which shall be selected with regard to the forces likely to occur during the test.
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Care
and d
the ca

The tg

—  thed
int
—  thd

Key
S cable centre spacing
Figure 5 — Typical arrangement of three cables in trefoil formation
S S
IEC
Key
S Cable centre spacing

Figure 6 — Typical arrangement of cables in flat formation

s taken to ensure the cross-sectional area of the cable is adequate for the mag|
iration of the test current which shall be chosen so that the |2t (thermal stress) ra
ble used is not exceeded:

st report shall contain the following information:

ermediate restraint (where used);
assembly/details showing:
the number of cleats and their spacing, D;

the'number of intermediate restraints (where used) and their spacing, D;

hitude
fing of

manufacturer;s‘\or responsible vendor’s catalogue references of the cable cleat and

thecabfecentrespacing;,S;

— cable conductor diameter, insulation thickness, external diameter and markings

— a pre-test photograph of the test assembly and a post-test photograph documenting the
condition of the cable cleats, and intermediate restraints if used

— the test duration;

— the ambient temperature during the test.

If the test station has to undertake a calibration test, action is taken to ensure that the test
installation is not affected.

The cables of the test arrangement are subjected to a three phase short circuit of duration of
not less than 0,1 s. The duration of the test is recorded.
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Care must be taken to ensure that there is adequate restraint for the cables at each end of
the cable run to be tested.

Annex B may be used to calculate the theoretical forces that may be created during short
circuits in order to plan testing.

9.5.2

For cable cleats and intermediate restraints classified in 6.4.4

Cleats and intermediate restraints classified under 6.4.4 shall comply with the following
requirements:

— there shall be no failure that will affect the intended function of holding the cables in place;

—  thq
pa
— thq
of

9.5.3

Cleats
requir

After

minim
provis
altern

which
bonde

with |
beforg

The ¢
insula

10 Fire hazards

10.1

Non-m
resistd

Comp

cable cleats and the intermediate restraints, if used, shall be intact with no\n
rts including all devices used to secure the cleats to the mounting surface;

re shall be no cuts or damage visible to normal or corrected vision to the. outer §
cach cable caused by the cable cleats or by the intermediate restraints, if.used.

For cable cleats and intermediate restraints classified in 6.4.5

and intermediate restraints classified under 6.4.5 shall comply with the insp
bments of 9.5.2 after the first and after the second short-circuitapplications.

h second short-circuit application, a voltage withstand test is performed by appl
um test voltage of 2,8 kV d.c. or 1,0 kV a.c. for a,period of (60*8) s according

jons of IEC 60060-1:2010, Clause 5, Tests with{direct voltage or Clause 6, Tesl
hting voltage. The voltage withstand test shall be administered between the cable
should be connected together, and the mounting frame. The mounting frame sh
d to the earthing system. The cable jackets and mounting frame shall be pre-

ufficient water to facilitate a current legkage path along the outer jacket for (2*
the test begins.

hbles shall meet the requirements of the voltage withstand test without failure
fion.

Flame propagation

etallic and~composite cable cleats and intermediate restraints shall have adg
nce to flame propagation.

iance’/is checked by the following test.

issing

heath

ection

ying a
to the

s with
cores,
all be
wetted

) min

of the

quate

Using an arrangement as shown in Figure 7, the sample shall be submitted to the needle-

flame

test as specified in IEC 60695-11-5 with the following additional information:

— the flame shall be applied to the outer surface of the sample,

— the time of application shall be (30f$ )S,

— the underlying layer shall consist of three layers of tissue paper,

— there shall be a single application of the flame.

The sample shall be deemed to have passed the test if:

- 30

s after the test flame is removed, there is no flaming of the sample,

— there is no ignition of the tissue paper.
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Dimensions in millimetres

}

!" 45° +2°
o T T
541
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o
&
O
(D—_ |
IEC
Key
1 cleat
2 burner
3 stand
4 tissue paper
Figure 7 — Typical arrangement of the needle-flame test

10.2 Smoke emission

The smoke emissions from cleats and intermediate restraints need not be considered because
of their small size and quantity in normal use.

10.3 Smoke toxicity

The smoke toxicity from cleats and intermediate restraints need not be considered because of
their small size and quantity in normal use.
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11 Environmental influences

11.1 Resistance to ultraviolet light

Cleats and intermediate restraints classified according to 6.5.1.2 shall be subjected to
ultraviolet light (UV) conditioning according to the following requirements.

When the product is provided in more than one colour, the colour having the heaviest organic
pigment loading shall be subjected to this test. The samples tested are considered
representative of the entire colour range.

Samples shall be mounted in the ultraviolet Tight apparatus in a convenient manner sﬂ:itable
for thg product to be tested and the test equipment and so that the samples do not touch each
other.

The sgmples are to be exposed for a minimum of 700 h to Xenon-arc, Method A, Cycle 1 in
accordance with 1SO 4892-2:2006. There shall be continuous exposure to light and
intermittent exposure to water spray. The cycle shall consist of 102 min“without water|spray
and 18 min with water spray. The apparatus shall operate with a. water-cooled xenpn-arc
lamp, | borosilicate glass inner and outer optical filters, a0 spectral irradiange of

(O,51fE ;8%) W/(m2.nm) at 340 nm and a black-standard temperature of (63f3°’>,) °C| The
tempefrature of the chamber shall be (38f§°’>,) °C. The relativexhumidity in the chamber shall be
(50119) %.

Following the exposure, the samples shall be held>for a minimum of 30 min under ambient
conditfons.

After UV exposure, the samples shall show, no signs of disintegration nor shall there he any
crackg or damage, visible to normal or-carrected vision. The samples shall then be subjected
to thelimpact test, as described in 9.2 and shall comply with the impact test requirement

v)

NOTE |Cleats that comply with IEC 61914:2009 do not need to be re-tested.
11.2 |Resistance to corrosion
11.2.1 General

Metalljc or composite cleats and intermediate restraints shall have adequate resistapce to
corrosjion.

Compliance‘is determined by the test in 11.2.2 unless otherwise specified below.

b

Metallle-er—ecomposite—eleats—and-intermediaterestraints—inreladingfodngs—sueh—as—nuts; bolts,
screws and washers, made of non-ferrous metals, cast-iron, malleable-iron or stainless steel
containing at least 16 % chromium need not be tested and are assumed to meet the
classification for high resistance to corrosion. Stainless steel containing at least
13 % chromium is assumed to meet the classification for low resistance to corrosion and need
only be tested where declared in accordance with 6.5.2.2 for high resistance. Where corrosion
protection is provided by a layer of zinc equal to or greater than that specified in Table 4,
measurement of the zinc layer is required without the need to carry out further testing.

The mean and minimum thickness shall be determined by taking five measurements over the
plated surface.

Fixings, such as nuts, bolts, screws and washers, shall not be subjected to the test in 11.2.2,
however, the presence of a protective coating is required.
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The presence of a coating on fixings shall be determined by inspection with normal or
corrected vision.

A cut edge, a punched hole and the threaded surface of a tapped hole of a part formed from
galvanized stock of thickness 2,5 mm or less is not required to be coated.

Table 4 — Resistance to corrosion

Classification Typical Mean zinc layer Minimum zinc layer | Salt spray duration
usage thickness thickness
pm um h
Low mMaoor, ary 10catiorns 9 9,9 9
High Outdoor, wet locations @ 25 18 192

2  Forluse in marine or other corrosive environments additional protection may be required and additional
congideration should be given to the appropriate duration of test exposure or to the use of an.alternative
method..

test

11.2.2
All gre

shall then be dried. The samples shall then be assembled onto,a.polyamide 66 mandrel
diamefer equal to the smallest cable diameter declared for the cleat or intermediate rest

Samp
durati

Surfad
accord

After fhe parts have been dried for a minimum of 10 min in a heating cabinet at a tempg

of (10
rubbin

The s
vision

Zones

12 E

121

Salt spray test

ase shall be removed from the parts to be tested, by cleaning_with white spirit. A

es shall be subjected to a neutral salt spray (NSS) test according to ISO 9227
bn specified in Table 4.

es where a coating is not required under<11.2.1 shall be protected during the

lance with the directions in 1ISO 9227.

Ofg) °C, any traces of rust on.sharp edges and a yellowish film may be remoy
g.

hample shall have passed the test if there is no red rust visible to normal or cor

that trap saltwater during the test are not considered for the test result.

ectromagnetic compatibility

Electromagnetic emission

parts
with a
raint.

or the

est in

rature
ed by

rected

Products covered by this standard are, in normal use, passive in respect of electromagnetic
emission.

12.2

Inductive heating

Ferromagnetic materials (e.g. cast iron, mild steel) that surround single conductors in a.c.
circuits are susceptible to heating from eddy currents. The manufacturer or responsible
vendor of cleats made from ferromagnetic materials that may complete an electrical and
magnetic circuit around the cable, shall issue a warning that the cleats shall not be used on

single

core cables in a.c. circuits.
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Annex A
(informative)

Examples of cable cleats

Figures A.1 to A.9 show examples of cable cleats.

IEC IEC IEC
N
Figure A.2 —

IEC

IEC IEC

Figure A.4 - > Figure A. 6 —

Figure A.7- Figure A.8 — Figure A.9 —
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Annex B
(informative)

Calculation of forces caused by short-circuit currents

B.1 Characteristics

Recommendations for the calculation of short-circuit currents are given in the IEC 60909
seriesrahd1EC 61363-1The latter covers ship d nits- info i given in
this annex is based on IEC 60909-0.

The characteristics of the current during a short circuit depend on a number “of factors,
includ|ng the electrical separation from the generator. Figure B.1 shows a-~current vg. time
charagteristic typical of a far-from-generator short circuit. The a.c. componént-in this cagse has
a congtant amplitude (1", = 1) and is superimposed on a decaying d.c, cemponent, iy { This
falls ffom an initial value, A, to zero.

2217
p

I
2V21 = 2/21%

EC

Key

1 Current

top envelope
decaying d.c. component, i, . of the short-circuit current
bottom envelope

Time

> oA ®w N

initial value of the d.c. component, ige. of the short-circuit current

Figure B.1 — Short-circuit current of a far-from-generator
short circuit with constant a.c. component
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For near-to-generator short circuits, the a.c. component has a decaying amplitude (I", > I)
and is also superimposed on a decaying d.c. component, iy . that falls from an initial value, A,
to zero. Figure B.2 shows a typical current vs. time characteristic for a near-to-generator short
circuit.

i
S e
N
Y Y -
IEC
Key
1 Current
2 top envelope
3 decaying d.c. component, i, .v6f'the short-circuit current
4 bottom envelope
5 Time
A initial value of the d.g” component, i, . of the short-circuit current
Figure B.2 —Short-circuit current of a near-to-generator
short.circuit with decaying a.c. component
B.2 |Specification'of the test current
A comlplete specification of short-circuit currents should give the currents as a function ¢f time
at thel short-¢ircuit location from the initiation of the short circuit up to its end. In most
practi¢al cases, this is not necessary. It is usually sufficient to know the peak current, 1,, and
the vajugs of the initial r.m.s. symmetrical, I",, and steady state, I, short-circuit currentq.

In order to specify the current used in a short-circuit test the following are quoted:

— the peak current, ip;
— the initial r.m.s. symmetrical short-circuit current, Iy

— the short-circuit duration, ¢.
B.3 Calculation of the mechanical forces between conductors

The electromagnetic force acting on a conductor is determined by the current in the conductor
and the magnetic field from the neighbouring conductors. In cable installations, the distances
between the cables are normally small and hence the forces may be considerable.
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To calculate the forces a cleat may be subjected to during a short-circuit, the equations
derived in this Annex may be used. The derivation of equations (B.5), (B.6) and (B.7) is
based on a symmetrical fault current with no d.c. component. The derivation also assumes
that the cables are rigid. For these reasons these equations should not be used to
extrapolate short circuit test results.

In the case of two parallel conductors, the electromagnetic force on a conductor can be
derived from Equation B1:

F(t)=B(1)-i(r)-1 (B8.1)

where

/ is the length;

F@) is the momentary electromagnetic force on a conductor;

B(t) is the momentary magnetic field from the neighbouring conductor;
i(t) is the momentary current in the neighbouring conductor.

If the [d.c. component of the short-circuit current is disregarded,-the momentary force |has a

sinusqidal variation with a frequency twice the frequency of the“eurrents (Equation B.1|). The
d.c. component gives a decaying force-component with a frequéncy the same as the gystem

frequgncy.
- \B

IEC

Figure B.3 — Two parallel conductors

For the two parallel donductors in Figure B.3., the magnetic field from current i, pt the
locatign of the othek'‘conductor is:

BZﬂO'H=ﬂ0~i1/2'7Z"S (B2)
where
Ho = 4-7-10=7 (H/m)
and the mechanical force is:
F=i2><B=i2'ﬂ0'i1/2'7T'S (B3)
This equation is usually written as:
F,=02-iy-i/8S (B.4)

In this equation, the force is given in N/m, i in kA and S in metres.
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In a three phase system, the magnetic field in Equation B.2 is the resulting momentary vector
value from the other two phases.

The vector Equation B.3 confirms that two parallel conductors are repelled if the two currents
have a difference in phase angle of 180° and that the force is directed towards the other
conductor for currents that have the same phase angle.

The evaluation of Equation B.4 requires S >> d but gives an acceptable accuracy when the
current distribution is uniform (or symmetrical) within the conductors.

For a three phase short circuit with the conductors in flat configuration, the forces on the two
outer;onductors are always directed outwards from the central conductor. The force 'l:]n the
central conductor is oscillating. The maximum force on the outer conductors in flat formation
can be calculated by

Fro =016-i,% /S (B.5)
The mlaximum force on the middle conductor in flat formation can be.calculated by
Fim =017-i,%/5 (B.6)

For a three phase short circuit with the cables in a trefoil configuration the maximum fofce on
the copductor is:

Fy =047-i,% /S (B.7)

is the maximum force on thé eable conductor in flat formation for a single phasqg short
circuit [N/m];

Fio is the maximum force'on the outer cable conductors in flat formation for a three phase
short circuit [N/m];

Fgy | is the maximumforce on the centre cable conductor in flat formation for a three phase
short circuity{N/m];

F, is the mi@ximum force on the cable conductor in a trefoil configuration for a| three
phasé\short circuit [N/m];

i is the peak short-circuit current [kKA];

d IS the externat dfameter of the conductor [m];

is the centre to centre distance between two neighbouring conductors [m].
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

BRIDES DE CABLES POUR INSTALLATIONS ELECTRIQUES

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC a pour

2)

3)

4)

5)

6)
7)

8)

9)
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I'électricité et de ['électronique. A cet effet, 'I[EC - entre autres activités — publie des
nationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessi
ic (PAS) et des Guides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est_cenfié
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bles au
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ités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut particiger. Les
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(1S0),
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essés sont représentés dans chaque comité d’études.
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Cette deuxiéme édition annule et remplace la premiére édition parue en 2009. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)
b)

c)

Déclaration et test complémentaires pour le maintien latéral a la charge en fonction de
I'orientation de montage des brides, et ajout de nouvelles figures associées;

Déclaration supplémentaire de la distance entre les centres des cables pour tout essai de
court-circuit, et mise a jour des figures associées;

Définition du type de céble a utiliser pour les essais de court-circuit et assouplissement
des limites de température ambiante durant les essais;
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d) Ajout de photographies illustrant le montage d'essai avant et aprés I'essai de court-circuit
et exigence supplémentaire de consigner les caractéristiques détaillées du cable utilisé;

e) Modifications des paramétres de I'essai de tenue aux rayonnements lumineux ultraviolets.

Cette édition inclut également les modifications éditoriales suivantes par rapport a I'édition
précédente:

f) Mise a jour des références normatives et de la bibliographie;

g) Clarification éditoriale des définitions;

h) Clarification éditoriale des régles de choix des échantillons d'essai et des essais de brides

de

cables congues pour plusieurs cables;

i) ClI
d's

i) Astouplissement de certaines exigences relatives aux matériaux des mandrins;

rification des exigences de contréle aprés un essai de court-circuit et ajout de I

ssai en tension alternative ou en tension continue aprés un deuxiéme caqurt-circuif;

option

k) Clarification de I'application de I'essai de tenue a la corrosion a tous lestypes de fixations;
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m) Lin
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BRIDES DE CABLES POUR INSTALLATIONS ELECTRIQUES

1 Domaine d'application

La présente Norme internationale spécifie les exigences et essais pour brides de cables et
dispositifs intermédiaires de tenue utilisés pour la fixation de cables dans des installations
électriques. Les brides de cables fournissent une résistance aux forces électromécaniques
lorsque cela est déclaré. La présente norme inclut les brides de cables qui reposent sur une
surface de montage spécifiée par le fabricant pour le maintien axial et/ou latéral des céhles.

La pr§sente norme ne couvre pas:

— leq presse-étoupes;

— led colliers.
2 Reférences normatives

Les dpcuments suivants sont cités en référence de maniére“normative, en intégralité [ou en
partie] dans le présent document et sont indispensablesypour son application. Pour les
référehces datées, seule |'édition citée s’applique. Pour les références non datéps, la
dernigre édition du document de référence s‘applique (y compris les éventuels
amendements).

IEC 60060-1:2010, Technique des essais a hatte tension — Partie 1: Définitions et exigences
générales

IEC 60695-11-5:2004, Essais relatifs aux risques du feu — Partie 11-5: Flammes d'essai —
Méthode d'essai au brileur-aiguille,&yAppareillage, dispositif d'essai de vérification et |lignes
directfices

ISO 4287:1997, Spécification~géométrique des produits (GPS) — Etat de surface: Méthade du
profil + Termes, définitionS.et parametres d'état de surface

ISO 4892-2:2006,  Plastiques — Méthodes d’exposition a des sources lumineusg¢s de
laboratoire — Partie)\2: Sources a arc au xénon

ISO 9227:2012; Essais de corrosion en atmospheres artificielles — Essais aux broduillards
salins

3 Termes, définitions et abréviations

Pour les besoins du présent document, les termes, définitions et abréviations suivants
s’appliquent.

3.1

bride de cables

dispositif congu pour permettre la fixation des cables une fois installé par intervalle le long
des cables

Note 1 a l'article: Une bride de cables est fournie avec un moyen de fixation a une surface de montage, mais ne
fait pas intervenir une surface de montage non spécifiée pour le maintien des cables. Une échelle, une tablette,
une corniére (voir Figure A.8) ou un rail sont des exemples de surfaces de montage qui peuvent étre spécifiées.
Lorsque cela est déclaré, les brides de cables fournissent une résistance aux forces électromécaniques.
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Note 2 a l'article: Les Figures A.1 a A.9 présentent des exemples de brides de cables. D’autres conceptions de
brides de cables, conformes aux exigences de la présente norme, peuvent également étre utilisées.

3.2

dispositif intermédiaire de tenue

dispositif de tenue des cables congu pour étre utilisé avec des brides de cables, sans étre
attaché a la surface de montage, pour maintenir les cables ensemble afin de fournir une
résistance aux forces électromécaniques

3.3
métallique
constitué de métal uniqguement

3.4
non njétallique
constifué de matériau uniquement non métallique

3.5
comppsite
constifjué de matériaux métallique et non métallique

Note 1 p l'article: Les matériaux réalisés en résine renforcée par des fibres nhe’sont pas considérés comme des
compodites selon cette définition.

3.6
cou r:ft de court-circuit

surintensité résultant d’'un état du circuit dans lequelkle courant circule a travers un chemin,
anormlal ou non prévu, dimpédance négligeable<entre les conducteurs actifs ou enfre un
condufteur actif et la terre, ayant une différence de potentiel dans des conditions normajes

3.7
valeur de créte du courant de court-circuit
ip
valeurfinstantanée maximale du courant de court-circuit (voir ’Annexe B)

3.8
valeur efficace du courant-de court-circuit symétrique initial
I"

k
valeur| efficace de la._composante symétrique alternative d'un courant de court-¢ircuit,
applicpble a l'instant\d’apparition du court-circuit si 'impédance conserve sa valeur au ffemps
zéro (yoir 'Annexe-B)

3.9
comppsante (apériodique) décroissante du courant de court-circuit
ld.c.
valeur moyenne des enveloppes inférieure et supérieure d'un courant de court-circuit
décroissant de sa valeur initiale & zéro (voir I'Annexe B)

3.10

courant de court-circuit permanent

Iy

valeur efficace du courant de court-circuit qui se maintient aprés extinction du phénoméne
transitoire (voir I'Annexe B)

3.1
disposition en tréfle
configuration géométrique de trois cables mutuellement équidistants

Note 1 a I'article: Les droites joignant leurs centres forment un triangle équilatéral dans un plan perpendiculaire a
leur axe (voir la Figure 5).
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Note 2 a l'article: Le trefle est dit "jointif" lorsque les trois cables sont en contact.

3.12

disposition en nappe

configuration géométrique de plusieurs cables posés dans un plan, généralement avec des
distances égales entre cables adjacents (voir la Figure 6)

3.13
forces électromécaniques
forces d'induction agissant sur les conducteurs transportant le courant

3.14
maintjen
limitatjon du mouvement latéral et/ou axial du cable

3.15
fixatign
fixatioh a ou a partir d'une surface de montage ou d'un autre produit

3.16
influences liées a I’environnement
effet des substances corrosives ou du rayonnement solaire, etg¢.

4 Exigences générales

Les pfoduits couverts par la présente norme doivént étre congus et construits de sortg que,
une fpis assemblés et installés comme en utilisation normale selon les instructions du
fabricant, ils assurent la fixation des cables'@éclarés selon I'Article 6 et ne doivent pas
endommager le cable.

La conformité est vérifiee au moyen des.essais applicables spécifiés dans la présente nprme.

5 Ggnéralités sur les essais

5.1 Les essais mentionhés dans la présente norme sont des essais de type.

— Lep produits de toutes les tailles doivent étre conformes aux Articles 8 et 9.1a).

— Poaur les exigences de 9.1b), 9.1c) et 9.1d), lorsqu’il y a un certain nombre de bride§ dans
unp gamme,da gamme est divisée en un ou plusieurs types. Dans ce cas, la plus|petite
taille et la\ptus grande taille de bride de chaque type sont soumises aux essais.

— L'gssainde conformité a 9.1e) est réalisé sur le lot d'échantillons choisis, comme dél'ini en
9.9. N\

NOTE Afin de donner des lignes directrices pour déterminer les types, les brides de cables ou les dispositifs
intermédiaires de tenue de cables dont le matériau, les caractéristiques de construction et les classifications sont
conformes a I’Article 6, sont considérés comme étant du méme type.

5.2 Sauf spécification contraire, tous les essais doivent étre réalisés sur trois échantillons
neufs de chaque taille choisis comme cela est spécifié en 5.1, assemblés et installés comme
en usage normal selon les instructions du fabricant ou du vendeur responsable. Lorsqu'une
bride de cables est concue pour recevoir plusieurs cables, le nombre, la taille et la forme des
mandrins utilisés durant I'essai doivent correspondent au nombre, a la taille et a la forme des
cables pour lesquels la bride de cables est prévue.

5.3 Les essais sur les brides et les dispositifs intermédiaires de tenue non métalliques et
composites ne doivent pas étre commencés moins de 168 h aprés leur fabrication.
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5.4 Sauf spécification contraire, les essais doivent étre réalisés a une température
ambiante de (23f§’) °C.

5.5 La conformité avec la présente norme est satisfaite si toutes les exigences d’essai
applicables sont respectées. Si seulement un des échantillons ne satisfait pas a un essai en
raison d’un défaut de fabrication, cet essai et tous les précédents qui peuvent avoir influencé
les résultats de I'essai doivent alors étre répétés et les essais qui suivent doivent étre
effectués dans l'ordre requis sur un autre lot d’échantillons qui doivent tous satisfaire aux
exigences.

Le d n lot

défaillance. Si le lot supplémentaire d’échantillons n’est pas fourni initialement,’la défalllance

5.6 |Lorsque des procédeés toxiques ou dangereux sont utilisés, la sécurité des persjonnes
doit éfre assurée a l'intérieur de la zone d’essai.

6 Classification

6.1 |Selon le matériau

6.1.1 Métallique

6.1.2 Non métallique

6.1.3 Composite

6.2 |Selon les températures maximale’et minimale

Tableau 1 — Température maximale en utilisation permanente

A. Température maximale
°C

+ 40

+ 60

+ 85

+ 105

+120

Tableau 2 — Température minimale en utilisation permanente

B. Température minimale
°C

+5

-5

- 15
-25
-40
- 60
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Pour des valeurs de température supérieures a 120 °C et inférieures a — 60 °C, le fabricant ou
le vendeur responsable peut déclarer des températures en dehors des valeurs du tableau ci-

dessu
6.3
6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.4
6.4.1

Les fabricants de brides doivent déclarer une classification selon 614.2 et peuvent
déclar

S.
Selon la tenue aux chocs
Trés légére
Légeére
Moyenne

__ | ourde

Trés lourde
Selon le type de maintien ou la tenue aux forces électromécaniques. ou les d

Généralités

eux

aussi

er une classification selon 6.4.3. Les fabricants de brides peuvent aussi déclar¢r une
classification selon 6.4.4 ou 6.4.5.

Les fabricants de dispositifs intermédiaires de tenue doiventidéclarer une classification|selon
6.4.4 ou 6.4.5 en association avec des brides.

6.4.2 Avec un maintien latéral

6.4.3 Avec un maintien axial

NOTE |Cette valeur est donnée a titre de ligne directriee puisqu'il n'est pas possible de reproduire des caples en
utilisan{ des mandrins.

6.4.4 Tenue aux forces électromécaniques, supportant un court-circuit

6.4.5 Tenue aux forces électromécaniques, supportant plus d’un court-circuit

NOTE |L’objectif pour les brides de/cables et les dispositifs intermédiaires de tenue classés selon 6/4.5 est
qu’aprép l'application d'un court-circuit, les brides de cables et les dispositifs intermédiaires de tenue| le cas
échéant, continueront de fonetiohner conformément a la conception et aux essais de la présente normgqg. L'état
physique des brides de cahles ‘et des dispositifs intermédiaires de tenue aprés I'application d'un court-cifcuit est

uniquerhent évalué dans des conditions de laboratoire. L’utilisation des brides de cables et des dis

intermé
respong

diaires de tende,.le cas échéant, aprés un court-circuit réel, est laissée a la discrétion de
able de l'installation.

positifs
I'entité
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6.5
6.5.1

Selon les influences liées a I’environnement

Tenue aux rayonnements lumineux ultraviolets pour les composants
composites et les composants non métalliques

6.5.1.1 Non déclaré

6.5.1.2 Tenue aux rayonnements lumineux ultraviolets

6.5.2 Tenue a la corrosion pour les composants composites et les composants
métalliques

6.5.2.1 Faible

6.5.2.2 Elevée

7 Marquage et documentation

7.1
Chaqu

co

Lorsq
marq

7.2

Le marquage sur le produit doit étre durable et facilement lisible pour une vision norm

corrigg

La conpformité est vérifiée par examen et en frottant le marquage a la main pendant 15

un md
imbib4

Apres

Le ma
frottern

Marquage
e bride et chaque dispositif intermédiaire de tenue de cablesdoivent étre marqué

ec le nom du fabricant ou du vendeur responsablé ou le logo ou la n
mmerciale;

pc |'identification du produit ou du type.

'il N'est pas possible d'apposer ce marquage directement sur le produit, alg
age doit figurer sur le plus petit emballage fourni.

Durabilité et lisibilité

P e.

rceau de tissu imbibé-d‘eau et de nouveau pendant 15 s avec un morceau de
d'essence minérale.

I'essai, le marquage doit demeurer lisible avec une vision normale ou corrigée.

rquage effectué par moulage, estampage ou gravure n’est pas soumis a l'es
nent.

NOTE

I'impreslsion, les étiquettes adhésives, etc.

Des “exemples de méthodes d'application du marquage sont: le moulage, l'estampage, la ¢

arque

rs ce

le ou

5 avec
tissu

sai de

ravure,

7.3

Le fab

Documentation

ricant ou le vendeur responsable doit fournir dans sa documentation:

— les classifications selon I'Article 6;

— le diamétre minimal et le diameétre maximal du cable ou du toron;

— la charge latérale pour les brides déclarées selon 6.4.2;

— la charge axiale pour les brides déclarées selon 6.4.3;

— la méthode d’assemblage et d’installation, y compris les couples de serrage, le cas
échéant, et toute limitation sur 'orientation de montage pour le maintien latéral.

De plus, pour les brides et/ou les dispositifs intermédiaires de tenue déclarés selon 6.4.4 ou

6.4.5,

le fabricant ou le vendeur responsable doit fournir dans sa documentation:
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— la valeur de créte du courant de court-circuit;

— la valeur efficace du courant de court-circuit symétrique initial;

— le diameétre extérieur du cable et la distance entre les centres des cables, S, utilisés dans
'essai en 9.5;

— la distance maximale, D, comme cela est représenté a la Figure 4.

La conformité est vérifiée par examen.

NOTE

Il peut également étre exigé que tout ou partie de ces informations soient fournies sur I'emballage ou dans
les notices d'instructions fournies avec le produit.

8 C

Les s

d’arétes vives, de bavures, d’éclats, etc. susceptibles d’endommager les cables'ou de b

I'insta

La cor

9 P

9.1

Les br

a) capables de recevoir la taille ou la plage de diamétres de cable ou de toron déclar
fabricant ou le vendeur responsable sans‘fissuration ou rupture ou encore dégraldation

le
du

La
b) ré
La

c) capables de supporter la charge latérale a la température maximale déclarée;

La

d) capables de supporter la charge axiale a la température maximale déclarée lorsqu'il
déclarés selon 6.4.3;

bnstruction

irfaces des brides et des dispositifs intermédiaires de tenue doivent, €tre exe

lateur ou I'utilisateur.
formité est vérifiée par un examen visuel et manuel de la surface!
fopriétés mécaniques

Exigences

ides et les dispositifs intermédiaires de tenue. deivent étre:

filetage des vis ou des boulons;

Sistants aux impacts a la température minimale déclarée;
conformité est vérifiée par-lessai selon 9.2.

conformité est vérifiée'par I'essai selon 9.3.

conformité est vérifiée par I’essai selon 9.4.
bistants. aux forces électromécaniques, lorsqu'ils sont déclarés selon 6.4.4 ou 6.4.

conformité est vérifiée par I'essai selon 9.5.

conformité est vérifiée par des mesures ainsi que par un examen visuel et manuey.

mptes
lesser
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9.2

Essai de tenue aux chocs

L'essai de tenue aux chocs est réalisé en utilisant une configuration type comme cela est
représenté a la Figure 1. Le composant transmettant le choc a la bride ou au dispositif

intermédiaire de tenue doit comporter un rayon sphérique de (300ig) mm au point de contact.
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Dimensions en millimétres

220

40

IEC

Légende

1 marte‘,-a>u !
2 i haI:ieur de chute (voir le Tableau 3)
3 ! %upport en acier rigide

4 \ arétes légerement adoucies

5 coupe A- A
6 piéce intermédiaire en acier
7

échantillon

Figure 1 — Configuration type pour I'essai de tenue aux chocs

Avant T€ssal, 1€s echantillons sont assembles a un mandarin dessai en polyamide rigide ou en
métal ayant un diamétre équivalent au diamétre maximal déclaré pour lequel la bride est
congue, puis montés sur un support rigide.

Pour les brides et les dispositifs intermédiaires de tenue prévus pour recevoir plus d'un céble,
le nombre approprié de mandrins est utilisé.

Pour les brides et dispositifs intermédiaires de tenue métalliques, l'essai est réalisé a la
température ambiante.

Pour les brides et les dispositifs intermédiaires de tenue composites et non métalliques, les
échantillons sont conditionnés a la température la plus basse déclarée selon le Tableau 2
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