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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
OPTICAL FIBRE CABLES – 

 
Part 1-21: Generic specification –  

Basic optical cable test procedures –  
Mechanical test methods 

 
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 international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

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

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

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

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

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 
International Standard IEC 60794-1-21 has been prepared by subcommittee 86A: Fibres and cables, of IEC 
technical committee 86: Fibre optics.  

DISCLAIMER 
This Consolidated version is not an official IEC Standard and has been prepared for 
user convenience. Only the current versions of the standard and its amendment(s) are 
to be considered the official documents. 

This Consolidated version of IEC 60794-1-21 bears the edition number 1.1. It consists of 
the first edition (2015-03) [documents 86A/1638/FDIS and 86A/1655/RVD] and its 
amendment 1 (2020-03) [documents 86A/1975/FDIS and 86A/1990/RVD]. The technical 
content is identical to the base edition and its amendment. 

In this Redline version, a vertical line in the margin shows where the technical content is 
modified by amendment 1. Additions are in green text, deletions are in strikethrough red 
text. A separate Final version with all changes accepted is available in this publication. 
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International Standard IEC 60794-1-21 has been prepared by subcommittee 86A: Fibres and 
cables, of IEC technical committee 86: Fibre optics.  

This first edition constitutes a technical revision.  

It has been decided to split the second edition of IEC 60794-1-2 into six new documents: 

– IEC 60794-1-2, Optical fibre cables – Part 1-2: Generic specification – Basic optical cable 
test procedures 

– IEC 60794-1-20, Optical fibre cables – Part 1-20: Generic specification – Basic optical cable 
test procedures – General and definitions 

– IEC 60794-1-21, Optical fibre cables – Part 1-21: Generic specification – Basic optical cable 
test procedures – Mechanical tests methods 

– IEC 60794-1-22, Optical fibre cables – Part 1-22: Generic specification – Basic optical cable 
test procedures – Environmental tests methods 

– IEC 60794-1-23, Optical fibre cables – Part 1-23: Generic specification – Basic optical cable 
test procedures – Cable elements tests methods 

– IEC 60794-1-24, Optical fibre cables – Part 1-24: Generic specification – Basic optical cable 
test procedures – Electrical tests methods 

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

This standard is intended to be used in conjunction with IEC 60794-1-1.  

A list of all parts in the IEC 60794 series, published under the general title Optical fibre cables, 
can be found on the IEC website. 

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced 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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INTRODUCTION to Amendment 

This Amendment adds new test methods and revises existing ones in a timely fashion until the 
next full revision of IEC 60794-1-21:2015. 

Both the E-series numbering of the test methods, clause numbers, figures and equations of the 
technical section are aligned with IEC 60794-1-21:2015. 

As part of the ongoing rationalization of the test methods specification set, several tests of 
IEC 60794-1-21 were determined to be more properly aligned with others of the set and have 
been moved. To that end, the proposed text to affect these moves has been inserted in this 
document. 

Clause 7 has been redesignated as a cable element test method. It has been moved to 
IEC 60794-1-23 Ed2 and given the test method number G10A. 

Clause 8 has been redesignated as a cable element test method. It has been moved to 
IEC 60794-1-23 Ed2 and given the test method number G10B. 

Clause 18 has been redesignated as an environmental test method. It has been moved to 
IEC 60794-1-22 Ed2 and given the test method number F16. 

Clause 19 has been redesignated as a cable element test method. It has been moved to 
IEC 60794-1-23 Ed2 and given the test method number G9. 
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OPTICAL FIBRE CABLES – 
 

Part 1-21: Generic specification –  
Basic optical cable test procedures –  

Mechanical test methods 
 
 
 

1 Scope and object 

This part of IEC 60794 applies to optical fibre cables for use with telecommunication equipment 
and devices employing similar techniques, and to cables having a combination of both optical 
fibres and electrical conductors. 

The object of this standard is to define test procedures to be used in establishing uniform 
requirements for mechanical requirement performance. 

Throughout this standard the wording “optical cable” may also include optical fibre units, 
microduct fibre units, etc. 

General requirements and definitions are given in IEC 60794-1-20 and a complete reference 
guide to test method of all types in the IEC 60794-1-2. 

See IEC 60794-1-2 for general requirements and definitions and for a complete reference guide 
to test methods of all types. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) 
applies. 

IEC 60227-2, Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 2: Test methods 

IEC 60793-1-22:2001, Optical fibres – Part 1-22: Measurement methods and test procedures – 
Length measurement 

IEC 60793-1-32:2010, Optical fibres – Part 1-32: Measurement methods and test procedures – 
Coating strippability 

IEC 60793-1-40, Optical fibres – Part 1-40: Measurement methods and test procedures – 
Attenuation 

IEC 60793-1-46:2001, Optical fibres – Part 1-46: Measurement methods and test procedures – 
Monitoring of changes in optical transmittance 

IEC 60794-1-1, Optical fibres – Part 1-1: Generic specification – General 

IEC 60794-1-2:2013, Optical fibre cables – Part 1-2: Generic specification – Cross reference 
table for optical cable test procedures 

Full document details: IEC 60794-1-21-2020

http://avadocuments2026.com/doc/iec-60794-1-21-2020
http://avadocuments2026.com/doc/iec-60794-1-21-2020


 – 14 – IEC 60794-1-21:2015+AMD1:2020 CSV 
  © IEC 2020 

 
 

 
 

 
 

 
 

 
 

IEC 60794-1-20:2014, Optical fibre cables – Part 1-20: Generic specification – Basic optical 
cable test procedures – General and definitions  

IEC 60794-1-22:2012, Optical fibre cables – Part 1-22: Generic specification – Basic optical 
cable test procedures – Environmental test methods 

IEC TR 62691, Guide to the installation of optical fibre cables 

IEC 61300-2-44, Fibre optic interconnecting devices and passive components  – Basic test and 
measurement procedures – Part 2-44: Tests – Flexing of the strain relief of fibre optic devices 

3 Method E1: Tensile performance 

3.1 Object  

This test method applies to optical fibre cables which are tested at a particular tensile strength 
in order to examine the behaviour of the attenuation and/or the fibre elongation strain as a 
function of the load on a cable which may occur during installation and operation. This method 
is intended to be non-destructive.  

3.2 Sample length 

Length under tension ≥ 50 m unless otherwise defined in the relevant specification. For cables 
requiring specialized anchoring devices (e.g. OPGW, all-dielectric self-supporting (ADSS), 
heavy wire armored cables, etc.), the minimum length shall be 25 m. 

Short lengths in the tensile test will adversely affect the accuracy of the measurement. The 
lengths shown above are the recommended minimum lengths for this test. 

Total sample length is longer than the length under tension to allow for clamping and connection 
to test equipment. 

3.3 Apparatus  

The apparatus consists of 

a) an attenuation measuring apparatus for the determination of attenuation changes 
(see IEC 60793-1-40), and/or a fibre elongation strain measuring apparatus 
(see IEC 60793_1_22:2001, Method C: Fibre elongation); 

b) a tensile strength measuring apparatus which is able to accommodate the minimum length 
to be tested. Transfer devices may be used for testing longer samples under tension 
(see Figure 2). The diameters of sheaves in the transfer device shall be no smaller than the 
minimum bending diameter of the cable under test; typically 1 m diameter; 

c) a load cell with a maximum error of ±3 % of its maximum range;  
d) a clamping device to secure all cable components at the ends of the length under test: care 

should be taken that the specific method of capturing the cable components does not affect 
the results. A mandrel is frequently an appropriate device, with a diameter typically 1 m, but 
not less than the minimum bending diameter specified for the cable; 

e) if required, mechanical or electrical means for measuring the cable load or elongation, per 
the detail specification shall be provided. 

Examples of suitable apparatus are shown in Figure 1 and Figure 2.  
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3.4 Procedure 

3.4.1 General requirements 
a) Unless otherwise specified, the conditions for testing shall be in accordance with the 

expanded test conditions as defined in IEC 60794-1-20. 
b) Load the cable onto the tensile rig and secure it. At both ends of the tensile rig, a method 

of securing the cable shall be used, which uniformly locks the cable so that all components 
of the cable, including fibres, are restricted in their movement. For most cable constructions 
(e.g. stranded type cables), clamping on cable elements, except the fibres, is practical and 
sufficient to obtain attenuation changes and/or both the maximum allowable pulling load 
and the strain margin of the cable. However, for certain cable constructions (e.g. single 
loose tube), it may be necessary to prevent the fibres from slipping in order to obtain the 
correct strain margin figures. 

For aerial cable types, if required by the detail specification, the fixing of the cable may be made 
by means of the anchoring devices relevant to the type of cable considered. For certain heavily 
armoured cables, a clamping device involving a stocking grip or similar anchoring device may 
be used.  

c) Connect the test fibre of the cable under tensile test to the measurement apparatus. For the 
pulse delay (time of flight) technique of Method C of IEC 60793-1-22:2001, care shall be 
taken that, during the pulling of the sample, the reference length does not change.  

d) The tension shall be continuously increased to the required value(s) given in the relevant 
specification.  

e) The change of attenuation and/or fibre strain shall be recorded, as a function of cable load 
or elongation.  

f) For cables with a large number of fibres, a multiple attenuation and/or fibre strain measuring 
device can be used.  

g) A representative number of fibres and/or a number of test cycles (typically one) shall be 
agreed between manufacturer and customer.  

h) The readings taken at the end of the time periods stated in 3.4.2 should be stable (i.e within 
measurement uncertainty) before the loads are changed or the test completed. If the 
readings are still fluctuating then the load holding period should be extended until they are 
stable. 

3.4.2 Procedure  

Measure the optical attenuation and/or determine the fibre strain before the start of the test as 
a baseline: 

a) apply the short-term load to the cable; 
b) hold this load for 10 min; 
c) determine fibre strain, if required; 
d) if required, change the applied load to the long term load 

– hold this load for 10 min, 
– measure the attenuation and/or determine the fibre strain; 

e) remove the load; 
f) allow the cable to rest for 5 min; 
g) measure the attenuation and/or determine the fibre strain. 

Different steps and load levels can be used if agreed between customer and supplier. 

3.5 Requirements  

The attenuation change and/or fibre strain of the sample shall not exceed the values given in 
the relevant specification.  
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3.6 Details to be specified 

The relevant specification shall include the following:  

– length under tension if different from this method;  
– TL long term load: load applied, limits on fibre strain, and/or change of attenuation;  

– TS short term load: load applied, limits on fibre strain (if required); 

– Tafter the test: limits on fibre strain and/or change in attenuation.  

3.7 Details to be reported  

Values for all attributes from 3.6 shall be reported plus the following: 

– end preparation;  
– rate of tension increase; 
– temperature, if different from that indicated for standard test conditions. 

 

Figure 1 – Tensile performance measuring apparatus 
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Figure 2 – Example of tensile performance measuring apparatus 
using transfer devices and chuck drums 

4 Method E2: Abrasion 

4.1 Object  

The abrasion resistance of optical fibre cables has two aspects:  

a) the ability of the sheath to resist abrasion, E2A;  
b) the ability of cable markings to resist abrasion, E2B.  

The purpose of this test is to determine the ability of an optical fibre cable sheath or sheath 
markings to resist abrasion.  

4.2 Sample  

The sample shall be of a length sufficient to carry out the specified test. A typical length is 
750 mm.  

4.3 Method E2A: Abrasion resistance of optical fibre cable sheaths  

4.3.1 Apparatus  

The abrasion test rig consists of a device designed to abrade the surface of the cable in both 
directions parallel to the longitudinal axis of the cable over a length of (40 ± 1) mm at a 
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frequency of (55 ± 5) cycles/min. One cycle consists of one abrading edge movement in each 
direction.  

The abrading edge shall be a steel needle with a diameter of 1,0 mm or as specified in the 
detail specification  

A typical apparatus is shown in Figure 3. 

4.3.2 Procedure  

The following steps shall be taken: 

a) Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions, as defined in IEC 60794-1-20. 

b) Securely attach the cable sample to the supporting plate by means of cable clamps. The 
abrading edge shall be loaded with 4 N whilst avoiding shock to the cable. The initial position 
shall be such that there is length available for the subsequent movement of the sample, per 
c) below. 

c) Four tests shall be made on the sample, with the sample moved forward 100 mm between 
tests and rotated through an angle of 90°, always in the same direction.  

4.3.3 Requirements  

There shall be no perforation of the sheath after performing the number of cycles specified in 
the detail specification.  

4.3.4 Details to be specified  

The detail specification shall include the following:  

a) number of cycles;  
b) force applied if other than specified herein; and 
c) diameter of needle if other than specified herein. 

4.4 Method E2B: Abrasion resistance of optical fibre cable markings 

4.4.1 Apparatus  

4.4.1.1 Method 1  

As specified in E2A. 

4.4.1.2 Method 2  

The apparatus follows the intent of that specified in E2A and in E2B, Method 1, with the needle 
replaced by a wiping felt. The following changes are made in the apparatus: 

a) a test set-up, to apply a force to the wool felt. A typical example is shown in Figure 4;  
b) a wool felt, colour white;  

NOTE Common felts are a blend of wool and other fibres, commonly rayon. Blends from 100 % to 30 % wool, 
or as specified by the relevant specification, meet the purpose of this method. 

c) masses to apply a force to the sample; 
d) the apparatus shall allow a stroke length of 100 mm at a frequency of 6 to 12 cycles/min. 
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4.4.2 Procedure  

4.4.2.1 General 

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions.  

4.4.2.2 Method 1  

As specified in E2A, but all four tests shall be made on the cable marking. 

4.4.2.3 Method 2  

A sample of cable containing markings shall be laid between the two parts of the wool felt or 
between the wool felt and a supporting surface. In either case, the wool felt shall wipe the 
printed section of the cable. 

The wool felt shall be thoroughly impregnated with water.  

The normal force (F) of 5 N (or as given in the detail specification) shall be applied to the 
markings on the sample which is moved back and forth over a length of 100 mm. The number 
of cycles shall be specified in the detail specification.  

4.4.3 Requirements  

The marking shall be legible at the completion of the test after the number of cycles specified 
in the detail specification.  

4.4.4 Details to be specified  

The detail specification shall include the following: 

a) number of cycles; 
b) method used;  
c) force applied if other than specified herein. 

 

Figure 3 – Typical test set-up for tests E2A and E2B method 1 
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Figure 4 – Typical test set-up for test E2B, apparatus 2 

5 Method E3: Crush 

5.1 Object  

The purpose of this test is to determine the ability of an optical fibre cable to withstand crushing 
for long term and for short-term loads.  

NOTE Method E3A corresponds to the default method, Method E3 Crush, defined in IEC 60794-1-2:2013. 

5.2 Sample  

The sample shall be of a length sufficient to carry out the specified test.  

5.3 Method E3A: Plate/plate 

5.3.1 Apparatus  

The apparatus shall allow a sample of cable to be crushed between a flat steel base plate and 
a movable steel plate which applies the crushing force uniformly over a 100 mm length of the 
sample.  

The edges of the movable plate shall be rounded with a radius of about 5 mm. The edges are 
not included in the 100 mm flat part of the plate. A suitable apparatus is shown in Figure 5. 

5.3.2 Procedure  

The cable sample shall be mounted between the plates so that lateral movement is prevented, 
and the force shall be applied gradually without any abrupt change. If the force is applied in 
incremental steps, these shall not exceed a ratio of 1,5:1.  
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The force shall be maintained stable at the specified test value at a specified time. This time is 
typically 1 min (short-term) or 10 min (long-term) if not specified in the detail specification. 
Attenuation measurement shall be performed before the force is released. 

Unless otherwise specified in the detail specification, the test shall be performed three times, 
the force being applied on the specimen at three different places, without rotating the cable. 
The distance between each crush shall be not less than 500 mm apart and different from the 
lay length of the cable core. 

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions.  

5.4 Method E3B: Mandrel/plate 

5.4.1 Apparatus  

The same apparatus as for Method E3A shall be used, but a steel mandrel with a diameter of 
25 mm (unless otherwise specified in the detail specification) is inserted perpendicular to the 
sample or replaces the movable plate in Figure 6. 

5.4.2 Procedure  

The procedure is the same as for Method E3A but a steel mandrel with a diameter of 25 mm 
(unless otherwise specified in the detail specification) is inserted perpendicular to the sample. 

5.5 Requirements  

The acceptance criteria for the test shall be as stated in the detail specification. Typical failure 
modes include loss of optical continuity, degradation of optical transmittance or physical 
damage to the cable. 

NOTE Imprints or scratches on sheath and cable elements are not regarded as a failure. 

5.6 Details to be specified  

The detail specification shall include the following:  

a) total force applied, F;  
b) duration of application of the force;  
c) number of tests;  
d) spacing between test places; 
e) configuration of mandrel, if used; 
f) maximum allowable change in optical transmittance for short- and long-term load during 

and after the test. 
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Figure 5 – Apparatus for crush test, Method E3A, details of plate/plate option  
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Figure 6 – Apparatus for crush test, Method E3B, details of plate/mandrel option 

6 Method E4: Impact 

6.1 Object  

The purpose of this test is to determine the ability of an optical fibre cable to withstand impact.  

6.2 Sample  

6.2.1 Sample length  

The sample length shall be sufficient to carry out the specified test. When only physical damage 
is to be evaluated, the length may range from 1 m (for example for small diameter jumper cords 
or duplex cables) to 5 m (for larger diameter cables). Longer lengths may be necessary to 
permit optical measurements.  

6.2.2 Termination  

The sample shall be terminated at each end in a connector, or in a manner such that the fibres, 
sheathings and any strain members are clamped together in a representative manner. Clamps 
on the impact apparatus may be used, or the sample may be long enough so that no restraint 
is needed.  

6.3 Apparatus  

The apparatus shall allow an impact to be imparted to the cable sample which is fixed to a flat 
substantial steel base. When a single or only a few impacts are required, a suitable apparatus, 
as shown in Figure 7a, is used. This allows a weight to drop vertically onto a piece of steel 
which transmits the impact to the cable sample. When repeated impacts are required (say, more 
than five), a more practical apparatus, as shown in Figure 7b, is used, which allows multiple 
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impacts by a drop hammer. The apparatus shall be arranged to impart minimal friction to the 
moving weight/hammer. 

NOTE This issue of friction has been found to be a particular problem when the apparatus is used at temperature 
extremes. 

In both cases, other equivalent apparatus may also be used.  

The striking surface shall either be flat or have a curved surface with curvature radius of no 
less than 300 mm. If using a flat striking surface, the edges of the face shall be radiused to 
avoid a stress concentration riser, Figure 7c, detail B. If using a 300 mm curvature radius 
striking surface, then the surface may also be a spherical segment, as shown in Figure 7c, 
detail A, since for such a large curvature radius this gives an equivalent test method to that 
when using a rounded cylinder,. 

The radius on the edge on the flat striking surface and on the 300 mm curvature radius striking 
surface shall be approximately 0,5 mm.  

The apparatus shall include any optical test equipment needed to measure the changes in 
optical performance as required in the detail specification, and specified in Method A 
(Transmitted power) of IEC 60793-1-46:2001. 

6.4 Procedure  

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions.  

The mass of the weight or drop hammer and the height from which it falls shall be adjusted to 
give the value of impact energy shown in the detail specification. The number and rate of 
impacts, and their location on the sample shall be as specified in the detail specification. 

6.5 Requirements  

The acceptance criteria for the test shall be as stated in the detail specification. Typical failure 
modes include loss of optical continuity, degradation of optical transmittance or physical 
damage to the cable.  

6.6 Details to be specified  

The detail specification shall include the following: 

a) number of impacts; 
b) impact energy; 
c) test temperature; 
d) radius of the striking surface if other than specified herein; 
e) frequency of multiple impacts (if any); 
f) location of impacts on the sample;  
g) if optical continuity or change in transmittance is to be measured. 
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Figure 7a – Impact test – Apparatus for a few impacts 

 

 

Figure 7b – Impact test – Apparatus for multiple impacts 
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Figure 7c – Impact test – Details of the striking surface 

Key 

d  hammer diameter, 20 mm ± 1 mm 
r  striking surface curvature radius, 300 mm, minimum 
1  flat striking surface, with radiused edges 

Figure 7 – Impact test 

7 Method E5A: Stripping force stability of cabled optical fibres 

7.1 Object  

This test determines the stability of the stripping force of the coating of cabled fibres by 
measuring the change in fibre strippability after exposure to specified environmental conditions.  

7.2 Sample  

7.2.1 Sample length  

The length of the cable or fibre sample shall be sufficient to carry out the specified test.  

7.2.2 Sample preparation  

The cable from which the fibres shall be taken is preconditioned, as specified in the detail 
specification, prior to withdrawal of the fibres. 

The test shall be carried out on fibres taken from a sample of cable which is further divided into 
two lengths (minimum 2 m). One length is for testing and the other for reference measurements. 

Sufficient samples shall be provided to allow tests to be carried out on 10 test pieces of fibre, 
conditioned as specified in the detail specification, and compared with test results for fibres 
taken from the reference cable length. 

After withdrawal, any filling compound adhering to the fibres shall be carefully removed (e.g. by 
wiping with a soft tissue). 

7.3 Apparatus  

The apparatus consists of conditioning equipment (if necessary) and a fibre strippability 
apparatus (see the strippability test method of IEC 60793-1-32:2010).  

7.4 Procedure  

The optical fibre strippability shall be measured on the environmentally conditioned samples 
using the strippability method of IEC 60793-1-32, after the recovery time and reconditioning as 
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given in the detail specification. The same method shall be used to measure the strippability of 
fibre samples taken from the reference cable length and the change in stripping force shall be 
determined from a comparison of the results.  

Alternatively, samples may be taken from cable aged according to Method F9 of IEC 60794-1-
22:2012. 

7.5 Requirements  

The change in stripping force shall meet the requirements specified in the detail specification.  

7.6 Details to be specified  

The detail specification shall include the following:  

a) cable preconditioning;  
b) fibre conditioning;  
c) recovery time and reconditioning;  
d) permissible change in stripping force.  

8 Method E5B: Strippability of optical fibre ribbons 

8.1 Object 

The purpose of this test is to evaluate the strippability of optical fibre ribbons in terms of fibre 
cleanliness after coating removal and fibre breakage due to ribbon stripping. 

8.2 Sample 

The test sample shall be representative of the population of ribbons under evaluation. 

Samples may be taken sequentially along a length of ribbon but sections of the ribbon previously 
in the grips of the stripping tool shall be excluded. 

The length of the sample shall be sufficient to allow the matrix and fibre coatings to be removed 
over a minimum length of 25 mm with a maximum of ten and a minimum of five strips per 
sample. 

Sample environmental conditioning requirements shall be agreed between customer and 
supplier. 

8.3 Apparatus 

8.3.1 General 

A ribbon stripping apparatus and conditioning equipment (if necessary). 

8.3.2 Stripping tool 

The results of the test are strongly dependent upon the design of the stripping tool used and 
the following tool design guidelines shall be taken into account: 

– The mechanical stripping tool shall provide a heated surface that operates at a temperature 
in the range +70 °C to +140 °C. The heated surface, once set to the specified temperature, 
shall maintain that temperature within ± 5 °C during the stripping operation. The heated 
surface(s) shall be located behind the stripping blades and positioned to heat the part of the 
ribbon in which the coating is to be removed. 
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Heat-up time and dwell time for the tool may be important and the tool manufacturers 
recommendations shall be followed. 

Follow the ribbon manufacturer’s recommendations for setting the tool temperature. 
– The stripping tool or loading fixture shall maintain a constant pressure sufficient for proper 

stripping. Care shall be taken that the tool does not begin to open during stripping.  
– The size of the gap between the blades shall be known. This dimension and its tolerance 

shall ensure that the blades cut through the matrix material and fibre coatings without 
damaging the fibre cladding. 

– The condition of the blades can greatly affect the peak strip force and stripping action. The 
edges of the blades shall be inspected for notches and burrs under normal vision before 
and after use. 

– Replace the blades when they become damaged or blunt or whenever wear is sufficient to 
affect the results. 

8.3.3 Motor and slide (if used) 

The motor and slide shall allow repeatable motion with low vibration and fast acceleration. They 
shall be capable of imparting constant motion, without jerking, to the test ribbon or stripping 
tool. 

If a manual tool is used, the stripping action shall follow these same criteria. 

8.3.4 Positioning and holding equipment 

The test sample shall be firmly held in place so that no slippage occurs (a capstan is 
recommended). The sample ribbon fibres shall be in line (vertically, horizontally and 
rotationally) with the plane of the stripping motion. 

8.3.5 Alcohol wipe 

A non-abrasive cloth or paper material saturated with a suitable alcohol solution shall be used 
to wipe the fibres after stripping. 

8.4 Procedure 

Unless otherwise specified, the condition for testing shall be in accordance with controlled 
ambient conditions. The strip length shall be ≥ 25 mm and the strip velocity shall be as given in 
the detail specification (between 100 mm/min and 500 mm/min). 

Turn on the test apparatus and allow the tool temperature to stabilize. 

Ensure that the area around both blades of the stripping tool is free from debris from any 
previous use and that the blades are clean.  

Strip the ribbon following the manufacturer’s recommendation on heating dwell time prior to 
stripping.  

After stripping wipe the stripped fibres with the alcohol wipe and inspect them visually at a 
magnification of at least 2X. 

Assess the cleanliness and integrity of the fibres after stripping as indicated in Table 1.  
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Table 1 – Condition of stripped samples 

Rating Condition of stripped sample 

1 Coating and matrix materials leave no residue after one or two alcohol wipe 

2 Coating and matrix material crumbles or breaks up leaving a heavy residue upon stripping and 
multiple alcohol wipes are required to remove residue on the fibres. Fibres are capable of being 
wiped clean without a second strip. 

3 Incomplete strip, some fibre coating remains intact. Multiple strips and alcohol wipes are required to 
remove all visible residue from the fibres. 

4 Failed strip:  
– One or more fibres break. 
– Fail to strip within the required speed. 

 

Carry out the number of strips as given in the detail specification and calculate the average 
cleanliness rating for each sample, rounded to the nearest whole number. 

8.5 Requirements 

The average cleanliness rating shall comply with the values given in the detail specification. 

No fibres shall break. 

8.6 Details to be specified 

The detail specification shall include the following: 

a) type of stripping apparatus; 
b) average dwell time; 
c) stripping tool temperature; 
d) stripping velocity; 
e) strip length; 
f) sample environmental conditioning; 
g) required average cleanliness rating; 
h) number of fibres in the ribbon. 

9 Method E5C: Strippability of buffered optical fibres 

9.1 Object 

This test determines the stability of the stripping force of buffered optical fibres. 

Tests to evaluate two types of buffers are included: tight buffer fibres, where the buffer is in 
intimate contact with the fibre’s outer coating, and loosely-bound buffer fibres, wherein the 
buffer is designed to be removable while leaving the fibre coating intact. 

9.2 Sample 

Samples of buffered fibre to be tested shall comply with the requirements of Method E5A. 

9.3 Apparatus 

The apparatus shall comply with the requirements of Method E5A. 
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The fibre stripping apparatus shall have sufficient clearance to accommodate the buffer to be 
stripped. 

In the case of loosely-bound buffer, the cutting surfaces of the fibre stripping apparatus shall 
be sized such that the coating of the fibre beneath the buffer is not cut or damaged by the 
stripping operation. 

9.4 Procedure 

Follow the procedure of Method E5A. 

If comparison of unaged and aged samples is specified, perform the procedure as follows, 
following the intent of Method E5A: 

– Set aside unaged control samples for later test. 
– Age the buffered fibre in the cable or in a representative environment in the lab (in fill, or 

the like, as appropriate) as specified in the detail specification. Ageing according to Method 
F9 of IEC 60794-1-22:2012 is generally appropriate. 

– After ageing, remove the samples from the cable or other for strip testing. 
– Perform the stripping of the control samples and the aged samples per method E5A. 

9.5 Requirements 

The buffered fibres shall meet the strippability or strippability stability requirements of the detail 
specification. 

9.6 Details to be specified 

The detail specification shall include the following: 

a) cable preconditioning, if any; 
b) fibre conditioning; 
c) recovery time and reconditioning;  
d) permissible change in strip force or maximum/minimum strip force. 

10 Method E6: Repeated bending 

10.1 Object 

The purpose of this test is to determine the ability of an optical fibre cable to withstand repeated 
bending.  

Repeated bending of connectorized optical fibre cable involves testing as a unit, testing both 
the capabilities of the cable and the connector. This testing is defined by IEC 61300-2-44. Refer 
to that standard for testing of connectorized assemblies. 

10.2 Sample 

10.2.1 Sample length 

The sample length shall be sufficient to carry out the specified test. When only physical damage 
is to be evaluated the length may range from 1 m (for example for small diameter cords or 
duplex cables) to 5 m (for larger diameter cables). Longer lengths may be necessary to permit 
optical measurements.  
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10.2.2 Termination 

The sample shall be terminated at each end in a manner such that the fibres, sheathings and 
any strain members are clamped together in a representative manner. The clamps on the 
bending apparatus may be adequate, a connector may be used or the sample may be long 
enough that no restraint is needed.  

10.3 Apparatus  

The apparatus shall permit a sample to be bent backwards and forwards through angles up to 
180°, the two extreme positions making an angle of 90° on both sides of the vertical, whilst the 
sample is subjected to a tensile load. If no tensile load is specified, a manual tension sufficient 
to keep the sample in contact with the mandrel may be used. For testing cable, a suitable 
apparatus is shown in Figure 8. Other equivalent apparatus may be used.  

Unless otherwise specified in the detail specification, the bending radius of curvature shall be 
a maximum of 20 times the cable diameter or the minimum mandrel radius, whichever is greater. 
The minimum mandrel radius shall be 75 mm for outdoor cables, and 75 mm or 25 mm shall be 
agreed for indoor cables between the customer and the supplier 

The bending arm shall have an adjustable clamp or fixture to permit holding the cable securely 
during the entire test, without crushing the optical fibres or inducing optical loss. A connector 
may be used to hold the cable on the bending arm, but for this test it is not considered part of 
the specimen under test. See IEC 61300-2-44 for an appropriate apparatus. 

The apparatus shall be capable of cycling. Displacing the sample from the vertical position to 
the extreme right position, then oscillating to the extreme left position and returning to the 
original vertical position is considered to be one cycle. Unless otherwise specified in the detail 
specification, the bending rate shall be approximately one cycle in 2 s to 5 s.  

The apparatus shall include any optical test equipment needed to measure the changes in 
optical performance as required in the detail specification, and specified in Method A 
(transmitted power) of IEC 60793-1-46:2001.  

10.4 Procedure  

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions.  

The procedure can be defined as followed:  

a) precondition the sample at standard atmospheric conditions for 24 h;  
b) fix the sample to the apparatus, as such shown in Figure 8;  
c) apply the load, as required by the detail specification;  
d) measure acceptance criteria parameters to establish baseline values;  
e) carry out the number of cycles of repeated bending specified;  
f) carry out acceptance criteria parameter measurements. If necessary, the sample may be 

removed from the apparatus for visual examination.  

10.5 Requirements  

The acceptance criteria for the test shall be as stated in the detail specification. Typical failure 
modes include loss of optical continuity, degradation of optical transmittance or physical 
damage to the cable.  

10.6 Details to be specified  

The detail specification shall include the following:  
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a) number of cycles; 
b) mass of the weight tensile load, if applicable; 
c) bending radius R, if different to that already specified; 
d) specific temperature if other than standard atmospheric conditions; 
e) maximum allowable change in optical transmittance, during and after the test if required. 

 

 

Key 

1  clamp 

2  axis of rotation 

3   sample 

R  bending radius 

F  load, if required 

Figure 8 – Repeated bending test for cable/connector assembly 

11 Method E7: Torsion 

11.1 Object  

This test method is intended to establish the ability of a fibre optic cable to withstand mechanical 
twisting. The primary purpose of this procedure is to measure any variation in the optical power 
transmittance of a fibre when the cable is subjected to torsional forces external to the cable 
sheath. A secondary purpose is to evaluate the possibility of physical damage that may occur 
as a result of such stresses.  

11.2 Sample  

The specimen shall be a sample of fibre optic cable having a total length sufficient to permit the 
appropriate clamping and twisting, and long enough to permit optical transmittance 
measurements as required by the detail specification. 
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11.3 Apparatus  

The twisting apparatus consists essentially of two cable gripping devices or clamps, one fixed 
and one that can rotate, supported as appropriate, the distance between them being adjustable. 
The rotating clamp is connected to suitable turning equipment (e.g. a torquing lever). Any clamp 
supports, gripping devices or torquing equipment used shall all be such as to permit access to 
both ends of the cable specimen for optical testing as may be required. Suitable apparatus is 
illustrated in Figure 9, Figure 10. and Figure 11. 

The cable gripping devices shall be such that  

– they may be tightened around the cable sufficiently to prevent movement within the grip,  
– the clamps hold the cable firmly in a straight line,  
– the clamps induce neither localized twisting damage on the cable caused by the inside edge 

of the clamp nor undue localized concentration of pressure on the cable,  
– the process of clamping does not induce any significant or accurately measurable 

attenuation increase (or no more than a negligible increase) in the specimen.  

If required by the detail specification and/or to minimize specimen bending from a straight 
configuration, use weights or an appropriate loading mechanism to apply a tensile load to the 
cable gripping fixture (see Figure 10. Figure 11). In any case, one end of the gripping fixtures 
shall be free to move longitudinally to respond to foreshortening of the cable. 

The apparatus shall include optical transmittance equipment to measure the change in optical 
throughput as required in the detail specification, and specified in Method A (transmitted power) 
of IEC 60793-1-46:2001.  

11.4 Procedure  

Install the specimen in the test apparatus such that the test length L (see Figure 9, Figure 10 
and Figure 11) is as required by Table 2 or by the detail specification.  

Table 2 – Typical test gauge length 

Cable type Maximum gauge length 

1 Outdoor cable 2 2 m 

3 Indoor cable 4 1 m 

5 Indoor cable 6 Greater of 0,3 m or 125 d  
(d = cable diameter in mm) 

 

Take care to insure that no initial stress is applied to the specimen. Except for the necessary 
twisting operation, take care not to move or disturb the specimen ends throughout the test. 
Intrinsically torque-resistant cables may need a longer gauge length to be agreed between 
customer and supplier. 

Minimize specimen sag (Figure 9 or Figure 10) or vertical deviation from a straight line  
(Figure 11) as much as possible.  

If change of optical performance is required by the detail specification, measure the unstressed 
specimen. Compare results with those after clamping to ensure that the clamping has not 
significantly degraded the cable performance.  

If not prohibited by the detail specification, specimen sag or bend may be minimized by 
supporting the test length or by applying tension to the specimen cable. If required, apply 
tension as specified in the detail specification to keep the specimen straight. 
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If a determination of optical transmittance changes is required by the detail specification, 
measure optical output power for the specimen after clamping and application of tensile load, 
if any. 

Rotate the movable cable clamp as follows: 

a) 180° clockwise; 
b) return to the starting position; 
c) 180° counter-clockwise; 
d) return to the starting position. 

This total four-part movement constitutes one cycle. Complete each cycle within 1 min 
maximum, for a total of 10 cycles. 

Carry out the acceptance criteria parameters measurements. Allow the specimen to rest for a 
minimum period of 5 min. If necessary, the sample may be removed from the apparatus for 
visual examination using normal corrected vision. 

11.5 Requirements  

The acceptance criteria for the sample under test shall be as stated in the detail specification. 
Typical failure modes include loss of optical continuity, increase in fibre loss and damage to the 
cable sheath or core components.  

11.6 Details to be specified  

The detail specification shall include the following: 

a) test length, L, if other than specified herein;  
b) any tension which is to be applied, if applicable; 
c) number of cycles, if other than specified herein; 
d) number of fibres to be monitored for optical transmittance;  
e) maximum allowable change in optical transmittance, if required;  
f) rotating angle, if other than specified herein; 
g) temperature of the specimen, if other than specified herein. 

11.7 Details to be reported 

The following details shall be reported: 

a) number of cycles; 
b) cycle time. 
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Figure 9 – Cable torsion apparatus 

  

Figure 10 – Cable torsion apparatus with tension applied 

 

Figure 11 – Alternative cable torsion apparatus with tension applied 
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12 Method E8: Flexing 

12.1 Object  

The purpose of this test is to determine the ability of an optical fibre cable to withstand repeated 
flexing in service. This is a specialized test intended for specific types of cable, such as elevator 
cable or the like. 

NOTE See the related tests, Method E18A, bending under tension and Method E18B, the sheave test. See also 
Method E6, the repeated bending test. 

12.2 Sample  

The sample shall be terminated in a manner such that the fibres, sheaths and any strain 
members are clamped together in a representative manner. It shall be of a length sufficient to 
carry out the specified test.  

12.3 Apparatus  

The test is carried out using the apparatus shown in Figure 12. Any other arrangements shall 
be specified in the detail specification. 

The pulleys shall have a semicircular shaped groove for circular cables and a flat groove for 
flat cables.  The restraining clamps, D, shall be fixed so that the pull is always applied by the 
weight from which the carriage is moving away. An equivalent apparatus may be used, for 
example that shown in IEC 60227-2.  

12.4 Procedure  

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions.  

The sample shall be routed over the pulleys, each end being loaded with a weight. The mass 
of these weights and the diameters of pulleys A and B (or other) shall be as specified in the 
detail specification.  

The sample shall be flexed for the number of cycles specified in the detail specification. A cycle 
is defined as the movement of the carriage away from its starting position to one end of the 
traverse, followed by movement in the opposite direction to the other end and then back to the 
starting position. Ensure that the length of the cable is moved over the wheels. 

The speed of the carriage movement or the total time for the traverse shall be specified in the 
detail specification. 

The acceleration and deceleration of the carriage shall be limited to avoid additional inertial 
loads. 

12.5 Requirements 

The acceptance criteria for the test shall be as stated in the detail specification. Typical failure 
modes include loss of optical continuity, degradation of optical transmittance or physical 
damage to the cable.  

12.6 Details to be specified 

The detail specification shall include the following:  

a) diameter of pulley A and B and the orienting pulleys; 
b) mass of weights;  
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c) number of cycles; 
d) speed of carriage or total time for traverse; 
e) acceleration and deceleration of the carriage; 
f) traverse length of the carriage; 
g) minimal distance of pulleys A and B to the nearest fixed pulley; 
h) maximum allowable change in optical transmittance, during and after the test if required. 

 

Figure 12 – Flexing apparatus 

13 Method E9: Snatch (deleted) 

NOTE This test – now deleted – was to evaluate the effects of a sudden load being applied to a short section of a 
suspended cable. Effectively, a hook with a weight would be dropped such that the hook engaged a cable suspended 
in a manner to be determined. It is not clear what the original intent of the test was, what the details of the apparatus 
and procedure were, or why it was decided to remove it. 

14 Method E10: Kink 

14.1 Object  

The purpose of this test is to determine the minimum loop diameter at the onset of the kinking 
of an optical fibre cable.  

NOTE Testing has indicated that the results of this test for cable have limited reproducibility. It is advised that it 
should be used with caution and that any minimum kink requirement be conservative. 

14.2 Sample  

The sample length shall be sufficient to carry out the specified test.  

14.3 Apparatus  

No particular apparatus is required. It is useful to loosely restrain the cable at the crossing point 
of the loop. 
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14.4 Procedure  

Unless otherwise specified, the conditions for testing shall be in accordance with standard 
atmospheric conditions. 

A loop shall be made (see (1) in Figure 12). The diameter of the loop shall be reduced to the 
onset of kinking by pulling slowly on the two ends (see (2) in Figure 13). The forces at the 
bottom of the loop shall be applied in one plane. 

When the kinking begins, stop pulling. 

Measure the length of the cable in the loop, C, beginning and ending at the crossover point. 
Calculate the equivalent loop “diameter” by applying the formula: 

 d = C/π  (1) 

14.5 Requirements 

No kink, as shown in (3), in Figure 12, shall occur at diameters greater than the specified 
minimum.  

14.6 Details to be specified 

The detail specification shall include the following: 

a) minimum loop diameter at which no kink shall occur; 
b) temperature; 
c) number of samples to be evaluated. 
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1  initial loop 
2  direction of pull 
3  kinked configuration 

Figure 13 – Kink test 
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15 Method E11: Bend 

15.1 Object 

The purpose of this test is to determine the ability of an optical fibre cable or cable element to 
withstand bending around a test mandrel. 

NOTE This test may be utilized at any specified temperature, including the low or high temperature limits for the 
cable. 

15.2 Sample 

The sample shall be terminated at each end in a manner such that the fibres, sheath(s) and any 
strain members are clamped together in a representative manner, or the sample may be long 
enough that no restraint is needed. 

15.3 Apparatus 

A single mandrel apparatus shall enable the sample to be wrapped tangentially in a close helix 
around a test mandrel. See Figure 14. 

15.4 Procedure 

As indicated in the detail specification, one of the following procedures shall be used.  

15.4.1 Procedure 1 – Test method E11A (standard test procedure) 

The sample shall be wrapped in a close helix around the mandrel at a uniform rate. Sufficient 
tension shall be applied to ensure that the sample contours the mandrel. The sample shall then 
be unwrapped.  

The intent of test method E11A is to specify the test using the apparatus in Figure 14a1, that 
is, the total number of coils in the helix. Either apparatus may be used for testing per test 
method E11A.  

Use of the apparatus in Figure 14a2 applies two helixes, therefore twice the number of coils as 
for the apparatus in Figure 14a1. 

Therefore, if the apparatus as shown in Figure 14a2 is used, the number of turns of the mandrel 
or upon the mandrel [15.6 d)] should be one-half of those specified to achieve the correct 
number of coils in the combined helixes. 

When using the apparatus in Figure 14a1, the cable involved in the helix is to be applied without 
twists. 

A cycle consists of one wrapping and one unwrapping of the helix.  

The diameter of the test mandrel, the number of turns per helix and the number of cycles shall 
be shown in the detail specification.  

The test shall be carried out at the specified temperature. 

15.4.2 Procedure 2 – Test method E11B (alternative test procedure) 

The sample shall be bent around a mandrel through 180° and kept taut during the bending. A 
cycle consists of one U bend followed by a reverse U bend, and a return to the straight position. 
The diameter of the test mandrel and the number of cycles shall be stated in the detail 
specification.  

Full document details: IEC 60794-1-21-2020

http://avadocuments2026.com/doc/iec-60794-1-21-2020
http://avadocuments2026.com/doc/iec-60794-1-21-2020


 – 40 – IEC 60794-1-21:2015+AMD1:2020 CSV 
  © IEC 2020 

 
 

 
 

 
 

 
 

 
 

The test shall be carried out at the specified temperature. 

15.5 Requirements  

The acceptance criteria for the test shall be as stated in the detail specification. Typical failure 
modes include loss of optical continuity, degradation of optical transmittance or physical 
damage to the cable.  

15.6 Details to be specified  

The detail specification shall include the following:  

a) procedure to be used (procedure 1 or procedure 2);  
b) test mandrel diameter (or ratio of mandrel diameter to cable diameter);  
c) number of cycles;  
d) number of turns in the helix (for procedure 1);  
e) maximum allowable attenuation increase:  

– during the test (if applicable),  
– after the test (if applicable);  

f) test temperature, e.g. ambient, low, and/or high, as appropriate. 

  

Figure 14a1 – Single-helix configuration Figure 14a2 – Two-helix configuration 

Figure 14a – Apparatus for E11A 

 
Figure 14b – Apparatus for E11B 

Figure 14 – Bend test apparatus 
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16 Method E12: Cut-through resistance (deleted) 

17 Method E13: Shotgun damage  

17.1 Object 

The purpose of this test is to determine the ability of aerial optical cables to withstand shotgun 
damage. 

NOTE Due to the wide range of possible variations in this test (see 19.3.2 a) and c)), this test is considered a 
specialty test for very specific applications. Most cables will not be subjected to this test. 

17.2 General  

Two test methods are described:  

a) method E13A, in which a shotgun is fired at a cable sample mounted on a frame;  
b) method E13B, which simulates the impact from a shotgun pellet: a single pellet is impacted 

into a cable sample with the energy equivalent to that of a pellet fired from a shotgun at a 
given range, up to 40 m.  

17.3 Method E13A: Shotgun test 

17.3.1 Sample  

A length of optical cable (typically 3 m long) is used.  

17.3.2 Apparatus  

The apparatus consists of  

a) a shotgun, as specified in the detail specification, 

NOTE 1 The type of gun is likely to vary from country to country. 

b) a frame for holding the cable sample. It is important that the sample be free to move and 
the test set-up should also take into account that the shot may scatter in an elliptical manner 
depending on the gun used, 

c) gunshot: 
1) as specified in the detail specification. 

The shot size is likely to vary from country to country and should represent the hazard 
particular to the installation. It is recommended that the shot diameter be recorded. 

2) the shot type shall be specified in the detail specification. 
Typically, lead, steel, or composite materials are used, depending on the  country. 
Lead shot deforms on impact and is less damaging than steel shot. It is recommended 
that the shot material be recorded. 

3) the cartridge type shall be specified in the detail specification. 

17.3.3 Procedure  

The cable sample shall be mounted on the frame and shot at from the distance specified in the 
detail specification. A typical distance is 20 m.  

After the test, the sample shall be inspected according to the acceptance criteria specified. 

The test report shall include the following information:  

a) details of test configuration, including cable orientation; 
b) report of damage inflicted, including fibre continuity; 
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c) number of tests carried out to achieve minimum visible impacts; 
d) shot diameter; 
e) shot material. 
f) cartridge type; 
g) data on the shotgun (see 17.3.2 a). 

17.3.4 Requirements  

The acceptance criteria for the test shall be stated in the detail specification. Typical failure 
modes include damage to the cable core elements (for example, piercing of loose tubes) and 
loss of continuity.  

17.3.5 Details to be specified  

The detail specification shall include the following information: 

a) gun type; 
b) shot size and diameter; 
c) shot type; 
d) cartridge type; 
e) distance between gun and sample; 
f) acceptance criteria. 

17.4 Method E13B: Shotgun simulation 

17.4.1 Sample  

The sample length shall be sufficient to carry out the testing specified. A short length is 
adequate when only physical damage is to be evaluated, but longer lengths will be necessary 
to permit optical measurements.  

17.4.2 Apparatus  

A suitable apparatus is given in Figure 15, Figure 16 and Figure 17. The apparatus comprises 
the following: 

a) A drop weight.  
A schematic of the drop weight, which incorporates the drop-weight body and a shot support 
pin is given in Figure 16.  
The weight used shall be sufficient to simulate the energy of a shot fired from a given range, 
when dropped from the relevant height. For information purposes, guidance on the 
calculation of suitable weights and drop heights for a given shot size is given in 19.4.6.  
The shot support pin should be chosen such that its diameter “B” is not greater than the 
overall diameter of the shotgun pellet and is typically 0,2 mm smaller. The pin face should 
be profiled to give a flat landing, shown by “A”, in order to reduce the risk of pellet shearing 
and pin damage.  

For small cables (typically <10 mm), an alternative drop weight and shot support pin may 
be used for improved test accuracy (see Figure 17), in order to prevent sample rotation 
and/or shot deflection during the test.  

b) A drop-weight guiding tube, to guide the weight towards the test sample, It may be 
convenient to incorporate release pins to secure the drop weight at the required drop height. 
Typically, a 25,4 mm square section is used to minimize friction between the inner surface 
of the guide tube and the outer surface of the cylindrical drop-weight body or vice versa.  

c) A location block. The location block may have a target zone hole for convenience in locating 
the sample. 
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d) Plastic adhesive or other, for affixing the shot to the drop weight pin.  
e) Optical test equipment, if required, to measure the optical performance.  

17.4.3 Procedure  

The cable sample shall be placed on the location block, directly over the target zone hole, if 
used. Clamps, fitted to the location block, may be used to secure the sample in place. If optical 
transmission is being recorded, the sample shall be placed so that the pellet will impact above 
at least one fibre that is being measured. The pellet is fitted to the pin of the drop weight using 
a suitable material, such as a reusable plastic adhesive. A small amount should be used such 
that the impact is not absorbed by the adhesive. The weight is then fixed at the appropriate 
height in the guide tube, as with the release pins. The drop weight is released allowing the drop 
weight to impact on the cable sample.  

Unless otherwise specified, the test is only carried out once at the same sample location.  

17.4.4 Requirements  

The acceptance criteria for the test shall be stated in the detail specification. Typical failure 
modes include damage to the cable core elements (for example, piercing of loose tubes) and 
loss of continuity.  

17.4.5 Details to be specified  

The detail specification shall include the following:  

a) shot size; 
b) shot type; 
c) drop weight; 
d) drop height; 

NOTE: See 19.4.6 for calculating drop weight and height.  

e) number of impacts at separate locations; 
f) acceptance criteria; 
g) test temperature. 

17.4.6 Calculation of drop weight and height  

Consider a shotgun pellet of mass, m, moving with a velocity, v. It will have a kinetic energy of 
Ek, given by Equation (2): 

 
2

2
1 mvEk =  (2) 

where 
Ek  is the kinetic energy, in J; 

m  is the pellet mass, in kg; 

v  is the pellet velocity in ms-1. 

This can be equated to a drop weight's potential energy (see Equation (3)): 

 MghEE pk ==  (3) 

where 
Ep  is the potential energy, in J; 
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M  is the drop-weight mass, in kg; 
g  is the drop-weight acceleration, in ms−2; 
h  is the distance dropped, in m.  

Re-arranging the equation is then possible to define the drop weight's mass in terms of drop 
height:  

 gh
EM k=  (4) 

where 
Ek  is the kinetic energy, in J; 

g  is the drop-weight acceleration, in ms−2; 
h  is the distance dropped, in m. 

Using representative cartridge data, an appropriate test may be defined. For example, a lead 
pellet with average mass of 0,083 3 g, fired from a range of 25 m, typically has an impact 
velocity of 234 ms−1. Hence using Equation (2): 

 
22343083000,0

2
1

×=kE J (5) 

 5281,2=kE J (6) 

Assuming a convenient drop height of 1 m, and using Equation (3):  

 181,9
5281,2

×
=M  kg (7) 

 233,0=M  kg (8) 

As it is preferable to use the same weight, the calculation may be completed for alternative 
ranges using the drop height as the variable.  

If required, for calibration purposes, a plaque of sheathing material can be used to compare the 
simulation method with actual field trials, for example, a 2 mm plaque of high-density 
polyethylene shot at from 40 m. 
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Figure 15 – Method E13B test set-up 
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Figure 16 – Drop weight incorporating shot support pin 

 
Figure 17 – Alternative drop weight and shot support pin 
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