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Foreword 

The text of document 20/1297/FDIS, future edition 1 of IEC 60811-501, prepared by IEC/TC 20 
"Electric cables" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as 
EN 60811-501:2012. 

The following dates are fixed: 

• latest date by which the document has 
to be implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2013-01-17 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2015-04-17 

 

This document supersedes Clause 9 of EN 60811-1-1:1995 + A1:2001 (partially). Full details of the 
replacements are shown in Annex A of EN 60811-100:2012. 

EN 60811-501:2012 includes the following significant technical change with respect to 
EN 60811-1-1:1995: 
 
 - the requirements for the (minimum) thickness of dumb-bell test pieces have changed. 
 
See also the Foreword to EN 60811-100. 
 
This standard is to be read in conjunction with EN 60811-100. 
 
Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 
This standard covers the Principle Elements of the Safety Objectives for Electrical Equipment 
Designed for Use within Certain Voltage Limits (LVD - 2006/95/EC). 
 

Endorsement notice 

The text of the International Standard IEC 60811-501:2012 was approved by CENELEC as a 
European Standard without any modification. 

 
In the official version, for Bibliography, the following note has to be added for the standard indicated : 

IEC 60811-1-1:1993 NOTE Harmonized as EN 60811-1-1:1995 (not modified). 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications  
 
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.  
 
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  
 
Publication Year Title EN/HD Year 

IEC 60811-100 2012 Electric and optical fibre cables - Test 
methods for non-metallic materials -  
Part 100: General 

EN 60811-100 2012 

 

  

IEC 60811-201 - Electric and optical fibre cables - Test 
methods for non-metallic materials -  
Part 201: General tests - Measurement of 
insulation thickness 

EN 60811-201 - 

 

  

IEC 60811-202 - Electric and optical fibre cables - Test 
methods for non-metallic materials - 
Part 202: General tests - Measurement of 
thickness of non-metallic sheath 

EN 60811-202 - 

 

  

IEC 60811-203 - Electric and optical fibre cables - Test 
methods for non-metallic materials - 
Part 203: General tests - Measurement of 
overall dimensions 

EN 60811-203 - 

 

  

IEC 60811-401 - Electric and optical fibre cables - Test 
methods for non-metallic materials -  
Part 401: Miscellaneous tests - Thermal 
ageing methods - Ageing in an air oven 

EN 60811-401 - 

 

  

IEC 60811-404 - Electric and optical fibre cables - Test 
methods for non-metallic materials -  
Part 404: Miscellaneous tests - Mineral oil 
immersion tests for sheaths 

EN 60811-404 - 

 

  

IEC 60811-606 - Electric and optical fibre cables - Test 
methods for non-metallic materials -  
Part 606: Physical tests - Methods for 
determining the density 

EN 60811-606 - 
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INTRODUCTION 

The IEC 60811 series specifies the test methods to be used for testing non-metallic materials 
of all types of cables. These test methods are intended to be referenced in standards for 
cable construction and for cable materials. 

NOTE 1 Non-metallic materials are typically used for insulating, sheathing, bedding, filling or taping within cables. 

NOTE 2 These test methods are accepted as basic and fundamental and have been developed and used over 
many years principally for the materials in all energy cables. They have also been widely accepted and used for 
other cables, in particular optical fibre cables, communication and control cables and cables for ships and offshore 
applications. 
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ELECTRIC AND OPTICAL FIBRE CABLES –  
TEST METHODS FOR NON-METALLIC MATERIALS –  

 
Part 501: Mechanical tests –  

Tests for determining the mechanical properties  
of insulating and sheathing compounds 

 
 
 

1 Scope 

This Part 501 of IEC 60811 gives the procedure for determining the mechanical properties, 
which typically applies to cross-linked and thermoplastic compounds used for insulating and 
sheathing materials. 

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 60811-100:2012, Electric and optical fibre cables – Test methods for non-metallic 
materials – Part 100: General 

IEC 60811-201, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 201: General tests – Measurement of insulation thickness 

IEC 60811-202, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 202: General tests – Measurement of thickness of non-metallic sheaths 

IEC 60811-203, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 203: General tests – Measurement of overall dimensions 

IEC 60811-401, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 401: Miscellaneous tests – Thermal ageing methods – Ageing in an air oven 

IEC 60811-404, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 404: Miscellaneous tests – Mineral oil immersion tests for sheaths made with cross-
linked compounds 

IEC 60811-606, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 606: Physical tests – Methods for determining the density 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60811-100, together 
with the following, apply. 

3.1  
maximum tensile force 
highest value reached by the load during the test 

BS EN 60811-501:2012
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3.2  
tensile stress 
tensile force per unit of the cross-sectional area of the unstretched test piece 

3.3  
tensile strength 
maximum tensile stress recorded in extending the test piece to breaking point 

3.4  
elongation at break 
increase of the length between the reference marks of the test piece, expressed as the 
percentage of the length between the reference marks of the unstretched test piece at 
breaking point 

4 Test method 

4.1 General 

This part of IEC 60811 shall be used in conjunction with IEC 60811-100. 

Unless otherwise specified, before any test, all test pieces, aged and unaged, shall be kept 
for at least 3 h at a temperature of (23 ± 5) °C. 

4.2 Insulation 

4.2.1 General 

These tests are to determine the tensile strength and elongation at break of the insulating 
material (exclusive of any semi-conducting layers) of the cable in the condition as 
manufactured (i.e. without any ageing treatment) and, when required, after one or more 
accelerated ageing treatment(s), which are prescribed in the relevant cable standard. 

When the ageing treatment is to be carried out on prepared test pieces (in accordance 
with IEC 60811-401), the test pieces for the ageing treatment shall be from positions adjacent 
to the test pieces used for the test without ageing and the tensile tests on the aged and 
unaged test pieces shall be made in immediate succession. 

NOTE Where further increased test reliability is necessary, it is recommended that the tests on aged and unaged 
test pieces are performed by the same person using the same testing method and the same apparatus, in the same 
laboratory. 

4.2.2 Sampling 

One sample of each core to be tested (or of the insulation from each core to be tested) shall 
be taken of sufficient size to provide a minimum of five test pieces each for the tensile tests 
without ageing and the tensile tests after each of the required ageing treatments, bearing in 
mind that a 100 mm length is needed for the preparation of each test piece. 

The cores of unsheathed flat cables shall not be separated. 

Any sample that shows signs of mechanical damage shall not be used for the test. 

4.2.3 Preparation and conditioning of test pieces 
a) Conditioning of test pieces shall be carried out as follows:  

1) Elevated temperature conditioning 
 NOTE 1 Elevated temperature conditioning is not an ageing treatment. It is used as a means of ensuring 

stable and consistent test pieces when required. It is used a) when called for in the relevant cable 
standard, or b) if there is a doubt or disagreement about a result and the test needs to be repeated. In 
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either case, the conditioning applies only to the test piece as taken from the cable before any subsequent 
treatment (ageing, compatibility test, oil immersion etc). 

 Where conditioning at elevated temperature is used, such conditioning shall be carried 
out as follows: 
– for dumb-bells, 

(A) after the removal of the insulation from the cable and removal of semi-
conducting layers (if any) but before the cutting of strips; 

(B) after grinding (or cutting) to obtain parallel surfaces. 
 Where grinding (or cutting) is not needed, the conditioning shall be performed at 

the point in the test protocol according to (A); 
– for tubular test pieces, such conditioning shall be carried out after removal of the 

conductor, and any separator, but before applying the reference marks, if any, for 
measurement of the extension. 

 Where the relevant cable standard calls for conditioning at elevated temperature, it 
shall be for the time and temperature given in that standard. Where, in case of doubt, 
the test has to be repeated, the conditioning shall be 24 h at (70 ± 2) °C, or a lower 
temperature corresponding to the maximum operating temperature of the conductor. 

2) Room temperature conditioning 
 Before determination of the cross-sectional area, all test pieces shall be protected from 

direct sunlight and maintained for at least 3 h at a temperature of (23 ± 5) °C, except 
for thermoplastic insulating materials which shall be kept at (23 ± 2) °C. 

b) Dumb-bell test pieces 
 Dumb-bell test pieces shall be used whenever possible. They shall be prepared from 

samples of insulation removed from the conductor, cut open in the direction of the axis of 
the core. 

 Semi-conducting layers, if any, inside and/or outside the insulation, shall be removed 
mechanically, i.e. without using a solvent. 

 Each sample of insulation shall be cut into strips of an appropriate length. The strips shall 
be marked to identify the sample from which they are cut and their positions relative to 
each other in the original sample. 

The strips of insulation shall be ground or cut, so as to obtain two parallel smooth surfaces 
between the reference marks mentioned below, care being taken to avoid undue heating. An 
example of a cutting machine is given in Annex A. For polyethylene (PE) and polypropylene 
(PP) insulation, cutting only, not grinding, shall be employed. After cutting or grinding, 
including any removal of burrs, the thickness of the strips shall not be less than 0,8 mm and 
not more than 2,0 mm.  If it is not possible to prepare dumb-bell test pieces that comply with 
the minimum thickness of 0,8 mm, then tubular test pieces shall be used. If tubular test pieces 
cannot be prepared, then dumb-bells thinner than 0,8 mm may be used, but the rate of 
separation shall be 25 mm/min. 

NOTE 2 The test report should also include the fact that non-compliant dumb-bells were used and that the result 
is indicative. 

NOTE 3 For certain tests, a minimum thickness may be required, for instance for the ozone resistance test 
(IEC 60811-403) and the mineral oil immersion test (IEC 60811-404). 

 A dumb-bell test piece, in accordance with Figure 1, shall then be punched from each 
prepared strip of insulation, or if possible, two dumb-bell test pieces shall be punched side 
by side. 

 In order to improve the reliability of the results, the following is recommended: 
– the punch shall be very sharp to minimize imperfections in the test piece; 
– a cardboard or other suitable support shall be placed between the strip and the base 

plate. This support shall be marked during punching, but not completely cut through by 
the punch; 

– burrs on the sides of the test piece shall be avoided. 
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http://dx.doi.org/10.3403/30192975U
http://dx.doi.org/10.3403/30192979U


60811-501  IEC:2012 – 9 – 

For materials where punching results in burrs, the following method may be used: 
1) each end of the punch shall have a groove approximately 2,5 mm wide and 2,5 mm 

high (see Figure 3); 
2) the cut dumb-bell test pieces shall remain attached at both ends with the strip 

previously prepared according to the requirements of 4.2.3 b) (see Figure 4); 
3) with the machine given in Annex A, an additional 0,10 mm to 0,15 mm thickness can 

be cut away to remove possible burrs resulting from the dumb-bell punch. When this 
operation is completed, the dumb-bell test pieces shall be cut through at their ends in 
order to remove them from the strip. 

When the diameter of the core is too small to allow the dumb-bell to be cut in accordance 
with Figure 1, then a smaller dumb bell test piece in accordance with Figure 2, shall be 
punched from each prepared strip. 
The central 20 mm for the larger dumb-bells or 10 mm for the smaller dumb-bells shall be 
marked on each test piece, immediately before the tensile test. 

NOTE 4 Where a contact extensometer is used, the pre set grips at the required spacing are deemed to 
constitute a mark. 

Dumb-bell test pieces with incomplete ends are permitted, provided that the breaking point 
occurs between the reference marks. 

c) Tubular test pieces 
Tubular test pieces shall be used only when the dimensions of the core are such that it is 
not possible to prepare dumb-bell test pieces. 
The samples of core shall be cut into pieces approximately 100 mm long and the 
conductor and any outer coverings removed, care being taken not to damage the insu-
lation. The tubes shall be marked to identify the sample from which they were prepared 
and their relative positions in the sample. 
Careful removal of the conductor can be facilitated by the use of one or more of the 
following operations: 
1) by elongation of the rigid conductors; 
2) by careful rolling of the core under low mechanical force; 
3) in the case of stranded or flexible conductors, by first removing one or more of the 

central strands or wires. 
After removal of the conductor, the separators, if any, are removed. In case of difficulty, 
one of the following operations may be used: 
– immersion in water, in the case of paper separators; 
– immersion in ethyl alcohol, in the case of polyethylene terephthalate separators; 
– rolling of the insulation on a smooth surface. 

The central 20 mm shall be marked immediately before the tensile test. 

NOTE 5 Where a contact extensometer is used, the pre set grips at the required spacing are deemed to constitute 
a mark. 

The presence of pieces of separator remaining inside the test piece can be observed during 
the tensile tests by formation of irregularities in the test piece during elongation. 

In such cases, the result shall be rejected. 

4.2.4 Determination of cross-sectional area 
a) Dumb-bell test piece 

The cross-sectional area of each test piece is the product of the common width and the 
measured individual minimum thickness which shall be determined as follows. 
For the width: 

BS EN 60811-501:2012
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– the common width is the minimum width of three, randomly selected test pieces; 
– if there is doubt about the uniformity of the width, this shall be measured at three 

positions on the top and the bottom side of the three test pieces. The mean of the 
top and bottom side measurements shall be calculated for each position. The 
common width shall be the minimum of the nine mean values determined on the 
three test pieces; 

– in the case of further doubt, the width is measured on each individual test piece. 
For the thickness: 
– the thickness of each test piece is the minimum of three thickness measurements 

carried out in the area to be stretched. 
The measurements shall be carried out by an optical instrument or by a dial gauge 
giving a contact pressure not exceeding 0,07 N/mm2. 
The instrument shall be capable of measuring the thickness with an error of not more 
than 0,01 mm and the width with an error of not more than 0,04 mm. 
In case of doubt, where technically possible, an optical instrument shall be used. 
Alternatively, a dial gauge with a maximum contact pressure of 0,02 N/mm2 may be 
used. 

NOTE An appropriate curved foot of the dial gauge should be used if the central part of the dumb-bell is 
still curved. 

b) Tubular test piece 
In the middle of the sample being used to prepare the test pieces, a piece shall be taken 
to determine the cross-sectional area, A, in square millimetres, of the test piece, using 
one of the following methods. In case of doubt, the second method b2) shall be used. 

b1) From the dimensions, using the formula: 

A = π (D – δ) δ 

where 

δ is the mean value of the thickness of the insulation, in millimetres, determined 
as specified in IEC 60811-201 and rounded off to two decimal places; 

D is the mean value of the outer diameter of the test piece, in millimetres, 
determined as specified in test method of IEC 60811-203 and rounded off to 
two decimal places. 

b2) From the density, the mass and the length, using the formula: 

ld
m A 

×
=

0001  

where 

m is the mass of the test piece, in grams, to three decimal places; 

d is the density, measured in accordance with IEC 60811-606 on an additional 
sample of the same insulation (without ageing) in grams per cubic centimetre, 
to three decimal places; 

l is the length, in millimetres, to one decimal place. 

b3) From the volume and the length, the volume being determined by means of 
immersion in for example ethyl alcohol using the formula: 

l
V A =  
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where 

V is the volume, in cubic millimetres, to two decimal places; 

l is the length, in millimetres, to one decimal place. 

Care shall be taken to avoid air bubbles in or on the surface of the test piece 
during immersion. 

c) Sequence of determination of cross-sectional area and ageing 
For test pieces which are to be aged, the cross-sectional area shall be determined 
before ageing treatment, unless the insulation is to be aged in the presence of the 
conductor. 

4.2.5 Ageing treatment 

Each required ageing treatment shall be carried out on a minimum of five test pieces (see 
4.2.2) in accordance with IEC 60811-401, under the conditions specified in the relevant cable 
standard. 

4.2.6 Tensile testing procedure 

The test procedure shall be as follows: 

a) Test temperature 

 The test shall be carried out at a temperature of (23 ± 5) °C. In case of doubt for 
thermoplastic insulation, the test shall be carried out at (23 ± 2) °C. 

b) Distance between the grips and rate of separation 
 The grips of the tensile testing machine may be either of a self-tightening type or not. 
 The total length between the grips shall be about 

– 34 mm for dumb-bells as illustrated in Figure 2, 
– 50 mm for dumb-bells as illustrated in Figure 1, 
– 50 mm for tubes, if tested with self-tightening grips, 
– 85 mm for tubes, if tested with non-self-tightening grips. 

 The rate of separation, except for PE and PP insulations, shall be (250 ± 50) mm/min 
and, in case of doubt, (25 ± 5) mm/min. 

 For PE and PP, or insulations containing these materials, the rate of separation shall be 
(25 ± 5) mm/min, but for routine tests, separation rates up to (250 ± 50) mm/min are 
permitted. 

c) Measurements 
 The maximum tensile force during the test shall be measured and recorded and the 

distance between the two reference marks at breaking point shall be measured on the 
same test piece. 

 An unsatisfactory result due to any test piece breaking due to damage in the grips shall 
be ignored. In this event, at least four valid results shall be obtained in order to calculate 
the tensile strength and elongation at break; otherwise the test shall be repeated. 

4.2.7 Expression of results 

Calculate the tensile strength and the elongation at break according to the definitions given in 
3.3 and 3.4, respectively. 

The median value of the results shall be determined. 

BS EN 60811-501:2012
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4.3 Sheath 

4.3.1 General 

These tests are to determine the tensile strength and elongation at break of the sheathing 
material of the cable in the condition as manufactured (i.e. without any ageing treatment) and, 
when required, after one or more accelerated ageing treatment(s), which are prescribed in the 
relevant cable standard. 

When the ageing treatment has to be carried out on prepared test pieces (in accordance 
with IEC 60811-401 or with IEC 60811-404), the test pieces for the ageing treatment shall be 
from positions adjacent to the test pieces used for the test without ageing, and the tensile 
tests on the aged and unaged test pieces shall be in immediate succession. 

NOTE Where further increased reliability is necessary, it is recommended that the tests on aged and unaged test 
pieces are performed by the same person using the same testing method and the same apparatus, in the same 
laboratory. 

4.3.2 Sampling 

One sample of the cable or cord to be tested, or of the sheath removed from the cable, shall 
be taken of sufficient size to provide a minimum of five test pieces for the tensile tests without 
ageing and the required number of test pieces for each of the tensile tests after ageing 
specified for the sheathing material in the standard for the type of cable in question, bearing 
in mind that about 100 mm is needed for the preparation of each test piece. 

Any sample that shows signs of mechanical damage shall not be used for the tests. 

4.3.3 Preparation and conditioning of test pieces 

Test pieces shall be prepared from the samples of sheath in the same way as specified for 
insulation in 4.2.3.  

In the preparation of dumb-bell test pieces, a strip shall be cut from the sheath in the direction 
of the axis of the cables. All other cable components shall be removed from the strip. If the 
strip has ridges or imprints, these shall be removed by cutting or grinding. For PE and PP and 
similar sheaths, only cutting is allowed. 

NOTE For PE sheaths, the thickness of the dumb-bell does not need to be reduced to 2,0 mm, when the full 
sheath thickness is greater, provided that the test pieces are smooth on both surfaces. 

In the preparation of tubular test pieces, all the components of the cable inside the sheath, 
including cores, fillers and inner covering, shall be removed. 

For conditioning of the test pieces, see 4.2.3 a). 

4.3.4 Determination of cross-sectional area 

The cross-sectional area of each test piece shall be determined by the same method as for 
the insulation specified in 4.2.4, with the following modifications for tubular test pieces: 

• the thickness and diameter of the sheath, measured in accordance with IEC 60811-202 for 
thickness, and to IEC 60811-203 for diameter, shall be used in the method b1) of 4.2.4; 

• the density shall be measured on an additional piece of the same sheath in the 
method b2) of 4.2.4. 

NOTE The b2) method should not be used for multi-layer materials. Methods b1) and b3)  are valid  for multi-layer 
materials. 

BS EN 60811-501:2012
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4.3.5 Ageing treatment 

Each required ageing treatment shall be carried out on a minimum of five test pieces (see 
4.3.2) in accordance with IEC 60811-401, under the conditions specified in the standard for 
the particular type of cable. 

4.3.6 Tensile testing procedure 

In accordance with 4.2.6. 

4.3.7 Expression of results 

In accordance with 4.2.7. 

5 Test report 

The test report shall be in accordance with that given in IEC 60811-100.  
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Dimension in millimeters 

 
 

Key 

1 reference marks 

Figure 1 – Dumb-bell test piece 

 
 
 

Dimensions in millimeters 

 
 

Key 

1 reference marks 

Figure 2 – Small dumb-bell test piece 

Dimensions in millimeters 

 
 

Figure 3 – Punch end showing groove 
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Figure 4 – Test pieces cut by grooved punch 
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Annex A  
(informative) 

 
Principle of operation of a typical machine 

for preparing test pieces 
 

Two rolls, one made of steel and partly grooved (1), and the other, in rubber-tyred steel (2), 
drive the strip (3) against a highly sharpened fixed, or moving blade (4) (surgical scalpel 
quality). 

The strip is longitudinally cut into two parts: part (5) from which the test piece is cut, and  
part (6) which is rejected. 

NOTE The thickness of part (6) can be limited to 0,1 mm if necessary. (For this purpose, consideration should be 
given to the behaviour of the material prepared and the preservation of the blade sharpness.) 

When the strip (3) has marks of tearing or scratching, which may induce a premature break, it is recommended that 
part (6) be cut and rejected from both sides. 

 

 

Key 

1 steel roll, partly grooved  4 blade, fixed or moving 

2 steel roll, rubber-tyred  5 part of strip used for test piece 

3 strip  6 rejected part of strip 

Figure A.1 – Machine for preparing test pieces 
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