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National foreword

This Part of BS 903, which has been prepared under the direction of the Rubber 
Standards Committee, is identical with ISO 5603:1985 “Rubber, vulcanized —
Determination of adhesion to wire cord”, published by the International 
Organization for Standardization (ISO).
Terminology and conventions. The text of the International Standard has 
been approved as suitable for publication as a British Standard without 
deviation. Some terminology and certain conventions are not identical with those 
used in British Standards; attention is drawn especially to the following.
The comma has been used as a decimal marker. In British Standards it is current 
practice to use a full point on the baseline as the decimal marker.
Wherever the words “International Standard” appear, referring to this standard, 
they should be read as “Part of BS 903”. 

The Technical Committee has reviewed the provisions of ISO 5893, to which 
reference is made in the text, and has decided that they are acceptable for use in 
conjunction with this standard. A related British Standard to ISO 5893:1985 is 
BS 5214 “Specification for testing machines for rubbers and plastics”, which 
comprises two Parts: Part 1:1975 “Constant rate of traverse machines” and 
Part 2:1978 “Constant rate of force application machines”. This British Standard 
is acceptable as an alternative reference when using this Part of BS 903.
Additional information. In UK practice, the standard laboratory temperature 
is 23 ± 2 °C (see clause 7).
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Cross-references

International Standard Corresponding British Standard

ISO 471:1983 BS 903 Methods of testing vulcanized rubber
Part A35:1985 Temperatures, humidities and times for 
conditioning and testing of test pieces
(Identical)

ISO 2393:1973 BS 1674:1976 Specification for equipment and general 
procedure for mixing and vulcanizing rubber test mixes
(Technically equivalent)

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii, 
pages 1 to 12, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.
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1 Scope and field of application
This International Standard specifies two methods 
for determining the adhesion strength of vulcanized 
rubber to wire cord which is embedded in the 
rubber.
These methods are applicable primarily to test 
pieces prepared in the laboratory under standard 
conditions, such as may be used for the development 
and control of materials and processes used in the 
manufacture of products reinforced with wire cord.
NOTE These methods may also be applicable to single wire, for 
example, bead wire.

Method 1 reduces the dependence of the measured 
adhesion on the modulus and strength properties of 
the rubber.

2 References
ISO 471, Rubber — Standard temperatures, 
humidities and times for the conditioning and 
testing of test pieces. 
ISO 2393, Rubber test mixes — Preparation, mixing 
and vulcanization — Equipment and procedures. 
ISO 5893, Rubber and plastics test equipment — 
Tensile, flexural and compression types (constant 
rate of traverse). 

3 Principle
The adhesion strength is determined by measuring 
the force required to pull out a single cord from the 
surrounding rubber of a prepared test piece. The 
force is directed along the axis of the cord, using a 
test jig containing a suitably chosen circularor 
square-shaped hole to ensure uniformity of stress.
Test pieces of cord and rubber are prepared together 
by vulcanizing them under pressure. In method 1, 
the exterior surface of the rubber is suitably 
reinforced. In method 2, such reinforcement is not 
employed.

4 Materials
4.1 Wire cord, conforming to the specification of 
the bonding system to be investigated. If no 
specification is given, brass plated steel cord of 
construction 1 × 3 × 0,15 mm + 6 × 0,27 mm or of 
construction 7 × 4 × 0,22 mm shall be used.
NOTE The sizes of the cords are defined here in terms of their 
diameter and the number of component wires, starting from the 
centre core of the cord. This is contrary to that given in ISO 3578, 
which is not relevant here.

For quality control of cord, it should be tested in the 
condition received, i.e. neither cleaned nor dried.

NOTE ON STORAGE OF WIRE CORD
It is essential that the wire cord is stored in a dry atmosphere to 
prevent any surface deterioration. Storage can conveniently be 
carried out in an airtight container which also contains a 
desiccating material [for example silica gel (SiO2)]. The container 
should only be opened when removing wire cord and should then 
be closed immediately. It is also essential that the cord is not 
contaminated with dust of the desiccating material.

4.2 Unvulcanized rubber compound, 
conforming to the specification of the bonding 
system to be investigated. Whenever possible, the 
rubber shall be freshly milled. If for any reason the 
rubber cannot be remilled, the surface shall be 
freshened by wiping with a solvent and allowed to 
dry. The preferred solvent is heptane, but a suitable 
alternative could be a petroleum solvent with a 
distillation range of about 65 to 125 °C; these 
solvents should possess a maximum residue on 
evaporation of 3 mg per 100 cm3 solvent. The 
compound shall be stored at 23 ± 2 °C or 27 ± 2 °C 
prior to use. It may be in the form of calendered 
sheet of suitable thickness and should be protected 
by a dark-coloured polyethylene film.
4.3 Reinforcement material, to stiffen the rubber 
block. This applies only to method 1. The 
reinforcement may either be a sheet metal strip 
treated with adhesive promoter (when the thickness 
is at least 0,5 mm) or a strip of rigid rubberized steel 
cord fabric: a suitable fabric is one containing steel 
cords of high bending stiffness, for example one of 
construction 1 × 3 × 0,30 mm + 6 × 0,38 mm 
(when t = 2,5 ± 0,1 mm maximum).

5 Apparatus
5.1 Mould, capable of producing a test piece in 
which a multiplicity of cords is embedded equally 
spaced along its length. Different moulds are 
employed for the two methods.
5.1.1 Method 1 
The mould is of a semi-follow-on type to obtain 
maximum consolidation of rubber around the cord 
during the pressing stage, but thereafter becomes a 
fixed cavity mould.
One suitable mould designed to accommodate steel 
cord fabric reinforcement is shown in Figure 1. This 
mould produces test pieces of length 310 mm 
containing 21 cords, but similar moulds employing 
other numbers of cords greater than nine are 
acceptable. The mould dimension x will depend on 
the embedded length of test piece required (which is 
governed by the diameter of wire cord used, see 6.2). 
The mould shall be provided with pairs of inserts or 
spacers to obtain the different lengths of cord 
embedment. Dimension y is sufficiently great to 
allow the incorporation of excess rubber during 
moulding (see 6.3.1).
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Another suitable mould designed to accommodate 
steel strip reinforcement is shown in Figure 2. A 
tensioning device for the cords may be used with 
this mould. Figure 3 details some mould dimensions 
and describes the exchangeable steel spacers which 
are required for different cord sizes for the moulds 
shown in Figure 1 and Figure 2.
Any mould producing test pieces of the correct 
dimensions and applying the moulding force 
directly on to the rubber, for example by use of a 
suitable spring, is also acceptable.
If desired, the moulds may impart suitable features 
on to the moulded test piece subsequently to 
facilitate cord centring during testing.
5.1.2 Method 2 
The mould is described in Figure 4 and Figure 5. 
The mould is designed to produce four test blocks 
(each of length 200 mm) with the preferred 
dimensions (see 6.2), each containing 15 steel cords. 
When testing cords equal to or less than 1,7 mm the 
mould in Figure 4 and Figure 5 should be used to 
produce blocks, and when testing cords with a 
diameter greater than 1,7 mm the mould should be 
suitably modified. If more than one third of the 
cords break at the 12,5 mm embedment, it may be 
advisable to reduce the embedment by use of a 
suitable mould insert. Moulds designed to produce 
any other number of test blocks of the required 
dimensions are acceptable, and moulds designed to 
produce blocks with different embedded cord 
lengths are permitted.
5.2 Vulcanizing press, large enough to take the 
mould. It shall conform to the requirements of 
ISO 2393 and shall be capable of applying a force of 
at least 100 kN.
5.3 Tensile testing machine, conforming to the 
requirements of ISO 5893. It shall be capable of 
registering to within ± 2 % the maximum force 
obtained during the test, and of maintaining a rate 
of separation of the jaws at a constant value within 
the range 50 to 150 mm/min.

NOTE Inertia type machines (pendulum dynamometers) are 
apt to give results which differ because of frictional and inertial 
effects. Low inertia machines (for example, using electronic or 
optical transducers) give results which are free from these effects 
and are therefore preferred.

5.4 Fixture, for holding the test piece in the testing 
machine. It shall possess a suitable slot to allow
the test cord to reach the test hole: the hole 
dimensions shall depend on the test piece type 
(see 6.2). The fixture shall laterally support the test 
piece in a slide-fit and shall permit accurate 
centring of the applied load (i.e. cord position) 
during testing. If desired, the fixture may possess 
particular features to facilitate the centring of the 
test cord in the test hole. Suitable types of fixture 
are depicted in Figure 6.
5.5 Jaws, for gripping the cord to be extracted in the 
testing machine. These may be of the wedge, 
pneumatic, pneumatic/hydraulic or bollard type, 
arranged so that the force applied to the cord during 
testing is normal to the face of the test piece.

6 Test piece
NOTE These two methods are not the same and do not 
necessarily give the same results.

6.1 Form

The test piece shall have one of the general forms 
shown in Figure 7.

6.2 Dimensions

Two types of test piece are specified for method 1, 
depending on the wire cord diameter, and their 
dimensions shall comply with Table 1. The 
dimensions of the test piece for method 2 shall 
comply with Table 2. For both methods, for cords 
with diameter below 0,5 mm or above 1,7 mm, or for 
smaller cords which experience cord breakages with 
rubber compounds of very high adhesion, the same 
form of test piece shall be used, with the dimensions 
h and L suitably scaled.

Table 1 — Dimensions of test piece for method 1

Dimensions in millimetres

Type Cord 
diameter, d

Embedded length, L Min. width of 
rubber between 

reinforcing 
layers, Wm

Min. corda 
spacing, S

Testing holeb 
diameter or 
diagonal, h

Using steel plate 
reinforcement

Using steel cord 
fabric 

reinforcement

A
B

0,5 to 1,0
1,0 to 1,7

10,0
10,0

10,0
16,0

6,0a

6,0a

62,5 % of L
62,5 % of L

85 % of L
85 % of L

a Greater widths are preferred when using steel cord fabric reinforcement.
b The minimum cord spacing S and testing hole diameter or diagonal h should be read to the nearest 0,5 mm.
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