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BS 4443 :

Part 1 : 1988

Foreword

This Part of BS 4443 has been prepared under the direction
of the Plastics Standards Committee and the Rubber
Standards Committee as a revision of BS 4443 Part 1 :
1979 which is withdrawn,

In this revision the methods of test have been realigned

" as far as'posdible with the methods agreéd internationally -

and published by the International Organization for
Standardization (ISO) (see appendix B}. '

Particular attention isdrawn in this revision to the minimum

time permitted after manufacture before testing and to
changes in the conditioning procedures. Attention is also

. drawo to BS.4443 : Parts 2 and.3.which include methods

for measuring indentation hardness, creep and dynamic
cushioning characteristics.

- Compliance with a British Standard does not of itseif

confer immunity from legal cbligations.

g
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Methods

1 Scope

This Part of-BS 4443 describes the following six methods of
test for flexible cellular materizls of polymeric origin?

_ Methods 1A, 1B and _1C. Measurement of dimensions of.
" 7 test specimens

Method 2. Determination of apparent density

Methods 3A and 3B. Determination of tensile strength
and elongation at break

Method 4. Measurement of cell count

Methods BA and bB—Determination ef compression — ~-
stress-strain characteristics

Methods 6A and 68. Determination of compression set

" “TE. The titles of the publications referred 10in this standard are
on the lnsn:!e back cover.

2 Definitions -- . -
For the pur-poses of this Part of BS 4443, the following
definitions apply.

2.1 apparent density. The mass per unit volume of the
cellular material in air, at 23 2 °C and 50 * 5 % relative
humidity.

2.2 tensile strength. The maximum force required to break
the test specimen divided by its original cross-sectional area.
F

2.3 "absolute elongation at break {£,). The elongation at
break as determined by method 3A of this standard.

2.4 comparative elongation at break (£.). The change in
distance between the reference lines of the test specimen at
the time of break expressed as a percentage of the original
distance and determined by method 3B of this standard.

7 Herived elongation at break {£,). The absolute
elurigation at break calculated from the comparative
elongation at break using an-experimentally determined.
relationship between these two quantities.

2.6 r:ell count. The number of cells per linear 25 mm in the
flexible cellular material under specified conditions.

2.7 compression stress characteristics. The stresses, in kPa,
required to produce compression strains of 25 = 1 %,

40+ 1%,50+%1%and B5 + 1 % of the initial test specimen
thicknesses under the conditions specified: these stresses
are designated CCypg, CCyg, CCsg, CCys.

2.8 shape factor. The ratio of the area of one applied
force-bearing face of the test specimen to the sum of the
areas of the four perpendicular sides of the test specimen.

2.9 compression set (CS). The difference between the
initial thickness and the final thickness of a test specimen
of the flexible cellular material after compression for a
given time and temperature and recovery time, expressed
as a percentage of the initial thickness,

NOTE to clause 2. For the convenience of users of this standard,

the definitions given above are repeated in the text where
Jopropriate.

0"?/6‘/4/'4 r

3 Methods 1A, 1B and 1C. Measurement
of dimensions of test specimens

3.1 Introduction

-Methods 1A, 1B and 1C specify procedares for the - - -

measurement of test specimen dimensions of cellular
materials. An accurate measurement of the thickness is the
basis for accurate values of various properties of cellular
materials such as density, tensile strength, tear resistance
and compression set.

__Pressure from the measuring instrument has an_influence on _

the measurement of the thickness of soft flexible materials.
It is therefore necessary to specify the pressure for accurate
comparative measurements in the laboratory as described in
method 1A {see 3.2J.

The selection of measuring tools and the best p0531ble
accuracy are dependent on the thickness of the cellular
material and on the type of test specimen. The thicknesses
cccurring in practical work are covered in the three
methods 1A, 1B and 1C.

NOTE. Forcontral measurements in productlon and the corﬁp‘%c;? s
measurements between the customer and the supplier, the alter // -

metheds 1B or 1C as applicable may be adopted by special
agreement. In such cases this agreement shouid be stated in the

pertinent test report.

pressures does not necessarily comply with the €onditions
specified in method 1A. Such apparatus applying pressures
of between 100 Pa and 500 Pa and having presser feet up to
20 cm? in area may be used only for materials obviously
not influenced by the increased foot pressure.

When the circular foot overlaps the test area, vernier or
dial calipers reading to an accuracy of 0.1 mm may be
used; the procedure described in 3.3 shall be employed.
The alternative is to measure, by means of the method
described in 3.2, the thickness of the material in the area
from which the test specumen is to be cut.

3 2 Method 1A

Measure the dimensions by means of a gauge having a flat
circular foot of radius between 14.4 mm and 16.0 mm,
and exerting a pressure of 100 £ 10 Pa.

It is desirable to mount the measuring device on a solid
plane base plate. Ensure that the circular foot of the device
does not extend over the edge of the test specimen area.
Read the gauge to the nearest 0.02 mm and take the mean
of three readings at different positions.

A suitable type of instrument and its method of operation
are described in appendix A.

3.3 Method 1B. Alternative method for dimensions
over 30 mm

Measure the dimensions by means of vernier or dial calipers
reading to an accuracy of 0.25 mm. Take each measurement
along a line perpendicular to the opposing faces of the test

AT TRIAY
Commercial measuring apparatus working wi l\,sdrld&u Shinks
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specimen. Present the caliper gauge to the test specimen,
which is supported in such a way that the dimension to be
measured is not-stressed. Set the measuring faces of the
gauge to touch the surfaces of the test specimen without
compressmg it.

Take the mean of the three readmgs at different posutlons

3.4 Method 1C. Alternative method for dimensions
over 100 mm

Measure the dimensions by means of a rule graduated in
miilimetres and permitting a reading to an accuracy of

to the opposing faces of the test specimen.
Take the mean of the three readings at different positions.

>

, -- 3.5 Testreport
The report shall include the following:

SRS B O e S

1.

fis

"

{a) a description of the cellular material tested;
{b) the dimensions;

{c) the method used, i.e. method 1A, 1B or 1C of
BS 4443 : Part 1 : 1988.

4 Method 2. Determination of apparent
density '

SRR P

it

4.1 Introduction

-

This method describes a procedure for detefmining the

s
":"5& apparent density of a flexibie cellular material.
ST 4.2 Definition

L

For the purposes of this methed in this Part of BS 4443,
the following definition applies.

apparent density. The mass per unit volume of the cellular
material in air, at 23 + 2 °C and 50 £ 5 % relative humidity.

4.3 Apparatus

4.3.1 Balance, capable of determining the mass of the test
specimen to an accuracy of at least = 0.5 %.

4.3.2 Means of measuring the dimensions of the test
specimen as specified in method 1A, 1B or 1C as
appropriate.

4.4 Test specimen

The test specimen shall be as large as practicable, of regular
shape and not less than 100 cm? in volume.

4.5 Number of test specimens
A minimum of three test specimens shall be tested.

4.6 Conditioning

Material shall not be tested less than 72 h after manufacture,
unless at either 16 h or 48 h after manufacture, it can be
demonstrated that the values obtained do not differ by

. least 16 h under the following standard canditions:

BS 4443 : Part 1: 1988
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more than = 10 % from those obtained after 72 h. Testing is
permitted at either 16 h or 48 h if, at the selected time,
the above criteria have been satisfied.

Prior to the test, the test specimens shall be stored for at

23+ 2°C, 50 5 % relative humidity.

NQTE. This period ¢an form the latter part of the period following
manufacture.

4.7 Procedure
After conditioning as described in 4.6, determine the mass

" 0.5 mm. Take each measurement-along-a iine perpendicular - of the-test specimen to an-accuracy of 0.5 %. Measure - ——-

each dimension of the test specimen in accordance with
method 1A 1B or 1C as approprlate

4.8 Calculation of results

Calculate the apparent density D {in kg/rn } for each test
specimen as follows:
10° M
v

D=

where
M is the mass of test specnrnen (pFL
V is the volume {in mm?®). I

Calculate the mean pparent dens;ty hd/ ﬁﬁcr,-ti)e
material.
4.9 Testreport

—

[
i

L N

The test report shall mciudeJ.hg fo‘-lowmg information:

{a) the description and identity of the cellwlar material;
{b) individual values of apparent density with details of
test specimen dimensions, locations from which they
were taken, and the presence or absence of skins;

{c) the mean value of apparent density of the material
{in kg/m?);

{d) any deviation from the procedure descr:bed in thls )
method; -

{e) the method used, i.e. method 2 of BS 4443 : Part 1:
1988.

5 Methods 3A and 3B.” Determination of
tensile strength and elongation at break

5.1 Introduction

Methads 3A and 3B describe the procedures for determining
the strength and deformation properties of flexible cellular
material. Method 3A is an absolute method and method 3B
is intended for comparative testing. Method 3B is a quicker
method for establishing the elongation at break but it
depends on the determination of an appropriate K value

by a comparison of the elongation at break given by
methods 3A and 3B for each material under consideration.
No specific guidance on the accuracy of K is given since this
will be determined largely by the accuracy which the
application demands.
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5.2 Definitions

_For the purposes of these methods in this Part of BS 4443,
the following definitions apply. -

tensile strength (7). The maximum force required to break

the test specimen divided by its original cross-sectional area.

absolute elongation at break (£,). The elongation at break
as determined by method 3A of this standard.

comparative elongation at break {£.). The change in
distance between the reference lines of the test specimen

at the time of break expressed as a percentage of the — —
origina! distance and determined by method 3B of this
standard.

" _—iyed elongation at break {E4). The absolute elongatlon
« eak calculated from the comparative elongation at
break using an experimentally determined relationshlp K
between these two quantltles

5.3 Apparatus

Tensile tests shall be made on a power-driven machine
compiying with the following requirements.

{a) The rate of travel of the power-actuated grip shall
be 500 * 50 mm/min and shal! be uniform at all times.

{b) The machine shall comply with grade 8 of BS 5214 :

Part 1.

{c} The machine shall be fitted with non-slip grips but,
if only method 3A is to be carried out, self txghtemng
grips are accepftabie. TToTE T

{d} For method 3B, the machine shall be fitted with an
electronic force transducer, connected by a suitable
cireuit to an electronic null balance recorder having a

chart speed of at least 500 mm/min. The magnification Z

between the rate of movement of the power-actuated

-—.grip and the_rate of movement.-of the chart shall be- - ..

constant and known to £ 1 %. -

5.4 Test specimen - .

5.4,1 Shape and dimensions. The test specimen shali
be rectangular in cross section, without surface skin,
and without visible defects. -

The test specimen shall be cut as shown in figures 1 and 2
and shall be 10 mm to 15 mm thick.

5.4.2 Dijrection of sampling. If the material revqal
predominant direction of the celiular structure (odg

r

‘?@// :

of the cells), the test specimens for the tensile test shan be-~ .

taken in such a way that their longitudinal axes lie at right

R13
R13
25 to 50
|—¢——I—unge tength
. ya
e
___/ ' —\\
55 Refarence
line
152 : -

... Dimensions_are in millimetres.

Figure 1. Test specimen for method 3A

4-] L—'IO to 15

1001

R13
R13

Reference line

152

|

|

25

Dimensions are in millimetres.

Figure 2. Test specimen for method 3B
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. .—— 72 h. Testing is permitted at either 16 h or 48 h if, at the..

angles to this predominant direction. \f this is not possible,
the location of the longitudinal axis with respect 10 t_he
predominant direction shall be stated in the test report.
5.4.3 Number. Five test specimens shall be tested.

5.5 Conditioning

Material shail not be tested less than 72 h after manufacture,
uniess, at either 16 h or 48 h after manufacture, it can be
demonstrated that the tensile property values obtained do
not differ by more than £ 10 % from those obtained after

“selected time, the above criteria have heen satisfied.

Prior to the test, the test specimens shall be stored for at
least 16 h under the following standard conditions:

23+ 2°C, 50 £ 5 % relative humidity.

NOTE. This period can form the latter part of the period fallowing
manufacture.

5.6 Method 3A. Absolute method

5.6.1 Procedure. After conditioning as described in 5.5,
measure the thickness of the rmaterial in the area from
which the test specimens are to be cut at five evenly
distributed points. Alternatively make two measurements
in the area from which each test specimen is to be cut.
Measure these dimensions as described in clause 3.

The dimensions shall.not vary by more than £2 %.

Cut the test specimens and mark their gauge length with
two reference lines. The marker for these lines shall have
two paralle! marking edges, the inside limits of which shall
be at least 25 mm and not more than 50 mm apart (see
figure 1).

Place a test specimen in the grips of the testing machine
specified in 5.3, care being taken to adjust it symmetrically,
so that the tension is distributed uniformly over the cross
section. Start the machine and note the maximum farce
{measured to = 1 %) and the distance between the inside
edges of the two reference lines (measured to £ 1.0 mm)
immediately prior to the rupture of the test specimen.

Reject test specimens that break outside the central region
of uniform cross section and replace them by other test
specimens. Test under the same temperature and humidity
levels used for conditioning tha material.

5.6.2 Calculation of results

5.6.2.1 Tensile strength. Calculate the mean thickness of
the material and from this and the measured width of the
gauge length of the test specimen cutter, calculate the mean
cross-sectional area A of each of the test specimens.

Calculate the tensile strength T {in kPa} for each of the test
specimens using the following aquation: - -

F
7'=1000 —
A

where
F is the breaking force (in N);

A is the initial cross-sectional area (in mm?>).

BS 4443 : Part 1 : 1988

The mean tensile strength of the test specimens shali be
regarded as the tensile strength of the material.

5.6.2.2 Absolute elongation at break. Calculate the
percentage elongation at break £, using the following
equation: T - T T L
(Ly- Lg)
E,= ——— x 100

o
where

L, is the gauge length at break {in mm};

- -—- {5 is-the-initial gauge lengttr (in mmk-- - - -

5.7 Method 3B. Comparative method
5.7.1 Procedure. After conditioning as described in 9.5,
measure the thickness of the material in the area from which
the test specimens are to be cut at five evenly distributed
points. Alternatively make two measurements in the area’
from which each test specimen is 1o bg cut. Measure these
dimensions as described in clause 3./ wagnsions shall

not vary by more than £ 2 %. (j ‘ 7'?
Cut the test specimens and mark them w]thltwgoqgff‘érm;c lines
such that the reference lines are approximatel\?'eﬁﬁi‘diﬁtant
from the ends of the test specimens. vy the referénce
lines with a marker having two parallghmarKim 5,
the inside limits of which shall be 1004} M) part.(se
figure 2). T

——
—

Clamp a test specimen symmetricatly in the non-stip grips
of the testing machine so that the tension is distributed
uniformly over the cross section, care being taken to ensure
that the test specimen is clamped on the inner limits of the
reference lines.

1l

Start the chart recorder and testing machine and allow
thern to run until the test specimen breaks. Reject the test
specimens that break outside the central region of uniform
cross section and replace them by other test specimens.

Read the maximum force from the recorder chart. Measure

the chart movement {to the nearest millimetre) between
the first application of force, indicated by the trace leaving
the elongation axis, and the point of failure of the test
specimen, indicated by a rapid fall off in force.

5.7.2 Calculation of results

5.7.2.1 Tensile strength. Calculate the mean thickness of
the material, and from this and the measured width of the
gauge 'ength of the test specimen cutter, calculate the mean
cross-sectional area A of each of the test specimens.

Calculate the tensile strength 7 {in kPa) from the following
equation:

F
7.=.1000 —
A

where
F is the breaking force {in N);
A is the initial cross-sectional area (in mm? ).

The mean of the tensile strength of the test specimens shall
pe regarded as the tensile strength of the material.

*
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§.7.2.2 Comparative elongation at break. Calculate the
percentage comparative.eiongation at break £ using the
foliowing equation: -

—E’=-—~Z!’"x100'r" -
Ee S

(-]

where

the rate of movement of moving grip

the rate of movement of recorded chart ’

L. is the chart length between first application of force
. - and-the point-of failure {in-mm); - - -

L, is the initial separation of reference marks (in mm).
=23 Derived elongation at break. Calcuiate the derived .
© agation at break E4 using the foliowing equation:

Eq=K X E¢ '
where

the absolute elongation at break £,

the comparative elongation at break E.

NOTE. Experience has shawn that, for any particular flexible
cellular material, it is possible, under standardized conditions,

10 establish a facter K relating the comparative elongation at break
with the absolute elongation at preak as would be determined by
method 3A of this standard.

Experiments using cellular materials derived from rubber latex,
polyvinyl chlaride, polyethylene and chloroprene rubber have
shown K to have values petween 1.00 and 1.35.

)

5.8 Test report
The report shall include the following:
(a) the nature of the celiular material;

(b} the location and direction of sampling (see 5.4.2) of
test specimens in the product; :

{c) the method used, i.e. method 3A or 38 of BS 4443 :
" Part 1: 1988;

(d) the mean value of the tensile strength (inkPa);_ _

(e} the mean value of the absolute or derived elongation
at break expressed as a percentage.

6 Method 4. _Meas_urementof cell count

6.1 Introduction
Method 4 specifies the procedure for measuring the cell
count of flexible cellular material.

Because of the variation in individual cell size, even in
uniform cell structures, it is more convenient to report the
number of cells per unit length rather than the actual cell
size.

6.2 Definition

For the purposes of this method of this Part of BS 4443,
the following definition applies.

cell count. The number of cells per linear 25 mm of the
flexible cellular material.

caniov®

6.3 Apparatus
6.3.1 Cloth counting glass, 25 mm.

6.4 Testspeciman..

The test specimen shall consist of any material that is free
of skinand hasa plane surface large enough to accommodate
the counting glass.

Surfaces revealing a marked elongation of the cellular
structure or striations shall not be measured unless
specifically re_quired.

6.5 Conditioning

Material shall nothe tested less than 72 h after manufacture, .
unless, at either 16 h or 48 h after manufacture, it can be e

" demonstrated that the cell count values obtained do not {

differ by more than 10 % from those obtained after 72 h.
Testing is permitted at either 16 h or 48 h if, at the selacted
time, the above criteria have been satisfied. . :

Prior to the test, the test specimens shall be sto@?sga

1
least 16 h under the following standard conditié{_r@j," ?"?
23 +2°C, 50 + 5 % relative humidity. il 0/ /R

NOTE. This period can form the latter part of the perj
manufacture.

8 .-""' i= .
6.6 Procedure Lk
-

After conditioning as described in 8.5, lay the test specimeri"““-;f
on a flat, horizontal surface without strain and count the
actual number of cells against the counting edge of the giass.

Where cell counts along and across the test specimen are
important, make a count in each direction.

6.7 Test report
The report shall include the following:

{a) a description of the cellular material; .

{b) the directions in yvhicl;\ cell counts were made; _ ... P
{c) the cell count(s} {in number of cells per linear §
25 mm);

{d) the method used, i.e. method 4 of BS 4443 : Part 1:
1988.

7 Methods 5A and 58. Determination of
compression stress-strain characteristics

7.1 Introduction

The compression stress-strain characteristics are a measure
of the load-bearing properties of the material, Two test
methods are described, suitable for flexible cellular materials
that may have different properties and require different
procedures for determining the stress-strain characteristics.
The compression stress-strain characteristics differ from the

indentation harness characteristics which are known to be
influenced by:
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{a} the thickness of the material under test;

{b) the tensile properties of the material under test;
{c) the shape of the indentor; -

(d) the dlmensmns of the test spemmen

'--Method BA is used for mtercommunlcatmg flex:ble
specimen materials with densities not exceeding 250 ka/m?> .

Method 5B is a general method for testing denser (i.e. greater
than 250 kg/m* }, non-intercommunicating, fiexible cellular
materials {i.e. expanded cellular rubbers). In method 5B
measursments are made on at least two widely dispersed

‘parts of the steeply rising part of the stress-strain curve.

The shape factor of the test specimen is important and
comparative test results can be obtained only on test
specimens having the same shape factor. Method 58
may also be used to determine the strain at a specified
compression stress.

7.2 Definitions
For the purposes of these methods in this Part of BS 4443,
the following definitions apply.

compression stress characteristics. The stresses (in kPa)
required to produce compression strains of 25 + 1 %,

40+ 1%,50% 1% and 65 * 1 % of the initial test specimen
thicknesses under the conditions specified; these stresses
are designated CCys, CCap, CCs0. CC4s.

shape factor. The ratio of the area of one applried force-
bearing face of the test specimen to the sum of the areas of
the four perpendicular sides of the test specimen.

7.3 Method 5A

7.3.1 Apparatus. The apparatus shall consist of a testing
machine complying with grade B of BS 5214 : Part 1
and capable of compressing the test specimen by means
of a compression plate moving at a uniform rate of
100+ 10 mm/mm.

The compression plate sha[l be mamtalned parallel to the
base plate. The testing machine shall have a means of
measuring, to an accuracy of £ 2 %, the force required to
produce the specified compression, and of measuring the
specimen thickness under load to an accuracy of £ 0.2 mm.
It shall be capable of maintaining the specified degree of
compression for the period specified by the procedure
appropriate to the material under test.

The test specimens shall be supported on a smooth, flat and
rigid surface, larger than the test specimens, which may be
suitably vented with holes 8 mm in diameter and approxi-

mately 20 mm pitch to allow escape of air from the test
specimen.

7.3.2 Test specimen

7.3.2.1 Dimensions. The test specimen shall be a right
parallelepiped with a minimum width to thickness ratio
of 2 : 1. The preferred test specimen shall be a right
parallelepiped with square force-bearing surfaces of side
100 mm and with a thickness of 50 mm.

- the above criteria have been satisfied

The area of the force-bearing surface of the test specimen
shall be not less than 6400 mm? and it shall be such that at
no point does it overlap the compression plate.

7.3.2,2 Preparat:on_ The test specimen shall be without
surface skins and without defects. If the test specimen
contains moulded surfaces, this shall be noted in the test
repart. The thickness of the test specimen shall be not less
than 10 mm, but thin sheets may be plied up to achieve this
thickness provided that a minimum of 10 cell diameters are
included in the thickness of one ply, sheets being cut to
identical shapes and sizes._ ___. __.__. _.

7.3.2.3 Number of test specimens. Three test specimens
shall be tested.

7 3.3 Conditioning. Materlal shall not be tested Iess than
72 h after manufacture, uniess, at either 16 h or 48 h after
manufacture, it can be demonstrated that the compression
stress-strain characteristics obtained do npt differ by more
than + 10 % from those obtainéd after 7??)'7 ipg is’
permitted at either 16 h or 48 h if, at the : ? / -
Prior to the test, the test specimens éﬁéll’he SEOFE for
least 16 h under the following stan:{al-d*cbnﬁlti'ons 4 |

23+ 2°C, 50 £ 5 % relative humidity. \-—__

NOTE. This period can form the latter part of the peried following
manufacture.

7.3.4 Procedure. Measure the dimgnsions of the test
specimen using the appropriate procedure described in
clause 3 and calculate the area to be compressed.

Insert the test specimen {7.3.2} in such a way that the force
acts along the centre line of the test machine {7.3.1)},

and compress it at 100 £ 10 mm/min by means of the
compression plate to produce a compression strain of

70 = 2 % of the initial test specimen thickness. Then
decompress the test specimen at the same rate until the
separation between the compression plate and the base
plate i5 equal to the initiat test specimen thickress.- ~ -~

Immediately repeat this compression cycle three times and,
on the fourth compression cycle, record the force requirgd
to produce 25 %, 40 %, 50 % and 65 % compressian stréin,
referred to.the initial thickness {see 7.2). Determine the

-force-either by simultaneous readings of the force and

deflection at the reguired compression strains or preferably
from an autographic record of the stress-strain curve.

If repeat tests on the same test specimen are required, allow
a recovery period of not less than 16 h before retesting.

7.3.5 Calculation of results. Calculate the compression
stress-strain characteristics CC {in kPa) at 25 %, 40 %, 50 %
and 65 % compressuons using the following equation:

cc= 1000 -—

where
F is the force (in N) at the appropriate compressions;
A is the area of the test specimen {in mm-).
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7.3.6 Test report. The report shall state the following:
{a} identity of the cellular material;

{b} description of the test specimen with reference 1o
moulded surfaces;

{c) dimensions of the
number of plies;

{d} compression stress-strain characteristic for individual
test specimens and their mean;

{e) the method used, i.e. method BA of BS 4443 :

Part 1:1988.

test specimen including the

7.4 Method 5B

4.1 Apparatus. The apparatus.shall consist of a testing
achine complying with grade B of BS 6214 : Part 1 and
capable of compressing the test specimen by means of a
compression piate movingata uniformrateof6* 1 mm/min.

-
i

The compression plate shall be maintajned parallel to the
base plate. The testing machine shall have means of measur-
ing the specimen thickness under load to an accuracy of

+ 0.025 mm. it shal! be capable of maintaining the specified
degree of compression for the period specified by the
procedure appropriate 10 the material under test.

The test specimen shall be supported on a smooth, flat and
rigid surface larger than the test specimen.

The compression plate may be of any convenient size or
shape provided that it overlaps the test specimen in all
directions. The surface of the compression plate shall be
smooth but not polished.

7.4.2 Test specimen

7.4.2.1 Dimensions. The test specimen shall be a right
parallelepiped with square load-bearing surfaces of side
L~ mm minimum with a width to thickness ratioof 4 : 1.

' he area of load-bearing surface of the test specimen shall
be not less than 1600 mm” and shali be such that at no
-+ point does the test specimen overlap the.compressian plate. -

7.4.2.2 Preparation. The opposing square faces shail
contain the moulded surfaces. The edges of the test
specimen shali be cleaniy cut perpendicularly to the
moulded surfaces and shall expose cell structure. The thick-
ness of the test specimen shall be not less than 10-mm, -
but thin sheets may be plied up to achieve this thickness,
such sheets being cut to identical shapes and sizes

provided that a minimum of 10 cell diameters is included
in the thickness of one ply.

7.4.2.3 Number of test specimens. Three test specimens
shall be tested.

7.4.3 Conditioning. Material shall not be tested less than

72 h after manufacture, uniess, at either 16 h or 48 h after
manufacture, it can be demonstrated that the compression
stress-strain characteristics obtained do not differ by more

w"(},’g& dd

x4

Fl

than * 10 % from those obtained after 72 h. Testing is
permitted at either 16 h or 48 h if, at the sele_cted time,
“the above criteria have been satisfied. -

Prior to the test, the test specimens shatl be stored for at

least-16 h under the foliowing standardconditiens: —

23 + 2 °C, 50 £ 5 % relative humidity.

NOTE. This period can form the latter part of the period following
manufacture,

7.4.4 Procedure. Measure the dimensions of the test
specimen wsing the appropriate procedure described in
clause 3 and calculate the area to be compressed.” -~

Insert the test specimen in such a way that the force acts
along the centre line of the test machine {7.4.1} and

* compress it at 5 £ 1 mm/min by means of the compression -

plate unti! the compression strain applied equals that-"_;k
specified in the material specification. Then decompréss J{.Vr
the test specimen at the same rate until the separatiofi~-. _f',r? //
between the compression plate and the base plate is equal ™

‘
1o the initial test specimen thickness. : 7

Immediately repeat this comprassion cycle thr;a{{t;imgs
on the fourth compression cycle, read the streﬁs:g't:théi
specified strain in kilopascals. T
NOTE. Autographic recording of the stress-strain values is preferred.

Alternatively, if it is required to determine the strain at a

specified compression stress, compress the test specimen

until the c;ornpression stress equals that specified in the

material specification and, on the fourth compression cycle, .
read the strain at the specified stress.

{f repeat tests on the same test specimen are reguired, allow
a recovery period of not less than 16 h before retesting.

7.4.5 Calculation of resufts. Express the result as the
compression stress, CC (in kPal, at the specified strain using
the following equation:

CC=1000 £
_ A

Qhere
F is the force at the specified strain {in N);
A is the area of test specimen {in mm?).

7.4.6 Test report. The report shall state the following:
{a) identity of the celluiar material;

(b} description of the test specimen with reference to
moulded surfaces;

{c} dimensions of the test specimen including the
number of plies;

{d} compression stress (in kPa) under specified strain,
or the compression strain {as a percentage} under the
specified stress;

(e} the method used, i.e. method 58 of BS 4443 :
Part 1: 1988.
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8 Methods 6A and 6B. Determlnatlon of 8.6 Conditioning

compressmn set — Material shall not be tested less than 72 h after manufacture
. - unless, at either 16 h or 48 h after manufacture, it can be

8.1 Introduction demonstrated that the compression set values obtained do

Méthods BA and 6B consist of maintaining the test ~ notdiffer by more thlan £10% from-those Gbtained after

specimen under specified conditions of time, temperature 72 h. Testing is permitted at either 16 h or 48 h if, at the

and constant compressive strain and noting the effect on selected time, the above criteria have been satisfied.

the thickness of the released test specimen. Method 6A isa  Prior to the test, the test specimens shall be stored for at

more rapid method carried out at a temperature of 70 °C least 16 h under the following standard conditions:

for 22 h. Method 6B is carried out by compressing the test 23+ 2°C, 50 + 5 % relative humidity.

N + -]
specimen for 72 h at-atemperature of 23 £2-C...— . .~ NoTE This period can form the latter part of the périod folioiwig

manufacture.

8.2 Definition

- For the purposes of these methods imthis Part of BS 4443,
the following definition applies.

In addition, for sponge rubber, the test specimen shall be
conditioned for 1 h at a temiperature of test of 70 £ 1 °C.
It shall then be.allowed to cool 8t 23 + 2 °C for 30 £ 3 min

compression set (CS). The difference between the initial immediately before the thicknesy is :
- thickness and the final thickness of a test specimen of the e r ’r": e
flexible cellular material after compression for a given time 8.7 Procedure Tl _“:\ "
and temperature and recovery time, expressed as a 8.7.1 General. Carry out the test by method Gﬁrmdthod 6E

percentage of the initial thickness. or both. The result obtained by method 6A will not be the

same as that obtained by method 6B.
8.3 Apparatus

After conditioning as described in 8.6, measure the initial
8.3.1 Compression device, cansisting of two flat plates thickness of the test specimen as described in method 1A.
larger in dimensions than the test specimens, with spacers In the case of thin materials, avord bance to the
and clamps such that the piates are held parallel to each assemblies.

other and the space between the plates is adjustable to the ?Q( .
required compressfon of the test specimen. Calculate the thickness by deductlng th& eé ghick ness

of the glass slides from the total measured th:ckness of the
8.3.2 Measuring gauge, such as the one described in giass slides and flexible cellular material. Place the test

appendix A. specimen in the compression device (8.3.1), compress it by
75 % of its thickness and maintain it under this condition.

NOTE. In special cases a compression of 25 %, 50 % or 90 % may b
agreed upon.

8.3.3 Air-circulating oven, capable of maintaining the test
specimens at a temperature of 70 = 1 °C.

8.4 Test specimens 8.7.2 Method 6A. Within 15 min after compression, place

The test specimen shall be a right parallelepiped with square the compressed test SpeCII'\'\ET‘I ":;n oven (8.3.3) with air
load-bearing surfaces of side 50 mm and width to thickness _ Vcwculat:on at70+1 °c for22 5 h.

ratio of not less than 2:1. I skin is present, it shaillbe on .~ Remove the test apparatus s from the oven and within 1 mir -
the side in contact with the compression plate. remove the test specimen from the apparatus and place it
NOTE 1. When it is not possible to cut test specimens of the on a wooden surface. Allow the test specimen to recover
thickness specified, thinner sections of not less than 10 mm for 30 £ 5 min at the same tgmperamre used for condition-

thickness may be used. The results so obtained may not be
comparable with those optained using the standard thickness, .
When thin materials less than 10 mm in thickness are to be
tested, sufficient test specimens 50 mm long X 50 mm wide  8.7.3 Method 68. Maintain the test specimen for 72 h
shall be taken sa that the sum of their thicknesses before under compression at the same temperature as that used fc
" compression is at least 25 mm. The test specirmens shall be conditioning the test specimen (23 £ 2 °C). Release the
plied together and interleaved with photographic mounting  test specimen from compression and aliow it to recover
slides, and the complete assembly shall be treated during for 30 + 6 min before remeasuring the thickness.
the test as a singie thick test specimen.

NOTE 2. When testing thin specimens of flexibie cellular material of 8.8 Calculation of resuits

the order of 1 mm thick, the use of plied up test specimens rgsults Calculate the percentage compression set'CS from the -
in a considerable interpenetration of the cell structures of adjacent following equation:

layers. Since tests on thin sheets are often required, the use of glass
siides is essential to remove this source of error. (To - T}

CcS= —°T—'x100

Q

ing the test specimen (23 + 2 C} before remeasuring the
thickness. - T

8.5 Number of test specimens
where

Five test specimens or, in the case of thin material, five

. is th igi thi f ial (i m};
assernblies shall be tested. T, is the original thickness of the material {in mm}

T, is the thickness after recovery (in mm).
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8.9 Testrepornt
The test report shall include the foliowing:
(a} a description of the cellular material;

(b} whether-he 1est was done at a compression of 75.%._-

or at a specially agreed'compression of 25 %, b0 % or
90 %;

10
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(c) the thickness and number of plies used, if other than
as specified in 8.4, _ ) . .

{d) whether skin was present or absent;
(e} the mean value of compression set;

{f) the method Used, i.o” method BA or methad 68 of
BS 4443 : Part 1 : 1988.




Appendices

Appendix A. Apparatus to measure the
thickness of small specimens of flexible

cellular materials

A1 Introduction -

Figure 3 illustrates a suitable instrument for the method of

measurement described in 3.2.

A2 Tozero the instrument

A2 Lowér the dial gauge foot by means of the spin

wheel until the dial gauge reads zero.

" "A.2.2 Place the indentor on the base table and adjust,
by means of the height adjustment, the height of the dial

BS 4443 : Part 1 : 1988

-s‘\“‘w 0
oPY »? 0/8//%4[

gauge {and, if necessary, the position of the cross beam)
until contact is made between the foot and the indentor
{shown by a light or a buzzer). Make the final adjustment

to zero by rotating the bezel.

A3 To measu}e

A.3.1 Place the flexible cellﬁlar material specimen on the
table and the indentor on top of the specimen. Lower the:
foot by means of the spin wheel until contact is made.

__ _A.3.2_Gently raise the foot by means of the spin wheel

until contact is just broken. Read the thickness of the

specimen directly from the dial.

" Circular indentor

~

\.

bearing surface
area of 6.5 cm?
mass of 65 g

Foam sample

Top sectioned
to show spin
wheel arrangement

Spin wheel

Connections fo
Eower supply and
uzzer or
indicator light

\

/

\

Figure 3. Apparatus to measure the thickness of small specimens of flexible cellular materials

11
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Appendix B. Related 1SO methods
rTable 1. Related IS0 methods ) - -
. rBS 4443 : Part 1 Method el Mathod . ISO methods,whichare . .| - -- - o7 7T T -
) number - -| technically rolated

Measurement of dimensians of 1A 1S0 1923
test specimens 18 150 1923

1C 150 1923
_Determination of apparent density 2 1S0 845

-+- petermination of tensile srength’ “13a° 7 150 1798 T — = T T T

and elongation at break ’ 3B No equivalent
Measurement of cell count T A S, No equivalent . P
Determination of compression BA 1SO 3386/1 8
stress-strain characteristics 58 1SO 3386/2
Determination of compression set. 6A | 1SO 1856 {Method A}

6B SO 1856 (Method B)

a2
(
‘q__.

12



e

Publications referred to

BS 4443

855214

1ISO 845

1SC 1798
ISC 1856
185G 1923

ISO 3386/1

IS0 3386/2

Metheods of test for flexible cetlular materials

Part 2 Method 7 Indentation hardness tests

Part 3 Method B Determination of creep

Method 9 Determination of dynamic cushioning performance

Testing machines for rubbers and plastics

Part 1 Constant rate traverse machines - —— ---- - - - e i ST
Cellular plastics and rubbers — Determination of apparent density

Polymeric materials, cellular flexible — Determination of tensile strength and elongation at break
Polymeric materials, cellular flexible — Determination of compression set

Cellular piastics and rubbers — Determination of linear dimensions

Flexibie cellular materials — Determination of compression stress/strain characteristic in compressian
Part 1 Low-density materiais

Polymeric matarials, cellular flexible — Determmatlon of stress-strain characteristic in compression
_Part 2 High density materials .. ... .. _. . . U
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