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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD
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Rigid cellular plastics — Determination of compression
properties

1 Scope

This International Standard specifies a method of determining:

a) thecompressive strength and corresponding relative deformation,

or

b) thle compressive stress at 10 % relative deformation,

and
c w
There

— Pr
is
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o
w

NOTE
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The fdg
indisp|
refere

ISO 19

3 T
For th
3.1

hen desired, the compressive modulus of rigid cellular plastics.
are two procedures:

ocedure A employs crosshead motion for determination of compressive properties
intended to be used when compressive stress at 10 %welative deformation has to b

ocedure B employs strain measuring devices mdunted on the specimen (contact g
similar device which measures directly sample deformation. Procedure B is intend
hen compressive modulus has to be determified.

Compressive strength (at maximum load) can be determined either with Procedure A

prmative references

llowing documents, in whele or in part, are normatively referenced in this docu
ensable for its application. For dated references, only the edition cited applies,
hces, the latest editiomof the referenced document (including any amendments) apy

23, Cellular plasticsand rubbers — Determination of linear dimensions

rrms anddefinitions

e purpeses of this document, the following terms and definitions apply.

Procedure A
b determined.

xtensometer)
ed to be used

nd B.

ment and are

For undated
lies.

relative deformation

&

ratio of the reduction (in relation to its initial value) in thickness of the test specimen (Procedure A) or
of extensometer gauge length (Procedure B)

Note 1
Note 2

3.2

to entry: It is expressed as a percentage.

to entry: &y, is the relative deformation corresponding to oy, (see 3.2).

compressive strength

Om

maximum compressive force Fi, divided by the initial cross-sectional area of the test specimen when the
relative deformation € is < 10 %
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3.3

compressive stress at 10 % relative deformation

010

ratio of the compressive force F1g at 10 % relative deformation &1¢ to the initial cross-sectional area of
the test specimen

34

compressive modulus of elasticity

E

compressive stress divided by the corresponding relative deformation below the proportional limit, i.e.
when the relation is linear

4 Symbols and abbreviated terms

Ao initial cross-sectional area, in square millimetres

E compressive modulus of elasticity, in megapascals

Fe forlce corresponding to xe (conventional proportional limit), in newtons

Fm mdximum force, in newtons

F1o forlce at 10 % relative deformation, in newtons

ho inifial thickness of test specimen (Procedure A) or extehsometer gauge length (Procedlure
B)|in millimetres

€m relptive deformation corresponding to compressive strength oy, in percent

Om compressive strength, in megapascals

010 co]:pressive stress at 10 % relative deférmation, in magapascals

Xe digplacement at Fe in the conventional elastic zone, in millimetres

Xm digplacement at maximum-Aforce, in millimetres

X10 digplacement at 10 % relative deformation, in millimetres

5 Principle

A compressivg foreeis applied in an axial direction to the faces of test specimen.

The maximurh ‘stress supported by the test specimen is calculated.

If the value of the maximum stress corresponds to a relative deformation of less than 10 %, it is noted as
the “compressive strength”. Otherwise, the compressive stress at 10 % relative deformation is calculated
and its value noted as the “compressive stress at 10 % relative deformation”.

6 Apparatus

6.1 Compression-testing machine

Use a compression-testing machine suited to the range of force and displacement involved and having
two square or circular plane, parallel plates which are polished and cannot be deformed and of which
the length of one side (or the diameter) is at least 10 cm. One of the plates shall be fixed and the other

2 © ISO 2014 - All rights reserved
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movable; the latter shall be capable of moving at a constant rate of displacement in accordance with the
conditions laid down in Clause 8. Neither plate shall be self-aligning.

6.2 Devices for measuring displacement and force

6.2.1 Measurement of displacement

Procedure A — The compression-testing machine shall be fitted with a system allowing continuous
measurement of the displacement x of the movable plate with an accuracy of # 5 % or * 0,1 mm if this
latter value is a more accurate measurement (see second paragraph in 6.2.2).

Proce meter to the
samplg or by using similar devices that measure directly the sample deformation, withh an accuracy
of £ 1 V.

6.2.2 | Measurement of force

A forcg sensor shall be fixed to one of the machine plates in order to measute the force # produced by
the regiction of the test specimen upon the plates during the test. ThissenSor shall be such that its own
deformation during the course of the measurement operation is negligible compared wjth that being
measyred and, in addition, it shall allow the continuous measurenyent of the force at any|point in time
with aln accuracy of + 1 %.

Itisre¢ommended thatadevice be used for the simultaneousrecording of the force Fand theldisplacement
x that|allows, by obtaining a curve of F = f(x), the graphical determination of the pair |of values F, x
required in Clause 9 with the accuracy laid down in 6.2.1 and this subclause, and provides additional
information on the behaviour of the product.

6.2.3 | Calibration

Devicgs for measuring and, if applicable;,recording graphically the force and displacemenf produced by
the tedt machine shall be checked periodically. The devices shall be checked by using a seri¢s of standard
weights, the masses of which are known to accuracies better than + 1 % and which corrgspond to the
forcesfapplied during the test. To-eheck the devices, spacers shall be used which have thickhesses known
to accyiracies better than eithér 0,5 % or + 0,1 mm, whichever is more restrictive.

6.3 Instruments formeasuring the dimensions of the test specimens

Theselinstrumentssshall be in accordance with ISO 1923.

7 Test specimens

7.1 imensions

The test specimens shall be (50 £ 1) mm in thickness except for products with moulded skins which are
intended to remain integral with the product in use. With such products, the specimens shall be the full
thickness, provided that the minimum thickness is 10 mm or greater and that the maximum thickness
is not greater than the width or diameter of the specimen.

The test specimen base shall be either square or circular, with a minimum area of 25 cm?2 and
maximum of 230 cm2. The preferred geometry and dimensions are a right prism with a base of
(100 £ 1) mm x (100 * 1) mm.

The distance between two faces shall not vary by more than 1 % (tolerance on parallelism).

Under no circumstances may several test specimens be piled up to produce a greater thickness for
testing.

© ISO 2014 - All rights reserved 3


https://standardsiso.com/api/?name=cd26f8afa290fe6bd4106b5fbee5525a

ISO 844:2014(E)

Since sample geometry and dimensions may have an influence on results, it is recommended to compare
results only if obtained by testing samples having the same geometry and dimensions.

7.2 Preparation

Test specimens shall be cut so that the specimen base is normal to the direction of compression
of the product in its intended use. In some cases with anisotropic materials where a more complete
characterization is desired or where the principal direction of anisotropy is unknown, it may be
necessary to prepare additional sets of specimens.

Cutting of the test specimens shall be accomplished by methods that do not change the structure of the
cellular material Mnnlding skinsthatdonotremain with the prndllrf inuse shall be removed

y anisotropy is characterized by a plane and the direction perpendicular to-this|plane;

of test specimens need to be considered.

In general, ar
thus, two sets

7.3 Numbg¢

r

Regarding th{
slabs of rigid
the specificat|

e method of selecting the samples for preparation of the test speciniens from the bld
rellular products and also the number of test specimens to be previded for the test, 1
on relating to the type of cellular product under test. In the absence of such specific

cks or
efer to
htions,

use at least fiye test specimens.

7.4 Condifioning
Condition the|test specimens at:
(23 £2) °LC and (50 * 10) % relative humidity

or
(23+5)9Cand 50&8 % relative humidity
or

(27 £5)9C and 651’%8 % relative(humidity

for a minimun of 6 h.

8 Procedlire

The test condjitions shall be those used for conditioning the test specimens.

Measure the three.dimensions of each test spec1men in accordance with ISO 1923. Place a test Spg cimen
centrally betw arate
as close as possible to 10 % of its orlglnal thlckness per minute. Compress the specimen until oy, or/and
010 are determined

NOTE Using Procedure B, strain is calculated on extensometer gauge length. For contact extensometers, a
gauge length of 25 mm has been found satisfactory, on samples having 50 mm thickness.

If the compressive modulus of elasticity is to be determined, record a force-displacement curve and find
the most linear steepest part of the curve (see 9.4).

Repeat for each of the remaining specimens.

© ISO 2014 - All rights reserved
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9 Expression of results

9.1 General

Depending upon the case, it will be necessary to calculate o, and &, [see 9.2 and Figure 1a)], or 019
[see 9.3 and Figure 1b)], or all three properties [see Figure 1c)] if the material yields before completion
of the test but still resists an increasing force.
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NOTE
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> >
Xe X Xe
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Figure 1 — Examples of-force-displacement curves — Procedure A

Procedure B, the behavioatof the force-displacement curves are as per Figure 2 a
igure 1, Xe and X, startifrom the origin of the X and Y-axis, where also the linear pai

Stress-strain curves are preferred to load-displacement curves.
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Figure 2 — Examples of force-displacement curves — Procedure B

9.2 Compiessive strength and corresponding relative deformation

9.2.1 Compressive strength

The compresgive strength oy, is given, immegapascals, by the equation

— Fm
Om=—"
4y
where
Fm is the maximum force reached, in newtons;
Ao is the\initial cross-sectional area, in square millimetres, of the test specimen.

9.2.2 Relative deformation

ForProcedure A, usingastraightedge, carefully extrapolate tozero force the steepeststraight-line portion
of the force-deformation curve (see 6.2.2). Measure all displacements for deformation calculations from
this “zero-deformation point”. Three examples of this procedure are shown in Figure 1.

If there is no well-defined straight portion of the force-deformation curve or if the “zero-deformation
point” obtained in this manner results in a negative value, this procedure shall not be used. In such
cases, the “zero-deformation point” shall be taken as the deformation corresponding to a stress of
(250 £ 10) Pa.

For Procedure B, the determination of “zero deformation point” is not necessary (see Figure 2).
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The relative deformation ¢y, is given, as a percentage, by the equation

X

Em = h—‘;‘ x100
where
Xm is the displacement, in millimetres, corresponding to the maximum force reached;
ho is the initial thickness, in millimetres, of the test specimen (Procedure A) or it Is the ini-

tial extensometer gauge length (Procedure B), in millimetres.

9.3 (Compressive stress at 10 % relative deformation

The cdmpressive stress at 10 % relative deformation €19 is given, in megapascalsyby the equation
C1p ==

where
Fip isthe force, in newtons, corresponding to a relative defermation of 10 %;

Ad is as defined in 9.2.1.

9.4 (Compressive modulus of elasticity

If reqyired, calculate the compressive modulu§ of elasticity E, in megapascals, from the equations

h
Efo, x—0
Xe
and
F
ol=—"%
Ay
where

Fy is theforce in the conventional elastic zone (well-defined straight portion of the force- dis-
placethent curve), in newtons;

T TIrotity ToTto o oo o S e TouaSatroTattory o

and 75 % of maximum load (at yield before 10 % strain), using the least square fit method.

NOTE Ir-many-foamsithasbeenfoundsatisfactory-to-find-thisstraight pertionin-therange between 25 %

Xe is the displacement at Fe, in millimetres determined by crosshead motion (Procedure A) or
by extensometer (Procedure B).

Using Procedure A, if there is no well-defined straight portion of the force-displacement curve or if the
“zero-deformation point” obtained in accordance with 9.2.2 results in a negative value, this procedure
shall not be used. In such cases, the “zero-deformation point” shall be taken as the deformation
corresponding to a stress of (250 * 10) Pa.

© ISO 2014 - All rights reserved 7
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10 Precision

Using Procedure A (crosshead displacement), an interlaboratory test was performed with 10 laboratories
in 1993. Four products with different compression behaviour characteristics were tested, three of which
were used for statistical evaluation of the reproducibility (two test results for each product), and one for

statistical eva

luation of the repeatability (five test results).

The results, analysed in accordance with ISO 5725:1986[1], are given in Table 1 and Table 2.

Table 1 — Compressive strength oy, or stress at 10 % relative deformation

Range 95 kPa to 230 kPa
Estimate of repeatability variance s, 0,5%
95 % repeatalfility limit 2%
Estimate of reproducibility variance sg 3%
95 % reprodugibility limit 9%
Table 2 — Compressive modulus of elasticity
Range 2 500 kPacto, 8 500 kPa
Estimate of repeatability variance s 3%
95 % repeatalility limit 8 %
Estimate of reproducibility variance sg 10%
95 % reprodugibility limit 25%
Repeatability] and reproducibility using Procedure B;yare not known as interlaboratory data gre not
available.

11 Test report

The test repo
a) areferen

b) all details
if known

c) the dim
(100 £ 1)

d) thedirec

-t shall include the following information:
Ce to this International)Standard, i.e. ISO 844;

necessary for complete identification of the product tested, including date of prod

ensions <of' the test specimens, if other than a right prism with a bg
mm x (100 + 1) mm and thickness of (50 + 1) mm;

iction,

se of

[ion in which the force was applied in relation to anisotropy or product geometry;

e) the procedure (A or B) used;

f) the avera

ge of the test results, to three significant figures, expressed as:

— compressive strength o, and corresponding relative deformation gy,

or

— compressive stress at 10 % relative deformation o1y,

or

— all three properties for results similar to Figure 1b),

— plus compressive modulus of elasticity E, when requested;
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