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Foreword

ISO (the Inte

rnational 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 wark SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 20392 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting~Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 10, Cellular plastics.
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INTERNATIONAL STANDARD I1ISO 20392:2007(E)

Thermal-insulating materials — Determination of compressive
creep

1 Scope

This [nternational Standard specifies equipment and procedures for determining the compressive|creep of test
specimens under various conditions of stress. It is applicable to thermal-insulation products.

2 ormative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the “latest edition of the¢ referenced
document (including any amendments) applies.

ISO 844, Rigid cellular plastics — Determination of compression properties

ISO 1923, Cellular plastics and rubbers — Determination of linear dimensions

3 Terms and definitions
For the purposes of this document, the following-terms and definitions apply.

31
thickness
linear dimension measured perpendicular to the length and width plane

311
thickiness d
origirfal product thickness

3.1.2
thickness d,
initial thickness of the test specimen

3.1.3
thickiness 4|
thickness of the test specimen under the basic compressive stress of the Toading device ("dead weight”)

3.1.4
thickness d,
thickness of the test specimen 60 s after the beginning of loading

3.1.5

thickness 4,
thickness of the test specimen at a given time ¢

© 1SO 2007 — All rights reserved 1
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3.2

compressive stress

Oc

ratio of the compressive force to the initial cross-sectional area of the test specimen

3.3

deformation

X

reduction in thickness of the test specimen

3.4
relative deformatien

&

ratio of the deformation X of the test specimen and its thickness dg, measured in the direction of the(load

3.5
compressive creep

XCZ‘

increase, with time, in the deformation of the test specimen under a constant stress under specified condjtions

of temperatufe and humidity
NOTE X4 =Xx,-X,
where

X

, is the deformation at time ¢,

X, s the initial deformation (60 s after the beginning of loading).

An illustration of the different thicknesses and deformations\is given in Figure 1.

© 1SO 2007 — All rights reserved
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Key
X time, ¢
Y thickness
1 thickness under the “dead weight” of the loading device (< 10 % of the smallest chosen stress for the crgep test)
2 ppint when load is applied for the compressive-creep test
3 dpformation curve
a8 In the illustration, d, is used as the reference value for the measurements of deformation. If dg i$ used as the
refergnce value, the illustration can be used with the omission of the column for d (see 7.3).
Figure 1 —{lllustration of the various thicknesses and deformations
4 Principle
The ¢ompressive creep is determined by measuring the increase in deformation of a test specimen under a
cons{ant compressive stress and specified conditions of temperature, humidity and time.

5 Apparatus

5.1 Loading device, consisting of two flat plates, one of which shall be movable, so arranged that they
compress the test specimen in the vertical direction. The movable plate shall be mounted in such a manner as
to be self-aligning. The plates shall be capable of being loaded smoothly and without distortion so that, during
the test, the static stress does not change by more than £+ 5 %.

5.2 Measuring device (e.g. dial gauge), capable of determining the distance between the two plates, i.e.
the deformation of the test specimen, to an accuracy of 0,01 mm.

5.3 Suitable damping facilities, to minimize the effects of external vibration, e.g. a substantial base
supporting the apparatus.

© 1SO 2007 — All rights reserved 3
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Examples of

test apparatus are given in Figure 2.

4

N
(&)

Key

displacen
loading br|
load-distri

base supy
weights p

o 0o WN -~

6 Tests

6.1 Preparation

The test spe
same prepar

with 1ISO 844,

test specinen

ent transducer or dial gauge
dge
bution plate (movable, self-aligning)

orting apparatus
oviding the load

Figurée 2— Examples of test apparatus

becimens

cimens<for ‘determining the compressive creep shall be taken from the same test sample, wi
ation, \as the test specimens used for the determination of compression properties in accorg

NOTE Special methods of preparation, when needed, may be given in the relevant product standard.

6.2 Dimensions

h the
ance

The test specimens shall be right prisms with a square base. The thickness of the specimens shall be the
original product thickness. The length and width of the specimen base shall not be less than their thickness.
Products with facings or integrally moulded skins which are retained in use shall be tested with these faces or

skins intact.

Test specimens shall not be layered to produce a greater thickness for testing.
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The length and width of the test specimen base are normally specified in the relevant product standard. If not,
they shall be agreed between the interested parties, in which case the recommended dimensions are:

50 mm x 50 mm or

1

1

00 mm x 100 mm or

50 mm x 150 mm or

200 mm x 200 mm or

N

The
accu

The
the fl

300 mm x 300 mm.

ength and width of the test specimen base shall be measured in accordance with) ISC
acy of 0,5 %.

olerance on parallelism between the upper and lower faces of the test specimens and the

1923 to an

tolerance on

htness of the upper and lower faces shall not be greater than 0,5 % of the test specimen length or width,
with @ maximum of 0,5 mm.

If a t¢st specimen is not flat, it shall be ground flat or a suitable coating @pplied to prepare the slirface for the

test.
shall

6.3

The
spec

in7.4.

In th¢ absence of a product standard, the number of test specimens may be agreed between t

partie

6.4

The {est specimens shall be ¢onditioned for at least 24 h under the test conditions. In cases o

time

7 1

71

The t

f it is coated, no significant creep shall occur in the coating ori4f creep does occur in the
be taken into account by deducting it from the measurements.

Number

humber of test specimens shall be as specified in\the relevant product standard. If the n
fied, then at least three test specimens shall be*used for each of the compressive stres

S.

Conditioning

or conditioning (equilibration of moisture content) shall be as specified in the relevant produ

Procedure

Test conditions

est.shall be carried out at

coating, this

Limber is not
ses selected

he interested

dispute, the
t standard.

(

or

(

or

(

23 +2) °C and (50 £ 10) % relative humidity

23 +5) °C and 5023 % relative humidity

27 +5) °C and 6520 % relative humidity

unless other conditions are given in the relevant product standard.

©I1SO
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7.2 Stress selection

The test shal

| be carried out at three or more different stresses.

The alternative stresses, o, for the creep investigation shall be based on either the compressive strength, o,
or the compressive stress, oqq, at 10 % deformation measured in accordance with 1ISO 844, and shall be

calculated as follows:
0. =0,15x0, or 0. =0,15x04g
0. =0,20x0, or 0. =0,20x04g
0. =0,45x0, or 0. =0,25x04g
0. =0,30x o, or 0. =0,30x04g
0. =0,35x0p, or 0. =0,35%x04g

If appropriatg, other values of o, may be chosen.

7.3 Test grocedure

If the thickne
the nearest (

Place the te
thickness un
Determine d||

The stress imiposed by the “dead weight” shall be less than'10 % of the lowest stress selected for the tesf.

If the thickn
preloaded w
shall then bdg

under the pressure of 250 Pa, then a load.corresponding to 50 Pa may be used assuming it is specified

relevant prog

Apply the fir
deformation,

Determine th
then at 1 day

65 days, 80 gays andfat)at least one additional time between 90 days and 100 days.

NOTE TH

,1mm in accordance with ISO 1923.
5t specimen carefully in the loading device under the»‘dead weight” of the loading device

der this load, 4|, is considered as the referencewvalue for the measurements of deform
to the nearest 0,01 mm.

th a pressure of (250 + 10) Pa and the thickness measured to the nearest 0,01 mm. This
used as the reference value for. measurements of deformation. If significant deformation o

uct standard. In this case, the thickness dg shall be determined under the same load.

5t of the selected stresses uniformly to the test specimen within (10 =+ 5) s. Determine the
X, to the nearest 0,01 mm (60 = 5) s after the beginning of loading.

e deformation) X, to the nearest 0,01 mm at the following times after loading: 0,1 h, 1 h, 5
, 2 days, 4 days, 7 days, 9 days, 11 days, 14 days, 18 days, 24 days, 32 days, 42 days, 53

ese'times, when expressed in hours, give equal time increments on a logarithmic time scale.

ss of a test specimen, d, is determined without using the loading device, it shall be measufed to

The
ation.

bss of the test specimen, d, is determined using the loading device, the specimen shall be

value
Ccurs
n the

initial

h and
days,

If the test is continued after 90 days, readings shall be made at equal time increments (on a logarithmic scale).
An example of a suitable test schedule is given in Table 3 and shown in Figure 3.

If a coating has been added for test purposes, the compressive creep may be measured by the relative
movement of the flat plates of the loading device. Alternatively, it may be measured from the relative
movement of reference points on the edges of the specimen.

Tabulate the

measured deformation values, X,, for each test specimen separately.

© 1SO 2007 — All rights reserved
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Table 1 — Example of schedule for taking deformation readings

Day Time Test d:ration Day of week
0 10:00 a.m. 0 (loading) Mon
0 10:01 a.m. 0,017 Mon
0 11:00 a.m. 1,0 Mon
0 3:00 p.m. 5,0 Mon
1 10:00 a.m. 24 Tues
2 10:00 a.m. 48 Wed
4 2:00 p.m. 100 Fri
7 10:00 a.m. 168 Mon
9 10:00 a.m. 216 Wed
11 10:00 a.m. 254 Fri
14 10:00 a.m. 336 Mon
18 10:00 a.m. 432 Fri
24 10:00 a.m. 576 Thurs
32 10:00 a.m. 768 Fri
42 10:00 a.m. 1008 Mon
53 10:00 a.m. 1272 Fri
65 10:00 a.m. 1560 Wed
80 10:00 a.m. 1920 Thurs

100 10:00 2:m. 2400 Wed

123 10:00-a.m. 2952 Fri

156 10:00 a.m. 3744 Wed

190 10:00 a.m. 4 560 Tues

231 10:00 a.m. 5 544 Mon

295 10:00 a.m. 7 080 Tues

365 10:00 a.m. 8 760 Tues

© 1SO 2007 — All rights reserved
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® ® ® ® ® ® ® ® e ® ® ® ® el X X X el

102 103 10* | ¢
Key
e readings fpr the required test duration of 90 days (see 7.3)
x readings fpr a test duration longer than 90 days (see 7.4)
t time (h)

Figure 3 — Equal time increments (on logarithmic.scale) up to 10 000 h

7.4 Duratjon of test
The compregsive creep shall be measured at timevintervals (see 7.3) over a period of at least 90 days| The
total test timep depends on the time to which theimeasurements will have to be extrapolated (the long-term

deformation

8 Calcul

Calculate thg

ime), which shall be determined in~accordance with Annex A.

ation and expression/of results

relative deformatiol;.¢,, as a percentage, for each test specimen using the equation

& = d_s x100
where
X, s thedeformationimmittimetresat-time;
d. is the initial thickness, in millimetres, of the test specimen.

S

The relative deformation for each test specimen and the mean value of the three relative deformations for
each stress level shall be plotted in a linear/logarithmic (time) or a logarithmic/logarithmic diagram.

The calculation of the creep deformation and the equation for its extrapolation is given in Annex A.
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9 Precision

It has not been possible to include a statement on the precision of the measurements in this edition of this
International Standard, but it is intended to include such a statement when the standard is next revised.

10 Test report

The test report shall include the following information:

a)

b) ;Lroduct identification:

a reference to this International Standard;

supplier,

coating),

pbrdance with

/log form for

) the name of the product, the factory where it was manufactured and the manufacturer or
2) the production code number,
3) the type of product,
4) the type of packaging,
%) the form in which the product arrived at the laboratory,
) any other information as appropriate, e.g. nominal thickness, nominal density;
1st procedure:
1) details of pre-test history and sampling, e.g. whe:sampled and where,
2) details of conditioning,
3) details of any deviations from the requirements specified in Clauses 6 and 7,
4) the dates of testing,
%) the dimensions of the test §pecimens and the number tested,
®) details of any surfacertreatment to which the test specimens were subjected (grinding or
T) general information‘relating to the test (strength o, or stress oyy measured in acc
ISO 844 and the.chosen stresses o),
8) details of@hy events which may have affected the results;
flesults:
) _“the tabulated deformation values and the plots of X, versus ¢ in semi-logarithmic or log
each specimen and the mean deformation value for each of the chosen stresses,
2) the results in accordance with Annex A for each stress level:

i) the statistical parameters a, b and 72,

ii) the factors m and b in the Findley equation,

iii) the value of the creep deformation X, together with the linear regression analysis plotted as a

log/log plot,

iv) the relative deformation ¢ and the extrapolation line plotted as a semi-logarithmic plot.

Information about the apparatus and the identity of the technician should be available in the laboratory, but
need not be recorded in the test report.
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Annex A
(normative)

Calculation of long-term compressive creep

A.1 General

This annex Cppnifipe an prmpnlntinn method for the calculation of a value for the Inng-tprm deformati

n of

thermal-insu
in practical a

In order to m
are tested i
necessary re
established

running, and
mathematica

Validation sh
a given prod
using measu
over the five

For the meth
the mathemsd

The method

only 30 times
load calculat

A.2 Princ

The method
the descripti

ation products due to compressive creep. The method may be used to define a permissible
bplications and/or to characterize the compressive behaviour of a given product.

ake a reliable extrapolation of the behaviour of thermal-insulation products with-timé wher
n accordance with this International Standard, the results of many tests_are” required
sults are not yet available for all products. The extrapolation method givemin)this annex i
and has been validated for various plastic foam products. For other jproducts, tests ar

no mathematical model has yet been validated. In the eventcof~validation of an
| model, that model will be incorporated in this annex by amendment.orrevision.

all be based on measurements made over a period of at least 5-years on different products

uct family. Based on these measurements, different mathematical models shall be evaluat
red values from periods of up to 2 years and comparing the extrapolation with the data obt
years' measurements.

od described in this annex to be used with a parti¢ular product, the shape of the curve giv
tical model shall be similar to that given by the measured values.

gives a maximum extrapolation of up to 36-times the test duration. Even with an extrapolat

the test duration, it is recommended that ‘a safety factor be included in any long-term permi
bd and in the corresponding permissible 'deformation.

ple

s based on a mathematical function, called the Findley equation ['] [Equation (A.1)], which &
bn of the creep behaviour of thermal insulating products, provided that the linear regre

analysis accrding to Equation<A.2) fits with a coefficient of determination »2 > 0,9.

where m and

+ mtb

b are\eonstants dependent on the material concerned.

Equation (A.

load

they
The
5 well
b still
other

ithin
bd by
hined

bn by

on of
5sible

llows
Ssion

(A1)

) can be written in-a Ingarifhmir\ form:

log(X, —

Xg)=logm+blogt

(A.2)

It follows that logm is the intercept on the ordinate axis and b4 is the slope of the straight line defined by this
equation. The constants m and b are calculated by regression analysis of the measured deformation as a
function of time.

10
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A.3 Procedure

A.3.1  Using the values obtained for the thickness of the test specimen, dg and 4|, and the deformation
values X; and X,, measured in accordance with this International Standard, calculate the values of logs, X,
and logX,,, starting with the value read after 7 days (= 168 h).

This period of 7 days may be reduced if the measured data show linear behaviour when plotted as a double-
logarithmic plot in accordance with Equation (A.2).

A.3.2 For the linear regression analysis, determine the following statistical functions:

=aTbx _ (general equation for the inear regression Nne) (A.3)
W = x, [n (A4)
Vin = Zy[/n (A.5)

2
X
0. = x,2 _@ (A.6)
n

2
>y
D, =2 7,° —(T’) (A7)
22 (A.8)

S Y i) Ml
| 2 Qy _Qxyz/Qx
T (A.9)
R (A.10)
2=0,2/0.0, (A1)
A ) (A.12)
P = Qxy/Qx (A-13)
=Yy —bxp (A.14)
where

n is the number of values;

x, is the time, logy,

v, s the creep deformation, logX;
Xy is the mean value of x,;

Ym is the mean value of y;

O, is the sum of the squares of the deviations for the x-values;

© 1SO 2007 — All rights reserved 11
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0, is the sum of the squares of the deviations for the y-values;
0,, is the sum of the deviations for both the x-values and y-values;
sg2 is the variance;

sp is the standard deviation;

r2 is the coefficient of determination;

r is the correlation coefficient;

a is the intercept at the ordinate axis;

b is the slope of the line.

A.4 Calculation of a long-term deformation

Using Equation (A.1) with 5 from Equation (A.13) and putting m = 10¢, the long-term-deformation at any fime ¢
can be calclilated. Extrapolation is permissible up to 30 times the test duration, providing »2 > 0,9| (see
example in Annex B).

12 © ISO 2007 — All rights reserved
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Annex B
(informative)

Example of a linear regression analysis

Table B.1 gives the measured values of the deformation of three individual test specimens at one
compressive stress. These were recorded after various periods of time. In this example, the results are
analysed using a linear regression technique, as described in Annex A, using the mean values for the three
test g§pecimens.

The g¢alculated statistical values are:

o = 3,238 72
47, = — 0,868 83
0. =7770 76
0,=02714
D, = 1,444 65
42 = 0,000 41
4z = 0,020 20
12 = 0,969 08
1= 0,984 42

= 0,185 91
4=1,47094

Figure B.1 shows the result of a linear regression analysis on the values of logX,, versus logs with
m =({,033 81 and b = ;185 91.

The long-term deformation value for the test specimens at e.g. 10 years (about 87 600 h) is cal¢ulated using
Equation (A.1)with'm and b as given above:

X 57600 = X + 0,033 81x 87 600218591 = 0,50 mm

The relative deformation (see Clause 8) is given by:

gt:%moo
S

Thus

€87 600 Z%X']OO:IO%

In Figure B.2, the relative deformation, ¢, is plotted against time as a semi-logarithmic plot. In this plot, the
measured values are depicted as points, and the curve has been extrapolated to 100 000 h (about 11,4 years).
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