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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

ISO 16534:2020(E)

Thermal insulating products for building applications —
Determination of compressive creep

1 Scope

This document specifies the equipment and test method for determining the compressive creep of

spec

This

TITETTS UITAEer various COMaitions of Stress:

document is applicable to thermal insulating products.

2 Normative references

The
cons
unda

ISO
beha

ISO 3
test §

Fort
ISO 4
— 1
— 1
31
line

3.2
com
o, _
ratio|

following documents are referred to in the text in such a way that-some or all of t
fitutes requirements of this document. For dated references, only~the edition cited
ted references, the latest edition of the referenced document (including any amendme

9469, Thermal insulating products for building applicatiohs — Determination of
viour

9768, Thermal insulating products for building applications — Determination of linear d
pecimens

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd [EC maintain terminological databases for use in standardization at the following z

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available-at http://www.electropedia.org/

thic;rness

r dimension measured perpendicular to the planes of length and width

bressive'stress

of'the compressive force to the initial cross-sectional surface area of the test specimel

heir content
applies. For
hts) applies.

compression

imensions of

ddresses:

3.3

deformation

X

reduction in thickness (3.1) of the test specimen

3.4

relative deformation

&

ratio of the deformation (3.3) of the test specimen X, and its thickness (3.1) d,, measured in the direction
of loading
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3.5

compressive creep

Xee . | . .
increase in deformation (3.3) of the test specimen over time whilst under a constant stress, at specified
conditions of temperature and humidity

X=X —Xp

where

re-crerorrrortrotrore e e

Xt IS tlna daeformation At tima t;

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

Note 1 to entfy: An illustration of the different thicknesses (3.1) and deformations is given in Figure 1.

Y
d__ ds dy,
\ K
do 3
2
t3
A
10's X
60s

d  originalfproduct thickness

initial thickness of the test specimén

d;  thicknegs of the test specimen. inder the basic compressive stress of the loading device (‘dead weight’)
dy, thickness of the test specimen60 s after the beginning of the loading process

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

X, Iincreasg¢ in deformation of the test specimen over time whilst under a constant stress, at specified condifions
of tempgrature and humidity

X, total thq deformation at selected time ¢,
t;  time when-dead wright is applied

t, time wherrsetected oad isumiformiy apptied
t;  deformation at selected time

Y  thickness

X  time

In the illustration, d| is used as a reference value for deformation measurements. If d is used as the reference
value, the illustration can be used, omitting the column for d;, (see 8.3).

Figure 1 — Illustration of the different thicknesses and deformations

2 © IS0 2020 - All rights reserved
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4 Symbols
Symbol Description

d original product thickness

dg thickness of the test specimen

d thickness of the test specimen under the basic compressive stress of the loading device (‘dead

weight')
dy thickness of the test specimen 60 s after the beginning of the loading process
d; thickness of the test specimen at a given time, t

5 Principle

The pompressive creep is determined by measuring the increase in deformation<of a te
r constant compressive stress and specified conditions of temperature, humidity and 1

unde

6 Apparatus

6.1

compress the test specimen in a vertical direction. The movable plate shall be guided in such
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 %.

to be

6.2
i.e. th

6.3
subs

Exan

Loading device, consisting of two flat plates, one of which shal’be movable, arranged|

Measuring device (e.g. dial gauge), capable of:determining the distance between thg¢
e deformation of the test specimen, to an accuracy of 0,01 mm.

fantial foundation and anchoring of the apparatus support).

ples of the testing apparatus are given in Figure 2.

© IS0 2020 - All rights reserved
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Example of device type 1 Example of device type 2
C/P 1 %() 1
o]
JOEE: ) ac

e S

L

Key

1 displacement transducer or dial gauge 4  testspecimen

2 loading Bridge 5 support beam

3 load distribution plate (movable, self-aligning) 6 loading by weights

Figure 2 — Examples of test apparatus

7 Test specimens

7.1 Selection.of test specimens

The test specimens for determining the compressive creep shall be taken from the same sample, with
the same preparation as the test specimens used for the compression test as specified in ISO 29469.

The method for selecting the test specimens shall be as specified in the relevant product standard.

NOTE In the absence of a product standard or any other technical specification, the method for selection of
the test specimens can be agreed between parties.

7.2 Dimensions of test specimens

The thickness of test specimens shall be equal to the original product thickness. The width of the test
specimens shall not be less than their thickness. Products with facings or integral moulded skins which
are intended to be retained in use shall be tested with these faces or skins intact.

4 © IS0 2020 - All rights reserved
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specimens shall not be layered to produce a greater thickness for testing.

The test specimens shall be cut squarely and have sides with the following recommended dimensions:

50 mm x 50 mm; or
100 mm x 100 mm; or
150 mm x 150 mm; or

200 mm x 200 mm or

The
ISO 4

The |

The
than

7.3

The
not s

NOTH
can b

7.4

The s
dired

The {

If thg
be af

coating shall be taken into-account by deducting the creep of the coating.

Spec

7.5

The {
(RH)

Fa¥Wal 200
\VAVANBUU U N BEgy UVU 11111,

Himensions of test specimens shall be the same as used in the compression test.as

inear dimensions shall be determined in accordance with ISO 29768, to an-aecuracy of

Ipper and lower faces of each test specimen shall be flat and parallel,with a toleranc
0,5 % of its side length, up to a maximum of 0,5 mm.

Number of test specimens

pecified, then at least three specimens shall be used foreach compressive stress select]

In the absence of a product standard or any other technical specification, the number
e agreed between parties, provided the minimum requirement of three specimens are met.

Preparation of test specimens

pecimens shall be cut so that the direction of loading applied to the product will corre
tion in which the compressive forces'are applied to the product in use.

est specimens shall be cut by methods that do not change the original structure of the

test specimen is not flat and parallel, it shall be ground flat and parallel or a suitable q
plied to prepare the surface for the test. If a coating is applied, any creep which occuy

al methods of preparation, when needed, can be provided in the relevant product stan

Conditioning of test specimens

estspecimens shall be conditioned for at least 24 h at (23 + 2) °C and (50 £ 5) % relati
. In-case of dispute, the time for conditioning (equilibrium of moisture content) shall be

9469. These are specified in the relevant product standard or agreed between.parties.

lescribed in

0,5 %.

e no greater

humber of test specimens shall be as specified in the relevant product standard. If the number is

ed from 8.2.

of specimens

spond to the
product.
oating shall

s within the

dard.

ve humidity
as specified

in th

1 4 pa | ol | pa |
C ITICTVAIIL prouutt stdiiudiu.

In tropical countries, the local environment can necessitate different conditioning and testing
conditions. In such cases, the conditioning shall be performed at (27 = 2) °C and (65 + 5) % RH and be

state

d clearly in the test report.

8 Procedure

8.1

Test conditions

The test shall be carried out at (23 + 2) °C and (50 = 5) % RH.

Other conditions can be given in the relevant product standard or can be agreed between parties.

© ISO
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In tropical countries, the local environment may necessitate different conditioning and testing
conditions. In such cases, the testing shall be performed at (27 + 2) °C and (65 + 5) % RH and be stated
clearly in the test report.

8.2 Stress selection
The test shall be carried out at three or more different stresses.
To verify one defined level of stress only this level shall be used.

The alternative stresses for the creep test, o, shall be based on the compressive strength, o,,,, or on the
compressivgStIess; 07, at 10796 Strafm measured i accordance with 1S0-25465and shattbecalcujated
as follows:

— 0.=01px0 or 0.=0,15x0q,

— 0.=0,20 x0 or 0.=0,20x%x0q
— 0.,=02pxo0 or o0.=0,25x0y,
— 0.=03px0, or o0.=030x0q,
— 0.,=0,3pxo0o or 0.=0,35x0y,

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

8.3 Test procedure

If the thickrless of a test specimen, d,, is to be determined-without using the loading device, it shall be
measured t¢ an accuracy of 0,1 mm, in accordance with¥SO 29768.

Place the tefst specimen carefully in the test apparatus, under the ‘dead weight’ of the loading dgvice.
The thickneps under this load, d;, is the referenge&value for the deformation measurements. Determine
d; to the negrest 0,01 mm.

The stress imposed by the ‘dead weightshall be less than 10 % of the minimum stress selecteld for
the test.

If the thickness of the test specimen, d,, is determined using the loading device, the specimen should
be preloaded by applying a pressure of (250 + 10) Pa and the thickness measured to an accuracy of
0,01 mm. This value shall thembe used as the reference value for the deformation measurements.

If a significgnt deformation occurs under the pressure of 250 Pa, then a load corresponding to 30 Pa
may be usedl, assuming that such load is specified in the relevant product standard. In this casg the
thickness, d}, shouldbe determined under the same load.

Apply the sglected stress uniformly to the test specimen within (10 + 5) s.

Determine the initial deformation, X, to the nearest 0,01 mm (60 % 5) s after loading has started.
Determine the deformation, X,, to the nearest 0,01 mm at the following times after loading:

1 min, 1 h, 5 h, and then at the following intervals after loading has started: (1, 2, 4, 7, 9, 11, 14, 18, 24,
32,42,53, 65 and 80) days, and once between 90 days and 100 days.

NOTE These times, expressed in hours, are equidistant time increments in a logarithmic time scale.

If the test is continued after 90 days (see 8.4), readings shall be made at equidistant time increments
(logarithmic scale). An example for appropriate reading time increments is given in Figure 3 and
Table 1.

6 © IS0 2020 - All rights reserved
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When the product to be tested incorporates a facing which is difficult to remove or if a coating has
been applied for testing 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 placed on the edges of the material, if the intention is to assess the material itself.

Equidistant time increments (logarithmic scale) up to 10 000 h

>y

102 103 10%
Key
e jeadings for the required test duration of 90 days (see 8.3)
o0  jleadings for a test duration longer than 90 days (see 8.4)
X time, t,inh

Figure 3 — Reading time: examples for time intervals for deformation measur¢ment

Table 1 — Reading times: examples for time intervals for deformation measur¢ment

Week Day Time Duration Day of the week
inh
1st 0 10:00 0 (loading) Mdnday
1st 0 10:01 0,017 Mgnday
1st 0 11:00 1,0 Mgnday
1st 0 15:00 5,0 Mdnday
1st 1 10:00 24 Tugsday
1st 2 10:00 48 Wednesday
1st 4 14:00 100 Fijiday
1st 7 10:10 168 Mgnday
2nd 9 10:00 216 Wednesday
2nd 11 10:00 264 Fiiiday
2nd 14 10:00 336 Mgnday
2nd 18 10:00 432 Fijiday
3rd 24 10:00 576 Thyrsday
4th 32 10:00 768 Fiiiday
6th 42 10:00 1008 Monday
7th 53 10:00 1272 Friday
gth 65 10:00 1560 Wednesday
11th 80 10:00 1920 Thursday
14th 100 10:00 2400 Wednesday
17th 123 10:00 2952 Friday
22nd 156 10:00 3744 Wednesday
27th 190 10:00 4560 Tuesday
33rd 231 10:00 5544 Monday
42nd 295 10:00 7 080 Tuesday
52nd 365 10:00 8760 Tuesday

© IS0 2020 - All rights reserved 7
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8.4 Duration of test

The compressive creep shall be measured at time intervals given in 8.3 over a period of at least 90 days.
The duration of the test shall be as specified in the relevant product standard or shall be agreed
between the parties. The total duration of testing depends on the required extrapolation time, which
shall be determined in accordance with Annex A.

9 Calculation and expression of results

The deformation value, X,, shall be tabled for each test specimen.

Calculate the relative deformation, &, as a percentage, for each test specimen, using Formula (1);
Xt
g =—X 100
dS
where
X, is tIe deformation at time ¢, in mm;
d, 1is the thickness of the test specimen, in mm.

The relative
for each strq
deformation
linear regre

10 Accurs

Following t
specimen p
when meast

Repeats

Reprodi

NOTE

ss level shall be plotted in a semi-log (time) or a log/leg diagram. The calculation of ¢
and the formula for its extrapolation is given in AnheX A. See Annex B for an exampl
ksion analysis.

icy of measurement

he experience from a “round robin test” where comparable test equipment and
reparation were used, the accuracy for compressive creep, €., and total deformatig
Ired under a static load can be estimated as given below:

ctv

bility limit, r, with a probability of 95 %: approximately 0,5 %;
hcibility limit, R, with a probability of 95 %: approximately 1,2 %.

The above-mentioned tepms are applied as described in ISO 5725-2.

11 Testr

port

The test replort shalliniclude the following information:

a) Refere

e-torthis International Standard, i.e. ISO 16534:2020;

@)

deformation for each test specimen and the mean value{ofithe three relative deformafions

reep
b of a

test
n, &,

b) Product identification:

1) product name, factory, manufacturer or supplier;

2) production code number;

3) type of product;

4) packaging;

5) the form in which the product arrived at the laboratory;

© IS0 2020 - All rights reserved
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other information as appropriate (e.g. nominal thickness, nominal density);

c) Testprocedure:

1)
2)
3)
4)

pre-test history and sampling (e.g. person taking the sample, place of sampling);
conditioning;
any deviations from Clauses 7 and 8;

date of testing;

())

d) Results:

iy

3)
%)

Inforjmation about the apparatus:and identity of the person responsible for the test should
in the laboratory, but need not,be recorded in the report.

condittontgand-testing condittonsimrtropicatcountries;ifapplicabte;
dimensions and number of test specimens;
kind of surface treatment (grinding or type of coating);

general information relating to the test (strength, o, or stress, ogMieasured in
with ISO 29469 and the chosen stresses, 0,);

any other events which may have affected the results;

accordance

the tabled deformation values and the diagrams X, véxsus t in semi-log or log/log f¢rm for each

test specimen, and the mean values for the chosen-stresses;
results according to Annex A for each stress level, if any;
the statistical parameters a, b, and r2;

factors m and b of the Findley equatien;

the creep deformation, X, together with the linear regression analysis in a log/log

the relative deformation, ¢,.and the extrapolation curve in a semi-log diagram.

diagram;

be available

© IS0 2020 - All rights reserved
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Annex A
(normative)

Calculation method

A.1 General

This annex
of thermal
mathematic

This metho
compressive

When tested
of thermal i
experience }
well establi
model has y

A validation|

specifies a calculation method for the determination of a long-term deformation-
nsulating products due to compressive creep. In case of positive validation~ep an
al model, that model shall be incorporated by amendment or revision of this annéx.

l may be used to define a permissible load in practical applications and/er to defin
behaviour of a certain product.

| in accordance with this document, in order to make areliable extrapolation of the behay
hsulating products with time, the results of many tests and experience are required.
s not available for all products. For many plastic foam prodiicts, such experience has
thed and verified however, for other products, tests are still running and no mathem§
bt been validated.

ralue
bther

e the

yiour
This
been
itical

shall be based on measurements over a period of at\east five years for different products

within the spme product family. Based on these measurements; different mathematical models shall be
evaluated by using measured values from periods of up to\two years and comparing the extrapolation
with the datla obtained over a period of five years.
This annex [provides a permissible extrapolation,with a maximum extrapolation up to 30 timef the
testing time|
To validate the characteristic form of a curve based on the mathematical model, it should be similar to
that obtaingd by the measured values.
Even with ah extrapolation up to 30 times the testing time, it is recommended that a safety factor should
be applied for the determination of long-term allowable stress and the corresponding deformation.
A.2 Pringiple
The calculation metho®is based on a mathematical function called the Findleyl2] Formula (A.1), which
allows the description/of the creep behaviour of thermal insulating products, provided that the ljnear
regression gnalysistaccording to Formula (A.2) fits with a coefficient of determination r2 = 0,9.

X, =X, +|mx tb (A1)
where m and b are material constants.
Formula (A.1) can be written in a logarithmic form, as follows:

log (X, - Xy) =logm + b xlogt (A.2)

Hence it follows that log m is the intercept of the coordinate and b is the slope of the straight line defined
by this formula. These constants shall be calculated by a regression analysis based on the measured
deformation as a function of time.

10
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A.3 Procedure

A.3.1 Using the values for the thickness of the test specimens, d; and d;, and deformation values, X,
and X, at the corresponding time, ¢, measured in accordance with this document, the terms log t, X, log
X, shall be calculated starting with the value read after seven days (=168 h).

This period of seven days may be reduced if the measured data show a linear behaviour in a log/log
diagram corresponding to Formula (A.2).

A.3.2 For the linear regression analysis, the following statistical terms shall be determined.

Gengral formula for the linear regression line:

W=a+bxx (A3)
Xn= DX /n (A4)
M= Dy /n (A.5)
Q= Yt (X ) /n] (4.6)

e

y= XA (o) ] (A7)

Gy = Dxede =[x (X )] (A.8)
$%=10,-(0% /¢,)]/ (n-2) (A9)
R =VSR (A.10)
1?2 =Q2, /(Q,xQ, ) (A11)
=2 (A.12)
B=0Qyy / Ox (A.13)
A=Y ¥ bxxpy (A.14)

© IS0 2020 - All rights reserved 11
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n is the number of values;

X, isthe time, logt;

V¢ isthe creep deformation, log X;

is the mean value of x;;

Ym isthe mean value of y;

Qy is
Qy is
Qxy is
512{ is
Spis
rz  is
r is
a is
b is

y rej

X  rej

A.4 Calcylation of long-term deformation

By using Fol
any time, ¢,
thatr?2>0,9

he sum of squares of deviations, referring to x values;
he sum of squares of deviations, referring to y values;
he sum of the deviations;

'he variance;

the standard deviation;

the coefficient of determination;

'he correlation coefficient;

'he intercept of the ordinate;

'he slope of the line;

presents log (X, - X,);

bresents log ¢:

mula (A.1), with b fromFormula (A.13), and by putting m = 103, a long-term deformati
Can be calculated. Extrapolation is permissible up to 30 times of the testing time, proy
(see example in Annhex B).

on at
rided

12
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Annex B
(informative)

Example of a linear regression analysis

Tables B.1 and B.2 provide the measured values for the deformation of three single test specimens for

a sin
are a
thet
The

X

N

U

~

nalysed using a linear regression technique, as described in Annex A to obtain the mg
pst specimens.

Falculated statistical values are:

| =3,23872
| =-0,86883
. =7,770 76
,=0,277 14
iy = 1,444 65
2 =0,000 41
L = 0,020 20

P = 0,969 08 (r2 > 0,9)
= 0,984 42
=0,185 91

=-1,470.94

Figu

m=

re_B.1 shows a straight-line regression analysis for the values of log X . versus
033 8tamd b ="0;18591:

gle compressive stress. These are recorded after various time periods. In this example, the results

an values of

log t, with

For example, the long-term deformation value of the test specimens for 10 years (about 87 600 h), is to
be calculated using Formula (A.1), with m and b as given above:

Xg7 600 = Xp + 0,033 81 x 87 600018591

Xg7 600 = 0,50 mm
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