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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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Thermal insulating products for building applications —
Determination of freeze-thaw resistance

1 Scope

This document specifies the equipment and test method for determining the effects of successive

cycli
mois

This
are f]
grou

g fromT dry comditions at =20—"Cto-wet comnditions at 20—°C o the mrecharical pry
ture content of thermal insulating products.

document is intended to simulate the freeze-thaw effects on thermal insulating pro
requently exposed to water and low temperature conditions, e.g. inverted roefs and
hd insulation.

2 Normative references

The
cons
undg

ISO
beha

ISO
abso

ISO
abso

Fort
ISO 4
— 1
— 1

3.1
free]

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 documerit (including any amendme

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

16535, Thermal insulating products for building applications — Determination of long
rption by immersion

16536, Thermal insulating products forsbuilding applications — Determination of long
(ption by diffusion

Terms and definitions

he purposes of this dociment, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

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

EC Electrepedia: available at http://www.electropedia.org/

ye-thaw resistance

abili

perties and

ducts which
inprotected

heir content
applies. For
hts) applies.
compression

-term water

-term water

ddresses:

y of a product to withstand repeated wetting followed by frpp7ing conditions, quantif

absorption and change in compression behaviour

4 Principle

ed by water

The test is performed continuously using an automatic process of cycling between the specified

cond

itions.

The freeze-thaw resistance is determined as the change in the amount of water absorbed and the change
in compression strength or stress of a test specimen which has been subjected to 300 successive cycles
from dry conditions at =20 °C to wet conditions at 20 °C. Testing shall be performed in conjunction with
one of the following long-term water absorption tests:

a) water absorption by diffusion, according to ISO 16536;
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b) water absorption by total immersion, according to ISO 16535.

The chosen long-term water absorption test a) and/or b) will depend on the intended application and is
provided in the relevant product standard. Freezing takes place in air, thawing in water.

5 Apparatus

5.1 Cold chamber, capable to maintain a constant temperature of (=20 * 2) °C.

5.2 Water tank, with a constant water temperature of (20 + 2) °C, equipped with a device for keeping

the test speg

imen in position.

The test chamber containing the specimens shall be capable of meeting and maintaining thejcenditions

according td

5.3 Balance, capable of determining the mass of a test specimen to an accuracy ofiQ;? g.

5.4 Compjression testing machine, including measuring devices, according\to/ISO 29469.

6 Test specimens

6.1 Gene

The freeze-f
used for thed
total immer

The compre]
and set B2.

6.2 Dimensions of test specimens

The thickne

The test spd
(200 £ 1) m1

6.3 Numl

The numbe

compression test\(Set B1 and B2) to be prepared.

5.1, 5.2 and Figure 2.

ral

haw test shall be made using the same test specimens, referred to as set A, which have|been
determination of long-term water absorptiontby diffusion, according to ISO 16536, pr by
Kion, according to ISO 16535.

ssive test shall be performed on specifiens prepared from set A and referred to as s¢t Bl

5s of the test specimens,shall be the original product thickness.

cimens for set A shall.be squares with squarely cut edges having sides of (500 + 1) mm or
m depending on the-¢hosen water absorption test.

per of test Specimens

of test-specimens for set A shall be sufficient to allow two sets of test specimens for the

The numbe

and dimensionsof test specimens for each set B1 and B2 for the compression testishall

be as specified in the relevant product standard or any other relevant technical specification. In the
absence of such a specification, the number and dimensions of test specimens shall be as defined in

ISO 29469.

6.4 Preparation of test specimens

If possible, t

he test specimens shall be cut so that they do not include original product edges.

Cutting of the test specimens shall be by a method that does not change the original structure of the
product. Any skins, facings and/or coatings shall be retained.

© IS0 2020 - All rights reserved
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6.5

Conditioning of test specimens

ISO 16546:2020(E)

The test specimens shall be stored for atleast 6 h at (23 + 5) °C. In case of dispute, they shall be stored
at (23 = 2) °C and (50 £ 5) % relative humidity (RH) for the time specified in the relevant product
standard for a minimum of 6 h.

In tropical countries, different conditioning and testing conditions may be more relevant. In this case,
the conditions shall be (27 £ 5) °C and (65 + 5) % RH and be stated clearly in the test report.

7 Procedure

7.1

Carr
spec

7.2

General

Compression test:
Results for original product

—— Separate set of specimens

y out the freeze-thaw test in accordance with the procedure indicated jnm Figurg 1. All test
mens shall be taken from the same sample.

Long-term water absorption by diffusion or by total immerSion

—— Specimen set A

300 freeze-thaw cycles
Specimen set A

Weighing(m)
Specimen set A

Preparation of test specimens
Specimen sets B1 and B2

Compression test in.wet conditions:
Specimen set B1

Drying procedure
Specimen set B2

Compression test in dry conditions
Specimen set B2

Figure 1 — Flowchart for the test procedure

Preliminary tests

Determine the compression behaviour of the original product, in accordance with ISO 29469 (o,,, or g4).

Determine the long-term water absorption of the test specimens using either ISO 16536 or ISO 16535.

Record m, the mass of test specimens at the end of the diffusion test (my = mp) or the total immersion
test (mg = myg).

© IS0 2020 - All rights reserved
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7.3 Water absorption frost thaw cycling

To avoid loss of water, the specimens shall be handled carefully and moved directly to the next stage
of the process without shaking or resting them on another surface. For sanitary reasons and to avoid
additional loss of water, they shall not make contact with other laboratory surfaces during the test.

Place the test specimensin the cold chamber and maintain the temperature at (-20 + 2) °C for 1 h. Remove
the test specimens from the cold chamber and immerse them in water. Maintain the temperature at
(20 = 2) °C for 1 h. The water depth between the top edge of test specimen and the water surface in the
tank shall be (5 = 2) cm.

An open cage taolraantha cnacimancin an ynright and fivad nacition ic racammandad
p getokeepthespecimensinanuprichtand Hxed positionisrecommended-

An immediate continuation between the different stages and cycles shall be ensured.
Stages do nqt start (see Figure 2) until the given temperature in the testing box is reached:
Continue the test for 300 cycles (see Figure 2).

After 300 cycles, mass m; shall be determined within about 10 s after dismounting each of thg test
specimens (pet A) to the nearest 0,1 g.

Surface watpr is removed by patting and turning the specimens on a dry/paper towel.

When there|are breaks longer than 1 h, e.g. during the night or the wéekend, the test specimens shall be
left in the cqld chamber.

Determine the mass m;, of each of the test specimens (set A)4o the nearest 0,1 g after completipn of
all cycles.

Examine the¢ test specimens visually for defects, e.g. cracKs, blisters.

7.4 Compression behaviour
Prepare theltest specimens for set B1 and set B2, according to the relevant product standard.

Determine the compression behaviour.ofthe test specimens from set B1, in accordance with 1SO 29469,
following tHe conditions as described-hereafter (wet conditions within 24 h of the last freeze-fhaw
cycle, withopt further preconditiening).

Dry the tesf specimens from\set B2 in a ventilated drying chamber for the time and tempergture
specified in|the relevant product standard or any other technical specification. In the absence of|such
a specification, the test specimens shall be dried until reaching constant mass. For the purpose of this
test, the corstant mass(is considered to have been reached when the change in mass, measured pt an
interval of (R4 +1)hiisless than 0,5 % of the total mass at a minimum drying temperature of 40 °C

NOTE Cgminorly used drying conditions are 60 °C for about 7 days (specimen W,, < 3 vol. %) or about 14 days
(specimen W] >3 vol. %).

Determine the compression behaviour of the test specimens in accordance with ISO 29469 from set B2
(compression behaviour in dry conditions, oy, 4.y, OF 07 gry)-

7.5 Interruption of the procedure

To avoid freeze-drying when there are breaks longer than 1 h during the freeze thaw cycling process,
e.g. during the night or the weekend, the test specimens shall be left in the cold chamber and wrapped
in a foil [250 pm polyethylene (PE) film has proved to be sufficient].

Wrapping instructions: fold the open end of the foil backwards over the specimen and fix along the
whole length of the opening with adhesive tape.

4 © IS0 2020 - All rights reserved
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In case the freeze-thaw cycling process is not carried out immediately after the test for long-term water
absorption, the wet test specimens shall also be wrapped in polyethylene film and stored in a freezer to

avoid draining.

X  ffime (h)

Y temperature (°C)

8 Calculation and expression of results

8.1 | Water absorption

The fest results, W, or W,, shall be the.mean values of the individual values.

Y
20 °C
0°C
\ / \ %
-20°C —
<1lh 1h <1lh 1h <1lh

Figure 2 — Test cycle duration

Cach}ate the water absorption for edach test specimen, W, or W,, in per cent by mass or irfj per cent by

volume using Formulae (1) or (2):
m, —m
1 0
W, =——x100 D
My
m, —m
W, =—1 05400 (2)
Voorx Io}
W,
whertte
m% is the mass of the test specimen after 300 freeze-thaw cycles, in g;
m, is the mass of the test specimen at the end of the water absorption by diffusion or
by total immersion, in g;
V is the volume of the test specimen, in cm3;
pw  Isthe density of water, assumed to be 1 g/cm3;
W, shall be rounded to the nearest 0,1 per cent by mass;
W,  shall be rounded to the nearest 0,1 volume per cent.
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