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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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Buildings and civil engineering works — Sealants —
Determination of changes in cohesion and appearan

ce

of elastic weatherproofing sealants after exposure of
statically cured specimens to artificial weathering and

mechanical cycling

pcope

This
cycli
mult

International Standard specifies laboratory exposure procedures for determining tl
- movement and artificial weathering on cured, elastic weatherproofingjoint seala
-component).

2 ormative reference

The following documents, in whole or in part, are normatively\referenced in this documn
indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (ihcluding any amendments) appl

ISO 4628-4:2003, Paints and varnishes — Evaluation of dégradation of coatings — Designatio
and §ize of defects, and of intensity of uniform changésin appearance — Part 4: Assessment|
cracking

IS0 4892-1:1999, Plastics — Methods of exposure to laboratory light sources — Part 1: Gener(
IS0 4892-2:2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon

[SO 4892-3:2013, Plastics —Methods*of exposure to laboratory light sources — Part 3: FIY
lamp

ISO 4892-4:2013, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-fl
arc lgmps
IS0 §927:2012, Buildings and civil engineering works — Sealants — Vocabulary

ISO 8339:2005, Building construction — Sealants — Determination of tensile properties (|
break)

11431;2002, Building construction — Jointing products — Determination of adhes
brities of sealants after exposure to heat, water and artificial light through glass

1SO
prop

e effects of
nts (one- or

ent and are
For undated
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of degree of

[ guidance
arc lamps

orescent UV

ame carbon-

F'xtension to

fon/cohesion

IS0 11600:2002, Building construction — Jointing products — Classification and requirements for sealants

IS0 13640:1999, Building construction — Jointing products — Specifications for test substrates

CIE Publication No. 20-1972, Recommendations for the integrated spectral irradiance and
distribution of simulated solar radiation for testing purposes

the spectral

CIE Publication No. 85-1989, Technical report — Solar spectral irradiance, ISBN 3 900 734 22 4

3 Definitions

For the purposes of this document, the definitions given in ISO 6927 apply.
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Any notation in this standard shown as ‘target set value x + operational fluctuation y’ shall be interpreted
asfollows: setthe experimental parameter at the target value xand maintain the experimental parameter
during the test procedure at * y from the specified setting x. If the operational fluctuations exceed the
maximum allowable value after the equipment has stabilized, discontinue the test and correct the cause
of the problem before continuing.

4 Principle

Test specimens are prepared in which the sealant to be tested adheres to two parallel support surfaces
(substrates). The specimens are conditioned statlcally (no movement) in a controlled chmate The

conditioned
heat,and m
weathering
weathering,

once a week.

adhesion of
extension/c
range of any
and the gen

isture) and cyclic movement under controlled environmental conditions. Within each<
is carried out for six weeks in an artificial weathering machine. Simultaneously, wit
mechanical cycling is carried out by changing the position of the extensiony/compre
After completion of each degradation cycle (each lasting six weeks), thé\specimen
their extended/compressed state) are visually examined for changes in appearance;, cohesion

the sealant beads. The rating for quantity, width, and depth of cohesive cracks for a sp

very significant loss of cohesion or adhesion (defined as >3 mm craek depth) is detern
eral condition of the sealant is reported. The weathering and mechanical cycling expq

and the examination for failures constitute a degradation cycle and the degradation cycle is repeat

often as des

5 Appar

5.1 Supp

Anodized al
of two pivo
18 mm (leng

red to achieve a certain exposure.

atus

prt

uminium support (as shown in Figure 1), for the preparation of test specimens, consi
fing, L-shaped anodized aluminium.support elements of dimensions 120 mm x 18 1
rth x width x height) and 2 mm thickness riveted onto an anodized aluminium base-pl4

2 mm thickness such that a cavity of dimensions 120 mm x 20 mm x 18 mm (length x width x hd

is formed. R
freely with

5 mm diamg
drying of th
the specifics
support to 4
recommend

liveting of the support elements on the base-plate shall be such that they can be tu
minimal friction on the pivat (fulcrum). The base plate holds five equally spaced hol
ter (for improved ventilation of the back face of the sealant such as to ensure better cu

ition of the anodized-aluminium, refer to ISO 13640. All surfaces of the anodized alumi
e later in contactwith the sealant shall be cleaned according to the sealant manufactu
ption.

bmpression value achieved along the length of the specimen as wellas.the depth, length,

e sealant) and two 3 mm holes for fixation of the specimen (see Figure 1 and Annex A).
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NOTE Aghieving optimum adhesion on the support substrate is important in order to obtain reprodycible
ratings for surface andibuilk degradation (cracking, crazing, cohesive failure, etc.) that is induced or influended by
mechanical cycling Even a partial loss of adhesion will cause a section of the test specimen to be exposed to no or a
lower degree ofmechanlcal cycllng than 1ntended for a glven movement amplltude ofthe sealant and invalidafe the
results obtaihedfo < <

no cleaning procedure and cleaning agent(s) have been 1dent1f1ed that provide optlmum adhesion on the support
substrate for all sealant products. Therefore, no cleaning procedure is specified in this International Standard.
If the manufacturer does not provide a recommendation for the cleaning procedure, the following method is
suggested for consideration by the experimenter: Clean all surfaces of the anodized aluminium support to be
later in contact with the sealant with high purity acetone (purity, by gas chromatography: 99,8 %) as follows: a)
saturate a clean, lint-free paper tissue or cloth with the solvent; b) clean the substrate with the solvent-saturated
cloth or tissue by wiping a minimum of three times so that visible contamination cannot be observed; c) wipe
the substrate with solvent-saturated cloth or tissue and immediately afterwards dry wipe the substrate surface
thoroughly using a dry, clean, lint-free paper tissue or cloth before the solvent completely evaporates. Repeat step
c) at least once. In each wipe of the substrate surface during step c), a new, uncontaminated cloth or tissue should
be used. For severely contaminated substrates, additional pre-cleaning steps can be required.

If other support materials are to be used, they shall be characterized and shall be described in the test
report. If other support dimensions are used, they shall be described in the test report.
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Figure 1 — Schematic drawing.of test specimen — Sealant in anodized aluminium support used
for cyclicmechanical movement of sealant (all units in mm)

5.2 | Spacers

Spacers for the preparation of the specimens, of dimensions 20 mm x 18 mm x 10 mm, with anti-adherent
surfgce (see Figuire 1) shall be used. If the spacers are made of material to which the sealant adheres,
their|surface-shall be made anti-adherent, e.g. by a thin wax coating.

5.3 | Backing material (bond breaker)

Open-cell foam backing material [polyethylene (PE) or polyurethane (PU) foam] of 3 mm thickness
for the preparation of test specimens shall be used. The foam backing material shall not restrict the
movement of the L-shaped pivoted support elements.

5.4 Separators

Separators of appropriate dimensions shall be used to hold the test specimens in extension up to the
maximum specified movement amplitude of the sealant.

© ISO 2014 - All rights reserved 3
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5.5 Container

Container filled with demineralised or distilled water shall be used for conditioning according to method

B.

5.6 Venti

lated convection-type oven

Ventilated convection-type oven, capable of being maintained at (70 + 2) °C, shall be used for conditioning
according to method B.

5.7 Fully

Fully autom
test specim
complying ¥
towards the
weathering

The level of
be altered.

In fully aut
spraying thg
is to be avoi
are typicallj
water.3)
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automated test chamber with an artificial licht sgurce
L=4

bns to radiation under controlled conditions of temperature, relative humidity, Jand w
vith the requirements of ISO 4892, Parts 1, 2, 3, and 4. The radiation is always dir¢

same surface of the sealant specimen. Standard practices for operating(such accelel
chambers are described in ISO 4892-1.

irradiance and water exposure at the specimen surface as described-in 5.8 and 8.2 c3

mated test equipment, exposure to water for this test method is accomplished by v
specimen surface or immersing the test specimens in water4),2) Contamination of the y
ed. The purity of the water to be used is described in:}SO 4892-1. The water tempera
F (21 + 5) °C for the spray water and typically (40 £5) °C for the re-circulated imme

ipment and test procedures for cyclic exposures to water are described in ISO 4892,

. Water is a key factor contributing to the ageing of sealants, especially in combination
light. In xenon arc devices that use water spray for wetting, relative humidity durin
shall be maintained at (50 * 10)% r.h. (see ISO 4892-2, Table 3, Method A, Cycle Numbe

1) Adequatg
period in the|
restrictions o
been generat

heattransfer between the testSpecimen and the environmentis essential during the lower temper
fluorescent UV/condensation/device in order for condensation on the sealant to occur. This j
n the thermal mass and, consequently, on the dimensions of a specimen. No experimental datq
bd on the time-of-wetneéss of sealant test specimens of the kind specified in this International Staj

when placed

n fluorescent UV/condénsation device operating at conditions specified in this International Star

However, testling conducted by-ASTM C24 on ISO 8339 specimens appears to suggest that the condensation pr
provided in the fluorescentJVy/condensation apparatus is generally not applicable to the type of sealant specimens
tested. Therefore, wettingsin this International Standard is carried out by water spray on the exposed spe
surface (default method)."However, the front surface water spray accessory was not designed for this pu
and requires fan unréasonable amount of pure water for the wet period specified. Therefore, often the equig
is modified tg allow! re-circulation of the water during the exposure period. Some fluorescent UV equipmer]
adaptable sptay»manifolds, which allow installation of lower flow type nozzles, thus reducing the amount of

hted test chamber with an artificial light source (5.8), shall be used, capable of exposinlg the

rater,
pcted
rated

nnot

vater
vater
ures
rsion

Parts
with
o the
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dard.
ocess
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ment
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water used.

2) Data generated with these two methods of water exposure (spray or immersion) in a round robin test on a set of
sealants for revision of ISO 11431 showed acceptable correlation, although contributions to the various degradation
mechanisms acting in the specimens (e.g. hydrolysis, thermal shock, leaching of formulation components, etc.) can
differ between these exposures. The degree of correlation between these two methods thus can vary depending on
the specific sealant tested.

3) Spray water can be fresh or re-circulated from a holding tank. Immersion water is generally in a holding tank
for re-circulation. The temperature of the spray water is uncontrolled and for fresh water is typically (21 = 5) °C. Re-
circulated spray water can be ata higher temperature. The uncontrolled temperature of the re-circulated immersion
water during operation of the weathering device is typically (40 + 5) °C. It can be controlled by heating the water to a
higher temperature. However, heating is not desirable because the water immersion temperature would then differ
to a larger extent from the spray water temperature.

4) Generally, automated-weathering equipment based on xenon-arc light with water immersion exposure and
fluorescent UV lamp type equipment do not allow control of humidity during the light period.
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In the immersion technique, the test specimens are placed in a chamber that is periodically flooded
with re-circulated water. During immersion, the specimens are completely covered by water. The water
temperature is measured below the water surface with the black standard thermometer. The immersion
system shall be made from corrosion resistant materials that do not contaminate the water employed.

5.8 Artificial light source

Light sources for the simulation of the global radiation at the surface of the earth are subject to
development. The degree of approximation to the spectral power distribution according to CIE
publication No. 85 (Table 4) depends on the type of lamp. Xenon-arc lamps with suitable filters are
preferred and are considered the default for the purpose of this International Standard.

light source
ISO 4892 to

Several factors can change the intensity and the spectral power distribution of the artifieial
during service. Comply with the manufacturer’s recommendations and the requirements of
maintain constant irradiation conditions.

5.8.1 Xenon-arc light source (default)

Xenon-arc light source with daylight filters shall be used for the simulation of terrestria] daylight as

defin
with
betw
The

the s
inten
1 W/

5.8.2
Fluol

regid
distr

5.8.3

Oper]
Ane

infrared radiatiofi-Use carbon rods recommended by the device manufacturer. The spe

distn
carb

5.9

ed in the CIE publication No. 85. The spectral power distribution of the radiation s
the requirements outlined in ISO 4892-2, method A. Irradiance'at the surface of the teq

pquivalent irradiance setting for 300 nm to 400 nm shall,b&¢'60 W/m?2 maintained at +
etting for 340 nm shall be 0,51 W/(m2 nm) maintainedsat +0,02 W/(m?2 nm). If, excepti
sities will be used, these shall be stated in the test report. Irradiance below 300 nm sha

Fluorescent ultraviolet source (option)

rescent UVA-340 lamp(s) shall be used. The radiation of UVA-340 lamp(s) is mainly in th
n between 300 nm and 360 nm with'negligible visible and infrared radiation. The spe
ibution of the radiation shall comply with the requirements outlined in ISO 4892-3 for

re than +10 % over the whole specimen exposure area.

Open-flame carbon‘arc source (option)

-flame carbon arclight sources typically use carbon rods, which contain a mixture of
ectric current/is passed between the carbon rods, which burn and give off ultraviolet

ibution of.the radiation shall comply with the requirements outlined in ISO 4892-4,
bn arc light source with daylight type filter (type 1 filter).>)

Black standard (insulated) and black panel (uninsulated) temperature se|

hall comply
t specimens

een the wavelengths of 300 nm and 800 nm shall be set at 550 W/m2 and maintained at +75 W/mZ2.

2 W/m2 and
bnally, other
| not exceed

m2. The irradiance shall not vary by more than £320% over the whole specimen exposyre area.

e ultraviolet
ctral power
a lamp with

m peak emission. Irradiance below 300 nm shall not exceed 1 W/mZ2. The irradiance shall not vary

ot

metal salts.
visible, and
ctral power
open-flame

nsors

Black standard (default) and black panel thermometer (option) temperature sensors shall comply
with the requirements outlined in ISO 4892-1, 5.2. The default thermometer is the black standard
thermometer.

NOTE Under given operation conditions, black panel (uninsulated) thermometers tend to indicate lower
temperatures than the black standard (insulated) thermometers. The temperature difference between the two
types ranges between 3 °C and 12 °C, being smaller at lower irradiance levels.

The thermometer shall be mounted on the specimen rack so that its surface is in the same relative
position and subjected to the same influences as the test specimens. Readings shall only be taken after
sufficient time has elapsed for the temperature to become constant.

5) The chemical composition of the carbon rods can affect the spectral power distribution of open flame carbon
arc light sources.
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6 Preparation of test specimens

Three test specimens for each sealant and each aging method shall be prepared.

Bring the sealant to (23 * 2) °C before preparation of the specimens (this is generally achieved by
conditioning the packaged sealant for 24 h at this temperature). Prepare three specimens. For each
specimen, assemble one support (5.1), see Figure 1, by inserting two spacers (5.2) at the ends of the
joint. Apply the open-cell backing foam (5.3) to the bottom of the joint.

Follow the instructions of the sealant manufacturer concerning the sealant application, for instance,
whether a primer is to be used on the contact surface of the L-shaped support elements.

Fill the hollg
support, the

a) Avoid th
b) Pressth
c¢) Trimth

After prepal
unsuitable f]

7 Condif

7.1 Gene

Condition tH
B (option), 3
7.2 Meth
Place the sp|

specimens,
conditioning

7.3 Meth

Condition t}
conditioning

a) 3dinth
b) 1dind

w volume (dimensions: width x depth x length = 20 mm x 15 mm x 100 mm) formed\b
backing foam and spacers with the sealant, while taking the following precautions:

le formation of air bubbles.
e sealant to the inner surfaces of the pivoted support elements.
e sealant surface so that it is flushed with the faces of the support eléments and spacer

'ation, the sealant test specimens shall be examined for defects. Any test specimens deg
pr testing shall be rejected.

lioning

ral

e specimens at rest (static conditioning) in@ccordance with method A (default) or md
s agreed between the parties concerned.

pd A (default)

ecimens, such that air can freely circulate to the back-face of the base-plate. Conditio
vith the spacers in place, for-28 d at (23 + 2) °C and (50 = 5) % relative humidity. Aftd
r, remove the spacers atboth sides of the sealant joint.

pd B (option)

le specimens-first according to method A. Then subject them three times to the follo
r cycle:

e oven:(5:6) at (70 = 2) °C;

stilled water at (23 + 2) °C;

y the

v

bmed

thod

n the
r the

wing

c) 2dintheoven (5.6) at (70 * 2) °C;

d) 1dindistilled water at (23 * 2) °C.

This cycle can be carried out alternatively in the sequence c), d), a), and b). After the conditioning, remove
the spacers at both sides of the sealant joint.

NOTE

cure of the sealant. It is not intended to give information on the durability of the sealant.

Conditioning B is a normal conditioning method using the influence of water and heat to accelerate the
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8 Test procedure

8.1 General

After conditioning and removal of the spacers, expose the specimens to the artificial weathering cycles
and mechanical movement (fatigue) cycles, as agreed by the parties concerned. The choice of the type
of accelerated weathering exposure shall be by mutual agreement among the interested parties. The
default degradation cycle is six weeks of exposure in Xenon-arc type automatic weathering equipment
(8.2.1) with the test specimen simultaneously being exposed to mechanical cycling (8.3). The default

value for the total number of degradation cycles is three.

NOTH
inter
teste

8.2

Duri
sour

the

R

surfa
from
or IS
pane
temp
spec

8.2.1

The

terrg

and

The

q

expo
perid

a)

b)

4

q

Because the different types of exposures can produce different test results, they ca
hangeably without supporting data that demonstrates equivalency of the procedures for {
.

Accelerated weathering exposure conditions (default period: sixyweeks)

hg the artificial weathering cycle, expose the test specimens to radiation by the ary
Ce such that the specimen test surface faces the lamp. During repeated exposure perio
pecimens are exposed to several degradation cycles, direct the radiation towards
ce of the sealant. Mount the test specimens so that the plane‘ef the test surface is 3
the lamp(s) consistent with the method for operating the~apparatus (ISO 4892-2 oy
0 4892-4). Control the test temperatures with a black‘standard thermometer (defat
| thermometer (option), as specified in 5.9, mounted onthe specimen rack so that th
erature sensor is in the same relative position and is'subjected to the same influence
mens.

Exposure in automatic weathering equipment — Xenon-arc type (default)

light source shall be one or more xenen-arc lamps with daylight filters installed
strial daylight. The spectral powepr distribution, operating practices, and irradiancg
hort wavelength limit shall be as-defined in 5.8.1.

standard conditions of test_(default) are repeated cycles of exposure that consist of
sure in the xenon-arc machine, the irradiance level being set as specified in 5.8.1, with
ds of dry and wet:

\ dry period of 1020min, in which the specimens are exposed to radiation and heat. Fr
fthe dry period@®he temperature is allowed to rise, until it reaches a steady temperatu
C, as measured.on the black standard thermometer (5.9). Relative humidity during the
50 * 10) %uSing the xenon-arc device with water spray. The chamber air temperature
hat allow for its control shall be (38 * 3) °C.

\ wet périod of 18 min, in which the specimens are exposed to radiation and wetting eit

hnot be used
he materials

tificial light
ds, i.e. when
the exposed
t a distance
ISO 4892-3
h1t) or black
b face of the
s as the test

to simulate
-uniformity

bix weeks of
alternating

bm the start
e of (65 £ 3)
ry periodis
in machines

her by water

pray on the exposed surface or immersion in water. The water temperatures are typig

ally (21 + 5)

QLo

L I0r the spray water and typically (4U £ 5) "L I0r the re-Ccirculated immersion water.

The cycles of dry and wet exposures are repeated 504 times (default) (six weeks total duration in the
weathering machine).

NOTE

Alternative exposure cycles as appropriate and agreed amongst the parties concerned

can be used.

However, if the experimenter deviates from the default values specified, both the default values as well as the
actual conditions used shall be reported.

Filtered xenon arcs provide a good representation of the spectral power distribution as defined in the
CIE publication No. 85 and therefore, are considered as the reference for the purpose of this International
Standard.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=fb44c1497752304c55c762a3e84a04a5

ISO 11617:2014(E)

8.2.2 Exposure in automatic weathering equipment — Fluorescent UVA-340/water spray type
(option)

The apparatus employed shall conform to the requirements of ISO 4892-3, for a fluorescent UV device
with fluorescent UVA-340 lamps having peak emission at 343 nm (5.8.2). The equipment shall be fitted
with a suitable spraying unit.

It should be noted that for sealants sensitive to long wavelength UV and visible radiation, the absence
of this radiation in these lamps can distort stability ranking when compared to exterior environment

exposure.

In non-irradia
temperature

UVA-340 la
irradiance a

The standaf
exposurein
and cycle dy
thermometd

a) Dry per

b) Waters
spray w

The cycles d
duration in

NOTE
However, if t
actual condit]

8.2.3 Exp

The apparat
light device
shall be fittg

The standaf
exposure in
(temperatut
black stand4

a) Dry per
b) Waters

Alternative exposure cycles as appropriate and-agreed amongst the parties concerned can be

ps operating at (65 * 3) °C black standard thermometer temperature, the targetwalu
340 nm is 0,89 W/(m2-nm) maintained at +0,02 W/(m2-nm).

d conditions of test (default) are repeated cycles of exposure that consistof six wee
the fluorescent UV/water spray device with alternating periods of dry and wet (tempery
iration specified are defaults; temperatures specified are measuredon the black stan

r):
iod of light: 8 h of UV radiation at (65 * 3) °C, followed by

pray period: 4 h of UV radiation and water spray on the fremtsurface. The temperature
ater is typically (21 + 5) °C.

f dry light and light/water spray periods are repeated 84 times (default) (six weeks
'he weathering machine).

he experimenter deviates from the default values specified, both the default values as well 3
jons used shall be reported.

psure in automatic weatheringequipment — Open-flame carbon arc (option)

us employed shall conform tothe requirements of ISO 4892-4, for an open-flame carbo
fitted with a daylight-typeé (type 1) filter (see Table 1 in I[SO 4892-4) (5.8.3). The equip
d with a suitable spraying unit. The black standard temperature shall be (65 * 3) °C.

d conditions of test’(default) are repeated cycles of exposure that consist of six wee
the open-flame.¢arbon-arc light/water spray device with alternating periods of dry an
e and cycle duration specified are defaults; temperatures specified are measured o
ird thermometer, air temperature not controlled).

iod of light: 102 min of light radiation at (65 * 3) °C, followed by

of the s

pray period: 18 min of light radiation and water spray on the front surface. The temper

hWaVal

ks of
ture
dard

fthe

total

used.
s the

n-arc
ment

ks of

] wet
h the

hiture

€

The cycles of dry light and light/water spray periods are repeated 504 times (default) (six weeks total
duration in the weathering machine).

NOTE

Alternative exposure cycles as appropriate and agreed amongst the parties concerned can be used.

However, if the experimenter deviates from the default values specified, both the default values as well as the

actual condit

ions used shall be reported.

8.3 Mechanical cycling

Simultaneous to accelerated weathering, expose the specimens to mechanical cycling up to the
maximum specified movement amplitude (e.g. #25 %, +50 %) by changing the position of the separator
(5.4) manually once per week, resulting in an exposure interval of 7-day duration. To ensure both ends
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of the specimen are exposed to the same duration of compression and extension, the position of the

separator shall be changed always at the same time (+1 h) on the same weekday.

9 Examination for defects

The specimens are examined upon completion of each degradation cycle consisting of si

multaneous

weathering and cyclic movement lasting six weeks. The specimens shall be examined in their fully
extended state [with the separators (5.4) inserted at one end of the specimens as shown in Figure 2].
Both ends (legs) of the specimens shall be examined by firstinserting the separators at one end, followed
by the examination and documentation of the results, then inserting the separators at the other end,
agairfotowed by examimatiomramddocunrentatiomrof the resutts—Trespecimrensstrattbeexamined for
evidé¢nce of loss of adhesion and cohesion or any surface changes (cracking, crazing, chaltking, etc.) of

the spalant beads.

Detefminetheratingforquantity,width,anddepthofcohesive cracksforaspecificextension/c
valug¢ (see Figure 2) achieved along the length of the specimen according to Tables1, 2,and 3 §
Asseps the quantity of cohesive cracks by reference to Table 1 and by using,’as an example,
and b), depending on the type of cracking.

NOTE1 Figure 3 a) shows cracking without preferential direction and Figure 3 b) shows crg

ompression
espectively.
Figures 3 a)

cking in one

preferential direction. Other forms of cracking occur, but the principlestef assessing the quantitly remain the

same,

Whehever a very significant loss of cohesion or adhesion (defined as >3 mm depth of defect)
meagure the depth, length, and range of these cracks or adhesion defects. The range of a crack

is observed,
oradhesion

defec¢t is determined by parallel projection of the lengtlvof the very significant crack onto the L-shaped

supplort elements and reported as the range of affected movement exposure values.

NOTHE 2  Forexample, a very significant loss of adhe$ion can be determined to have a length of 15 mm and affect

movement exposure values of +20 % to +25 %.

Use measuring devices capable of readingto 0,1 mm for crack depth and width and a meas
capaple of reading to 0,5 mm for crack length and range (if applicable).

NOTH 3  Various tools for the detérmination of crack depth and width are commercially availah

oftenfused in the study of corrosion-induced pitting and cracking, for example, measuring micro
opticpl micrometer, and digital(pitand crack depth gauges.

Table 1 — Rating for quantity of cohesive cracks

Rating Quantity of cracks (Q)
0 None, i.e. no detected cracks
1 Very few, i.e. some just detectable cracks
2 Few, i.e. small number of cracks

iring device

le, which are
scope, digital

LW, S | 4 H I 1 £ 1
MUUCITALT, LL.C. IIITUITULI ITUIITUTT UL LT AdCRS

[ §]

Considerable, i.e. significant number of cracks

RS

Dense, i.e. dense pattern of cracking
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Table 2 — Rating for width of cohesive cracks

Rating Width of cracks
0 Not visible at 10x magnification
1 Only visible under magnification up to 10x
2 Just visible with normal (or corrected) vision (<0,1 mm wide)
3 Clearly visible with normal (or corrected) vision (0,1 mm
4 to <0,5 mm wide)
5 Large cracks, generally 0,5 mm to 1 mm wide
Very large cracks, generally more than 1 mm wide b‘
Q}
Table 3 — Rating for cohesive crack depth (1/
Rating Depth of cracks k@'
0 No cracks detectable at 10x magnification '\\
Shallow surface crack depth (<0,1 mm depth) %O

Medium surface crack depth (0,1 to 1 mm depth) c‘)\
Significant surface crack depth (>1 mm to 3 mpi'depth)

Very significant surface crack depth (>3 ano 0 mm depth)
Cohesive failure (>10 mm depth) ;(Q.\

—

Ul W N

Separator

Figure 2 —&gi specimen with indication of areas for evaluation of defects (the movement
exposure qnﬁplitudes (shown as a percentage of joint width) are examples used for illustration

purpose only)

Determine the largest observed value for crack density, crack width, and crack depth as well as the
nature of the failure (adhesive or cohesive) for a specific extension value achieved along the length of the
specimen within an area of +5 mm adjacent to this movement exposure.

NOTE For example, for sealants with specified maximum movement amplitude of *25 %, make the readings
of crack density, crack width, and crack depth along the extended leg of the specimen at 0 %, +10 %, and 20 %
movement exposures. Sealants that are exposed to higher movement amplitudes can be assessed along the
extended leg of the specimen at £0 %, +15 %, +25 %, *35 %, or at higher movement exposures (see Figure 2).

Q=1 Q=2 Q=3 Q=4 Q=5
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Figure 3a — Cracking without preferential direction based on obseryation area of|10 mm x
20 mm (pictorial standards adapted from ISO 4628-4)
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Figure 3b — Crackingin one preferential direction based on observation area of 10 mm x
20-mm (pictorial standards adapted from ISO 4628-4)
Becase of the ex¢éssive stress experienced by the sealant near the corners of the specimen,|during both

prep
of 21
whet]
whet

hration anddesting, loss of adhesion and cohesion is more likely to occur within a perip
hm x 15%m x 20 mm at either or both ends of the sealant bead (see Figure 4). Determin
her,any adhesion defects or cohesive cracks fall in their entirety within this periphef
her, they have propagated further into the bulk of the sealant.

heral region
e and report
al region or
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Key
Zone A
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Figure 4 — Sections through sealant test specimen

Cohesive cracks and adhesion defects in the excluded volume, 2 mm x 15 mm x 20 mm, are NOT
REPORTED

Adhesion defects in Zone B are NOT REPORTED

Adhesion defects extending from Zone B into this region (i.e. >2 mm depth) are REPORTED. Loss of
adhesion or internal voids observed solely in Zone C are REPORTED as general observations (detection
of defects in Zone C requires cutting the sealant bead of the supports, see below).
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Upon completion of the final durability cycle, examine first the front surface of the specimen. Then cut
the sealant material out of the supports and examine the back surface, the sealant/substrate interfaces,
and the bulk of the sealant. Certain types of degradation can occur that are only visible at the back
surface. Report any relevant observation, such as splitting of the sealant surface, depolymerisation
(reversion) of the bulk sealant, etc.

10 Photo documentation of test specimens

Visual inspection and documentation of visual aspect are supplemented by photographic documentation
to aid in the communication of the findings. Preferably, photographic documentation is done after
compplett i ; Tti ; h exposure
interjval shall be documented photographically (minimum 75 mm x 100 mm print size) witl a minimum
resolution of800 dpi (31,5 dots per mm). The digital photo shall be furnished with a minimum|9 Megapixel
camgra (colour photo in “true colour” setting) to document the findings. The camera shall b positioned
on a fixed mounting in such a manner that the photo is taken at an angle of 0° to’10° (nearly vertically).
The long side of the specimen shall be aligned with the horizontal axis of thephoto. The photo shall be
furnished at a distance of 30 cm to 50 cm from the evaluation specimen with a lens that regsults in the

long-
phot
low (
resol
scald

docujmented in their fully extended state (with the separators (5.4) inserted at one end of th

as sh

NOTH
to ex]
of sc3

Imag
infon

NOTH
move
balan
infor

The 1
thes

NOTH
two {
3 tim
descr
of the

edge of the specimen representing a minimum of 80 % of the phoeto’s horizontal axi
bs shall be made in uncompressed format (RAW, TIF, or similar) or-at a minimum, in
ompression JPEG format. Compression in JPEG format shall notaffect reproduction of
vable feature in each of the two horizontal dimensions. All photographs shall have an
in both directions within the picture plane (XY).The sunface condition of the specim

own in Figure 2). Both ends (legs) of the specimen shall be documented.

1
bress the magnification of the photo. Crack gauges placed in X and Y directions can also serve as
le.

e files shall not be manipulated or adjusted in any way that could lead to misinterpre
mation present in the original image.

2 Inappropriate manipulation\includes, but is not limited to: a) the introduction, ¢
ment, or removal of specific feature(s) within an image; b) adjustments of brightness, contr
ce that obscure, eliminate, prinisrepresent any information. Sharpening of photos can also |
mation present in the originalimage.

esolution of the camera’s sensor shall be chosen such that a minimum of 3 pixels are usg
mallest resolvablé\feature in each of the two horizontal dimensions (XY).

3 The Nygquist-Shannon sampling theorem suggests that a point object should be oversary
imes in X and-Y directions. Because adequate contrast is essential to correctly resolve stru
es oversampling is more appropriate. Undersampling of an image, i.e. using too few pixels
ibe a small feature, can yield artefacts, which masquerade as real structures, leading to misi
imagé data.

5. All digital
high quality,
the smallest
ndication of
ens shall be

e specimens

Scale bars of known size (shown in both X and Y'direction) or scaled rulers are the most sijitable option

an indication

tation of the

nhancement,
hst, or colour
pad to loss of

d to capture

hpled at least
rtures, 2,5 to
to accurately
hterpretation

The
the p

ighting of theseatantspecimen stattensure good contrastamdaccurate cotour Tepr
hoto image.

11 Continuation of degradation cycles

sentation in

After examination of the specimens, remove the separators and allow the specimen to relax for 1 h. After
the relaxation period, re-insert the separators (reversing position from prior cycle), place the specimens
in the weathering devices and repeat the procedure described in Clauses 8 and 9. The default value for
the total number of degradation cycles is three. However, choose the minimum number of degradation
cycles such as to induce a substantial (visible) degradation for the least stable material being evaluated.
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