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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 59, Building and civil engineering works,
Subcommittee SC 8, Sealants.

iv © ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm

BS ISO 11528:2016
INTERNATIONAL STANDARD ISO 11528:2016(E)

Buildings and civil engineering works — Sealants —
Determination of crazing and cracking following exposure
to artificial or natural weathering

1 Scope

This International Standard specifies methods for the assessment of surface defects (crazing and
cracking) on sealants after exposure to artificial or natural weathering.

NOTE Sealants are weathered in the laboratory in order to simulate ageing processes occurring during
natural weathering. Generally, valid correlations between ageing during artificial and natural weathering cannot
be expected because of the large number of influencing factors. Certain relationships can only be expected if
the effect of the important parameters (spectral distribution of the irradiance in their photochemically relevant
range, temperature of the specimen, type of wetting, wetting cycle relative humidity) on the sealant is known.
However, unlike natural weathering, testing in the laboratory is carried out taking into consideration a limited
number of variables which can be controlled, and therefore, the results are more reproducible.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 3668, Paints and varnishes — Visual comparison of the colour of paints
ISO 6927, Buildings and civil engineering works — Sealants — Vocabulary

CIE Publication No.51, A Method for Assessing the Quality of Daylight Simulators for Colorimetry’ (CIE
051.2-1999 (including Supplement 1-1999)

3 Terms and definitions

For the purposes of this document, the definitions given in ISO 6927 apply.

4 Principle

This International Standard defines an evaluation scheme for designating the quantity and quality
of specific surface defects (cohesive cracks and crazes) occurring in sealants as a result of exposure
to outdoor or artificial weathering. The sealant test specimens are visually examined and rated for
crack density, crack width, and crack depth. The extent of damage in terms of crack width and crack
density is determined by visual evaluation and comparison with pictorial references provided in this
International Standard. The crack depth is visually assessed with reference to a rating scale.

Visual assessment is carried out under specified illumination and viewing conditions in artificial
daylight (D65). Findings are documented by digital photography.

© IS0 2016 - All rights reserved 1
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5 Apparatus

5.1 Standardized lighting apparatus, in accordance with ISO 3668, which is illuminating the test
specimen surface with artificial daylight (D65) - 6 500 K.

The quality of simulation of daylight shall be assessed by the method described in CIE Publication No.
51. The spectral distribution of the illuminant shall be in category BC (CIELAB) or better. The level of
illumination at the specimen inspection position shall be between 2 000 Ix and 4 000 Ix.

5.2 Calliper gauge, with an accuracy of 0,05 mm, for the measurement of deviation of specimen
surface flatness.

5.3 Microscope, with a magnification of 10x, for the assessment of surface defects.

6 Observer

Observers shall have normal colour vision and shall be selected carefully because a significant
proportion of people have defective colour vision. To avoid eye fatigue effects, pastel or complementary
colours shall not be viewed immediately after strong colours. The quality of visual judgements falls off
severely if the observer works continuously. Rest periods of several minutes, during which no specimen
inspection is attempted, shall therefore be taken frequently.

7 Evaluation specimens

7.1 General

Evaluation specimens are cured sealant samples with or without adjacent substrates (supports) that
have been exposed to either natural (outdoor) or artificial weathering. A minimum of two specimens
shall be evaluated for each sealant product and weathering condition.

7.2 Specimen thickness

The thickness of the evaluation specimen (cured sealant layer) shall be a minimum of 3 mm.

7.3 Size of inspection surface

The size of the specimen surface that is inspected for surface defects shall be at a minimum
10 mm x 20 mm and at a maximum 40 mm x 50 mm in size.

NOTE Standard-sized test specimens according to ISO 8339 are deemed as providing a suitable inspection
surface.

7.4 Flatness of inspection surface

The inspection surface of the evaluation specimens shall be nearly flat, i.e. the deviation of the
inspection surface from a perfect plane shall not exceed #2 mm at any point across the inspection
surface. Deviation from the plane is measured by placing a straight-edge steel ruler across the specimen
and using a standard pointed depth gauge (calliper gauge, 5.2). The measured value shall be expressed
as concave (+) when the surface layer is facing towards the ruler and as convex (=) when the surface
layer is facing away from the ruler.

7.5 Conditioning of evaluation specimens

The evaluation specimens shall be conditioned at (23 * 2) °Cand (50 * 10) % relative humidity (standard
atmosphere 23/50 class 2 according to ISO 291) for a minimum of 16 h prior to inspection.

2 © IS0 2016 - All rights reserved
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8 Procedure

8.1 Viewing of evaluation specimens

View the evaluation specimens at a distance of 30 cm to 40 cm and an angle of 45° to 60° with
illumination at an angle of 90° or vice versa in a controlled lighting apparatus (5.1) under standardized
lighting conditions [conforming to CIE standard illuminant artificial daylight (D65) - 6500 K].

8.2 Assessment of test specimens prior to exposure

If evaluation specimens are not obtained from the field and therefore are available prior to exposure,
each specimen shall be inspected. Specimens with any significant application defects (bubbles,
deviations from planarity, etc.) shall be discarded.

8.3 Weathering
The evaluation specimens shall be exposed to natural (outdoor) or artificial weathering.

NOTE Weathering can be carried out with or without simultaneous or sequential cyclic movement. For a
discussion of different weathering methods see, for instance, ISO 11617 or the RILEM Technical Recommendations.
[2](3][4]

8.4 Assessment of test specimens after exposure

After exposure to natural (outdoor) or artificial weathering, the evaluation specimens are inspected
visually under controlled lighting conditions (see 8.1). Inspection of the evaluation specimens may
occur in their non-extended state or, preferably, in an extended state. The extension amplitude applied
during inspection of the evaluation specimens shall be reported in the test report (extension amplitude
of non-extended specimens: 0 %).

The specimens shall be examined for evidence of loss of adhesion and cohesion or any surface changes
(cracking, crazing, chalking, etc.) of the sealant beads. Certain types of degradation that are only visible
at the back surface may occur. Report any relevant observation, such as splitting of the sealant surface,
depolymerization (reversion) of the bulk sealant, etc.

Determine the rating for quantity, width, and depth of cohesive cracks over the inspection area
according to Table 1, Table 2, and Table 3, respectively. Assess the quantity of cohesive cracks by
reference to Table 1 and by using, as an example, Figure 1 a) and Figure 1 b), depending on the type
of cracking. The degree of degradation (crack width, crack density, and crack depth) can vary over the
specimen surface. In such cases, the determination of the crack width, crack density, and crack depth
shall be made at several locations on the specimen surface and the minimum and maximum value shall
be reported.

NOTE1 Figure 1 a) shows cracking without preferential direction and Figure 1 b) shows cracking in one
preferential direction. Other forms of cracking occur, but the principles of assessing the quantity remain the
same (see Annex A).

Use measuring devices capable of reading to 0,05 mm for crack depth and width.

NOTE 2  Various tools for the determination of crack depth, which are often used in the study of corrosion-
induced pitting and cracking, for example, measuring microscope, digital optical micrometer, and digital pit and
crack depth gauges are commercially available.

If required for the proper rating of surface defects of outdoor weathered specimens, remove surface
contamination by detergent wash followed by water rinse. No aggressive solvents should be used.
Brushing or wiping of the surface may damage the surface topology and should be avoided. Ultrasonically
aided cleaning is often particularly effective in achieving satisfactory surface decontamination.

© IS0 2016 - All rights reserved 3
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For specimens exposed to natural (outdoor) weathering, dirt deposited on the surface from the
atmosphere or surface mould growth may mask some of the cracking and crazing. In this case, efforts
shall be made to remove the dirt or mould by suitable means.

Table 1 — Rating for quantity of cohesive cracks

Rating Quantity of cracks (Q)

0 None, i.e. no detected cracks

Very few, i.e. some just detectable cracks

Few, i.e. small number of cracks

Moderate, i.e. medium number of cracks

Considerable, i.e. significant number of cracks

G| W N -

Dense, i.e. dense pattern of cracking

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 to <0,5 mm wide)
4 Large cracks generally 0,5 mm to 1 mm wide
5 Very large cracks generally more than 1 mm wide

Table 3 — Rating for cohesive crack depth

Rating Depth of cracks
0 No cracks detectable at 10x magnification
1 Shallow surface crack depth (<0,1 mm depth)
2 Medium surface crack depth (0,1 mm to 1 mm depth)
3 Significant surface crack depth (>1 mm to 3 mm depth)
4 Very significant surface crack depth (>3 mm to 10 mm depth)
5 Cohesive failure (>10 mm depth)

4 © IS0 2016 - All rights reserved
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b) Cracking in one preferential direction
Figure 1 — Examples for assessing the quantity of cohesive cracks

Figure 1 a) and Figure 1 b) are based on observation area of 10 mm x 20 mm (pictorial standards were
adapted from ISO 4628-4).

8.5 Photo documentation of evaluation specimens

Visual inspection and documentation of visual aspect are supplemented by photographic documentation
to aid in the communication of the findings. The surface condition of the specimen observed after each
exposure interval shall be documented photographically (minimum 75 mm x 100 mm print size) with
a minimum resolution of 800 dpi (31,5 dots per millimetre). The digital photo shall be furnished with
a minimum 9-megapixel camera (colour photo in “true colour” setting) to document the findings. The
camera shall be positioned on a fixed mounting in such a manner that the photo is taken at an angle
of 80° to 90° [nearly vertically, see Figure B.6)]. The long side of the specimen shall be aligned with
the horizontal axis of the photo. The photo shall be furnished at a distance of 30 cm to 50 cm from the
evaluation specimen with a lens that results in the long-edge of the specimen representing a minimum
of 80 % of the photo’s horizontal axis. All digital photos shall be made in uncompressed format (RAW,
TIF, or similar) or, at a minimum, in high quality, low compression JPEG format. Compression in JPEG

© IS0 2016 - All rights reserved 5
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format shall not affect reproduction of the smallest resolvable feature in each of the two horizontal
dimensions. All photographs shall have an indication of scale in both directions within the picture
plane (XY). Photo-documentation of the evaluation specimens may occur in their non-extended state
or, preferably, in their extended state. The extension amplitude applied during photo documentation
of the evaluation specimens shall be reported in the test report (extension amplitude of non-extended
specimens: 0 %).

NOTE 1  Scale bars of known size (shown in both X and Y direction) are the most suitable option to express the
magnification of the photo.

Image files shall not be manipulated or adjusted in any way that could lead to misinterpretation of the
information present in the original image.

NOTE 2  Inappropriate manipulation includes, but is not limited to: a) the introduction, enhancement,
movement, or removal of specific feature(s) within an image; b) adjustments of brightness, contrast, or colour
balance that obscure, eliminate, or misrepresent any information. Sharpening of photos may also lead to loss of
information present in the original image.

The resolution of the camera’s sensor shall be chosen such that a minimum of 3 pixels are used to
capture the smallest resolvable feature in each of the two horizontal dimensions (XY).

The Nyquist-Shannon sampling theorem suggests that a point object should be oversampled at least
two times in X and Y directions. Because adequate contrast is essential to correctly resolve structures,
2,5 times to 3 times oversampling is more appropriate. Undersampling of an image, i.e. using too few
pixels to accurately describe a small feature, can yield artefacts, which masquerade as real structures,
leading to misinterpretation of the image data.

The lighting of the sealant specimen shall ensure good contrast and accurate colour representation in
the photo image (see Annex B).

9 Testreport

The test report shall include the following information:

a) areference to this International Standard, i.e. [SO 11528:—;

b) the name of the test laboratory and date of test;

c) thename and type of sealant;

d) the batch of sealant from which the specimens were produced;

e) the method and date of preparation of the test specimens, thickness of the sealant, colour;

f) the details of the natural or artificial weathering procedure as required by the relevant weathering
standard (e.g. the method of conditioning used, type of weathering, duration of exposure, artificial
weathering exposure cycle, type of lamp, intensity of light, and if water spray or immersion in
water is applied);

g) for specimens weathered outdoors, the presence or absence of surface soiling and/or mould
growth; before and after cleaning (if applicable) of the inspection surface: the percentage (%) of
estimated coverage of the contamination on the inspection area; the strength (layer thickness) of
the contamination, rated as weak, medium, and strong; the method employed in the cleaning of the
sealant surface;

h) the ratings for crack severity (width), crack density, and crack depth in accordance with this
International Standard, extension amplitude applied during inspection (if applicable);

i) any other relevant observations, such as loss of adhesion, chalking of sealant surface,
depolymerization (reversion) of the bulk sealant, etc.;

j) the digital photo documentation, extension amplitude applied during photo documentation;

6 © IS0 2016 - All rights reserved
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k) any deviations from the specified test conditions;

1) any unusual features (anomalies) observed during the test.

© IS0 2016 - All rights reserved 7
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Annex A
(informative)

Photographic documentation

Ratings for crack width — Ratings S1 to S5 (SO: No cracks are observed).
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Figure A.1 — Crack width: S1
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Figure A.2 — Crack width: S2
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Figure A.3 — Crack width: S3
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Ratings for crack quantity (density) — Ratings Q1 to Q5 (QO: No cracks are observed).
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Figure A.7 — Crack quantity: Q2
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Annex B
(informative)

Preparation of the specimen for photography

B.1 General

The following basic procedures for taking photographs should result in good photographic records.
These procedures are not the only way to photograph test specimens. Experienced photographers may
decide to use different techniques and equipment.

B.2 Preparation of the specimen for photography

Avariety of sample holders or fixtures may be used for securely positioning the test specimen at a given
tilt during photography. Figure B.1 shows, as an example, an open aluminium sample holder which can
hold the test specimen with the attached scale indicator(s).

Figure B.1 — Sample holder

The scale indicator(s) can be mounted with the help of suitable attachment devices (see Figure B.2).

14 © IS0 2016 - All rights reserved



BS ISO 11528:2016
ISO 11528:2016(E)

Figure B.2 — Attachment devices

A mask may be placed over the specimen in order to simplify the assessment of surface cracks induced
by the weathering and cyclic movement exposure for certain movement amplitude ranges. Figure B.3
shows, as an example, a mask used in the assessment of surface conditionings for three movement
amplitude ranges.

Figure B.3 — Mask placed on test specimen

B.3 Lighting

The most important element in the generation of photographic records is the interaction of light with
the subject being imaged. In cases where clarity of surface details is of great importance, controlling
light can be especially challenging. The light intensity needed to reveal small surface details, such as
cracks and crazing in the surface of a sealant, may often over-compensate the light levels needed in
other areas, especially for high colour contrast and/or reflective specimens. Image documentation with
optimally-balanced light intensity is difficult. One technique that has shown promise for quick and
effective imaging of sealant surfaces is using daylight or artificial light sources in conjunction with a
light diffuser dome placed over the specimen to create a diffuse, soft light arena for photography. The
lighting of the sealant specimen shall ensure good contrast and accurate colour representation in the
photo image.

© IS0 2016 - All rights reserved 15
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Figure B.4 shows a commercially available light diffusion dome. Though such commercially available
illumination domes exist, a light diffuser dome may also be, in fact, easily and inexpensively created by
the photographer.

Figure B.4 — Light diffuser dome

[llumination may be accomplished with two or three symmetrically sized lights located at about 45°
and 90° angles to the table surface (see Figure B.5). The photographer is encouraged to experiment
with the position of the lights in order to optimize the illumination of the test specimen.

Figure B.5 — Location of illumination lamps (example: 3 lights)

B.4 Camera mount, position, and orientation

The camera should be mounted securely on a tripod, ideally with a shutter release cable attached. The
camera orientation should be altered by means of the tilting mechanism integrated in the tripod in such
a manner that the photo is taken nearly vertically to the test specimen’s surface. The camera’s position
and orientation shall be such that the long side of the specimen is aligned with the horizontal axis of the
photo. The photo shall be furnished at a distance of 30 cm to 50 cm from the test specimen with a lens
that results in the long-edge of the specimen representing minimum of 80 % of the photo’s horizontal
axis. Figure B.6 shows, as an example, camera position and orientation versus the test specimen.

16 © IS0 2016 - All rights reserved
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Figure B.6 — Camera position and orientation versus the test specimen

B.5 Camera type

The choice of camera type is up to the individual user of this International Standard. However, since
high image quality is essential for photo documentation, it is suggested that the ability to control
shutter speeds, aperture, and focus be advantageous. Suitable camera types combine sufficiently high
sensor resolution (minimum 9 megapixels, non-interpolated) with good lens quality. Professional SLR
digital cameras are deemed to be most suitable for the task. References regarding standardization of
documentary photography recommend using a single-lens reflex camera for high-quality, consistent,
and reproducible photography. Ideally, the digital SLR camera features manual white balance, manual
exposure and aperture priority modes, high-quality liquid-crystal display screens for image review,
and the ability to connect to external studio flash systems with a hot-shoe attachment or a personal
computer cord connection. Furthermore, digital SLR cameras typically offer the ability to record the
image either in a proprietary RAW format, the ISO standard raw image format (see ISO 12234-2),
TIFF/EP, or in Adobe® Digital Negative (DNG)Y format.

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of this product named. Equivalent products may be used if they can be shown to lead to the same results.
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