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Foreword

This Malaysian Standard was developed by the Working Group on Revision of MS 1498 under
the authority of the Industry Standards Committee on Building, Construction and Civil
Engineering.

Major modifications in this revision are as follows:

a) exclusion of wired glass requirements;

b) addition of new requirement on test for production control;

C) incorporation of new requirement for displacement and mismatch of safety glass; and

d) incorporation of minor changes to the adhesion test and weathering test.

This Malaysian Standard cancels and replaces MS 1498:2011, Safety glass in building - Safety
performance specification (First revision).

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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Safety glass in building - Specification

1 Scope

This Malaysian Standard establishes the specifications and methods of test for the safety
properties of safety glass materials used for all buildings and architectural purposes. Fire rating
requirements are not within the scope of this standard.

NOTE. Glazing materials are designed to promote safety and to reduce or minimise the likelihood of
cutting and piercing injuries when the glazing materials are broken by human contact.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

MS 1135, Float and polished plate glasses - Specification

MS 2397, Coated glass in building - Specification (First revision)

ISO 6508 (all parts), Metallic materials - Rockwell hardness test

ISO 9050, Glass in building - Determination of light transmittance, solar direct transmittance,
total solar energy transmittance, ultraviolet transmittance and related glazing factors

ASTM C1279, Standard test method for non-destructive photoelastic measurement of edge
and surface stresses in annealed, heat-strengthened, and fully tempered flat glass

3 Terms and definitions

For the purposes of this standard, the following terms and definitions apply.

3.1 asymmetric material

Material made in such a way that its two surfaces give significant different results under the
specified pendulum impact test. From both outer surfaces, the sequence of glass panes, plastic
glazing sheet materials and interlayer(s) by type, thickness, finish and/or general characteristics
is different; or a monolithic glass pane with differing surface finish, e.g. laminated glass with
different laminates, patterned glass.

3.2 Dbreak safely

The glass breaking in a predetermined designed manner and in such a way that it minimises
the likelihood of cutting and piercing injuries. Two main designed failure modes are:

a)  glass shatters into many small and relatively harmless particles, e.g. tempered glass; and
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b)  glass integrity not compromised when broken and minimal fall out of glass particles, e.g.
laminated glass.

Other designed failure modes are generally a combination of the above.

3.3 covered edge

The peripheral area of the laminate covered by the channel or sash when installed.
3.4 exposed edge

The peripheral area of the laminate exposed to the environment after installation.
3.5 figured glass

Sheet glass that is rolled with an intaglio figure or pattern on one side of the glass surface and
that has light diffusing properties but is not transparent.

3.6 heat-strengthened glass

Glass which has been subjected to a special heat treatment so that the residual surface
compression stresses lie between 24 MPa to 52 MPa.

NOTE. Monolithic heat-strengthened glass is not suitable for the safety glazing application.

3.7 laminated glass

Glass consisting of two or more sheets of glass permanently bonded together by one or more
sheets of plastic interlayer. Plastic interlayer can consist of polyvinyl butyral (PVB),
thermoplastic polyurethane (TPU), ethyl vinyl acetate (EVA), polyethylenes, polycarbonates,
polyurethanes and other plastics.

3.8 laminating process blemishes

3.8.1 Dblowin

A separation of glass and interlayer at or close to the laminate edge caused by penetration of
the autoclaving medium into the edge during manufacturing.

3.8.2 boil (bubbles)

A gas pocket in the interlayer material or between the glass and the interlayer.

3.8.3 delamination

A condition in which separation has occurred between the glass lite(s) and the interlayer.
3.8.4 discoloration

A visibly noticeable color change (from original) in the appearance of a material.

3.8.5 edge boil

See 3.8.2.
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3.8.6 fuse

A glass particle or crystalline material that is permanently bonded to a surface of a lite.

3.8.7 hair

A slender, pigmented filament from human or animal epidermis or other thread-like filament.
3.8.8 inside dirt

Foreign material trapped inside the laminate.

3.8.9 mismatch

Misalignment of the edges of two lites of glass when laminated.

3.8.10 lint

Short fibers of yarn or fabric trapped within the laminate.

3.8.11 lite or light

A panel or sheet of glass or a panel or sheet of laminated glass.

3.8.12 separation

An area of the laminate that has become delaminated (see ‘delamination’).

3.8.13 short interlayer

A condition of the laminate in which the interlayer does not extend to the edge.

3.8.14  streak

A noticeably visible directional blemish or discoloration on or in the laminated unit.

3.8.15 un-laminated area

An area of the laminate that has failed to flow, developed acceptable optics, achieved adhesion,
or combinations thereof during the laminating process. This blemish may be discernible due to
texture, haze or other change in appearance.

3.9 organic coated glass

An assembly consisting of a sheet of glass covered on one or both surfaces with either an
adhesive-applied organic film or sheeting or an applied coating. When broken, numerous
cracks appear, but the glass fragments tend to adhere to the applied organic material.

3.10 plastic film bonded glass

An assembly where a plastic coating is applied to one or both outer surfaces of the glass. When

the glass is broken, the fragments will adhere to the coating. The plastic coating can either be
adhesively applied, heat applied or as an applied coating.

© STANDARDS MALAYSIA 2017 - All rights reserved 3
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3.1 tempered glass

Glass of any shape that has been subjected to a thermal treatment process characterised by
uniform heating followed by rapid uniform cooling to produce comprehensively stressed surface
layers.

4 Glass substrate

For compliance purpose, the substrate of glass shall comply with the requirements of Table 1.

Table 1. Substrate compliance requirements

Substrate Specification
Float glass MS 1135
Coated glass MS 2397

5 Specimens and tests to be conducted

5.1 For the specimens to comply with this standard, the glass substrate shall comply with
MS 1135 or MS 2397. Table 2 describes the types of glass and tests to be conducted for
production control. Performance test according to the type of glass shall be in accordance with
Table 3.

Table 2. Types of glass and production control tests

Type of glass Thickness Le%’ig‘tr? nd Flatness Appearance | Mismatch
(Clause 6.1) (Clause 6.2) (Clause 6.3) | (Clause 6.4) | (Clause 6.2)
Laminated X X X X X
Tempered X X X X -
Plastic film bonded X X X X -
Organic coated X X X X -
Heat-strengthened X X X X -
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Table 3. Types of glass and performance tests

Pendulum . Surface
Tvoe of glass impact (C?aolilse Weathering Fragmentation 3:;2;’31" compression
ypeotg (Clause e (Clause 6.7) (Clause 6.10) 11 (Clause 6.12)
6.5) -6) 11)
Laminated X X X - X
Tempered X - - X X X
Heat- y
strengthened
Plastic film
bonded X X
Organic X i X
coated

5.2 For tempered laminated glass and/or heat-strengthened laminated glass, the
specification shall be based on laminated glass.

5.3 For heat-strengthened glass, the surface compression shall be measured and complied
with 6.12.

6 Test methods
6.1 Thickness

6.1.1 The thickness of the monolithic safety glass and permissible deviations thereof shall
comply with MS 1135.

6.1.2  For the figured glass, the permissible deviation shall be within £ 0.4 mm.

For odd thickness, the tolerance requirement shall refer to the next higher thickness. For
thickness of more than 19 mm, the tolerance value shall be within £ 1.2 mm.

6.1.3 Limit deviation on thickness of laminated glass products

The limit deviations on thickness of laminated glass shall not exceed the sum of the limit
deviations of the monolithic glass as specified in MS 1135. The limit deviation of the interlayer
shall not be taken into account if the total interlayer thickness is < 2 mm. If the total interlayer
thickness is =2 2 mm a limit deviation of £ 0.2 mm shall apply.

EXAMPLE. A laminated glass made from two sheets of float glass of 3 mm nominal thickness
and an interlayer of 0.38 mm. From MS 1135, the limit deviation of 3 mm float glass is + 0.3 mm.
Therefore, the nominal thickness for laminated glass is 6.38 mm and the limit deviation is
+0.6 mm.
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6.2 Length and width

6.2.1 The shape and length of the safety glass shall be as agreed upon between supplier
and purchaser. The dimensions shall be expressed in millimetres (mm). The tolerances shall
comply with MS 1135.

6.2.2 Monolithic glass

For monolithic glass, the length and width tolerances shall refer to the requirements in MS 1135.

6.2.3 Laminated glass

6.2.3.1 The limit deviation on the differences between diagonals for laminated glass shall be
in accordance with Table 4.

Table 4. Limit deviation on the differences between diagonals

Nominal Nominal thickness | Nominal thickness of laminated glass of
dimension, of laminated glass >8 mm
LorH of Each glass pane Each glass pane
(mm) <8 mm <10 mm 210 mm
<2000 6 mm 7 mm 9 mm
<3000 8 mm 9 mm 11 mm
> 3 000 10 mm 11 mm 13 mm
Mismatch for laminated glass should be less than 3 mm.

6.2.3.2 Length and width tolerances including mismatch for laminated glass

6.2.3.2.1

Length and width tolerances of 2-ply laminated glass shall be in accordance with

Table 5. The listed tolerances of overall laminate size include the cutting and fabrication
tolerances of the individual lites as well as the mismatch of the glass lites after the laminating

process.

6.2.3.2.2

declare the size tolerances.

For length and width of other than 2-ply laminated glass, the processor shall
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Table 5. Permissible deviation on length of one side

Tolerance limits (mm)
Nominal
thickness Rectangular and square Non rr‘i‘:‘tir;%l:z and
(mm)
<1200 21200 <1200 21200

3 +2 +2 +3 4
4 +2 +2 +3 4
5 +2 +2 +3 4
6 +2 +2 +3 4
8 +2 +2 4 5
10 +2 +3 4 +5
12 +2 +3 4 +5
15 +2 +3 - -
19 +2 +3 - -

6.3 Flatness

6.3.1 General

By the very nature of the tempering process, it is not possible to obtain a product as flat as a
float glass. The difference depends on the nominal thickness, the dimensions and the ratio
between the dimensions. Therefore a distortion known as overall bow can occur. There are two
kinds of bows (see Figure 1):

a) overall or general bow; and

b) local bow.

NOTES:

1. Overall bow can, in general, be accommodated by the framing system.

2. Local bow needs to be allowed in the glazing materials and the weather seals. For special
requirements, the manufacturer should be consulted.

6.3.2 Measurement of overall bow

The glass pane shall be placed in a vertical position and supported on its longer side by two
load bearing blocks at the quarter points (see Figure 2).

The deformation shall be measured along the edges of the glass and along the diagonals, as
the maximum distance between a straight metal ruler or a stretched wire, and the concave
surface of the glass (see Figure 1).

The value for the bow is then expressed as the deformation in millimetres (mm), divided by the
measured length of the edge of the glass, or diagonal in millimetres (mm) as appropriate.

The measurement shall be carried out at room temperature.

© STANDARDS MALAYSIA 2017 - All rights reserved 7
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1
Key

1 deformation for calculating overall bow

2 B or H or diagonal length

3 local bow

4 300 mm length

NOTE. B is the width and H is the length.

Figure 1. Representation of overall and local bow
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Key
1 BorH
2 (B or H)/2
3 (B or H)/4
4 maximum 100 mm

NOTE. B is the width and H is the length.

Figure 2. Support conditions for the measurement of overall bow
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6.3.3 Measurement of local bow

Local bow can occur over relatively short distances on the edges of the glass. Local bow shall
be measured over a limited length of 300 mm by using a straight ruler, or a stretched wire,
parallel to the edge at a distance of 25 mm from the edge of the glass (see Figure 1).

Local bow is expressed in millimetres per 300 mm length.

For patterned glass, local bow shall be determined by using a straight ruler resting on the high
points of the pattern and measuring to a high point of the pattern.

6.3.4 Limitation on overall and local bow

The maximum allowable values for the overall bow, when measured according to 6.3.2, and
local bow, when measured according to 6.3.3, for glass without holes and/or notches and/or
cut-outs are given in Table 6.

Table 6. Maximum values for overall and local bow

Tempering Maximum values

process Overall bow Local bow
(mm/mm) (mm/300 mm)

Horizontal 0.004 0.5

Vertical 0.005 1.0

6.4 Appearance test

All visual inspections shall be made with normal or corrected eye vision at a distance of 1 m
from the specimens. The viewer shall look at the sample perpendicular to the surface using the
following lighting unless otherwise specified: daylight (without direct sunlight) or other uniform
diffused background lighting that simulates daylight, with a minimum luminance of 1 700 lux
measured at the glass surface facing the light source.

For monolithic glass, the acceptance criteria for permissible blemishes defect shall be referred
to MS 1135.

For laminating process blemishes, if a blemish is readily apparent under these viewing
conditions, the acceptance criteria for maximum allowable blemishes shall be referred to
Table 7.

The dimension of the chipping shall be measured using the metal ruler of 0.5 mm in minimum
graduation.

© STANDARDS MALAYSIA 2017 - All rights reserved 9
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Table 7. Maximum allowable laminating processed blemishes

Blemish Up to 2.5 m? 2.5m?to 7.0 m? Over 7.0 m?

Central? | Outer? Central? | Outer? Central ? | Outer ?

Boil (bubbles) 1.6 2.4 3.2 4.8 6.4 6.4

Blow in, N.A CE6.4 N.A CE6.4 N.A CE 8.0

edge boil EE 1.6° EE 2.3° EE 3.2°

Fuse 0.8 1.6 1.6 2.4 2.4 4.0

Hair, lint (single | Light Medium Light Medium Medium Medium

strand) intensity © | intensity ¢ | intensity © | intensity ¢ | intensity ¢ | intensity ¢

Inside dirt (dirt | 1.6 2.4 2.4 4.0 3.2 4.8

spot)

Lint areas of Light Medium Light Medium Medium Medium

concentrated intensity © | intensity ¢ | intensity ¢ | intensity ¢ | intensity ¢ | intensity ¢

lint

Separation, None None None None None None

discoloration

Short interlayer | N.A CE6.4 N.A CE6.4 N.A CE6.4

un-laminated EE 1.6° EE 2.4° EE 3.2°

area, chip

Scuff, streak Light Medium Medium Medium Medium Medium
intensity ¢ | intensity ¢ | intensity ¢ | intensity ¢ | intensity ¢ | intensity ¢

All imperfections noted should be separated by a minimum of 300 mm.

tolerance)

¢ Light intensity: Barely noticeable at 1 m.

4 Medium intensity: Noticeable at 1 m but not at 3 m.

@ The central area is an area formed by an oval or circle whose axes or diameters, when centred, do
not exceed 80 % of the overall dimension. The outer area is the area outside of the central area.

b CE = covered edge of glass edge bite and EE = exposed edge. (If CE or EE is unknown, use CE

6.5 Pendulum impact test

6.5.1

Test equipment

The test apparatus shall comprise:

a) a stable main frame;

b) a clamping frame which is fitted onto the main frame and is used to hold the test piece in
position for the duration of the test;

C) a dual tyre impactor with a suspension device and release mechanism; and

d) a main frame (see Figures 3, 4 and 5).

10
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The test equipment shall be constructed from welded, or bolted hot rolled steel channel sections
with rounded edges, designed to present a rigid and flat surface to the sub-frame. The lower
cross members shall be securely fixed to a concrete floor.

NOTE. Additional support to the frame can be provided, if required, by means of horizontal steel sections
fixed to an adjacent rigid wall (see Figure 4).

The dimensions of the main frame should be based on the following conditions:

a) internal width: (847 + 5) mm; and

b) internal height: (1 910 £ 5) mm.

Clamping frame which is used to hold the test piece in the apparatus, shall consist of two
rectangular parts clamping the test piece along its perimeter. The inner part of the clamping
frame is attached to the main frame. Each part of the clamping frame shall be fitted with a
rubber strip. The rubber strips shall be the only element in contact with the test piece and shall
be (20 £ 2) mm wide and (10 = 1) mm thick, and have a hardness of (60 + 5) International
Rubber Hardness Degrees (IRHD) value.

NOTE. It is recommended to use polychloroprene or a similar material.

© STANDARDS MALAYSIA 2017 - All rights reserved 11
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r~
L
Key
1 Main frame
2 Clamping frame
3 Impactor
4 Optional support member
5 Optional suspension device

Figure 3. Test frame with impactor
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Height of impact
450 mm

Tyre impactor
Weight: 50 kg
Presure: 350 kPa

Test specimen
(Safety glass)

T T TFEFETETETETEEN

Figure 4. Testing setup for the 450 mm impact height
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Dimensions in millimetres

S ——— R

1910

- 947 >

Limit deviation + 5 mm

Figure 5. Dimensions of the front elevation of the frame
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6.5.2 Impactor (see Figures 3 and 4)

Impactor shall consist of two pneumatic tyres, Tyre 3.50-R8 4PR with round section and flat
longitudinal tread. The tyres shall be fitted to the rims of the wheels that carry two steel weights
of equal mass. The weights shall be so dimensioned that the total mass of the impactor is
(50 £ 0.1) kg.

6.5.3 Specimen

Each test piece shall comprise a single pane of glass product and be representative of the
normal production of the type of product submitted for test.

6.5.3.1 Dimensions of the test pieces

All four test pieces should have the following dimensions:
a) width (876 £ 2) mm; and

b) height (1 938 +2) mm.

Results obtained with test pieces of these dimensions are valid for classification purposes of
the glass product with any of the service dimensions.

6.5.3.2 Number of test pieces

The test shall be carried out at each drop height on four pieces of identical structure and the
same nominal thickness.

For compliance of product classification, all four pieces shall comply with the test specification.

If the test pieces are of an asymmetric material, their number shall be doubled unless they are
intended solely for installation in situations where the risk of impact is from one side only.

6.5.3.3 Preparation of the test pieces

Remove all masking and protection materials from the test pieces and condition for a minimum
of 12 h at (25 £ 5) °C.

6.5.4 Test requirement
Each test piece shall either not break or shall break as defined in one of the following ways:

a) forlaminated glass, plastic film bonded to glass - numerous cracks appear, but no shear
or opening is allowed within the test piece through which a 76 mm diameter sphere can
pass when a maximum force of 25 N is applied. Additionally, if particles are detached
from the test piece for up to 3 min after impact, they shall, in total, weigh no more than a
mass equivalent to 10 000 mm? of the original test piece. The largest single particle shall
weigh less than the mass equivalent to 4 400 mm? of the original test piece;

b)  fortempered glass - disintegration occurs and the 10 largest crack-free particles collected

within 3 min after impact and weighed, all together, within 5 min of impact shall weigh no
more than the mass equivalent to 6 500 mm? of the original test piece.

© STANDARDS MALAYSIA 2017 - All rights reserved 15
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c)

The particles shall be selected only from the portion of the original test piece exposed in
the test frame. Only the exposed area of any particle retained in the test frame shall be
taken into account in determining the mass equivalent; and

for other materials - the safety criteria can only be met if they do not break when tested.

NOTE. Materials other than those specified in a) and b) do not have recognised break.

6.5.5

Calculation

The requirement of maximum weight for broken glass particles shall be calculated based on
this standard conversion. The weight in ounces of 10 inch? of glass is equal to 14.5 multiply the
glass thickness in inches. The weight in grams of 10 inch? of glass is equal to 412 multiply the
glass thickness in inches (16.18 g/mm).

6.5.6

Test method

The test procedures for pendulum impact test shall be as follows.

16

Testing shall be conducted based on the applicant declaration on the product classification
as in Table 8.

The test shall be carried out at (25 = 5) °C.

Place each test piece in the clamping frame so that its edges are encased in the rubber
to a minimum depth of 10 mm. When clamped, the rubber shall be compressed by not
more than 20 % of its thickness.

Inflate both impactor tyres to a pressure of (350 + 20) kPa. Pressure shall be checked
before each drop height.

Raise the impactor to the intended drop height and stabilise. At the drop height the
suspension cable shall be taut, and the axis of the impactor and cable shall be in line (see
Figure 4).

Release the impactor so that it falls with a pendulum movement and without initial velocity.
The direction of impact on the centre of the test piece shall be normal to the surface. If the
impactor strikes the test piece more than once the test shall be deemed to be invalid.
The weights shall not make contact with the test piece during the impact.

For asymmetric materials that are intended for installation where the risk of impact is from
both sides, the test shall be carried out on both sides.

Unless both sides are impacted, the classification only applies to the impacted side and
this shall be reported in the test report.

Inspect the test piece after impact and note whether:
i) it remained unbroken;

ii) it broke in accordance with either the requirements of a) or b) of 6.5.4; or

© STANDARDS MALAYSIA 2017 - All rights reserved
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iii) it broke and failed to conform to the requirements of 6.5.4.

i)  All of four test specimens shall comply with the requirements of 6.5.4. If any of the four
test sample fails to conform to the requirements of 6.5.4, terminate the procedure.

NOTE. If the material remained unbroken, the same sample(s) may be used.

i) Inthe case of asymmetric materials, the complete test shall be carried out on both sides,
using separate sets of test pieces, and the classification shall be based on the worst
performance. But in the case of asymmetric materials intended solely for installation in
situations where the risk of impact is from one side only, the complete test shall be carried
out on the risk side only. The impacted side shall be reported in the test result.

6.5.7 Classification

Classification of safety glass shall be as in Table 8 below.

Table 8. Drop height and safety requirements

Class Drop height Sample conditions

+
1 (1200 £ 10) mm - No breakage or breaks safely

2 (450 +10) mm - Comply with performance test

requirements

3 (190 £ 10) mm

6.6 Boil test for laminated glass

This test shall be carried out to determine the probable effect of exposure to high temperature
and humidity conditions for a long period of time.

6.6.1 Procedure

Three pieces of 300 mm x 300 mm flat specimens, as submitted, shall be immersed, vertically,
in water at 65 °C = 5 °C for 3 min and increase the temperature to minimum 97 °C for 2 h.

6.6.2 Interpretation of results

The glass itself may crack during this test, but no bubbles or other defects shall develop more
than 12 mm from the outer edge of the specimen or from any crack that may develop.

All specimens shall be able to meet this requirement; if one specimen does not meet the

requirement then the result for this testing is failed and the specimens do not comply with
Class 1 requirements.
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6.7 Weathering test

The specimens shall be irradiated by ultraviolet rays for 1 000 h. The temperature shall be
maintained at 45 °C £ 5 °C with the distance between the light source and test specimen shall
be approximately 230 mm.

The light source shall be mercury lamp with 750 W £ 50 W.

There shall be no significant changes on physical appearance either on the glass, interlayer or
film such as delamination, bubbles, cracks, discoloration or any other defects.

The difference of visible light transmittance before and after 1 000 h ultraviolet exposure shall
not be more than 4 %.

6.8 Visible light transmittance

The instrument for the visible light transmittance measurement shall be of colour difference
meter with integrating sphere or spectrophotometer with wavelength range of 300 nm to
780 nm. The measurement shall be conducted as per ISO 9050 requirements.

For the laminated glass, the visible light transmittance shall be measured before and after the
1 000 h ultraviolet exposure. The difference of visible light transmittance before and after
1 000 h ultraviolet exposure shall not be more than 4 %.

6.9 Adhesion test
6.9.1 General

The purpose of this test is to evaluate to what extent the adhesion properties of optical coatings
on components and substrates are affected after cutting the coating (distorting the stress and
influencing the adhesion).

For organic coated glass, this test shall be conducted after the specimen is exposed under
weathering test as stated in 6.7.

6.9.2 Test conditions

6.9.2.1 Use a cutting device [e.g. a razor blade (suitable for soft substrates) or a diamond
scribe] to make six parallel cuts in the coating, (1.5 £ 0.5) mm apart and approximately 15 mm
to 20 mm in length, when the dimensions of the specimen permit. Cut through the coating
completely, but do not cut too deep into the substrate. Rotate the sample and in the same way
make six parallel cuts perpendicular to the first set of cuts. Check the cut pattern for flakes or
other irregularities and record the results.

6.9.2.2 The adhesive tape used for this test shall be clear in colour with an adhesive strength
on steel of at least 9.8 N per 25 mm width. It shall be 12 mm to 13 mm wide.

It shall show no evidence of deterioration and shall be capable of being unwound from the roll
at a normal rate of speed without showing evidence of adhesive offsetting, adhesive splitting,
or stringing out of adhesive, nor breakage or splitting of the tape backing. The tape shall be
free from bare spots or foreign particles or any defect that may affect serviceability or
appearance.
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6.9.2.3 Apply approximately 25 mm of tape to the coated surface when the dimensions of
the specimen permit, with sufficient tape remaining to securely grasp with a thumb and finger.

6.9.2.4 Press the tape firmly onto the coated surface. Rub the non-adhesive surface of the
tape with a finger to assure firm contact with the specimen and to work out any air bubbles that
may be present.

6.9.2.5 Unless otherwise required in the relevant standard, do not apply the tape within 2mm
of any rim of the specimen.

6.9.2.6 Hold the specimen firmly in one hand, and in the other hand, hold the end of the tape
that protrudes beyond the edge of the test specimen.

6.9.2.7 Remove the tape at an angle perpendicular to the coated surface at a snap rate (1 s
per 25 mm).

6.9.2.8 For evaluation of result, the edges of the cuts are completely unchanged; none of
the coating is detached.

There shall also be no significant changes on visible appearance such as discoloration, stain,
smears, streaks, cloudiness or other visible defect on the test specimen. The failure conditions
for adhesion test are described in Table 9.

Table 9. Failure conditions for adhesion test

Specimen appearance Description
e Small flakes of the coating are detached at the intersections;
- less than 5 % of the total area is affected.

Small flakes of the coating are detached along the cuts and
the intersections; the area affected is from 5 % to 15 % of the
total area.

Some parts of the squares are detached; the area affected is
from 15 % to 35 % of the total area.

JH‘“#:I ERgy

Whole squares are detached; the area affected is from 35 %
to 65 % of the total area.
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6.10 Fragmentation test
6.10.1 General

The fragmentation test determines whether the glass breaks in the manner prescribed for a
tempered glass.

6.10.2 Dimensions and humber of test specimens

The dimensions of the test specimens shall be (360 mm x 1 100 mm) £ 2 mm without holes,
notches or cut-outs. Five specimens shall be tested.

6.10.3 Test procedure

Each test specimen shall be impacted, using a pointed steel tool, at a position of 13 mm in front
of the longest edge of the test specimen at the mid-point of that edge, until breakage occurs
(see Figure 6).

Examples of steel tools are a hammer of about 75 g mass, a spring loaded centre punch or
other similar appliance with a hardened point. The radius of curvature of the point should be
approximately 0.2 mm.

The test specimen shall be laid flat on a table without any mechanical constraint. In order to
prevent scattering of the fragments, the specimen shall be simply held at the edges, e.g. by a
small frame, adhesive tape, etc., so that the fragments remain interlocked after breakage yet
extension of the specimen is not hindered.

Dimensions in millimetres
550

360

1100

Figure 6. Position of impact point
6.10.4 Assessment of fragmentation
The particle count and measuring of the dimensions of the largest particle shall be made
between 4 min to 5 min after fracture. An area of radius 100 mm, centred on the impact point,
and a border of 25 mm, round the edge of the test specimen (see Figure 7), shall be excluded
from the assessment.
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The particle count shall be made in the region of coarsest fracture (the aim being to obtain the
minimum value). The particle count shall be made by placing a mask of (50 £ 1) mm x
(50 £ 1) mm on the test piece. The number of crack-free particles within the mask shall be
counted. A particle is considered ‘crack-free’ if it does not contain any cracks which run from
one edge to another (see Figure 8).

‘ Dimensions in milimetres
24,,/,,1,,,,,,,4,,,,,4/;¢/‘///%2¢,,€ AR AR ,,A/,:;
a 25 p
% 45 S
]
% 100 25/
—p;i-q— . 360
% 25 ]
7 1/
Z 25 * 5
/f}f///;‘/f//////f:"////// //’,f/’t‘//////'//f/l’/////////'/
I 1100 |

Figure 7. Area to be excluded from the particle count determination and largest particle
measurement

WE SO

Figure 8. Examples of crack-free particles and the assessment regarding the number

In the particle count, all particles wholly contained within the area of the mask shall be counted
as one particle each and all the particles which are partially within the mask shall be counted
as 1/2 particle each.

6.10.5 Minimum values from the particle count

In order to classify a glass as a thermally tempered glass, the particle count of each test
specimen shall not be less than the values given in Table 10.

Table 10. Minimum particle count values

Nominal thickness, d Minimum particle
(mm) count
3 15
41012 40
215 30

6.10.6 Selection of the longest particle

The longest particle shall be chosen from the body of the test specimen. It shall not be in the
excluded area (see Figure 7).
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6.10.7 Maximum length of longest particle

In order to classify the glass as a thermally tempered glass, the length of the longest particle
shall not exceed 100 mm.

6.11 Drop ball test
6.11.1 Sample and preparation

The sample submitted for type testing shall consist of three test pieces for each category for
which testing is required and all three pieces shall comply with the testing requirement.

Each test piece shall be of 500 mm = 2 mm long x 500 mm £ 2 mm wide. The edges shall be
free from visible chips, cracks and flaws. Glass samples should be lightly raised for ease of
handling.

The surface to be impacted shall be marked on each test piece. Each test piece shall be stored
vertically and conditioned at 25 °C = 5 °C, for at least 12 h prior to the test.

The safety glass shall be classified in the respective category as stated in Table 8 before testing
is conducted.

6.11.2 Impactor

The sphere impactor (hard body steel ball) is recommended to be manufactured from steel with
a hardness of 60 HRC to 65 HRC on the Rockwell C scale according to ISO 6508 with a mass
of 1 kg £ 0.1 kg.

6.11.3 Impactor holding equipment

The equipment for holding the impactor shall enable adjustment of the drop height to the
required tolerance. The equipment for holding the impactor and the mechanism for releasing
the impactor shall not induce any momentum or rotation in the impactor, so that the impactor is
accelerated only by gravitational forces and falls vertically from the drop height of 1 000 mm *
50 mm.

6.11.4 Test piece support apparatus

The test piece support apparatus shall consist of a steel frame to clamp the edge of the test
piece and a receiving box to collect fragments and the impactor.

6.11.5 Installation of test piece

The test piece shall be placed horizontally into the clamping frame of the test piece support
apparatus and fixed accordingly.

The surface of the test piece shall be marked to indicate the location of the clamping frame
relative to the test piece. This is to check for slippage of the test piece during the test.

6.11.6 Test procedure

The drop height (measured from the bottom of the steel ball to the surface of the test piece)
shall be 1 000 mm + 10 mm.
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For all of the three drops, the impact point shall be within 200 mm radius from the centre of the
specimen. The minimum exposed area of the test specimen shall be (400 £ 10) mm x (400 £ 10)
mm. Loose fragments shall be removed from the test piece after each impact.

To ensure the impactor is able to reach the designated area, the fixture to guide the movement
of the steel ball can be used. The fixture should have a bigger size than the steel ball diameter
to prevent significant friction due the impactor movement inside the fixture.

6.11.7 Evaluation of the test results

After each impact, the test piece shall be checked for penetration by the steel ball. For the
respective safety glass, a test piece shall be regarded as being penetrated if the steel ball has
completely passed through the test piece before 5 s has elapsed since the time of impact.

After each impact, the test piece shall also be examined for signs of slippage from the clamping
frame. The test is invalid if any edge of the test piece has moved more than 5 mm in the
clamping frame. If this is the case, then the test shall be repeated with a new test piece.

If it is found to be necessary to increase the clamping pressure to prevent slippage, this shall
be stated in the test report and the type test attestation.

The safety glass shall be classified in the respective category before testing is conducted. If
specimen is unable to comply with the classification requirement, the specimen result is failed.
There shall be no downgrade of specimen classification.

6.12  Surface compression test
6.121  Test procedure

Examine specimens by the polariscopic or light refraction methods for surface compression.
Accomplish this examination for fully or partially ceramic coated spandrel glass by removing
the ceramic coating with hydrofluoric acid or abrasive cloth. Index oil and a glass-slide cover
plate may be necessary to eliminate the diffusing effect of the abraded surface and expose
compression colour bands.

The preferred sample size for surface compression test should be 1 100 mm x 360 mm.

Surface compression shall be measured by light refraction methods with the light source of
semiconductor laser 635 nm or similar methods as stated in ASTM C1279.

A surface compression measurements shall be recorded in each of five locations, oriented in
two directions at 90° to each other, and then the average of the five readings shall be calculated.
The five locations to be examined are shown in Figure 9. Average of the five readings shall
determine the stress level.

After that, using the same procedure, measure the average of surface compression at another
two different locations.

All fifteen individual measurements and three averages from each five locations shall be
reported.
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Dimensions in millimetres
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Figure 9. Five locations to be examined for surface compression test
6.12.2  Evaluation of test result

Tempered glass shall have a minimum surface compression of 69 MPa for average of five
locations.

For heat-strengthened glass, surface compression shall be between 24 MPa to 52 MPa.

For both tempered and heat-strengthened glass, all individual measured locations shall comply
with the minimum surface compression, and with maximum =10 MPa difference in between the
measured locations.

7 Packaging

The safety glazing material or products shall generally be packaged by using an appropriate
buffer material.

8 Marking

8.1  For each glass piece:

a) the label shall consist of country of origin and processor’'s name;

b)  the label size shall be readable and placed at appropriate position; and

C) labels shall not be easily erased, removed or fall off the goods.

8.2 For each packaging, the marking shall consist of the following information:

a) manufacturer’s name or its abbreviation;

b)  country of origin;
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type of safety glass (asin Table 3). For laminated glass, each material shall be described

and each nominal thickness shall be declared;
manufacturing date or batch reference;
classification of safety glass;

nominal thickness;

the number of this standard, i.e. MS 1498; and

certification mark (if available).

9 Certification mark

Each product, may by arrangement with a recognised body, shall be marked with the
certification mark of that body, provided the product conforms to the requirement of this
Malaysian Standard.
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Annex A
(informative)

Example of maximum weight of broken glass particle determination

A.1 Unit conversion
1inch = 25.4 mm

For thickness of 10 mm and convert to inches = 0.394 inch

A.2 For the test sample

Length = 1 938 mm = 76.30 inch

Width = 876 mm = 34.49 inch

Area = 1 697 688 mm?2= 2 631.42 inch?

Based on total weight area formula from 5.1.4 of ANSI 297.1:

10 inch? = 412 x thickness (in inches)

So, the total weight for sample area of 10 inch? and thickness = 0.394
= 412 x thickness (in inches)

=412x0.394 = 162.20 g.

So for an area of 2 631.42 inch? which is equivalent to an area of 1 piece of test sample, the
weight is:

=42 682.90 g or 42.68 kg.

Then, based on sample:

Weight = 42 682.90 ¢

Area = 1 697 688 mm?

Thickness = 10 mm

The standard requirement for maximum weight of crack free particles for area of:
10 000 mm? = 251.42 g (weight of detached particles)

6 500 mm? = 163.42 g (weight of ten largest particles)

4 400 mm? = 110.62 g (weight of largest single particle)
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Annex B
(informative)

Requirements for holes

B.1 Diameter of holes

The diameter of holes shall not be less than the nominal thickness of the glass. For smaller
holes, the manufacturer should be consulted.

B.2 Limitation on position of holes

In general, the limitation on hole positions relative to the edge of the glass pane, the corner of
the glass pane and to each other depend on:

a) nominal glass thickness (d);

b) dimensions of the pane (B,H);

c) hole diameter (9);

d) shape of the pane; and

e) number of holes.

The recommendations given below are those which are normally available and are limited to
panes with a maximum of four holes.

B.3 Holes distances

B.3.1 The distance, q, of the edge of a hole to the glass edge should not be less than 2d as
in Figure B.1.

az2d

Figure B.1. Position of hole to the glass edge

© STANDARDS MALAYSIA 2017 - All rights reserved 27



MS 1498:2017

B.3.2 The distance, b between the edges of two holes should be not less than 2d.

b

b=2d

Figure B.2. Minimum distance between two holes

B.3.3 The distance, ¢ between the edges of a hole to the corner of the glass should be not
less than 6d.

Figure B.3. Hole position at corner of glass

NOTES:

1. If one of the distance from the edge of the hole to the edge of the glass is less than 35 mm, the hole
can be positioned asymmetrically with respect to the corner. The manufacturer should be consulted.

2. If the holes are placed in a corner near the glass edges than recommended, there are possibilities

that the corner will break in the furnace. This risk can be minimised by making a cut in the narrower from
the nearer glass edge to the holes as illustrated in Figure B.4 below.
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Figure B.4. Cut holes

B.4 Tolerances on hole diameters

The tolerances on hole diameters are given in Table B.1.

Table B.1. Tolerances on hole diameters

Nominal hole diameter, @ Tolerances
(mm) (mm)
4<3<20 +1.0
200 =100 +2.0
@ =100 +3.0

B.5 Tolerances on positions of holes

The tolerances on positions of holes are the same as the tolerances on the width, B and the
length, H (See Table B.2). The positions of holes are measured in two direction at right angles
(x-axis and y-axis) from a datum point to the centre of the holes. The datum point is generally
chosen as a real or virtual corner of the pane (refer to Figure B.5).

The position of a hole (x, y) is (x £ ¢, y = r) where x and y are the required dimensions and ¢ is

the tolerance from Table B.2.

NOTE. The manufacturer should be consulted if tighter tolerances on hole positions are required.

Table B.2. Tolerances on width, B and length, H

Nominal dimension of Tolerance, ¢
side, Nominal glass thickness Nominal glass thickness
BorH d =12 (mm) d>12 (mm)
(mm)
=2 000 * 2.5 (horizontal tempering) +3.0
* 3.0 (vertical tempering)
2000 < Bor H=<3000 +3.0 +4.0
> 3000 4.0 5.0
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Figure B.5. Examples of the positioning of holes relative to the datum point

B.6 Notches and cut outs

All configurations of notches and cut outs should be supplied.

NOTE. Manufacturer should be consulted about working edge of notches and cut outs.

30
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A
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Figure B.6. Examples of notches and cut outs

© STANDARDS MALAYSIA 2017 - All rights reserved 31



MS 1498:2017

[1]

32

Bibliography

ANSI Z97.1, American National Standard for safety glazing materials used in buildings -
Safety performance specifications and methods of test

© STANDARDS MALAYSIA 2017 - All rights reserved



Acknowledgements

Members of Technical Committee on Household Fittings and Building Accessories

Ar Jasmin Kamarudin (Chairman)
Ms Nadiah Mohamed (Secretary)

Mr Timothy Lim

Ms Rohana Abd Manan
Mr Woo Kok Woh
Mr Mohamad Akhir Abdullah

Ar Thulasaidas Sivasubramaniam

Mr Hamidon Abdullah
Mr Michael Thong
Mr Faiz Mohd Yusuf

Brig Gen (R) Sr Haji Mohd Amin Mohd

Din
Dr Mariyana Aida Ab Kadir

Pertubuhan Akitek Malaysia

SIRIM Berhad

Building Materials Distributors Association of
Malaysia

Construction Industry Development Board Malaysia
Federation of Malaysian Manufacturers
IKRAM QA Services Sdn Bhd

Jabatan Kerja Raya Malaysia

Malaysian Institute of Interior Designers
Master Builders Association Malaysia

SIRIM QAS International Sdn Bhd

The Chartered Institute of Building Malaysia

Universiti Teknologi Malaysia

Members of Working Group on Revision of MS 1498

Mr Sim Chee Liang (Chairman)
Ms Nadiah Mohamed (Secretary)

Mr Mohd Farizal Mansor
Ms Rohana Abd Manan

Mr Woo Kok Woh

Mr Stanley Lau Chan Ming/
Mr Fakqgrul Faisal

Mr Yong Tze Keong/

Mr Lim Le Kern/

Mr Mohd Yuzi Jusoh

Mr Low Kheng Chow

Mr Ng Chee Peng

Mr Low Kheng Foong

Mr Faiz Mohd Yusuf

Mr Jesmond Khor/

Mr Sapardin Hj Kamarrudin

Ajiya Safety Glass Sdn Bhd

SIRIM Berhad

Ajiya Safety Glass Sdn Bhd

Construction Industry Development Board Malaysia
Federation of Malaysian Manufacturers

Golden Pharos Glass Sdn Bhd

Innoglass Sdn Bhd

Kien Safety Glass Sdn Bhd
Malaysian Sheet Glass Bhd
Platinum Safety Glass Sdn Bhd
SIRIM QAS International Sdn Bhd
Topline Safety Glass (M) Sdn Bhd

© STANDARDS MALAYSIA 2017 - All rights reserved



© Copyright 2017

All rights reserved. No part of this publication may be reproduced or utilised in any
form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the Department of Standards Malaysia.



