INTERNATIONAL ISO
STANDARD 1288-3

First edition
2016-02-15

Glass in building — Determination of
the bending strength of glass —

Part 3:
Test with specimen supported at two
points (four point bending)
Verre dans la construetion — Détermination de la résistance du verre
a la flexion —

Partie 3: Essais.avec éprouvettes supportées en deux points (flexion
quatre pointsj

Reference number

—/@\— 1SO 1288-3:2016(E)

© IS0 2016


https://standardsiso.com/api/?name=f116de89fa3178f03c1df989a2d9b8a6

ISO 1288-3:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=f116de89fa3178f03c1df989a2d9b8a6

ISO 1288-3:2016(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
1 SCOPI ... 1
2 NOIIMATIVE FEFEIEIICES .........oooooooeoeeeeeeeeee oo 1
3 Terms and AefiNItiONS ... st 1
4 SYIMIDOLS ...k 2
5 Apparatus
51 TeSting MACKINE ..o (Y

5.2 Measuring instruments

6 SAIMPLE ... g e
6.1 NUMDbEr Of SPECIMENS .....ccccvrite s e
6.2 Specimen diMENSIONS ... Ty Ao
6.3 Specimen condition and treatment
6.4  Adhesive film ... e e
7 PIrOCEAUTE. ..o e oo e 4
7.1 Measuring width and thickness of each specimen ... e 4
7.2 BENAING TESTrri e s e 4
8 EVAIUMATIONY ... S
8.1 [OT=) 4T = OO S\ NN
8.2 Bending strength of the surface area, edges included
8.3  Bending strength of the edges ...l
9 TESTTEPOTT ... skt o 6
BIDIEOGIAPIY ... o e 8

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=f116de89fa3178f03c1df989a2d9b8a6

ISO 1288-3:2016(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 1288-3:2016(E)

Glass in building — Determination of the bending
strength of glass —

Part 3:
Test with specimen supported at two points (four point
bending)

1 Bcope

This| part of ISO 1288 specifies a method for determining the bending strepgth, including the effects
of tHe edges, of flat glass for use in building. The method specified can also.be used to defermine the
bending strength of the edges of glass separately.

The |imitations of this part of ISO 1288 are described in ISO 1288-1.

2 Normative references

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

ISO @8, Rubber, vulcanized or thermoplastic — Bétermination of hardness (hardness betwden 10 IRHD
and [100 IRHD)

ISO 1288-1, Glass in building — Determindtion of the bending strength of glass — Part 1: Fundamentals of
testipng glass

3 [Ferms and definitions

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

3.1
bengdling stress
tensjle bendingstress induced in the surface of a specimen

Note|1 to entry:For testing purposes, the bending stress should be uniform over a specified part of the surface.

3.2

effn Fivae handing ctracc
COCTrvyCoTITOTIT T CIY

weighted average of the tensile bending stresses, calculated by applying a factor to take into account
non-uniformity of the stress field

3.3
bending strength
bending stress or effective bending stress which leads to breakage of the specimen

3.4

equivalent bending strength

apparent bending strength of patterned glass, for which the irregularities in the thickness do not allow
precise calculation of the bending stress

© IS0 2016 - All rights reserved 1
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4 Symbols
B specimen width m
E modulus of elasticity (Young’s modulus) of the specimen Pa

NOTE For soda lime silicate glass (see ISO 16293-1), a value of 70 GPa is used.

Finax maximum force N

NOTE Where the bending rollers are not firmly attached to the testing machine, but
are laid on the specimen, the force resulting from their weight is added to the maxi-

muym measured force.
g acgeleration due to gravity m/s2
h specimen thickness n
k dimensionless factor (see ISO 1288-1:—, 6.2 for explanation)
L specimen length
Lg digtance between the centre lines of the supporting rollers
Ly di§tance between the centre lines of the bending rollers
My, bepding moment Nm
ceftral deflection of the specimen relative to the supporting rollers np
Z seftion modulus m3
Ob behding stress in the surface area definedby the bending rollers Ph
Obeff effective bending stress Ph
ObB behding strength Ph
ObG benhding stress imposed by-the self-weight of the specimen Ph
p depsity of the specimen kg/Im3
5 Apparatus
5.1 Testing machine
The bending test shall be carried out using a suitable bending testing machine, which shall incorpqrate
the followingfeatures:

a) The stressing of the specimen shall be capable of being applied from zero up to a maximum value in
a manner which minimizes shock and is stepless.

b) The stressing device shall be capable of the specified rate of stressing.

c) The testing machine shall incorporate aload measuring device with a limit of error of 2,0 % within
the measuring range.

d) The supporting rollers and the bending rollers (see Figure 2) shall have a diameter of 50 mm and a
length of not less than 365 mm. All the rollers shall be free to rotate.

2 © IS0 2016 - All rights reserved
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5.2 Measuring instruments
The following measuring instruments are required:
— ameasuring instrument enabling the width of the specimen to be measured to the nearest 1 mm;

— ameasuringinstrumentallowing the thickness of the specimen to be measured to the nearest 0,01 mm.

6 Sample

6.1 [ Number of specimens

The humber of specimens to be tested shall be determined depending on the confidencelimits required,
espdcially with regard to estimating the extremes of the strength distribution (seeSO 1288-1 for a
discission of numbers of specimens).

6.2 | Specimen dimensions
Spedimen length L: 1100 mm = 5 mm
Spedimen width B: 360 mm * 5 mm

Spedimen thickness h:  thickness of the glass within thé\tolerance specified for the corldition as
supplied for test

6.3 | Specimen condition and treatment

The gpecimens shall be flat and their edges shallbe representative of the edge finish to be tested. If the
edgd is asymmetrical with respect to the neutral axis of the specimen, both stressed edge$ shall be in
the Jame orientation (see Figure 1) and all $pecimens in a sample shall be tested the same way up.

1 1

A s~ a
N 1
correct incorrect
Key
1 heel cutedges
NOTE The edges of cut glass are not the same on both corners because wheel cut edges haye the wheel

J% | £ £l 1 L £las H 4 £l | daal 1 ala s
appl CCOOTITy OTIC-SUT TACTOT CITC ETa S ST TIT CHTS TS TATIC T, TTC CUE TS~ ar T as y IITICtr Tear v It TCSPTTTT the neutral

axis of the specimen.
Figure 1 — Asymmetrical edges

Any intended changes to the condition of the test piece by means of edge working, prior mechanical
damage, etching, etc. shall be completed at least 24 h before testing the bending strength
(see ISO 1288-1). Similarly, protective coatings shall be removed at least 24 h before the test. The
specimens shall be stored in the testing environment (see 7.2) for at least 4 h before being tested.

© IS0 2016 - All rights reserved 3
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6.4 Adhesive film

To hold together the fragments, an adhesive film shall be fixed to the side of the specimens facing the
bending rollers (see Figure 2). This facilitates location of the fracture origin and measurement of the
specimen thickness.

Key
1 specimen
bending|roller

supporting roller
rubber dtrips
Ly 200 mmi+ 1 mm
Ls 1000 mm + 2 mm

Figure 2 — Mounting of the test specimen

7 Procedure

7.1 Meaguring widthand thickness of each specimen
The width dhall be determined as the arithmetic mean of at least three individual measurements.

The thickngss shall be determined as the arithmetic mean of at least four individual measurenjents
to the nearest 0,05 mm. The measured positions shall lie outside the two bending rollers, to gvoid
damaging the-test surface, and shall be taken from both ends of the specimen. In the case of specimhens
with one or two ornamental surfaces, both the plate thickness and core thickness shall be measured.
The average is taken from all these measured values.

Alternatively, the thickness shall be determined from at least four fragments taken from the area
between the bending rollers after fracture, if the fracture pattern makes this feasible.

7.2 Bending test
The specimen shall be mounted as shown in Figure 2. Strips of rubber, 3 mm thick and of hardness

(40 = 10) IRHD (in accordance with ISO 48), shall be placed between the specimen and the bending and
supporting rollers.

4 © IS0 2016 - All rights reserved
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The bending test shall be carried out at (23 * 5) °C with the relative humidity between 40 % and 70 %.
During the test, the temperature shall be kept constant to 1 °C in order to avoid the development of
thermal stresses.

The specimen shall be bent with a uniformly increasing bending stress at a rate of (2 + 0,4) MPa/s
until failure occurs. The maximum load, Fihax, shall be measured and the time taken to reach this load
shall be recorded.

8 Evaluation

8.1 | General

For ¢valuation purposes, only those specimens shall be considered in which the origin’of firacture lies
between the bending rollers.

The bending strength, opp, shall be calculated in accordance with Formula (1),as follows.

For & rectangular cross section, where Z = Bh2/6, and with the load applied as shown in Figure 2, the
bending strength is:

3(Ls~Ly)
FoB=K| Frmax =" * o1 ey

2Bh

The [pending stress, ong, imposed by the self-weight of the.specimen shall be calculated in|accordance
with Formula (2)

2
3ngs

h (2)

b bG =

8.2 | Bending strength of the surface-area, edges included

For [calculating the overall bending-strength or equivalent bending strength of the syrface area,
inclyding the edges, defined by the bending rollers, the value k = ks = 1 shall be used (see IS 1288-1).

8.3 | Bending strength of the edges

For ¢alculating the bending strength or equivalent bending strength of the free edges of the glass, only
thosg specimens which fracture from the edge shall be taken into consideration.

-

NOTE Whensome of the specimens do not break from the edge, the set of edge strength regults is not a
true frepresentation of the distribution of edge strengths. The edge strengths of those specimens which fracture
from| the teSt'surface cannot be determined but they are certainly higher than the measured valugs of bending
strefjgth{of such specimens. There are, however, statistical techniques which can make an allowance for the
unmedsyred edge strength of those specimens.

The factor k = ke for use in Formula (1) depends on the deflection of the specimen at its centre. The
central deflection, y, can be determined by direct measurement or calculated with sufficient accuracy
from Formula (3):

3 3 2
Z:SFmax £+ﬂ_LsLb (3)

The appropriate value of ke, for use in Formula (1), shall be obtained from Figure 3, which gives the
value of ke as a function of the value of y/h (see ISO 1288-1).

© IS0 2016 - All rights reserved 5
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Figure 3 — Dimensionlessfactor k. as a function of y/h
9 Testreport
The test regort shall include the follewing information:
a) arefergnce to this part of IS0.1288, i.e. ISO 1288-3;
b) type and name of glass;
c) pre-treptment and,Surface condition of the tested specimen surface including the sequenge of
treatment stages. In the case of specimens with one patterned surface, the surface which is placed
under tensile Stress (flat or patterned side) shall be indicated;

d) descrip|tion of the edge finish and which way up it was tested;

e) inherent stress of the specimen, annealed or prestressed glass, including nature and, if possible,
degree of prestressing;

f) number of specimens;
g) for each specimen, the following information:

1) thickness, h, in millimetres, to the nearest 0,05 mm, in the case of specimens with flat surfaces;
maximum thickness (plate thickness), minimum thickness (core thickness) and average
thickness, h, in millimetres, to the nearest 0,05 mm, in the case of specimens with one or two
patterned surfaces;

2) width in millimetres to the nearest 1 mm;

6 © IS0 2016 - All rights reserved
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3) overall bending strength, opp, or equivalent bending strength, opeqs, in MPa to the nearest
0,1 MPa;

4) if desired, edge bending strength, opp, or equivalent bending strength, opeqs, in MPa to the
nearest 0,1 MPa;

5) time to breakage in seconds to the nearest 1 s;
6) whether the specimen broke from the edge or the central part (body) of the specimen.

No average of the measured results shall be given;

h) humber of specimens not broken in accordance with Clause 8;

i) pny deviation from this part of ISO 1288 which may have affected the results.

© IS0 2016 - All rights reserved 7
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