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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 1288-5:2016(E)

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

Part 5:
Coaxial double ring test on flat specimens with small test

£,
surrace-areas

1 Bcope

This|part of ISO 1288 specifies a method for determining the comparative bending strength of glass for
use in buildings, excluding the effects of the edges.

See |SO 1288-1, 5.1.4 for an explanation as to why this test method should only be used forf comparing
the 4trength of types of glass and not for assessing strength for design purposes.

The |imitations of this part of ISO 1288 are described in ISO 1288-1.
[SO 1288-1 should be read in conjunction with this part of {SO*1288.

This|test method is not suitable for patterned glass.

2 Normative references

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

ISO @8, Rubber, vulcanized or thexmoplastic — Determination of hardness (hardness betwden 10 IRHD
and 00 IRHD)

3 [erms and definitions

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

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

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

4 Symbols

F load N
Fmax load at breakage, “breaking load” N
h thickness of specimen m
L side length of square specimens m
K1,K> constants for calculation of bending stress

© IS0 2016 - All rights reserved 1
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ri radius of loading ring m
r radius of supporting ring m
r3 radius of circular specimens m
I'3m average specimen radius (for evaluation) m
t time S
o stress Pa
ObB bending strength Pa
u FPoisson number of specimen

INOTE for soda lime silicate glass (see ISO 16293-1), a value of 0,23 is used,
AF/At ilate of increase of load N/g
Ao/At ilate of increase of stress Pa/$
5 Principle of test method

5:2016(E)

A circular or square plane-parallel specimen with radius r3, or length of side L, resting on a suppot

ring (radius
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Outside the
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r7) shall be loaded by means of a loading ring (radius}) arranged concentrically relati
ing ring (see Figure 1).

loading ring, the radial and tangential stressés in the specimen decrease towards the
isk of failure there is small.

loads, F, (depending on the values of ry; rp, r3 and h) there is, in the central region o
nt specimen surface, a tensile stress field (see Reference [3]) extending in all directions
e area in this field being bounded by the loading ring.

g the load, F, the tensile stress in the middle of the specimen is increased at a constant
e occurs, the expected pdint of failure being in the most severely stressed surface re
he loading ring.

g strength, opp, shall be calculated from the maximum load, Fhax, measured when fa
the specimen, thi¢kness, h, taking into account the dimensions of the square or cirg
ind the value’for' Poisson number, y, of the specimen.
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6.1
The

the following features.

I3

oading ring
Epecimen
supporting ring

jgure 1 — Test arrangement (indicating the principle), illustrated for a circular sj

Apparatus

Testing machine

bending test shall be carried out using a suitable bending testing machine, which shall

becimen

ncorporate

a) [The stressing of the specimentshall be capable of being applied from zero up to a maximum value in
h manner which minimizés shock and is stepless.

b) [he stressing device@hall be capable of the specified rate of stressing.

c) [he testing machine shall incorporate aload measuring device with a limit of error of +2,0 % within
the measuringrange.

6.2 | Loading device

The Joading device shall be arranged as illustrated in Figure 2, with dimensions conforminlg to Table 1

for §he€two combinations of loading ring and supporting ring accepted for the coaxial double-ring

bending test.

© IS0 2016 - All rights reserved 3
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1 specimepn
2 base plafe of hardened steel provided with a supporting'ring
3 spacer df silicone rubber
4  loading fing of hardened steel
5 load trapsmitting member with a centring feature for the loading ring
6  spacer df paper or synthetic material approximately 0,1 mm thick
7  adjusting jaw for centring the specimen
8 contact gircle of loading ring
9  contact gircle of supporting g
Figure 2 — Loading device
Table 1 — Dimensions of loading ring and supporting ring
Dimensions in millimetres

Loading device

Radius of loading ring

Radius of supporting

Radius r3 or L/2 of

ri ring specimen as specified
r in Table 2
R30 6 30 33
R45 45 50
R60 20 60 120
R105 35 105 210

The radius of curvature of the bearing surface of the supporting ring shall be 2,5 mm.

The silicone rubber shall be 3 mm thick, or alternatively a rubber section, 3 mm thick, matched to the
supporting ring with a hardness of (40 + 10) IRHD (according to ISO 48).

4
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The radius of curvature of the bearing surface of the loading ring shall be 2,5 mm.

6.3 Measuring instruments
The following measuring instruments are required:

— a measuring instrument enabling the diameter or the length of the side of the specimen to be
measured to the nearest 1 mm;

— ameasuring instrument allowing the thickness of the specimen to be measured to the nearest 0,01 mm.

7 Bample

7.1 | Shape and dimensions of specimens

Circpilar or square specimens as specified in Table 2 and Table 3 shall be used:

Table 2 — Dimensions of specimens

Dimensions ih millimetres

Loading device Diameter (= 2r3) or Thickness h
side length L
minimum maximum
R30 66 + 2 see Table 3 6
R45 100 £ 2 see Table 3 9
R60 2405 see Table 3 12
R105 420 +5 see Table 3 19

Table 3 — Minimum thickness of specimens as a function of bending strength

Dimensions ip millimetres

Bending strength opp Minimum thickness of specimens for loading device

MPa R45 R30 R60 R105

opB < 100 2,0 1,0 2,5 4,5

100 < opp,=200 2,5 1,5 3,5 6,0

200 < opp-<'300 3,0 2,0 4,5 7,5

300%y6pp <400 3,5 2,5 50 8,5

400 < opp < 500 3,5 2,5 55 9,5
500 < opp <600 4,0 3,0 6,0 10,5

In cases in which not even the approximate value of the anticipated bending strength is known
beforehand, the data given in the last line of Table 3 (values for bending strength up to 600 MPa) shall
be taken for the minimum thickness of the specimens. After the first tests have been evaluated, the
appropriate minimum thickness shall be determined from Table 3.

The following tolerances shall apply to that portion of the specimen bounded by the contact circle of the
supporting ring:

— the flatness tolerance shall be 0,1 mm;

— the parallelism tolerance shall be 2 % of the specimen thickness.

© IS0 2016 - All rights reserved 5
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7.2 Sampling and preparation of specimens

7.2.1 Cutting and handling

The greatest care shall be taken that the test surface, which will be subsequently subjected to tensile
stress, does not come into contact with tools, grinding agents, glass splinters, etc. and also is not
damaged during storage.

NOTE 1

coating (glued down) during specimen preparation.

In order to preserve specific surface conditions, the test surface can be provided with a protective

NOTE 2 Themethod of cutting specimens 1s not significant and no edge processing 1s necessary.

7.2.2 Conditioning

Protective qoatings shall be removed 24 h before the test (see ISO 1288-1). The specimen-shall be stpred
in the test gnvironment (see 8.1 and 8.2) for at least 4 h before testing.

7.2.3 Examination

Before the pending strength test, all specimens shall be examined over the test surface area for| any
faults whicl are not representative of the quality characteristics of the fnaterial tested.

7.2.4 Adhesive film

To hold togpther the fragments, an adhesive film shall be fixed to the side of the specimen facing the
loading ring. This facilitates location of the fracture origin and measurement of the specimen thickness.
7.3 Numper of specimens

The numbey of specimens to be tested shall be determined depending on the confidence limits requjred,
especially with regard to estimating the extiemes of the strength distribution (see ISO 1288-1 for a
discussion ¢f numbers of specimens).

8 Procefure

8.1 Temperature

The coaxial ring bending\test shall be carried out at a temperature of (23 * 5) °C. During the Jtest,
the temperature of the,Specimen shall be kept constant to 1 °C in order to avoid the developmept of
thermal stresses.

8.2 Humlidity

The coaxial

ring bending test shall be carried out at a relative humidity between 40 % and 70 %.

8.3 Thickness measurement

To prevent damage from being caused to the surface by measuring instruments, the thickness shall
be measured at four points on the edge of the specimen. The average shall be taken from these
measured values.

8.4 Base plate

The base plate is centred by moving down the force transmitting component (without the loading ring
and specimen) into the adjusting cone (see Figure 2). The base plate shall be locked in this position.

© ISO 2016 - All rights reserved
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Glass splinters and other hard and sharp-edged particles shall be cleaned from the supporting ring.
Damage to the supporting ring shall be eliminated.

8.5 Positioning of specimen and loading ring

The silicone rubber spacer shall be positioned between the specimen and the base plate in such a
way that, at each point, it protrudes beyond the bearing annulus on each side by not less than 5 mm.
The specimen shall be placed in position with the surface to be tested downwards. The loading ring,
which has been cleaned to remove splinters, shall then be lowered onto the top side of the specimen
and centred, with the paper or synthetic spacer placed between the loading ring and the specimen

(see Figure 7)

8.6 | Load application

The ftest load, F, shall be increased in such a way that the bending stress in the middle of the specimen
riseg at a rate of (2 + 0,4) MPa/s until failure of the specimen occurs.

For calculating the rate of increase of the bending stress, Formula (1) shall be used for circular
spedimens and Formula (2) for square specimens:

\o Kl AF

-~ _1 = 1
ANt p2 At ()
Noc K, AF
S (2)
t  p2 At
NOTE The values of K1 and K, depend on the Poisson number of the specimen. For soda lime §ilicate glass,

the value of K7 is 1,09 and the value of K3 is 1,04 (segISO 1288-1) for both the R30 and the R45 rings while the
valu¢ of K1 is 0,686 and the value of K3 is 0,674 for-both the R60 and the R105 rings.

The maximum load, Finax, shall be read from'the load measuring device of the testing machine.

8.7 | Location of the origin

The Jocation of the origin of thefracturel4] shall be determined from the fragments. The pogition of the
origin of the fracture “inside or outside the contact circle of the loading ring” shall be detgrmined for
everly specimen.

T

NOTE After fractGre, further thickness measurements, for control purposes, can be made dn fragments
from| the centre of the)specimen bounded by the loading ring contact circle, preferably as close to[the fracture
origin as possible.

8.8 | Assessment of residual stresses

If thg ‘specimens are considered to be free from inherent stresses, (that is, they are of anng¢aled glass),
this condition shall be examined photo-elastically, in the case of transparent glasses, on specimens or
suitable fragments. Stress-free specimens placed between cross-polarized polarizing filters shall not
show any significant brightness variations when viewed through the cross-section over an optical path
length of 5 mm.

9 Evaluation

9.1 Limitation of the evaluation

For evaluation purposes, only those specimens shall be considered in which the origin of the fracture
lies within the area defined by the loading ring.

© IS0 2016 - All rights reserved 7
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