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

Part 1:
Fundamentals of testing glass

1
This

buildlings. The testing of insulating units or laminated glass is excluded from this_part of IS
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Scope

part of ISO 1288 specifies the determination of the bending strength of monolithic gla

part of ISO 1288 describes

ronsiderations to be taken into account when testing glass,

bxplanations of the reasons for designing different test methods;

imitations of the test methods, and

bives pointers to safety requirements for the personuel operating the test equipment.
| 288-2, SO 1288-3, ISO 1288-4 and 1SO 1288-5 specify test methods in detail.

test methods specified in this part of [SO 1288 are intended to provide large numberg
(gth values that can be used as the basis for statistical evaluation of glass strength.

Normative references

following documents, in whele*or in part, are normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

| 288-2, Glass in building — Determination of the bending strength of glass — Part 2: Co
test on flat specimens with large test surface areas

1288-3, Glass-in building — Determination of the bending strength of glass — Part |
men suppeyited at two points (four point bending)

128854, Glass in building — Determination of the bending strength of glass — Part 4
nel shaped glass

5s for use in
1288.

of bending

ent and are
or undated
ES.

nxial double

B: Test with

: Testing of

[SO 1288-5, Glass in building — Determination of the bending strength of glass — Part 5: Coaxial double

ring

test on flat specimens with small test surface areas

[SO 16293-1, Glass in building — Basic soda lime silicate glass products — Part 1: Definitions and general

phys

ical and mechanical properties

NOTE ISO TC 160/SC 1 is commencing work on standards for “thermally tempered soda lime s
glass”, “heat strengthened soda lime silicate glass” and “chemically strengthened glass.”

3 Terms and definitions

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

© ISO 2016 - All rights reserved
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31
flat glass

any glass product conforming to ISO 16293-2, ISO 16293-3, ISO 16293-4 and ISO 16293-5, or any
transformed glass made from these products without deliberately inducing profile or curvature

3.2

bending stress
tensile bending stress 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.

3.3

effective b
weighted ay
non-uniforr

3.4
bending st
bending str4d

3.5

equivalent]
apparent bg
allow preci

3.6
profile ben
quotient of

3.7
stress inte
measure of

3.8

prestresse
any glass p
heat streng

bnding stress
rerage of the tensile bending stresses, calculated by applying a factor to take intoyacc
hity of the stress field

rength
ss (3.2) or effective bending stress (3.3) which leads to breakage of the.specimen

bending strength
nding strength (3.4) of patterned glass, for which the irreglarities in the thickness d¢
e calculation of the bending stress (3.2)

ding strength
the maximum bending moment and the section modulus of a channel shaped glass

hsity factor
the stress at a crack tip

d glass
roduct that has a surface préstress, i.e. thermally tempered soda lime silicate safety g
Fhened soda lime silicate glass and chemically strengthened glass

4 Symbgq
F a
h S
L 1

Dls

pplied load N
ecimen thickness M
ngth of side of square test sample M

punt

not

lass,

k

K1, K> constants for calculation of bending stress in ISO 1288-5

MpB maximum bending moment Nm

p gas pressure applied within loading ring in ISO 1288-2 Pa

PypB profile bending strength (of channel shaped glass) = Myg/Z Pa

ri radius of loading ring

rp radius of supporting ring M
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radius of circular specimen

average specimen radius (for evaluation)

central deflection of specimen M
section modulus (of channel shaped glass) m3

poisson number of specimen

NOTE For soda lime silicate glass (see ISO 16293-1), a value of 0,23 is used.
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bending stress Pa

effective bending stress Pa

bending strength Pa
B equivalent bending strength Pa

radial stress Pa

tangential stress Pa

stress in a direction along the length of the specimen Pa
Factors to be taken into account when testing glass

Glass as a material

|  General

5 is a homogeneous isotropic mateyial having almost perfect linear-elastic behaviour ovg
ngth range.

5 has a very high compressive strength and theoretically, a very high tensile streng
hce of the glass has many/irregularities which act as weaknesses when glass is subjectd
bs. These irregularijties’are caused by attack from moisture and by contact with hard m
and are continually-‘modified by moisture which is always present in the air.

Tendile strengths’of-around 10 000 MPa can be predicted from the molecular structure, by
norrhally fails.ab’stresses considerably below 100 MPa.

The
glas

presence of the irregularities and their modification by moisture contributes to the p
5 which need consideration when performing tests of strength.

br its tensile

rth, but the
d to tensile
hterials (e.g.

t bulk glass

roperties of

Because of the very high compressive strength, glass always fails under tensile stress. Since glass in
buildings is very rarely used in direct tension, the most important property for load resistance is the
tensile bending strength. All the tests described in this part of ISO 1288 are intended to evaluate the

tens
The
a)
b)
‘)
d)

ile bending strength of glass.
bending strength is influenced by the following factors:

surface condition (see 5.1.2);

rate and duration of loading (see 5.1.3);

area of surface stressed in tension (see 5.1.4);

ambient medium, through stress corrosion cracking, as well as healing of surface damage in the

glass (see 5.1.5 and Reference [1]);
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e) age, i.e. time elapsing since the last mechanical surface treatment or modification to simulate
damage (see 5.1.6);

f)

temperature (see 5.1.7).

The influence exerted by factors b) to f) on bending strength has been taken into account in this

part of ISO

1288.

5.1.2 Effect of surface condition

For the purpose of bending strength tests according to this part of ISO 1288, glass behaves as an almost

ideally line
any hard ol
chips. Surfg
exerts a no

composition of the glass has only a minor, and in some cases, entirely negligible, significance.

Hence, it fq
ISO 1288 is

This surfac

a)

the sur
damagg

residua
uninter

b)

5.1.3 Effc

For the inte
the rate of 1

Cracks proj

a lower limiit to the stress intensity factor below which cracks do not propagate (see Reference

There is th
influenced
crack propg
subcritical
loading infl

For prestre
the surface

5.1.4 Effc

ir-elastic material that fails in a brittle manner. This brittleness means that contact
ject can lead to surface damage in the form of ultra-fine, partly submicroscopic cracks
ce damage of this kind, which is practically unavoidable during normal handling of g
Lch action which is a major factor in reducing mechanical strength, whereasithé cher

llows that the bending strength determined by the methods referred o in this pa
related largely to the surface condition of the specimen to be tested;

e condition is characterized by the following main features:

face condition imparted by a particular method of treatmient, which produces a spq
spectrum and thus, results in a strength which is specific te the finished surface condi

| stress, e.g. in the form of thermal or chemical prestress intentionally imparted, as we
ded residual stresses.

tct of rate of loading

rpretation of the bending strength values determined as described in this part of ISO 1
pading is of special importance.

pagate in glass over a wide range of values of tensile stress (see Reference [2]). The

bn some subcritical crack propagation at higher levels of stress intensity factor, whi
by humidity, temperature and chemical agents. Above a critical stress intensity fa
\gation is very rapid, and’leads to (almost) instantaneous failure. The consequence o
‘rack propagation is, for example, that the rate of load increase and/or the duration of s
liences the bendingstrength.

5sed glass, this'time dependence does not manifest itself until the tensile stress inducq
exceeds the’compressive stress permanently present there (see Reference [3]).

bct of'test surface area

The decrea

with

and
lass,
nical

rt of

cific
tion;

11 as

288,

re is
[1]).
ch is
ctor,
[ the
tatic

bd in

aim bhoandinag ctranath of glacc uath 1o cinag cion Aftbhatact avena avynoacad +0 high ot
e SHFeRE+t1-6+ SH£ ¥ HER

ssis

T o CTTIoTT TTr vV eI e CoroTIT CoTTIITTC o T O o T AP oOStoTo T

also of importance (see Reference [4]). This area effect is accounted for by the statistical distribution
of surface defects varying in effectiveness; the larger the test area, the greater is the probability of
its containing a large surface defect. Consequently, the influence of the area effect increases with
decreasing incidence of defects in the surface, so that this influence is more pronounced in the case of
undamaged, e.g. fire-finished glass surfaces (see Reference [5]).

Differences are likely between the mean values of the bending strength as measured in accordance
with ISO 1288-2 (maximally stressed area: 240 000 mm?2), or by using devices R105, R60, R45 and
R30 in accordance with ISO 1288-5 (maximally stressed areas: 3 850 mm?2, 1 260 mm?2, 254 mm?2 and
113 mm?2), due to the size of the stressed area. Depending on surface damage, the results obtained
from testing smaller surface areas may be significantly higher than those obtained from testing larger
surface areas, as shown in Table 1.

© ISO 2016 - All rights reserved
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Table 1 — Approximate effects of test surface area on the mean measured bending strength

Test method Device Relative bending strength
ISO 1288-2 — 100 %

ISO 1288-5 R105 120 % to 180 %

ISO 1288-5 R65 125 % to 210 %

ISO 1288-5 R45 140 % to 270 %

1SO 1288-5 R30 145 % to 300 %

builg
com

5.1.%

The
part

lings. The test method specified in ISO 1288-5 can be useful as a method -6f\evg
parative bending strength of flat glass.

b Effect of ambient medium

surrounding medium in which the glass is tested has an influencé on the strength
icularly if the moisture level is very low. When glass is used in buiildings, the relatiy

typi

rally ranges from 30 % to 100 %. Within this range, the effect-on the bending strengf

und¢rtaken in test conditions with relative humidity levels in the range of 40 % to 70 %,
elimfinate this effect when comparing bending strength results.

aCCO{‘

5.1.¢ Effect of aging

nec
mo

Refe
shal

5.1.]
The

ssary to allow the fresh damage to heal.lbefore the test is undertaken. The contin
ification by moisture affects the damage'in a way that can reduce any weakening
rence [1]). In practice, glass is highly unlikely to be stressed directly after it has been t
be conditioned for at least 24 h before testing.

If tie glass surface is modified (by abrasion, et¢hing, edge working, etc.) before the t

f Effect of temperature

bending strength of glass/is affected by changes in temperature. Within the norm

temperatures experienced.by’glass in buildings, this effect is not very significant, but to av

com
rang

5.2

5.2.]
The

blications in the comparison of bending strength values, testing shall be undertaken in
e of temperatures.

Bending stress and bending strength

|  General

test methods described in ISO 1288-2, ISO 1288-3, ISO 1288-4 and ISO 1288-5 are

1288-2 and
5 for use in
luating the

f the glass,
e humidity
h, as tested

ding to this part of ISO 1288, is not great. However, tests/on glass for use in buildipgs shall be

in order to

esting, it is
ual surface
effect (see
reated, so it

al range of
bid possible
A restricted

esigned to

induce a uniform bending stress over an area (the test area) of the specimen. However, the stresses
induced by the applied loads depend on the nature of the material tested as well as the load distribution.

5.2.2 Effective stress

Where the stress varies significantly over the test area, as is the case in ISO 1288-3 (see 6.1.6), it can
be represented by a weighted average stress called the effective bending stress, opefr. The weighting is
obtained by statistically evaluating the probability of fracture at any point in the stressed area.
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5.2.3 Equivalent bending strength

Variations in homogeneity or thickness of the specimen affect the stress distribution. Hence, the
bending strength, opp, is never entirely an accurate value and, in some instances, it is better termed the
equivalent bending strength, opeqs.

For some of the glass types tested (for example, float glass), such variations are very small and the
bending strength determined by the tests is sufficiently close to the actual bending strength for the
difference to be unimportant.

In the case of patterned glass, however, only the equivalent bending strength can be determined.

5.2.4 Prdfile bending strength

When channel shaped glass is tested according to ISO 1288-4, most of the specimens fail fronvfractures
originating|at the corner of the profile, where the web and flange meet, and not at the,extreme of the
flange or surface of the web. This is due to secondary stresses generated by the spreading of the flapges
when the channel section is bent. In this test, the bending strength is better expressed as the priofile
bending strength, Ppp.

5.3 Types of glass

5.3.1 General

The tests specified in [ISO 1288-2, SO 1288-3 and I1SO 1288-5 aréfor testing flat glass. This includes float
glass, drawh sheet glass, patterned glass, patterned wired glass, polished wired glass and prestressed
glass, provided there has been no deliberately induced curvature or profile (other than the patterned
surface of

5.3.2 Patterned glass

The coaxialldouble ring test for large test surface areas (see ISO 1288-2) can be used to determing the
equivalent bending strength of patterned glass, provided the maximum and minimum thicknessgs do
not deviate|by more than 30 % or 2 mm, whichever is the lower, from the average thickness. THis is
because of dlifficulties in sealing the pressure ring to a patterned surface.

There is no [limitation on the depth of pattern if the four point bending test (ISO 1288-3) is used.

5.3.3 Laminated glass

The testing|of the bending strength of laminated glass (see ISO 12543-1) is excluded from this pafrt of
1SO 1288.

In a bending testyadditional shear deformation arises in the elastic or plastic interlayers (sliding of the
hard glass pliés on the interlayer). This effect means that measuring the bending strength of laminjated
glass is likely togiveastrength vatue tesstham theactuat bermding strengthrof @ momnotithic glass of
the same thickness. This shear deformation is particularly sensitive to the effects of temperature and
loading rate.

Laminated glass is manufactured from monolithic glass products that can be tested individually by the
test methods described in ISO 1288-2, ISO 1288-3 and ISO 1288-5.

The process of manufacture is unlikely to cause significant changes in the bending strength of the
component glasses, so it is unnecessary to test laminated glass which can be assumed to have bending
strengths appropriate to their individual components.

The load resistance of laminated glass depends on the interactions between the component parts of the
composite structure, which is beyond the scope of this part of [SO 1288.

6 © IS0 2016 - All rights reserved
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Many glass products lack symmetry in their production. This may be immediately obvious, such as a
patterned glass, which is likely to have one surface much more deeply patterned than the other and
possibly in which the pattern is directional, or it may be less obvious, such as the side on which the
wheel cut was made (see ISO 1288-3:—, Figure 1).

Where such asymmetry is present, it may be necessary to test the glass in several different orientations
in order to determine the bending strength. Samples of glass to be tested shall have all the specimens
nominally identical.

5.5

The
Very
unce

In st
isa

Whe

Number of specimens in a sample

bending strength of glass displays a large variation between nominally identical
little information can be obtained by testing only a few specimens, since there is c
rtainty about whether the results are representative.

atistical terms, this uncertainty can be expressed as confidence limits, valtes between
riven probability that the target being sought will lie.

re the target being sought is in the central part of the bending Strength distribution (f

the

An
nu
of beg

6

6.1

NOT

6.1.]

The
fact
subj
whig
ISO

stre

6.1.2

specimens.
onsiderable

iwhich there

pr instance,

ean value), then the confidence limits can be fairly narrow even with just a few specimens.

curate determination of the tensile stress which leads t@’alow crack probability can r
ers of specimens when, for example, a characteristicstress, a permissible stress or a
nding strength is to be determined.

Explanations of the test methods

Coaxial double ring test for large'test surface areas

|7

This test is specified in ISO 1288:2.

| Elimination of edge effects

special feature of the doaxial double ring bending test in accordance with ISO 1288-
that only a circular shaped limited area of the surface of the specimen (not, however,
bcted to maximum Stressing. In contrast to other bending tests (for example, see ISO
h the edge of theZspecimen is subjected to the maximum stress, the procedure in accol
1288-2 is suitable for exclusively subjecting surfaces (or different surface conditions)
5s. The effect-of the specimen edge condition is, for the most part, suppressed.

. _Analysis of the stress development

bquire large
esign value

P lies in the
ts edges) is
1288-3), in
‘dance with
to bending

Whe

n the deflections are rplnfivply small the central surface area is cnh}ipr‘fpd to unifl

rm tensile

stressing [see Figure 1 a)], where the radial and tangential stresses are of equal size.
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Orad

a) In the small deflection range

; A

O-rad
O7

b) In the large deflection range

Figure ] — Schematiec dependence of radial and tangential stresses upon the radius of the
specimen, when loaded by a double ring device

If the defle¢tions‘become larger, i.e. if they exceed approximately half the thickness of the sheet|(the
precise limit iS’"dependent on the ring ratio, rp/r1), this leads to localized increases in stress below the
edge of the loading ring, the extent of which increases as the load rises [see Figure 1 b)]. At this stage of
the loading, the tangential and radial stresses change differently and a simple calculation of the stresses
is no longer possible. The stresses calculated from linear bending theory would be too high.

It has been demonstrated that, by means of a combined ring and surface load (see References [6]
to [8]), this increase in stress below the edge of the loading ring can be avoided. With a constant
piston force, F, the gas pressure, p, can be optimized in such a way that either the radial or tangential
tensile stress develops almost uniformly within the loading ring (see Figures 2 and 3). It is, however,
not possible to optimize the gas pressure, p, with regard both to the radial and tangential stress
development at the same time.

8 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=930deb3900030faccc60a616259f1afb

Orad MPa

ISO 1288-1:2016(E)

100
80+ 54 kPa
33 kPa
e
t5kPa __—
0 kPa
40|
20|
0
) 100
2201

Key
L  position of loading ring

S position of supporting ring

570

rmm

Thig graph has been measured using the following parameters:
Squdre specimen: 1 000 mm x\1LJ000 mm x 6 mm; r1 = 300 mm; rp =400 mm; F: 22 220 N;

Pargmeter: gas pressure(p. This determines that the optimized gas pressure, p, is 33 kPa.

Fighre 2 — Radial'stress development along the median of the convexly bent specimen surface

If the gas pressure, p, is optimized with regard to the radial stress distribution (as given [in Figure 2,
curve P< 83 kPa), then the tangential stress falls towards the loading ring (as given in Figuire 3, curve
P = B37kPa). If the gas pressure, p, is optimized with regard to the tangential stress distfibution (as

given in Figure 3, curve P = 15 kPa), then the radial stress rises towards the loading ring (as given in
Figure 2, curve P = 15 kPa). Since, in the case of brittle materials, it is always the normal stresses which
cause fractures to be triggered-off, the non-homogenous distribution of the radial stress is the decisive
factor in the triggering of the fracture. For this reason the gas pressure, p, is always optimized with

regard to the radial stress development for practical test purposes.

© ISO 2016 - All rights reserved
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40+

Key
L  position|
S position|

of loading ring
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This graph |
Square spec

Parameter:

as been measured using the follewing parameters:
jmen: 1 000 mm x 1 000 mm.x'6 mm; r1 = 300 mm; r =400 mm; F: 22 220 N;

bas pressure, p. This determines that the optimized gas pressure, p, is 15 kPa.

Figure 3

However, th
size, as is aj

— Tangential stress development along the median of the convexly bent specime
surface

e advantage of the biaxial stress condition, the two principal stresses of which are of ¢
pparent during the double ring bending process in the case of small deflections (see 6.]

n

qual
B), is

lost. This d

sadvantage is, however, more than offset by the large test surface area, unless the su

face

damage has a clear preferential direction (e.g. one or more parallel scratches).

In the case of square specimens, the stress distribution is slightly directional; the stresses along the
medians and the diagonals differ slightly, within a range of about 5 %.

The curves in ISO 1288-2:—, Figure 3 and the values in ISO 1288-2:—, Table 3 have been determined
from measurements. Deviations of individual measured values from the curves or table values are,
at most, 5 %.
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6.1.3 Testing of patterned glass

1:2016(E)

Specimens with one or two patterned surfaces cannot be tested by means of a small test area using the
coaxial double ring bending test (see 6.3 and ISO 1288-5), since the surface spread of the decorations
are approximately the same size as the test surface area.

However, with a double ring bending test with a large test area in accordance with I1SO 1288-2, it is
possible to test glass with patterned surfaces. The permissible structural depth given in 5.3.2 (local
deviations from the average thickness a maximum of 30 % or 2 mm, whichever is the lower) is based
upon experimental results.

Wh

the ¢
load
hom

6.2

NOT

6.1.4

This
theit

6.1.]

This
cent
as tH

1T thcl CdlIT UIIT Ul tVVU lJClttCl llCd oul fa\,co, thC \,uuditiuu Uf thC l;llC oha};cd illtl uduutiu
dge of the loading ring is violated by the necessity to introduce a thicker intermediate

ng ring side. The only effect, however, is to reduce somewhat in size the surface area of
pgeneous radial stress distribution. Otherwise, the stress values remain almost-unaffed

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

T

) This test is specified in ISO 1288-3.

L Limitations

test is not appropriate for products which are expected te_have deflections greater th
thickness.

b Inclusion of edge effects

test is performed as a beam bending test using a wide beam. The edges of the specim
ral span of nominally uniform, unidirection@l stress, are subjected to the maximum st
e surface. If it is required to determine the bending strength of glass where the effectg

are important, this test should be used.

Sim
subj
bear

6.1.I Analysis of the stress development
1

e theory assumes that there are no stresses developed across the width of a bean
bcted to bending along itsdength. However, while this may be a good approximation
hs, the Poisson effectgenérates significant stresses across the width of wide beams. Th

indulce a contraflexion dacross the width of the beam, so that the longitudinal stress cannot |

as u
deve
bear

hiform across the,width (see Reference [9]). The effect is to increase the tensile ber
loped at the édges of the beam and decrease the tensile bending stresses at the mig
h (as shown it Figure 4).

n of force by
ayer on the
he virtually
ted.

an 25 times

en, over the
ress as well
of the edge

| when it is
for narrow
Pse stresses
be regarded
ding stress
-line of the
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+  tensile skress

compregsive stress

distanceg from the middle axis of the specimen along the width (mm)
stress predicted from simple theory is 60,3 MPa tension or compression
stress predicted from simple theory is 43,5 MPa‘tension or compression
stress predicted from simple theory is 38,6 MPa tension or compression
stress predicted from simple theory is~33,7 MPa tension or compression
stress predicted from simple theoty is 28,9 MPa tension or compression
stress predicted from simple theory is 24,0 MPa tension or compression
stress predicted from simple theory is 19,1 MPa tension or compression
stress predicted from simple theory is 14,2 MPa tension or compression

O 00 NN O U1 b W N = X

stress predicted froripsimple theory is 12,5 MPa tension or compression
10 stress pyedicted from simple theory is 2,2 MPa tension or compression

Figure 4 — Variation in stress across the width of an 8,2 mm thick specimen of float glass at the
middlIe of the span

If the exact origin of fracture is known, it is possible to obtain, by complex calculation, the precise
local bending stress that has caused fracture of the specimen. If, however, the probability of flaws and
the flaw distribution is considered, there is another approach which can be taken, depending upon
whether the required bending strength is derived from all the bending test results (overall strength),
or whether only those results from edge breaks are to be included (edge strength). It can be shown
that the application of a factor, k, to the calculated bending stress can be used to modify the calculated
bending stress to a “weighted average” of the bending stresses, called the effective bending strength,
opeff. The factors are the following:

k=ks=1,00 when all the fractures are to be included;
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k=ke when only edge fractures are to be included.

1:2016(E)

The value of k. depends on the deflection of the specimen at its centre, and values for this parameter

are given in I1SO 1288-3.

6.3 Coaxial double ring test for small test surface areas

NOTE This test is specified in ISO 1288-5.

6.1.7 Elimination of edge effects

The
that
to m

special feature of the coaxial double ring bending test in accordance with ISO 1288-5'lig
only a circular shaped limited area of the surface of the specimen (not, however, its edges)
aximum stressing. In contrast to other bending tests (for example, ISO 1288-3] in whi
of the specimen is subjected to the maximum stress, the procedure in accordance with IS
suitgble for exclusively subjecting surfaces (or different surface conditions) to bending stres
of thie specimen edge created by mechanical cold working is for, the most part, suppressed.

6.1.8 Analysis of the stress development

The [advantages outlined in 6.1.1 and Reference [10] prompted/the’ choice of the coaxial
bending test as a test method for determining the bending strength of glass. One of these ag
the yniform, and directionally independent loading of the spécimen with the loading ring, w
that|the direction of possible surface defects has no influence on the result. However, this
up t¢ limited deflections, yg, at the centre of the speciment

Abo
mag
stre
stre

e this limit, excessive local stress may occur under the bearing edges of the loadij
hitude of which increases as the load becomes greater. At the same time, tangentia
bses undergo variable modification, which\is too complex for simple calculation. In tH

For {

by y
sele

he ring size ratio, rp/r1 = 5, chosén-here, the permissible deflection range is given ap]j
p/h < 1,0. The minimum values for the thickness of specimens specified in ISO 1288-]
ted for bending stresses up te_ 600 MPa in such a way that, for elastic moduli of not less {]
the gelative deflections, yo/h, imthe centre of the specimen do not exceed 0,75. The stress di
the loading ring region are then less than 2 %, according to Reference [11] and [12]. For t
of I§0 1288-5, the bending, strength can be calculated from the test load using the formu
ISO [1288-5, provided that the ring and specimen dimensions and the values of minimum {
spedimens are adhered to.

For this quasi-linéar range of specimen loading, the following expression applies for the str
surffice of cirCular specimens bounded by the loading ring (see Reference [5]).

_ )22
\ 3(1+p) (1 “)’”2 o2

rad

sses calculated from the linear bending theory are found to be excessively high (see 6.1).

s in the fact
is subjected
ch the edge
0 1288-5 is
5. The effect

double ring
vantages is
hich means
bnly applies

g ring, the
and radial
is case, the

broximately
b have been
han 50 GPa,
ferences in
e purposes
lae given in
hickness of

esses in the

)

2,2 r. 1p2
2 +—h

21 (1+p)
r y

=T

Assuming a constant ratio between the values of rq, rp and r3 and a Poisson number, y, for the specimen

of 0,23, the formula used in ISO 1288-5, for a circular specimen, may be derived from the Fo
F
Orad =071 = Kl h_z

Table 2 shows the effect of Poisson number on Kj.

© ISO 2016 - All rights reserved
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Table 2 — Constant, K1, as a function of Poisson number, u

Poisson number, 4 | Constant, Kj, for Error, %, on Constant, K1, for Error, %, on
R30 and R45 rings assuming R60 and R105 rings assuming
u=0,23 u=0,23
0,18 1,059 2,7 0,662 3,4
0,19 1,065 2,1 0,667 2,7
0,20 1,071 1,6 0,672 2,1
0,21 1,076 1,1 0,677 1,4
0,2 1682 8,5 8,681 ;7
0,23 1,088 0,0 0,686 0,0
0,24 1,094 0,5 0,691 0,7
0,25 1,100 1,1 0,695 1,4
0,26 1,106 1,6 0,700 2,1

The Poissonn number for soda lime silicate glass (ISO 16293-1) is given as 0,23{For square specinens,

Formula (1)

applies using the mean specimen radius, as follows:

+\/5)
2

L o6l
2

(3)

Here, r3m cprresponds to the mean of the radii of the circles circumscribing and inscribing the square.

This leads t

and R105 rings, for square specimens of soda lime silicate glass.

When testi
stress at th
the loading
or side leng
r3frz=2o0
maximum {
this case, h

In inter-lab

to satisfactgry agreement of thelbending strength values determined for both forms of specimen.

7 Range

7.1 Gene¢

The test m¢

pwever, constants K1 and Kzneed to be calculated again from Formula (1).

p constants, in ISO 1288-5, of K = 1,04 for the R30;and R45 rings and K7 = 0,674 for the]

hg using loading devices, R45 and R30, as @pecified in ISO 1288-5, the tangential te
e edge of the glass is about 30 % of the maximum tangential stress (= radial stress) w
ring. If this results in edge breaks, it is.recommended to increase the specimen radiu
th, L, and hence, the projection of the specimen beyond the supporting ring. With a

" L/2r; = 2, the tangential stress at the edge of the sheet is definitely below 10 % o
alue (see Reference [10]), so thatthe possibility of edge breaks can be virtually exclude

bratory tests, the calculation principle given here for square and circular specimens ha

of application of the test methods

ral limitations

bthods specified in this part of ISO 1288 are not appropriate for the testing of lamin|

glass or ins

R60

hsile
thin
5, '3,
ratio
[ the
d. In

s led

ated

llnfingnnifc

7.2 Limitations to ISO 1288-2

This test method is applicable only to flat glass (see 3.1).

Patterned glass can be tested provided the maximum and minimum thicknesses do not deviate by more
than 30 %, but not more than 2 mm, from the mean thickness.

7.3 Limitations to ISO 1288-3

This test method is applicable only to flat glass (see 3.1).

Patterned g

14

lass can be tested without limitations.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=930deb3900030faccc60a616259f1afb

ISO 1288-

1:2016(E)

This test is not appropriate for products which are expected to have deflections greater than 25 times

their thickness.

7.4 Limitations to ISO 1288-4

This test method is applicable only to channel shaped glass.

7.5 Limitations to ISO 1288-5

This test method is applicable only to flat glass (see 3.1).

Patterned glass shall not be tested by this method.

8 [alibration of the testing machines

The ftesting machines used according to ISO 1288-2, ISO 1288-3, ISO 1288-4@nd I1SO 1288-
beer] calibrated by the user within three months before a test.

For the purposes of calibration of a testing machine, the glass specimefioan be replaced by
stee]) plate of appropriate thickness.

To perform the calibration of the force measuring instrument,anofficially calibrated force
independent instrument reading, accuracy *1 %, shall be placed in series with the force
instfument of the testing machine.

To perform the calibration of the gas pressure measuring instrument, an officially calibrat
gauge with independent instrument reading, accuraey +1 %, shall be placed in parallel to t
meapuring instrument of the testing machine.

The [force or pressure shall be increased incat least five approximately equidistant steps g
ranges of measurement. At every step,.the instrument readings from the testing machi
from the officially calibrated gauge shall'be recorded. Both readings shall coincide withir
the whole measuring range. If the differences between the two readings exceed +1 %, the
instfument of the testing machine shall be adjusted accordingly.

Only officially calibrated gauges shall be used for calibration. They shall be officially 1
everly three years.

9 Recommendations for safe use of test equipment

Where materidl>testing machines are in use, both the user and others may be exposed

arising fromhe design of the machine and the behaviour of the specimen.

Matgrial, testing machines should be so designed that the user and others are protecte
posdible, against hazards of all kinds, when the machine is used in the proper manner.

b shall have

h metal (e.g.

gauge with
measuring

bd pressure
he pressure

overing the
he and that
| +1 % over
measuring

ecalibrated

to hazards

d, as far as

The tests methods specified in this part of ISO 1288 are designed to break glass under high stresses,
so there is an obvious hazard from the broken glass. Appropriate precautions shall be taken during the
testing of glass specimens to avoid the particular hazards to both operators and observers from broken
glass. These could include the following:

handling of glass specimens and broken glass fragments;

to ensure that all the broken pieces are held together after breakage;

using transparent safety screens between observers and/or operators and specimen.

© ISO 2016 - All rights reserved

providing appropriate protective clothing, e.g. safety spectacles and gloves, especially for the

applying an adhesive film to the surface of the glass, which is not being subjected to bending tension,
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