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National foreword

This British Standard is the official English language version of EN 1288-2:2000.
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B/520, Glass and glazing in building, to Subcommittee B/520/4, Properties and
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— aid enquirers to understand the text;

— present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests informed;

— monitor related international and European developments and promulgate
them in the UK.

A list of organizations represented on this subcommittee can be obtained on request
to its secretary.
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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 129, Glass
in building, the Secretariat of which is held by IBN.

This European Standard shall be given the status of a national standard, either by
publication of an identical text or by endorsement, at the latest by December 2000, and
conflicting national standards shall be withdrawn at the latest by December 2000.

CEN/TC 129/WG8, Mechanical Strength, prepared the draft, Glass in building -
Determination of the bending strength of glass - Part 2: Coaxial double ring test on flat
specimens with large test surface areas.

There are four other parts to this standard:

- Part 1. Fundamentals of testing glass;

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

- Part 4. Testing of channel shaped glass;

- Part 5: Coaxial double ring test on flat specimens with small test surface areas.

According to the CEN/CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European Standard:
Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland,
Ireland, ltaly, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland
and the United Kingdom.
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1 Scope

This European Standard specifies a method for determining the bending strength of glass
for use in buildings, excluding the effects of the edges.

The limitations of this standard are described in EN 1288-1.

EN 1288-1 should be read in conjunction with this standard.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from
other publications. These normative references are cited at the appropriate places in the
text and the publications are listed hereafter. For dated references, subsequent
amendments to or revisions of any of these publications apply to this European Standard
only when incorporated in it by amendment or revision. For undated references, the latest
edition of the publication referred to applies.

EN 1288-1 Glass in building - Determination of the bending strength of glass —
Part 1: Fundamentals of testing glass.

EN 572-1 Glass in building - Basic soda lime silicate glass products - Part 1:
Definitions and general physical and mechanical properties.

ISO 48 Rubber, vulcanized or thermoplastic - Determination of hardness

(hardness between 10 IRHD and 100 IRHD).

3 Definitions
For the purposes of this standard, the following definitions apply.
3.1  bending stress: the tensile bending stress induced in the surface of a specimen

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

3.2 effective bending stress: a 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: the bending stress or effective bending stress which leads to
breakage of the specimen

3.4 equivalent bending strength: the apparent bending strength of patterned glass,

for which the irregularities in the thickness do not allow precise calculation of the bending
stress

© BSI 08-2000
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4 Symbols
A Effective surface area of quasi-uniform stress
E Modulus of elasticity (Young’s modulus) of the specimen.

NOTE: For soda lime silicate glass (see EN 572-1), a value of 70 x 10° N/mm? is

used.
F Piston force
Frnax Piston force upon breakage, “breaking force”
Fring Force transmitted by the loading ring to the specimen, “ring load”
h Thickness or average thickness of specimen
L Side length of the square specimens
7 Poisson number of specimen
NOTE: For soda lime silicate glass (see EN 572-1), a value of 0,23 is used.
p Gas pressure on the surface area defined by the loading ring
p(F) Nominal gas pressure as a function of the piston force

Pmax(Fmax) ~ Nominal gas pressure upon breakage

r Location co-ordinate

Iy Radius of loading ring

r Radius of supporting ring

I3m Average specimen radius (for evaluation)
o} Stress

ObB Bending strength

ObeqB Equivalent bending strength

t Time

AFIAt Rate at which piston force rises

F*, p*, o* Non-dimensional quantities corresponding to F, p and o [see equations (1) to

S

© BSI 08-2000



Page 6
EN 1288-2:2000

5 Principle of test method

The square specimen, of side length, L, and having virtually plain parallel surfaces, is
placed loosely on a supporting ring (a circular ring with a radius r,). The specimen is
subjected to a load, Fng, by means of a loading ring (radius ry), which is arranged
concentrically to the supporting ring. In addition, the area, A, defined by the loading ring
0 < r <y is placed under gas pressure, p, which has a specific relationship with the ring
load, Fing (see Figure 1).

When the specimen is subjected to the ring load and the associated gas pressure,
depending upon the dimensions ry, r,, L, and h, a radial tensile stress field, which is
sufficiently homogeneous for the test purpose, is developed on the convexly bent surface
over the area defined by the loading ring (see [1], [2], [3] of annex B). The tangential
tensile stress is equal to the radial tensile stress at the central point (r = 0) of the
specimen, but decreases as the radius, r, increases.

Outside the loading ring, the radial and tangential stresses fall sharply towards the edge of
the specimen, so that the risk of breakage outside the loading ring is low. On the edge of
the specimen itself, the radial stress is zero and the tangential stress is a compressive
stress, this being the case on both the concavely and the convexly bent sides of the
specimen. The edge of the specimen is thus always under tangential compressive stress
(see EN 1288-1).

By increasing the force, F, and the gas pressure, p, the tensile stress in the central part of
the specimen is increased at a constant rate [see (6.1b)] until breakage, so the origin of
the break can be expected to occur in the surface area subjected to maximum tensile
stress within the loading ring.

NOTE: With the test apparatus as shown in Figure 1, a force, pA, acts against the
piston force, F, due to the gas pressure, p. The force transferred by the loading ring
is Fring = F - pA. Thus a distinction should be made between the piston force and the
ring load.

The bending strength, opg, or equivalent bending strength, opeqs, is calculated from the
maximum value, F.., of the piston force, measured at the time of breakage, and the
thickness, h, of the specimen, taking into account the prescribed dimensions of the
specimen and various characteristic material values. This assumes that the gas
pressure, p, follows the piston force, F, according to the nominal function p(F),
(see Figure 3).

© BSI 08-2000
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6 Apparatus
6.1 Testing machine

The bending test shall be carried out using a suitable bending testing machine, which shall
incorporate the following features.

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 a load measuring device with a limit of
error of 2,0 % within the measuring range.

\ g
+

L/2

1 Loading ring
Specimen
3 Supporting ring

Figure 1: Basic diagram of test apparatus

© BSI 08-2000
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Specimen

Rigid base plate, preferably made of steel, with supporting ring (radius rz)(”

Rubber profile, adapted to the supporting ring, 3 mm thick, with a hardness
(40 = 10) IRHD (in accordance with ISO 48)

Rigid loading ring (radius ry), preferably made of steel”

Force transmitting component, with a ball mechanism to ensure the force is centred
in the loading ring

Rubber profile, adapted to the loading ring, 3 mm thick with a hardness
(40 + 10) IRHD (in accordance with 1SO 48)®

Adjustment jaws for centring the specimen®

Contact circle of the loading ring

Contact circle of the supporting ring

NOTE:

(1) The radius of curvature of the bearing surface of the ring is 5 mm.

(2) In the case of specimens which are patterned on the loading ring side, a
sponge rubber profile approximately 5 mm thick should also be used to ensure an
adequate seal for the gas pressure.

(3) The jaws are removed before the bending test is started, in order that the edge
of the specimen is not clamped.

Figure 2: Loading device

Loading device

Ring load

The ring load shall be applied using a loading device as shown in Figure 2. The
dimensions of the loading device are given in Table 1.

© BSI 08-2000
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Table 1: Dimensions for the loading ring and supporting ring

Loading ring ry
mm

Supporting ring r,
mm

Effective surface area A
mm?

300 + 1

400 £ 1

240 000

6.2.2 Surface pressure regulator

The loading device for the surface pressure is shown in Figure 2.

The regulator shall be chosen with regard to accuracy and flow rate in such a way that the
nominal function, p(F), as shown in Figure 3 or Table 3, can be met (see annex A).

6.3 Measuring instruments

The following measuring instruments are required:

- a measuring instrument enabling the width of the specimen to be measured to the

nearest millimetre;

- a measuring instrument allowing the thickness of the specimen to be measured to

the nearest 0,01 mm.

7 Sample

7.1  Shape and dimensions of the specimens

Square specimens of the dimensions shown in Table 2 shall be used.

The minimum thickness given for the specimens has been calculated in such a way that
the effect of the self-weight of the specimen upon the stress distribution can be ignored.

Table 2: Dimensions of specimens

Specimen side length L

mm

Minimum nominal
specimen thickness
mm

Average specimen radius
(for evaluation) r3p,
mm

1000+4

3

600

© BSI 08-2000
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The following tolerances for the specimens shall be observed.
In the case of specimens with flat surfaces:
- the evenness tolerance shall be 0,3 mm;
- the parallelism tolerance shall be 2 % of the specimen thickness.
In the case of specimens with one or two patterned surfaces:
- the fluctuations of the plate thickness (see 8.3) shall not be more than 4 % and the
local deviations from the average thickness (due to the depth of the pattern) shall
be a maximum 30 % or 2 mm, whichever is the lower.
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: In order to preserve specific surface conditions, the test surface can be
provided with a protective coating (glued down) during specimen preparation.

NOTE 2: The method of cutting specimens is not significant and no edge
processing is necessary.

7.2.2 Conditioning

Protective coatings shall be removed 24 h before the test (see EN 1288-1). The specimen
shall be stored in the test environment (see 8.1 and 8.2) for at least 4 h before testing.

7.2.3 Examination

Before the bending strength test, all specimens shall be examined over the test surface
area for any faults which are not representative of the quality characteristics of the material
tested.

7.2.4 Adhesive film

To hold together 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  Number of specimens

The number of specimens to be tested shall be determined depending on the confidence

limits required, especially with regard to estimating the extremes of the strength
distribution (see EN 1288-1 for a discussion of numbers of specimens).

© BSI 08-2000
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8 Procedure
8.1 Temperature

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

8.2 Humidity

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

8.3 Thickness measurement

Since the nominal pressure function, p(F), in accordance with Figure 3 or Table 3, is
dependent upon the specimen thickness, h, this shall be determined before starting the
test.

For this purpose, the thickness shall be measured at a minimum of eight points on the
edge of the specimen. For specimens with one or two ornamental surfaces, both the plate
thickness and the core thickness shall be measured. The average is taken from all these
measured values.

The value obtained in this way for the specimen thickness or the equivalent specimen
thickness, h, is used to determine the nominal pressure function, p(F). By measuring the
thickness on the edge of the specimen, undesirable damage to the surface caused by
measuring tools does not affect the fracture behaviour.

8.4 Base plate

The base plate is centred by moving down the force transmitting cone (without the loading
ring and specimen) into the adjusting cone (see Figure 2). The base plate shall be fixed in
this position. 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 specimen is positioned with the surface to be tested downwards. The loading ring,
from which glass splinters and other hard and sharp-edged particles have been removed,
is placed on the upper side of the specimen and centred. The rubber connection attached
to the loading ring shall be checked for its sealing effect and if necessary replaced.
Damage to the loading ring shall be eliminated.

© BSI 08-2000
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8.6 Load application

The piston force, F, and the gas pressure, p, shall be increased continuously until the
specimen breaks. The inter-relationship, p(F), to be maintained during the loading, shall be
determined from the non-dimensional representation in Figure 3 (curve p*) or Table 3. The
following relationships exists between the non-dimensional parameters, p* and F*, and the
values p and F.

. 4

p=p— (™)
ram (1- %)
. 4

FeF—g — @
ram- (1-4%)

The piston force, F, and the gas pressure, p, shall be monitored up to breakage of the
specimen, to check whether the nominal function, p(F), meets that shown in Figure 3 or
Table 3.

NOTE: Only if the nominal pressure function, p(F), is followed, is a uniform radial
tensile stress distribution developed on the convexly bent surface in that area of the
specimen defined by the loading ring. Keeping the gas pressure, p, in line with the
piston force, F, may be carried out manually by means of a control valve, but it is
recommended that the gas pressure, p, be controlled automatically as a function of
the piston force, F. It is permissible to linearize the function p*(F*) given in Figure 3
for loads close to fracture. A suitable arrangement is described in annex A.

The maximum force, F,.y, and the associated gas pressure, pmax, Shall be measured.

From these two values, the stress at break, o, Or opeqg, in N/mm?, shall be determined in
accordance with Figure 3 or Table 3 (see 9.2).

8.7 Loading rate

The increase with time of the piston force and the associated gas pressure shall be
chosen in such a way that the radial tensile stress in the centre of the specimen increases
at a rate of (2 + 0,4) N/mm?s until the specimen breaks. Since there is no linear
relationship between the stress and the piston force, the permissible loading rate shall be
determined in accordance with Figure 3 or Table 3.

NOTE 1: A preliminary test is recommended in order to determine the rate of
loading.

NOTE 2: Since the breakage stress is most dependent on the loading rate in the

few seconds before fracture, it is permissible to set that loading rate required at
loads close to fracture constant over the entire test.

© BSI 08-2000
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8.8 Location of the origin

The location of the origin of the fracture (see [4] of annex B) shall be determined from the
fragments. The position of the origin of the fracture “inside or outside the contact circle of
the loading ring” shall be determined for every specimen.

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

8.9 Assessment of residual stresses

If the specimens are considered to be free from inherent stresses, (that is, they are of
annealed 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.

9.2 Calculation of bending strength

The bending strength, opg, or equivalent bending strength, opeqs, associated with the
fracture force, Fnax, and the associated gas pressure, Pmax(Fmax), IS determined from the
non-dimensional representation in Figure 3 (curve c*) or Table 3 taking into account the
specimen thickness, h. For this purpose, the measured variables, F,ox and pmax(Fmax), are
converted with the aid of the equations (3) and (4) into the corresponding non-dimensional
factors F*ax and p*max.

r3m2 (1- %)

[ ©

*
Fmax = Fmax

s ram (1- %)
Pmax = Pmax (Fmax) o (4)
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The non-dimensional fracture stress, o*pg, shall be determined from these values using

Figure 3 (curve o¢*) or Table 3 and then converted into the bending strength, opg, in
accordance with equation (5).

ObB=0obB— %5 5~
2
ram-(1- 1)

600 T 30

E i /
| |
500 5
400 20
6" rad // }

p* 300 - =

i 15 ©"rad
////////’> ,///////;; P
200 / /' ] 10

;
0 100 200 300 400 500
F*

Figure 3: Relationship between the virtually uniform radial tensile stress, ¢*.q4, the
nominal gas pressure, p*(F*), and the piston force, F*, in a non-dimensional
representation, (where ry:r, = 1:1,33 and r;:r3, = 1:1,5)
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Table 3: Relationship between the virtually uniform radial tensile stress, ¢*.4, the
nominal gas pressure, p*(F*), and the piston force, F*, in a non-dimensional

representation, (where ry:r, = 1:1,33 and r;:r3, = 1:1,5)

F* p*(F*) 0" rad F* p*(F*) 0"rad
5 0 1,00 210 205,0 16,55
10 0,5 2,05 220 219,0 16,95
15 1,8 3,05 230 231,0 17,40
20 3,5 3,85 240 2450 17,80
25 6,0 4,60 250 259,0 18,20
30 9,0 5,25 260 272,0 18,60
35 12,5 5,85 270 285,0 19,00
40 16,5 6,40 280 299,0 19,35
45 20,0 6,90 290 312,0 19,75
50 24,0 7,35 300 326,0 20,15
60 32,5 8,20 320 351,0 20,85
70 41,2 8,90 340 377,0 21,55
80 51,0 9,55 360 404,0 22,20
90 61,5 10,15 380 430,0 22,85
100 72,5 10,80 400 456,0 23,55
110 83,5 11,45 420 484,0 24,25
120 947 12,05 440 510,0 24,95
130 106,0 12,60 460 536,0 25,65
140 117,0 13,15 480 563,0 26,35
150 129,0 13,70 500 589,0 27,00
160 141,0 14,20
170 153,0 14,65
180 166,0 15,15
190 178,0 15,60
200 191,0 16,05

10 Test report

With reference to this standard, the test report shall contain the following information:

a) Type and name of glass;

b) Pre-treatment and surface condition of the tested specimen surface including the
sequence 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;

c) Inherent stress of the specimen, annealed or prestressed glass, including nature

and if possible degree of prestressing;

d) Number of specimens;
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e) For each specimen, the following information:
1) Thickness, h, in mm, 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 mm, to the nearest 0,05 mm, in
the case of specimens with one or two patterned surfaces;

2) Bending strength, opg Or Opegs, iN N/mm2, rounded off to 0,1 N/mm2, of
each specimen broken in accordance with 9.1;

3) Time to breakage in seconds to the nearest 1 s;
No average for the measured results shall be given;
f) Number of specimens not broken in accordance with 9.1;

g) Any deviation from this standard which may have affected the results.

© BSI 08-2000
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Annex A (informative)

Example of a device for keeping the gas pressure, p, in line with the piston force, F

If the gas pressure within the loading ring is applied in accordance with the relevant
loading specification (taking the plate and ring geometries into account), the testing
procedure corresponds to that of conventional bending tests, where knowledge of the
force triggering off the fracture is sufficient for determining fracture stress. When designing
the gas pressure control system (the gas pressure depends on the piston force applied), it
was the major concern to develop a device which ensured that it was easy to apply in spite
of varying loading specifications.

If a typical plot of the nominal gas pressure against piston force is considered
(see Figure A.1), it is apparent that the curve runs almost linearly in the middle and upper
regions, and it can be approximated by a straight line without any great error. The slope of
a straight line and its zero point displacement can be set with simple electrical devices,
whilst copying a non-linear function is more complicated and costly. As far as ease of
operation is concerned, a linear approximation function brings considerable advantages for
control of the system. A linearized loading specification obtained in this way, however, no
longer leads to optimized stress distributions in the lower region of the curve, where the
deviation from the nominal loading specification becomes greater. As long as the stresses
generated in this region of the curve do not reach values which are critical for the initiation
of fracture, this disadvantage is insignificant.

Figure A.1: Typical plot of force against pressure

In cases where the values, p(F), necessary for a series of measurements, lie in the bent
part of the curve (see Figure A.1), linearization on the basis of the least square method
using the values in Table 3 can be carried out. This assumes that estimated values for the
maximum and minimum fracture stresses, which occur in the series of measurements, are
known. Linearization is only permissible in a region in which the deviation between the
linearized function and the nominal function remains less than 5 % of the respective
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nominal value.

Given these considerations, the electrical part of the control unit (see Figure A.2) was
developed and tested. An input voltage proportional to the piston force is sent from the
load cell to an amplifier. The output of this amplifier is connected to the input of a function
generator which supplies a current proportional to the respective piston force to control a
current-pressure transmitter. The electrical signal is changed by the transmitter into a
pneumatic signal, which is subsequently converted into the pressure range necessary for
the test according to the linearized function, p(F).

In principle, it is also possible to copy the exact nominal function, p(F), by means of a
microprocessor-controlled gas pressure regulator. By this means a higher degree of
accuracy can be achieved, particularly in the case of specimens with very low fracture
stresses, but at a considerably higher expenditure.

In theory, any gas available may be chosen as the medium. For cost and safety reasons,
however, the use of compressed air is recommended.
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Application of piston force

Load cell

Pressure recorder

Measuring amplifier (pressure)

X-Y recorder or memory units

Measuring amplifier (force)

Force-current converter or microprocessor controlled gas pressure regulator
Quick-fitting coupling

Filter reducing valve

10 Reducing valve

11 Gas pressure memory

12 Current-pressure transmitter with pressure transducer
13 Measuring and control system

O©CooO~NOOODWN-

Figure A.2: Schematic diagram of the control system
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Annex B (informative)
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