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Part | -GLAZING UNITS
1. General

1.1 Object of the Standard
1.1.1. Glazing Units

Insulating Glazing Units (IGU)

Units consisting of at least two float glass panes separated by one or more spacers
with a sealant applied to the edges to ensure an airtight seal, mechanically stable
and sturdy.

Insulating Glazing Units are mainly used for windows, doors, panel walls, roofs, and
partition walls with edges protected from direct UV radiation.

Where edges are not protected against direct UV radiation, such as in structural

glazing systems, compliance with additional European requirements is

recommended.
Double Glazing Unit Triple Glazing Unit
12 3 4 1 2 3 4 5 6
alass
Outbound side . Inboard side ”
Spacer

Internal sealant
(butyl)

Outbound side Inboard side

External sealant
d ,(polysulfide , polyurethane or
silicon )
Moisture adsorbent
(Molecular sieve )

Fig.1. Double and tripe glazing unit design.
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1.2 Definitions

1.2.1 Nominal Thickness of a Double Glazing Unit is defined as the sum total of the

thickness of individual panes plus the spacer width.

1.2.2 Nominal Thickness of a Triple Glazing Unit is defined as the sum total of the

thickness of individual panes plus the combined width of spacers.

N.B: Table 1 of the Company Standard specifies permissible thickness tolerances of

glazing unit panes versus nominal thickness.

2. Identification

2.1 IGU ldentification

Marking of IGU units includes the following information:
a) Pane thickness and pane names,
b) Spacer(s) width,

c) Dimensions: width and height.

2.2 Examples of Spacer Identification

a) A double glazing unit with float glass panes of identical thickness 4 mm, a spacer

16 mm, filled with argon, manufactured by Press-Glas on March 15, 2007 at 12:15
P.M., Order number Z/2453/2007 line item 1, according to PN-EN 1279:
PN-EN 1279 PRESS-GLAS SA 2007/03/15 12:15 Z/2453 /2007 p.1 Float 4mm

hart./16/Thermofloat 4mm Ar.

b) A triple glazing unit made of float and thermofloat glass panes of identical

thickness 4 mm, identical spacers 6 mm, manufactured by Press-Glas on March

19, 2007 at 9:54 A.M., Order number Z/2260/2007 line item 39, compliant with PN-

EN 1279:

PN-EN 1279 PRESS-GLAS SA 2007/03/19 09:54 7/2260/0 7 P.39 Float 4mm/6/

Float 4mm/6/Thermofloat 4mm.
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3. Technical Specifications

3.1 IGU Performance

IGU performance is ensured by compliance with the following specifications:
- Moisture penetration index, value I, shall comply with Standard EN 1279-2,
- Edge sealant shall meet Standard EN 1279-4 requirements,
- Production process shall comply with Standard EN 1279-6,
- Requirements listed in paragraph 4.4 and in Schedule B of Standard EN 1279-5,
shall be satisfied,
- For gas-filled IGU'’s, the gas loss rate will comply with Standard EN 1279-3.

N.B.: In the event two low-E glass panes are used in a triple glazing unit (e.g.
positions 2 and 4 or 3 and 5 — see Fig. 1), the center pane should be made of
tempered glass or have beveled edges.

3.2 IGU Shape and Dimensions

For rectangular IGU’s, first specify the width and then the height. Use only full
millimeters.

When the manufacturer and the customer so agree, IGU’s may have other than a
rectangular shape. Make sure to specify all the dimensions as per the Glass Shape
Catalog in Part Ill of the Standard. When it is impossible to specify one or more
dimensions of the shape, provide a 1:1 master made of stiff cardboard or plywood.
Unit edges shall be the same as the external edges of the master. For glazing units
that are manufactured based on masters, dimension tolerances of +/- 2 mm are
acceptable. Masters shall be kept for 30 days from the manufacturing date of the
units. No claims related to IGU dimensions shall be accepted if they are reported

after the above mentioned period has elapsed.

Note 1: If no information is available when manufacturing IGU’s other than
rectangular, it shall be assumed that the shape shows the unit viewed from inside the

room (for manufacturers of PVC and wooden window frames).
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Note 2: If a purchase order for ornamental glass does not specify the ornament
pattern arrangement, as a rule, we shall assume the ornament is to be aligned along

the dimension which is specified in the P.O. as the unit height.

Note 3: In case of diffused reflection glass, the P.O. should specify the exact location

of the anti-reflective coating within the glazing unit (compare Fig. 1).

Glazing units may be made of monolithic glass or laminated glass of various
thicknesses, separated by a spacer bar.

The glazing unit thickness should not vary from the nominal thickness approved by
the manufacturer and the customer by more than the tolerances shown in Table 1
(Table 3 according to Standard EN 1279-1).

Table 1 — Glazing Unit Thickness vs. Nominal Thickness

Pane One Pane Two IGU Thickness Toleran
a) Annealed glass” Annealed glass +1.0mm
b) Annealed glass Tempered or toughened gla8s +1.5mm
¢) Annealed glass Laminated glass (layered)

Thickness 6 mm and total thicknessl2 mm +1.0mm

Otherwise £ 1,5mm
d) Annealed glass Patterned glass +1.5mm
e) Tempered or toughened glass Tempered or toughened glass +1.5mm
f) Tempered or toughened glass Glass — plastic composite +1.5mm
g) Tempered or toughened glass Patterned glass +1,5mm
h) Glass — plastic composite Glass — plastic coitgos +1.5mm
i) Glass — plastic composite Patterned glass +1.5mm

1

2)

Glass thicknesses are expressed in nominal values.

Heat-treated safety glass, heat strengthened or chemically strengthened glass.

¥ Laminated glass or laminated safety glass consisting of two annealed float glass sheets (each 12

mm trick) and a plastic interlayer. For other combinations of laminated glass or laminated

safety glass — see Standard EN ISO 12543-5, and then follow calculation methods listed
in item 5.3.3 in Standard EN 1279-1.
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Y Glass — plastic composites are made of laminated glass which contains at least one PVB

interlayer, see Standard EN ISO 12543-1.

Table 2. Approximate Maximum Surfaces of Insulating Glazing Units*.

IGU Max. Slzjrface Max. Edge b'\g![:/]\llren:r: ?DF;&;]C:S Aspect Ratio Example of Unit
Thickness (m?) Length (mm) (mm) Description

9 3-9-3
3 1.5 1500 12 1:6 3-12-3
16 3-16-3
2.00 2000 6 4-6-4
4 2.50 2500 9 16 4-9-4
3.35 2500 12 ' 4-12-4
3.35 2500 16 4-16-4
2.50 2500 6 5-6-5
3.50 3000 9 5-9-5
° 5.00 3300 12 1:10 5-12-5
5.00 3300 16 5-16-5
3.00 3000 6 6-6-6
4.50 3000 9 6-9-6
6 7.00 3500 12 1:10 6-12-6
7.00 3500 16 6-16-6
4.00 3000 6 8-6-8
6.00 3000 9 8-9-8
8 8.75 3500 12 1:10 8-12-8
10.00 5000 16 8-16-8

10 13.50 5000 16 1:10 10-16-10

The maximum length of the other edge of the pane is limited to 2,700 mm for
manufacturing reasons,
In IGU’s featuring panes of various thickness, the surface area is always
determined by the thinner pane,
To convert the thickness of laminated glass to the thickness of a float glass pane
use 0.63 ratio,
Spacers more than 16 mm wide may be used; they should comply with space
specifications for 16 mm spacers listed in the Table,
IGU maximum dimensions shown in the Table shall only apply in case of:
1 — Vertical glazing,
2 — Glazing height of O + 8 meters above ground level,
3 — Glass supported at quarter points,
4 — Other glazing with the exception of building corner glazing

5 - Average wind load in Poland.
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In the event any of the above listed requirements are not met, the buyer must supply
necessary information regarding the contemplated application of the IGU’s and the

glazing method, so that the glass thickness and type can be calculated accordingly.

Table 3. Effectiveness of IGU insulation according to PN-EN 1279. Glass in building . Insulating glass

units.

Scope of application: Effectiveness of Obliging Requirements:
insulation: method:

All systems of IGU Diffusion of water-vapour| PN-EN 1279-2 According to PN-EN 1279-2
Adhesion of sealant to | PN-EN 1279-4 According to PN-EN 1279-4
glass

IGU with gas filling: Speed of concentration | PN-EN 1279-3 According to PN-EN 1279-3
loss

- gas concentration
Submit to a factory According to PN-EN 1279-6,
control system according | Annex A.3
to PN-EN 1279-6
3.3 Material
3.3.1 Glass

Before an order can be put in production, the manufacturer and the customer shall
approve the type and quality of the glass. The following types of glass are used to
make IGU'’s:

a) Basic glass products according to Standard EN 572-1:

Float glass as per Standard EN 572-2,
Polished wired glass as per Standard EN 572-3,
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Drawn sheet glass as per Standard EN 572-4,
Rolled patterned glass as per Standard EN 572-5,
Wired patterned glass as per Standard EN 572-6.

b) Basic special glass products:

Borosilicate glass as per Standard EN 1748-1-1,
Glass ceramics as per Standard EN 1748-2-1,
Alkaline earth silicate glass as per Standard prEN 14178-1.

c) Fabricated glass:

Heat strengthened soda lime silicate glass as per Standard EN 1863-1,

Thermally toughened soda lime silicate safety glass as per Standard EN 12150-1,
Heat-soaked thermally-toughened soda lime silicate safety glass as per Standard
prEN 14179-1,

Chemically strengthened soda lime silicate glass as per Standard EN 12337-1,
Thermally toughened borosilicate safety glass as per Standard EN 13024-1,
Thermally toughened alkaline earth silicate safety glass as per Standard prEN
14321-1,

Laminated glass and laminated safety glass as per Standard EN 12543 -1,-2,-3,
Coated glass as per Standard EN 1096-1,

Surface treated glass (e.g. sand-blasted, acid etched).

d) Or other fabricated glass, such as glass — plastic composites which contain at
least one basic glass type or fabricated glass product as above and at least one
PVB interlayer.

e) Or other glass which is covered, or not covered, by EU specifications.

Glass sheets with treated or untreated surface may be:
- Transparent, translucent, opaque

- Clear or color

3.3.2 Other Materials used to make IGU’s should ensure that the product quality
corresponds to Standard EN 1279 - 1+6.

3.4 Fabrication

The production technology used to make glazing units should assure appropriate

quality. Dimension tolerances depend on the machinery and equipment capabilities.
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In double glazing units featuring float glass the allowable pane misalignment is up to

1 mm. In triple glazing units, the allowable pane misalignment is up to 1 mm, and up

to 2 mm for the two external panes.

In case of tempered glass, safety or other

special glass, follow the tolerances shown in Table 4, unless the manufacturer and

the customer agree otherwise.

Table 4 — Length and Width Tolerances of Glazing Units

All panes made of float and/or drawn flat glass Length / Width Tolerances
Edge Length 3m Edge Thickness 6 +2mm
mm
Edge Thickness > 6 +3mm
mm
Edge Length >3m Edge Thickness 6 +3mm
mm
Edge Thickness > 6 +4mm
mm
With glass to glass sealing For any length and thickness +1mm
-2mm
At least one tempered glass pane
Edge Length 3m For any thickness +3mm
Edge Length >3m For any thickness +4mm
At least one rolled glass pane
Rolled glass thickness 10 mm +4mm
Rolled glass thickness > 10 mm +8mm
-4mm
At least one laminated glass pane (with an interlayer)
Edge Length 1.5m Total thickness of rolled glass +3mm
16mm
Total thickness of laminated +4mm
glass
>16mm
Edge Length >1.5m Total thickness of laminated +4mm
glass
Edge Length 2.5m 16mm
Total thickness of laminated +5mm
glass
>16mm
Edge Length >2.5m Total thickness of laminated +5mm
glass
16mm
Total thickness of laminated + 6mm

glass
>16mm

The following may be permanently mounted in the space between the panes:

©Copyright by Press -Glas SA
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Decorative window dividers (so-called internal grilles or mullions).

Transparent inserts called bumpons are used* to ensure sufficient space between
the grille and the pane ( 2 mm on each side).

Poor environmental conditions may sporadically expose the grilles to vibrations.
Bumpons, mounted at grille cross points, help reduce vibrations and prevent
formation of a thermal bridge.

Temperature rise may cause the grilles to expand causing slight deflection. The
original material and slight discoloration appearing around the cut area are the result
of the manufacturing process.

The number and position of bumpons depends on the number and length of the grille

lites and is up to the manufacturer’s discretion.

Elements used to subdivide an IGU pane into lites, so-called Vienna grilles
(duplex).

Using Vienna grilles with dimensions other than those listed in the current catalog is
always subject to prior approval.

Vienna grilles are installed between the panes, leaving approximately a 2 mm gap
between the grille and the pane on each side. When making an arch, the Vienna
grille should consist of two spacer bars with a minimum bend radius R 70 mm.
When external grilles are glued to the pane, make sure to use a recommended
binding material (we recommend soft weatherproof silicon) to glue the pane to the
outside grille, while leaving at least a 4 mm gap.

glass
'_',.a"/ %] outside grille
e
inside grille =1 ]
- ||
] distance hetween
an outside
distance between an [ S rille and the glass
- - . o F N_'_'_,_,_,-'-"'"-'-F’ﬂ qa
inside — min 2 mm | lis—teg
grille and the glass i

Fig. 2. Installing inside and outside grilles

When mounting inside grilles you can make:
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Arches, provided the minimum bend radius is as follows:

- For 8 mm wide grilles - R 80 mm (only the arch)**
- For 18 mm wide grilles - R 170 mm,
- For 26 mm wide grilles - R 200 mm,

- 45 mm wide grilles must not be bent,
Connecting grilles of various width

* Bumpons are not used with spacers wider than 18 mm (we do not recommend using grilles when the
distance between the panes exceeds 8 mm).

** Keep in mind that an 8 mm grille is connected using connecting sections; when joining an arch with
a straight section the bend radius should be R 160 mm.

Table 5. Examples of Inside Grille Combinations

Basic Grille / Max. Pane Dimensions
) ) 8mm | 18 mm | 26 mm | 45 mm
Connecting Section (mm)
8 mm X - - - 700 x 700
18 mm - X X - 1200 x 700
26 mm - X X - 1200 x 700
45 mm - X X X 1200 X 1200

ATTENTION: When using DUPLEX-type grilles (Vienmgilles), the maximum allowable field area must not
exceed 1200 mm.

. Connecting section

25 mm Basic grille 18 mm

A~

R —

N
.\'\.
\'-\.
Connecting section 45 mm

Fig. 3. Examples of Grille Connections
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Connecting grilles of various bending angles,
Connecting grilles at various angles (for examples, please go to our grille

catalog).

3.4.1 Grille Mounting Position:

From the pane edge to the grille axis (with dimensions specified in millimeters),
From the spacer inside edge to the grille axis (with dimensions specified in

fractions).

Grille position tolerance must not vary by more than 2 mm from nominal dimensions.

3.4.2 Spacers

Spacers used for corners may be bent (connected in maximum 4 points along the
edges) or cut.
The gap between connected spacer bars must not exceed 1 mm.

3.5 CE Marking and Labeling

CE marking is displayed on a label which is glued to the product (or when it is
not possible, on the packaging or accompanying comm ercial documents, such
as a delivery slip). CE marking includes the addre  ss of a website which shows

the product data sheet in compliance with a relevan  t standard.
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4. Packaging, Storing, and Shipping

4.1 Packaging

Glazing units must be transported on special racks; typically, metal racks type L or A
are used. The angle between the rack base and its sides should be straight. All the
metal rack parts which touch the glazing units must be lined with rubber or other
cushioning material. Secure the units with tape to prevent shifting during transport.
Put cork, cardboard or wood spacers between the windows.

Other types of packaging must be approved by the suppliers and the customer.

4.2. Storing

Store glazing units in covered, dry and well ventilated rooms, protected from rain or
snow, direct sunshine, and at temperatures below 40° C.

The supplier shall not be held responsible for any defects resulting from improper

storage.
4.3. Shipping

In most cases, the manufacturer uses their own specialized semi-trailers suitable for
glass transportation while the customer unloads the racks with glazing units off the
trucks.

Customers may opt to pick up the products themselves but they do so at their own
request and at their own risk (as regards breakage and other damage to the glass in

transport).
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5. Testing

5.1 Testing and Inspection of Insulating Glazing Units includes:

5.1.1 Periodic Testing

- Infrequent periodic testing and inspection form an integral part of the
production control procedure and are performed by a third party under a
production inspection program.

- Once the third party completes their inspection of the plant production
control, the initial testing frequency should be reduced to once a year
unless basic materials used to the make glazing units have been
significantly changed. Repeat the periodic testing In the event a
significant material has been changed (as per Standard EN 1279-1).
Repeat testing is not required when it coincides with the date of any
subsequent testing.

The scope of periodic testing:

- Checking the sealant position against system requirements for compliance
with Standard PN-EN 1279-6;

- Moisture penetration ratio according to Standard PN-EN 1279-2;

- Gas leakage rate according to Standard PN-EN 1279-3.

5.1.2 Factory Production Control

Factory production control includes:
- Delivery inspection,
- Production process monitoring,

- Final inspection according to the Glazing Unit Test Schedule.

©Copyright by Press -Glas SA
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5.2 Test Description

5.2.1

Check shapes and dimensions

using appropriate masters or gauges.

Check window width and length using a tape measure; use a slide caliper or a

micrometer gauge to check the thickness.

5.2.2 Checking the glass
Checking the quality of glass and glazing unit fabrication consists in unaided visual

inspection performed under natural light conditions against a black matt screen or

with light shining through and / or reflected, depending on the glass used in the

glazing unit and its technical specifications (e.g. a standard). Defects imperceptible

from a distance specified in the relevant standard are not considered defects.

5.3 Visual Inspection

Glazing units are evaluated according to Table 6 below.

Table 6. Acceptable Defects of Glazing Units

No

Defects Appearing in Glazing Units of Total Area of

Type of Flaw Upto 1.0 m’ 10-20m Over 2.0 m
1 Spot . defects, such as Not permitted Not permitted Not permitted
inclusions
Spot and linear defects, Not permitted Not permitted Not permitted
2 such as.bl_ Only 2 blisters of Only 3 blisters of Only 5 blisters of
- isters and surface . . .
vents max. 2 mm permitted | max. 2 mm permitted | max. 2 mm permitted
- closed blisters Dispersed* blisters of | Dispersed* blisters of | Dispersed* blisters of
up to 3 mm permitted | up to 3 mm permitted | up to 3 mm permitted
along the edge along the edge along the edge
Single scratch up to Single scratch up to Single scratch up to
15 mm long and 15 mm long and 15 mm long and
combined scratch combined scratch combined scratch
length of 40 mm are length of 45 mm are length of 50 mm are
3 Linear defects, such as | permitted permitted permitted
scratches
Single scratch up to Single scratch up to Single scratch up to
20 mm* long 20 mm* long 20 mm* long
permitted along the permitted along the permitted along the
edge edge edge
Chipping and pitting along Single defects max. Single defects max. Single defects max.
4 up to 3.0 mm* up to 3.0 mm* up to 3.0 mm*

the edges

permitted

permitted

permitted

©Copyright by Press -Glas SA
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5.4 Physical Properties Excluded from Evaluation

- Interference,

- Double pane effect,

- Condensation, or fogging, on the unit outbound panes,
- IGU glass wettability under moisture conditions,

- Discoloration,

- Glass cracks found after delivery date.

Definitions:

5.4.1 Interference

Light interference, an oily-looking effect sometimes called Brewster’s fringes, may
occur in IGU’s which are made of:

- Glass sheets of almost identical thickness varying from 400 to 700 m, i.e.
identical with white light length waves.

Thickness variations of float glass used in insulating glazing units tend to be
negligible, making float glass very desirable. The application of float glass in glazing
units, however, may cause a negative effect called light interference. In drawn glass
made with the Pittsburgh method, thickness variations are considerably greater than
in float glass, so when drawn glass is used in a glazing unit and when both panes are
tited vs. one another, i.e. when the variation in the distance between two parallel
panes ranges from 400 to 700 m, Brewster’s fringes practically never appear.

The variation is practically imperceptible and does not affect the performance of the

glazing unit.

When both above mentioned conditions occur, light interference can be observed in
the form of wide spots, stripes, or rings appearing in various places on the surface of
a glazing unit pane. The effect seems more pronounced when the pane is viewed
from a certain angle.

The effect must not be considered a flaw and does n ot qualify as a warranty

defect.
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5.4.2. Double Pane Effect

Alr pressure rises

Temperature
rises

Temperature
drops

Air pressure drops

Insulating glazing units contain a certain amount of gas / air in an enclosed space;
the gas / air volume depends on the barometric pressure, elevation of the
manufacturing plant vs. the zero-reference point (NN), and the ambient temperature
at the time the unit is manufactured in the plant.

Changes in the elevation, temperature and barometric pressure (high or low
pressure) unavoidably create positive or negative deflection of individual panes,
producing optical distortions. Multiple mirror reflections may also appear on IGU
surfaces, and they become more pronounced when viewed against a dark
background or when the panes are made of coated glass. The effect occurs in all

IGU’s and represents a typical physical characteristic.
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5.4.3. Outside Surface Condensation

On contact with colder surfaces, moist air cools down to the dew point and causes
excessive moisture to settle on such surfaces in the form of condensation.
Condensation, or fogging, may appear on IGU outbound (or cold) surfaces.
Condensation appears when the cold outbound pane is exposed to sufficiently high
humidity. The IGU high heat performance makes the outside surfaces stay cold (low
thermal transmittance U-value) as only little heat can escape to the outside and thus
the temperature of the outbound pane remains low.

Condensation observed on IGU outbound panes depends on the physical properties
of the glass and atmospheric conditions (low temperature combined with high outside
humidity). The effect cannot be eliminated entirely since the outbound pane is

always exposed to a changing weather.

In summary, condensation settling on windows does n ot mean an IGU is

defective but rather confirms its high quality perf ormance.
Condensation forming on the IGU warm inboard surface occurs mostly in rooms with
high humidity and poor ventilation.

Fogging does not indicate a defect; it is simply a physical phenomenon.

5.4.4. Insulating Glass Wettability under Humid Con ditions

Wettability of the IGU cold surfaces depends on a number of factors, such as roller or
finger imprints, stickers, paper, vacuum suction, sealant residue, liners or lubricants.
Changing wettability may cause distinct spots of seemingly better transparency

appear on glass surfaces which are wet because of deposits, rain, or water.
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5.4.5 Discoloration

Float glass, which is in fact clear, has a green or bluish green tint caused by iron ions
contained in raw materials used for glass production, dissolving refractory materials,
and other sources.

The tint depends on Fe ?* / Fe ** (the ratio of bi- and trivalent iron ions), and in the
case of float glass, it may differ from manufacturer to manufacturer.

The tint is a natural characteristic of float glass.

Furthermore, coating is also responsible for imparting a certain tint to clear glass
(layers of metal oxides applied to the surface in order to obtain specific properties,
e.g. low-E coating). The perceived intensity of the tint will depend on the type of

coating, glass thickness, lighting, and the window sightline.

5.4.6 Cracking

Glass is an amorphous solid with very low internal stresses, a characteristic that
makes it fit for cutting and fabrication. It is homogeneous, hard, and brittle. It may
crack when a mechanical force is applied or as a result of thermal forces . Our
warranty does not cover cracking occurring after the windows have been delivered to
the customer and this type of cracking cannot constitute grounds for a complaint.
Heat treatment improves the glass crack resistance to thermal forces or mechanical
impact.

5.5 Glass Washing and Cleaning

Glass surfaces should be regularly washed, the frequency depending on how
dirty they are.

Solid dirt, such as cement mortar, should not be rubbed dry. Rinse the surface
with a large amount of water first to let any stuck solid dirt soak and then wash off
any hard or sharp dirt particles.

Use pure alcohol or rubbing alcohol to remove grease and sealant residue, and
then rinse with a large amount of water.

OPACI — COAT silicone surfaces must only be cleaned with water.

Do not use any caustic or alkaline substances (such as fluorine and chlorine) or

cleaning powders to prevent damage to the coating.
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Use only ordinary detergents to clean the glass or solvents like acetone to remove

greasy spots. Always follow manufacturer’s directions*.
The manufacturer shall not be held responsible for any defects resulting from
improper washing or using improper cleaning detergents, or defects caused by

outside pollution (airborne or other).

*Reflective glass manufacturers recommend using a Cerium solution for cleaning (50+160 g /I water).
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Part Il — Special Glazing

1. Press — Glas SA Glass Machining Equipment

1.1. Edge Fabrication

1.1.1.

Glass Edge Grinding and Polishing

Pencil edge — machined with diamond disks

- Ground edge — the entire ground edge is flat

- Polished edge — glossy edge

- Grinding and polishing angle for a pencil edge - a= 45°

Various Grinding and Polishing Angles

Tmin=2 mMm

a=0+ 60°

Edge length, including the bevel, is max.
2000 mm

Shapes of Ground and Polished Panes

(e.g. triangles, trapezoids, rectangles).

— Thickness:
— Min. glass size:

- Max. glass size:

— straight edge polygons

2+19mm
100 x 200 mm
2700 x 5000 mm

©Copyright by Press -Glas SA
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1.1.2. Blunt Edges

Blunt edges — sharp edges are ground dull with a belt grinder.

Edges are polished dull prior to the toughening process in order to increase glass

crack resistance before heat treatment.

Blunt edge shapes

— Glass thickness

1.2. Drilling Holes:

Min. glass thickness:

Max. glass thickness — upper-head drilling:

Min. drilling diameter:

Max. drilling diameter using both heads:

Max. drilling diameter using upper head:

1.3. Application of Ceramic Paint:

Max. glass thickness — double-head drilling:

1. Screen printing method (particularly for clear panes):

— Glass thickness:

— Max. glass size:
3.9 mm and thicker
2.85 mmto 3.8 mm

any shape
3+8 mm
3mm
38 mm
50 mm
3mm
130 mm
200 mm
2.85+19 mm

1500 x 3000 mm
1100 x 2200 mm
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N

Max. dimension:

Glass thickness:

Max. glass size:
4.8 mm and thicker
3.9mmto 4.7 mm
2.85mmto 3.8 mm

1.4. Float Glass Tempering

— Glass thickness:

— Max. glass size:
4.8 mm and thicker
3.9mmto 4.7 mm
2.85 mm to 3.8 mm

— Min. glass size:

— Directional tempering:

A A
g
E (a) H £l H
= | I |
s | |
| |
B (width) H (heigh)
2440 2440
4+—> <4+—>

B (width)

. Burkle roller method (particularly for opaque panes):
Min. dimension - one of the edges must be longer or equal to 400 mm

2.85+19 mm

1600 x 4000 mm
1600 x 3000 mm
1100 x 2200 mm

2,85 +19 mm

2440 x 6000 mm
2440 x 3000 mm
1100 x 2200 mm
100 x 250 mm

The process is used to ensure
a unidirectional roller wave
distortion created by contact
with tempering furnace ceramic
rolls over the entire surface of
architectural glass or glass
used for other applications in
order to improve the overall
glass appearance.

a) By height H —ceramic rolls
in the tempering furnace are
perpendicular to height H

b) By width B - ceramic rolls in
the tempering furnace are

perpendicular to width B.
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Directional tempering is not possible when the pane width B or height H is larger than
the furnace width (2,449 mm), depending on the direction of the flow.

In such a case, the glass must be tempered in a different direction than the remaining
panes specified in the order and the decision does not require any additional

approval of the customer.
When directional tempering is required, the customer's P.O. should specify the
direction; in the absence of such specification, tempering may be performed in any

direction.

1.5 Bending and Tempering

Table 7.
. . ) Glass ) . .
Min. Bending Radius ) Min. Panel Size Max. Panel Size
Thickness
[mm] [mm]* [mm]*
[mm]
450 4-8 200 x 350 1000 x 2440
1000 5-8 300 x 600 2440 x 3660
1500 10-12 300 x 600 2440 x 3660
2000 15-19 300 x 600 2440 x 3660

* The dimensions given above refer to float glass to be bent. Bold and underscored print indicates the glass edge to be bent.

1.6 Heat Soak Test according to PN-EN 14179-1

— Glass thickness: 3.8+-19 mm
— Max. glass size:
- When sold as a service 2500 x 5000 mm

- For the manufacturer’s own production needs:

3.8-4.7 2440 x 3000 mm
4.8 and thicker 2440 x 5000 mm
— Min. glass size: one of the edges must be

longer or equal to 400 mm

"Heat Soak Test” - is an additional test aimed at eliminating the so-called

“spontaneous fracturing” of architectural glass used for cladding of building fagades.
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The fractures are caused by nickel sulfide inclusions in the glass. The test must be
specifically requested in the customer’s order.

The test successfully helps identify glass containing NiS inclusions of critical size

which produce concentrations of tensile stresses and result in fracturing.

1.7 Identification of HST Tempered Glass

Standard PN-EN 14179-1 subparagraph 12 provides for clear and permanent
marking of HST tempered glass (by imprinting, etching or sand blasting). The
marking should show the following:
- Standard number PN-EN 14179-1

2. Safety Tempered Glass:
- Flat
- Bent

- Enameled flat or bent glass

Definitions:
Safety tempered glass - heat or chemically treated glass with increased mechanical
strength which cracks in a safe way following a mechanical impact or overload. It

can be flat or bent to a required radius.

Enameled tempered safety glass — flat or bent tempered glass whose one surface

is 50% covered with low-melting ceramic glaze (enamel).

2.1. Flat and Bent Tempered Glass Characteristics

Tempered glass shows improved mechanical and thermal strength. When fractured,
it breaks into small blunt fragments which do not cause major injuries, and hence its

name - safety glass.
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Tempered glass owes its higher mechanical and thermal strength to a specific
distribution of thermal stresses: in a glass sheet cooling symmetrically and in an
identical way, external layers will experience compressive stresses while internal

layers will be exposed to tensile forces.

Compressive stresses in the surface layers allow for the application of a much higher
bending load than loads used with normally annealed glass because they balance
the tensile stresses and thus reduce the resultant local stress. Tempered glass can

withstand a destructive stress several times greater than ordinary glass.

Another advantage comes from a reduced static fatigue factor of the glass.
Effectively balancing the different stresses reduces the value of the most dangerous

destructive stress, which determines the glass strength.

4\<< — 2t compressive stress zone

6t tensile force zone

— — 2t compressive stress zone

Fig. 4. Stress distribution in tempered glass

In tempered glass, surface defects cannot penetrate through the top layer with its

compressive stresses.

With its mechanical strength compromised, tempered glass fractures into small blunt
fragments, which do not cause major injuries, and that is why it is considered safety
glass. HST tempered glass has found a wide range of applications in construction,
furniture industry, household appliances (used in kitchen stoves because of its high
thermal strength), automotive industry, rail transportation, aviation, shipbuilding,

general transportation, and many other branches of the economy.
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Clear float glass, body-tinted glass, “hard” coated glass, and certain types of “soft”
coated glass (the manufacturer must specify), plus flat drawn glass and rolled glass
may qualify for HST tempering.

Press-Glas S.A. is adequately equipped to make flat tempered glass, including
bending and tempering. We can perform tempering of the following:

- Flat glass - for all types of flat glass

- Bending and tempering - of clear float glass, body-tinted glass, hard coated glass,

and glass with special coatings.

2.2. Screen Printed and Enameled Tempered Glass

Silk screening is one of a number of methods used to apply enamel to glass.

During tempering, the silk-screened ceramic paint melts into the glass surface

producing a permanent coating.

When silk-screened frit covers more than 50% of the entire panel area, the glass is
classified as enameled glass. Depending on the selected pattern, only some area of

the glass may be silk-screened to create a decorative see-through panel.

A wide variety of enamel colors and types, such as covering and transparent ceramic
enamels which give a satin-finish effect, provides infinite opportunities for decorating
tempered glass. The final color of the enamel is determined by looking at a cured

glass sample. The glass tint significantly affects the final color of the enamel.

Enameled glass, just like tempered glass, is considered safety glass.

Perform visual inspection of opaque panels by placing them against a dark
background (the so-called “starry skies” effect, which appears when the enamel is
cured during tempering, does not impair the enameled glass appearance or quality in
any way). Inspect enameled surfaces looking through the glass.

Defects imperceptible from a distance given in a standard suitable for particular type

of glass are not qualified as defects.
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2.3. Opaci-Coat Silicone Safety Tempered Glass

This type of glass is used primarily for above ground spandrels in building facade
cladding.

Apart from complying with tempered glass requirements, the glass must meet
silicone surface criteria.

Just like with enameled glass, perform visual inspection against a dark background
(a dark background eliminates streaks and clear spots, or the “starry skies” effect)*.
Evaluate the coating quality looking through the glass. Defects imperceptible from a
distance of 1 meter are considered acceptable.

Do not use any glues or glued tapes with Opaci-Coat silicone coating. Sealants or
other materials which come into contact with the coating must be certified for
chemical compatibility.

* Both the enamels and Opaci-Coat coatings are not fully impermeable to light.

2.4. Dimensions and Tolerance of Flat and Bent Temp ered Glass, according
to Standard PN-EN 12150-1

2.4.1. Glass Thickness of Flat and Bent Tempered Gl ass
Table 8.

Nominal Thickness and Thickness Tolerance of Glass to Be Tempered

Nominal Thickness Tolerance for Various Types of Glass
Thickness [mm]
d Flat Drawn Glass Ornamental Glass Float Glass
4 +0.2 +0.5 +0.2
S +0.3 +0.5 +0.2
6 +0.3 +0.5 +0.2
8 +0.4 +0.8 +0.3
10 +0.5 +1.0 +0.3
12 +0.6 none +0.3
15 none none +0.5
19 none none +1.0
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Tempered, or toughened glass dimensions are determined by the technical

capabilities of the pre-treatment machinery and the tempering furnace.

2.4.2. Dimension Tolerance of Glass Panels

2.4.2.1 Flat Tempered Glass Panels

2.4.2.1.1 Dimension Tolerance of Glass Panels with H length x B width,

Rectangularity Tolerance of Flat Tempered Glass Pan els

H+t

~

B+t

Fig. 5: Dimension tolerance of flat rectangular glass panels where

B — panel width, H — panel length.

Table 9

Width B and Length H Tolerance for Flat Tempered Glass Panels (PN-EN 12150-1)

Tolerance, t [mm]
Nominal Side Dimension, : : i i
BorH Nominal Thickness Nominal Thickness
df£12 d>12
£ 2000 +2.5 +3.0
2000 < B or H £ 3000 +3.0 +4.0
> 3000 +4.0 +5.0

Note: Application of tighter tolerances requires an additional approval of the

manufacturer and the customer.
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2.4.2.1.2 Redctilinearity of Flat Tempered Glass Pan els

Tempered glass will never have the same rectilinearity as annealed (or non-
tempered) glass. Rectilinear variations depend on the thickness, size, and the

aspect ratio of the pane.

Some tolerances allow for:
— Overall bow

— Local bow

- [| 1-2. Overall bow

\ ‘ Measurement is taken along the

i\ 4 ) ‘ panel B or H edge and diagonally.

. 4 ‘_ The result is expressed as % of the

';'\2 ) edge length.
3-4. Local bow
Measurements are taken along the

sides on 300 mm long sections 25

mm away from the edge.

The result is expressed as mm /

Y 300 mm.

Fig. 6: Overall and local bow of a glass pane.

The overall bow may be offset by the frame and glazing beads.
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Table 10

Maximum Tolerance of Overall and Local Bow

Type of Glass _ Bow
According to Standard PN-EN 12150 -1
Total Localized
Float 0.003 mm / mm 0.5 mm /300 mm
Other types of glass - drawn,
rolled 0.004 mm / mm 0.5 mm /300 mm

Note: Application of tighter tolerances requires an additional approval of the

manufacturer and the customer.

2.4.2.2. Bent Tempered Glass Panes

2.4.2.2.1 Dimension Tolerance of Bent Tempered Glas

s Panes

Basic parameters (Fiq. 7):

Master shape length -L
Arch external length -B
Arch external radius -R 2
Arch internal radius -R w
Radius height -H
Chord -C

Bending angle -
Glass thickness -d
Edge finish — grinding or polishing

Fig.7
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Table 11

Master Shape Length Tolerance of Bent Tempered Glass Panes

Tolerance, t [mm]
Nominal Length : : : :
Dimensions of the Shape Nominal Thickness Nominal Thickness
L[mm ] d£12 d>12
£ 2000 +25 +3.0
2000 < B or H £ 3000 +3.0 +4.0
> 3000 +4.0 +5.0

Table 12

External Length Tolerance of Master Shape Arch B for Bent Tempered Glass Panes

Tolerance*, t [mm]

Nominal Thickness
d£ 12

Nominal Thickness
d>12

+ 3 mm/m (not less than £ 3 mm)

+ 5.0 mm/m (not less than + 5 mm)

Table 13

Length Tolerance of Parameters Rz, Ry, H, C for Bent Tempered Glass Panes

Tolerance*, t [mm]

Nominal Thickness
d£ 12

Nominal Thickness
d>12

+ 3 mm/m (not less than £ 3 mm)

+ 4 mm/m (not less than £ 4 mm)

* The size of a bent glass pane should not exceed the dimensions of the defined
arch, which was determined by increasing the nominal dimensions by the value of

Tolerance t; and it should not be smaller than the dimensions of the defined arch,

which was reduced by the value of Tolerance t.
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2.4.2.2.2 Rectilinearity of Bent Tempered Glass Pan es

Basic parameters:

- Local bow
- Overall bow
- Pitch
Table 14
Maximum Values of Overall and Local Bow and the Pitch
Glass Thickness Rectilinearity Tolerance, t [mm]
Localized Total* Pitch**
d£10 3 mm /300 mm 3mm/m 8 mm
d>10 3 mm /300 mm A4mm/m 10 mm
* Not less than 3 mm ** Not less than 8 mm

2.4.3 Holes in Flat Glass to Be Tempered

(When working with bent tempered glass, make suret o find out if it is possible
to drill holes and determine their tolerance).

Drilled Holes

Drilled Hole Diameter

The diameter of a drilled hole may not be smaller than the thickness of the glass,

min. f 3 mm.

Drilled Hole Location

Because of certain technical aspects of the tempering process, the location of holes
vs. the pane edge, their distance to the pane corner, and their position to one another
are restricted (PN — EN 12150 -1).

The restrictions depend on:

— Nominal thickness of the glass — d
— Edge dimensions — B,H

— Hole diameter — f

— Pane shape

— Number of holes
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The below listed most commonly occurring restrictions of the hole layout apply to

units with maximum four holes.

A greater number of holes requires an approval of the manufacturer and the

customer.

a) Distance a measured from the edge of a drilled hole to the pane edge should not
be smaller than 2d

|

az2d

Fig. 8: Distance between the drilled hole and the pane edge.

b) Distance b between the edges of two holes should not be smaller than 2d.

T
| Q
b22d
Fig.9: Distance between two drilled holes.

c) Distance c between the hole edge and the pane corner should not be smaller
than 6d.

2d

czbd

Fig. 10: Distance between the hole edge and the pane corner (of a unit).
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Diameter Tolerance for Drilled Holes

Table 15

Diameter Tolerance for Drilled Holes

Nominal Diameter, f Tolerance
[mm] [mm]
3Ef £20 +1.0
20<f £100 +20
f>100 As agreed with the manufacturer

Drilled Hole Position Tolerance

Perform measurements of the hole position perpendicular to two axes (x, y) from a
single common reference point for all the holes to the hole center.

A
Y
a0
Fig. 11
©
X

A\ >

D
Table 16

Drilled Hole Position Tolerance

Drilled Hole Position Tolerance [mm]

Pane Dimensions

Nominal Thickness of Glass

Nominal Thickness of Glass

[mm] d 12 d>12

2000 +25 +3.0

2000 <BorH 3000 +3.0 +4.0
> 3000 +4.0 +5.0
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Rectangular Holes

Dimensions of Rectanqular Holes

The size of rectangular holes must not be larger than one-third of the glass shape

width and height, respectively, as shown in Fig. 12.

h H/3
c B/3

Rectangular Hole Position

The width of the area (a, b) between a rectangular hole and the pane edge must not
be smaller than one-half of the hole width measured in either direction, respectively,
as shown in Fig.12

a h/2

b c/2

Corners of rectangular holes must be rounded, with a min. rounding radius R =9
mm.

A B
Y
o — ﬁ\__\
R Fig. 12
h
H
LY N
a X
>
b ) c s
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Rectangular Hole Position Tolerance

Table 17
Rectangular Hole Position Tolerance
Hole Edge Tolerance (h, c)
[mm] [mm]
horc +3.0

Rectangular Hole Position Tolerance

The position of rectangular holes is measured in both directions perpendicular to
axes x and y, which serve as reference points, to the near edge of a rectangular hole.

Table 18

Rectangular Hole Position Tolerance

Rectangular Hole Position Tolerance (a, b) [mm]
Glass Pane Dimensions Nominal Glass Thickness Nominal Glass Thickness
[mm] d 12 d>12
2000 +25 +3.0
2000 <BorH 3000 +3.0 +4.0
> 3000 +4.0 +5.0

Notches in Edges and Corners

Notches and cutouts may come in a number of configurations. The Company
Standard specifies general rules for their position and tolerance.

Edge Notch Size
The combined length and width of notches in an edge may not exceed one-third of

the glass shape width and height, respectively, see Fig. 13.
c B/3
h H/3

Configuration of Edge Notches

The distance between two notches in edge k must be longer or equal to one-half of
the longer notch width. Notch width is measured parallel to the edge in which the
notch has been made.

k h/2
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The distance between a notch and the edge of a glass pane (j) must be larger or
equal to one-half of the notch width but not smaller than 100 mm.

i h/2

Inside corners of the notch must be rounded with a min. rounding radius R~ 9mm.

A
Y
Y
J X
h r/ﬂ
P ,
cll Fig. 13
K H
A4
X
-]
_Y__
A |[«»
j L c2
>
X
B
Edge Notch Tolerance
Table 19
Edge Notch Tolerance
Notch Edge Tolerance (h1, h2, c1, c2)
[mm] [mm]
horc +3.0

Edge Notch Position Tolerance

Edge notch position is measured in both directions perpendicular to axes x and vy,
which serve as reference points, to the notch near edge; see Fig. 14.
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Table 20

Edge Notch Position Tolerance

Edge Notch Position Tolerance (ay, a,, as, as, by, by, bs, bs)

[mm]
Glass Pane Dimensions Nominal Glass Thickness Nominal Glass Thickness
[mm] d 12 d>12
2000 +25 +3.0
2000 <BorH 3000 +3.0 +4.0
> 3000 +4.0 +5.0
A
Y
A
& Fig. 14
&
A
% I&
YV
bs le» >
bg i bl R X
bs >

Corner Notch Size

The combined length and width of corner notches must not exceed one-third width
and height of the glass shape, respectively; see Fig. 15.

c
h

B/3
H/3

Inside corners of the notch must be rounded with a min. rounding radius R~ 9mm.
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Fig. 15

Corner Notch Tolerance

Table 21
Corner Notch Tolerance
Notch Edge Tolerance (h, c)
[mm] [mm]
horc +3.0

Corner Notch Position Tolerance

Corner notch position is measured in both directions perpendicular to axes x and y,
which serve as reference points, to the notch near edge; see Fig. 14.

Table 22

Corner Notch Position Tolerance

Corner Notch Position Tolerance (a, b)
[mm]
Glass Pane Dimensions Nominal Glass Thickness Nominal Glass Thickness
[mm] d 12 d>12
2000 +25 +3.0
2000 <BorH 3000 +3.0 +4.0
> 3000 +4.0 +5.0
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Special Panes

Like glazing units with standard panes, we can make special glass panes (which may
also be used for glazing units) of other than rectangular shape.
For details, please go to Part | item 3.2 on page 6, which also apply to special glass.

25 Identification of Tempered Glass

Standard PN-EN 12150-1 item 10 requires tempered glass to be marked in a legible
and permanent manner (by imprinting, etching, or sand-blasting). The marking
should include the following information:

- Manufacturer’s name or logo,

- Standard number PN-EN 12150 -1.

2.6 Tempered Glass Testing

Standard PN-EN 12150-1 requires testing of tempered glass and enameled
tempered glass.

2.6.1 Testing of Critical Characteristics

— Crack Pattern — counts the number of glass fragments found in a selected square
of a broken tempered glass pane 50 x 50 mm.

The glass is considered to have passed the test if the number of fragments
found in each sample is not smaller than the number given in Table 23 for
each type of glass:

Table 23
_ Min. Number of
Type of Glass Thickness [mm] Fragments
[pcs]
Float, drawn, 3 15
enameled 4+12 40
15+19 30
Patterned 4+10 30
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- The length of glass fragments should not exceed 100mm.

Example of a crack
pattern for 10 mm thick
tempered glass.

The pattern complies with
the requirements of
tempered glass

standards.

- The Pendulum Impact Test (using twin tires as the impact object) applies
to tempered and tempered enameled glass panes. The pendulum test simulates a
situation where an individual accidentally collides with a glass pane. The pendulum
swings from certain defined heights against glass panes (according to Standard PN-
EN 12600). The test is considered to have been passed if the pane does not break

or breaks in a harmless manner.

- The Glass Pane Bending Strength Test applies to tempered and tempered
enameled glass panes. A specimen supported at two points undergoes four-point
bending as provided by Standard PN-EN 1288-3. The test is considered to have
been passed if the specimen does not break under loads specified in Table 30,

depending on the type of glass.
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2.7 Acceptable Tempered Glass Defects
Table 24
Glass Surface
No Flaw Upto 1.0 m? 1.0, 2.0 m? Over 2.0 m*
1. | Spot defects, such | Not permitted Not permitted Not permitted
as inclusions
2. | Open blisters Not permitted Not permitted Not permitted
(bursting)
3. ) 2 max. 2 mm blisters 3 max. 2 mm blisters 5 max. 2 mm blisters
Closed blisters permitted permitted permitted
4, Single scratch up to 15 | Single scratch up to 15 | Single scratch up to 15
mm long and combined | mm long and combined | mm long and combined
striation 40 mm long and | striation 45 mm long and | striation 50 mm long and
Linear defects, such |Up to 0.1 mm thick are  jupto 0.1 mm thick are | up to 0.1 mm thick are
as striation permitted permitted permitted
Single scratch up to 20 | Single scratch up to 20 | Single scratch up to 20
mm* long permitted mm* long permitted mm* long permitted
along the edge along the edge along the edge
5. Blunt edge — minor chipping along the edge permitted provided the chips are
blunt
Edge defects Ground edge (matt) — chipping, incomplete grounding (glossy spots) — not
permitted
Polished edge (glossy) — dull spots, pitting —not permitted
6. Permitted, provided they are imperceptible from a distance specified in a
Spots, streaks standard for a specific type of glass when viewed under natural daylight
conditions**.
7. | Silk-screened paint

defects:

— pitted enameled
surfaces

— pitting, swelling at

the imprint edge

— appearance and

quality of the
enameled surface:

— enamel color

- Dispersed defects max 0.5 mm long are permitted

- Dispersed defects max 20 mm long and up to 1 mm wide are

permitted

- The enameled surface should be smooth and homogenous, with
minor streaks and sagging permitted in an approx. 20 mm wide border along

the entire perimeter.

viewed from a distance of 1 meter is permitted.

Minor enamel discoloration not readily visible when

- Compare to color master (cured enamel sample on a specific glass)

Perform visual inspection of glass panels under natural daylight conditions**.

Coated glass should comply with Standard PN-EN 1096-1.

20 mm wide border

Note: * Does not apply to glazing units for structural glazing

** Natural Daylight means uniformly clouded skies without direct sunshine_(cf. PN-EN 1096 — 1).
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The silk-screened pattern position tolerance must be individually approved by the
customer (use a diagram / drawing). In the event the print position tolerance is not
defined, assume £ 3 mm tolerance for the distance between the polished section
edge and the screen print.

Determine the enamel color using a cured enamel sample of a specific type of glass
(glass type and thickness). The enamel color looks different when viewed through
the glass, depending on the type of glass, as the glass thickness changes and

determines the color hue.

2.8 Other Properties of Tempered Glass

— Anisotropy (or a rainbow effect) — fields of stress produced during tempering
cause double refraction of light which becomes polarized — stress fields appear as
colorful areas called “polarizing fields” or “leopard spots”.

“Polarizing fields” can be also observed in daylight when the pane is viewed at a

sharp angle (a good example would be tempered windshields in cars).

"Roller wave distortion”  occurs when glass is heat-treated in a horizontal oven
— the glass surface becomes distorted when hot glass (its temperature close to
the softening point) comes in contact with ceramic rolls during the heating
process. As a result, glass rectilinearity is compromised and the distortion can be
usually observed in reflections.

When placing orders for architectural glass, the customer would be well advised to

take into account the “roller wave distortion” and specify the orientation of the glass in

the tempering oven (directional tempering — compare technical capabilities of glass

fabrication equipment in item 1.4).

— Roller pick-up - when 8 mm glass and thicker is used, the glass surface may

show some slight impressions so-called “Roller pick-up”.

Thermal endurance means that the thermal properties of tempered glass remain
unchanged at temperatures ranging from up to 250°C to below 0°C.

Heat treated glass may withstand thermal shock of approximately 200°C.
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2.9. Tempered Glass in Furniture

2.9.1. Only heat treated safety glass may be used in furniture.
This type of glass has better mechanical strength compared to ordinary non-

tempered glass and breaks into small fragments which will not cause major injuries.
Panes have no permanent marking.

Orders for this type of panes should include information that the panes will be
installed in furniture; otherwise, orders for tempered glass panes will be treated as
orders for architectural glass and carried out according to Part Il item 2 of the

Company Standard (among others, the panes will have permanent marking).

2.9.2. Redctilinearity

Overall bow: max 0.003 mm/mm

Measurements are taken along the pane edge and diagonals.

Local bow: max. 0.5 mm/300 mm

Measurements are taken along the pane edge at a distance of 25 mm from the ariss.

2.9.3. Crack Pattern Testing

In the test, a load is applied in the middle of the pane longer side and 13 mm away

from the edge.

To analyze the crack pattern, count the number of fragments found in a 50 x 50 mm

square (choose an area with the largest fragments).

1 — Areas excluded from the analysis: a 25 mm wide rim and an area within a 100

mm radius from the point of impact.
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Analyze the results as described in 2.6.1 herein.

2.9.4. ldentification

Instead of permanent marking, panes / shipping boxes with panes have other types
of marking, e.g. labels.
Shipping documents, like a bill of lading and an invoice, include information and

description of tempered glass for furniture applications.

2.9.5. Test Certificate

Customers may request a test certificate for a specific order; the certificate presents
the results of a crack pattern test.

2.9.6. Any change in the above mentioned terms must be approved by the Sales

Department and requires filling in a new data sheet.
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3. Laminated Glass

3.1. Definitions according to Standard PN—EN ISO 12543—-1 and PN-EN 357

Laminated glass is manufactured by permanently bonding two or more panes of
glass with a plastic layer and one or more interlayers.
Resin laminated glass is manufactured by pouring liquid resin into the cavity between

two sheets of glass or plastic which are held together until the resin cures.

Fire resistant glazing:

It is a structural unit which consists of one or more clear or translucent glass panes
mounted in a frame, sealed and fixed, together with any special structural materials,

tested and assigned a classification symbol.

For detailed information regarding fire resistant glazing manufactured as single
panes or used in glazing units, please see the fire resistant glass manufacturer’s

instruction manual.

Fire resistance:

Fire resistance is defined by the following:

R — Capacity of a load-bearing surface to resist heat transfer: the ability of one or
more exposed surfaces of a structural member to resist fire for a prescribed period of

time without losing structural functionality.

E — Heat resistance: the ability of a structural member exposed surface to resist fire
and prevent spread of flames to the unexposed surface as a result of flames or hot
gases passing from the exposed side to the unexposed side, and to prevent ignition

of the unexposed surface or any fire load attached thereto.

W — Heat radiation reduction: the ability of a structural member to resist fire on only
one exposed side for a prescribed period of time while the heat radiation measured

before glazing is lower than the required level.
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| — Insulation: the ability of a structural member to resist fire on only one exposed
surface and to prevent spread of flames resulting from a considerable amount of heat
passing to the unexposed surface and causing ignition of the unexposed surface or
any fire load attached thereto; and the ability to provide a sufficient heat barrier to
protect people who are close to such member for a period of time specified in a

relevant rating.

S — Smoke resistance: the ability of a structural member to limit the passage of hot /

cold gases or smoke from one side to the other.

Fire resistance ratings should apply to a complete glazing system with panes, and
specify all dimensions and tolerances. Fire resistance ratings are represented by
specific letters which define functional requirements, followed by the time period
expressed in minutes:

R(minutes)/E(minutes)/EW(minutes)/El(minutes)/S(minutes).

3.2. Acceptable Dimension Tolerances of Resin Bon  ded or Thin Coated
Laminated Panes (according to Standard PN—-EN ISO 12 543-5)

Nominal width and length should not be larger than the above mentioned rectangle
obtained by increasing the nominal dimension by the max. upper tolerance, nor
smaller than the above mentioned rectangle obtained by decreasing the nominal
dimension by the max. lower tolerance.

For laminated panes made of tempered glass, follow dimension tolerances specified

for tempered glass.

Dimension tolerances: length H, width B, rectangularity — see Fig. 5.
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Table 25

Maximum Tolerances t of width B or length H [mm]

Nominal Dimensions Nominal Nominal Thickness > 8mm
B or H [mm] Thickness Each Pane of Nominal At least 1 Pane of
8mm Thickness <10mm Nominal Thickness
10mm
< 1100 +2.0 +25 +35
-2.0 -2.0 -25
< 1500 + 3.0 +35 +45
-2.0 -2.0 -3.0
< 2000 + 3.0 +35 +5.0
-2.0 -2.0 -35
< 2500 +45 +5.0 +6.0
-25 -3.0 -4.0
> 2500 +5.0 +55 +6.5
-3.0 -35 -45
BH=+t

Fig. 16. Misalignment

Table 26
Maximum Misalignment
Nominal Size B or H Maximum Permissible Misalignment d (mm)
(mm)
B, H <1000 2.00
1000 B, H <2000 3.00
2000 B, H <4000 4.00
B,H 4000 6.00
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Observe the following maximum tolerances for fire resistant laminated glass:
Table 27

Interlayer Thickness Maximum Dimension Tolerance
<1mm + 0.4 mm
1 mmdo<2mm + 0.5 mm
2mmdo <5mm + 0.6 mm
5 mm +1.0 mm

3.3. Permissible Glass Defects

Defects less than 0.5 mm are not taken into account.

Defects greater than 3 mm are not permitted.

Inspect a laminated glass held perpendicular in fro
grey screen, lit by diffuse daylight or equivalent.

nt of and parallel to a matt

Inspect the glass from a distance of 2 meters, looking at a straight angle (with the

matt screen on the other side of the glass).

3.3.1 Spot Defects in the Vision Area

Table 28
Size of Defect
d 0.5<d 1.0 1.0<d 3.0
in [mm]
Size of Pane
A For all sizes 1 I<A 2| 2<A 8 A>8
in [m?]
2 panes |No limitation, 1 2 1/m? 1.2/m?
Number of | 3 panes |however no 2 3 1.5/m? | 1.8/m?
Permissible | 4 panes |accumulation 3 4 2/m? 2.4/m?
Defects 5 panes |of defects 4 5 2.5/m? | 3/m?

An accumulation of defects

mm from one another.

occurs if four or more defects are at a distance of < 200

This distance is reduced to:

180 mm for laminated glass consisting of three panes,

150 mm for laminated glass consisting of 4 panes,

100 mm for laminated glass consisting of five or more panes.
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3.3.2 Number of Permissible Linear Defects in the Vision Area

Table 29
Size of Pane Number of Permissible Linear Defects
30mm
5m?° Not permitted
5t0 8 m° 1
>8m° 2

Linear defects less than 30 mm in length are permis  sible.
Linear distortions are not permitted.

Striae and streaks — not permitted in the vision area.

Defects in the rim:

Edge area — an area long the pane edge

Edge area width:

- 15 mm for panes 5 m?

- 20 mm for panes > 5 m?

Bubbles are permitted in the edge area for framed edges, provided, however, that the

bubbled area does not exceed 5% of the total edge area.

Defects in the edge area shall be permitted for edges not to be framed only if they

are not readily visible during the inspection.

3.4. Laminated Safety Glass Marking according to St andard PN-EN 356

In accordance with Standard PN—EN 356 par. 12, products conforming to the
standard should be accompanied by a delivery slip which shall include their code
marking, e.g. PN-EN 356 P1A, as outlined in Table 4 of the above mentioned
Standard. The same marking may be attached to the product (e.g. upon the
customer’s request) or ignored entirely.

3.5. Fire Resistant Glass Marking according to Stan __dard PN-EN 357

In accordance with Standard PN-EN 357, fire resistant safety panes are identified
with a letter(s) which define(s) their functional requirement(s), followed by the time-in-
use expressed in minutes:

R(minutes)/E(minutes)/EW (minutes)/El(minutes)/S(minutes)
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3.5.1. Fire Resistant Safety Glass Marking

Laminated Safety Glass is marked with a temper proof sticker in the right bottom

corner of a pane approximately 30 mm from the pane edge.

Single panes for internal applications

. Location of a temper
Example of a Mark: proof sticker

PYROBEL 16
EI30
PRESS-GLAS
2007/01

Fig. 17

Single panes for external applications

Location of a /
temper proof

sticker

Fig. 18

Glazing units with a fire resistant safety pane:

Laminated pane Fire resistant pane

Fig. 19

Location of a temper proof sticker — on the fire re  sistant safety pane — position
in glazing unit #4: the sticker is viewed on the f  ire resistant safety pane from
inside a room.
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Installation of Glazing Units Containing a Fire Res istant Safety Pane in a

Building:

Install the glazing unit with the laminated or other single pane always facing
outboard .

Make sure the fire resistant safety glass always faces inboard .

3.6. ldentification and Marking of Flat Panes accor ding to Standard PN-EN
12600

The Pendulum Impact Test (using twin tires as the impact object) applies to flat glass
used in construction industry.

Depending on the type of glass, the impact-induced crack pattern (A — crack pattern
for annealed glass, B — crack pattern for laminated glass, and C — crack pattern for
safety tempered glass) and the height from which the tires are dropped (Class 3 —
190 mm, Class 2 — 450 mm, Class 1 — 1200 mm), flat panes can be classified as

below:

For example: 2(B)2 — means Class 2 pendulum impact strength of a laminated
pane.

1(C)1- means Class 1 pendulum impact strength of a safety tempered pane.

With the customer’s approval, an appropriate sticker may be attached to the pane

after the manufacturer has obtained relevant certifications.
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4. Other Special Glass

4.1 Butt Glazing, Structural Glazing

Structural glazing has been successfully incorporated in state-of-the-art architectural
designs. In structural glazing, the glass, metal, or other building materials are
bonded to interior support members with structural silicone. Glass used for structural

glazing must meet all the requirements for glass in building.

Structural silicones used for structural glazing must comply with strict strength and

durability requirements, plus be weatherproof and UV resistant.

In butt-glazing applications, the silicone weather seal transfers the wind load of the
cladding to the building structure. The silicone seal must retain its integrity and
binding strength to keep the glass panes safely attached to the building facade.
Special procedures must be observed to assure effective and correct performance of

the project.

4.2 Semi-Tempered Glass

In compliance with Standard PN-EN 1863, semi-tempered glass, or TVG, undergoes
heat treatment in order to obtain substantially higher resistance to thermal and
mechanical stresses.

The method is applied only to glass maximum 10 cm thick.

Owing to its better bending resistance and crack pattern, semi-tempered glass is
used for making laminated glass. Laminated panes used for architectural glazing
need not be framed but point-mounted to the building shell. Hole and notch positions
should correspond to positions stipulated for tempered panes. Perform any

necessary fabrication prior to heat treatment.
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We can assume the value of semi-tempered glass resistance to mechanical stresses
lies between the values for non-tempered and tempered glass. This better thermal
resistance also plays a significant role when architectural glazing is used for the
building shell: should the glass shatter (with cracks extending all the way to the
edge), large fragments held together by the silicone sealant would remain in place
and not separate from the cladding and fall, guaranteeing better safety for the

building occupants.

However, semi-tempered glass panes are not classified as safety panes.

Table 30
Mechanical Stress Resistance for Various Types of Glass (PN-EN 12150-1; PN-EN 1863-1)

Type of Glass Mechanical Stress
Resistance [N/mm?]
Float: clear
T tinted 120
g_ coated
£ Enameled float (enameled surface stretched) 75
(]
= Patterned and flat drawn glass 90
2 Float: clear
) tinted 70
Q.
= coated
_%’ Enameled float (enameled surface stretched) 45
§ Patterned and flat drawn glass 55
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5. Factory Production Control

Product quality control is performed according to the Control and Testing Plan which

includes:

— Self-checks - production employees check the product quality at every stage of
the production process;

— Inspections — carried out at every stage of the production process by quality
inspectors who collect product samples to check product conformity;

— Final inspection and testing — random sample testing of a production batch ready
for shipment. The final inspection also includes checking the packaging and the
manner of protecting the glass placed on shipping racks.

Product quality control complies with requirements stipulated in the following

standards: PN—-EN 12150-1, PN-EN1096-1, PN-EN ISO 12543-1+6, PN-EN 356,

PN-EN 357, PN-EN 12600, PN-EN 572-2, -4,-5, PN-EN 1863-1, PN-EN 14179-1,

PN-EN 1288-3.

Quality control covers raw materials and supplies used in the production process;
continuous monitoring of process parameters allows for quick corrective action when

necessary.

©Copyright by Press -Glas SA 58



Part Ill: GLASS SHAPE CATALOG
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* Compare Note 1 in paragraph 3.2, Part |.
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