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European foreword

This document (prEN 16612:2017) has been prepared for the glass industry by Technical Committee
CEN/TC 129 “Glass in Building”, the secretariat of which is held by NBN.

This document is currently submitted to the CEN Enquiry.
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Introduction

European Standard prEN 16612 gives a method of determining the lateral load resistance of linearly
supported glass elements.

The method of determining the load resistance of glass is in support of the structural Eurocode
EN 1990: Basis of structural design. The actions are determined in accordance with the structural
Eurocode 1 series for actions on structures, e.g. EN 1991-1-1, EN 1991-1-3 and EN 1991-1-4, including
the National annexes.

In the design processes, the reliability is part of national competency. For that reason this European
Standard foresees that, to conform the rules applied by the Eurocodes, the following parameters are
subject to national determination:

— material partial factors, ym4 and ymy ;
— factors for the load duration, kmod ;
— partial factor for actions, yg, yq, and ¢ ;

— factor for stressed edges, ke.
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1 Scope

This European Standard gives a method of determining the design value of the bending strength of
glass. It gives:

— the general method of calculation, and
— guidance for lateral load resistance of linearly supported glazed elements used as infill panels;

NOTE Examples of lateral loads are wind loads and snow loads and self weight of sloping glass and climatic
loads on insulating glass units.

This standard gives recommended values for the following factors for glass as a material:

— material partial factors, ym4 and yumy ;

— factors for the load duration, kmod ;

— partial factor for actions, y¢, yo,and ¢ ;

— factor for stressed edges, k..

Most glass in buildings is used as infill panels. Infill panels are in a class of consequence lower than

those covered in EN 1990, so proposed values for the partial load factors, yp and yg, are given for infill
panels.

The action of climatic loads on insulating glass units is not covered by Eurocodes, so this document also
gives proposed values of partial factors, g, 11 and 1., for this action.

This European Standard does not determine suitability for purpose. Resistance to lateral loads is only
one part of the design process, which may also need to take into account, for example:

e in-plane loading, buckling, lateral torsional buckling, and shear forces
e environmental factors (e.g. sound insulation, thermal properties),

e safety characteristics which cannot be calculated (e.g. fire performance, breakage characteristics in
relation to human safety, security, containment).

This European Standard does not apply to channel shaped glass.

2 Normative references
The following documents are referred to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies

EN 410, Glass in building — Determination of luminous and solar characteristics of glazing

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

EN 673, Glass in building — Determination of thermal transmittance (U value) — Calculation method

EN 1279-5, Glass in building — Insulating glass units — Part 5: Evaluation of conformity
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EN 1748-1-1, Glass in building — Special basic products — Borosilicate glasses — Part 1-1: Definition and
general physical and mechanical properties

EN 1748-2-1, Glass in building — Special basic products — Glass ceramics — Part 2-1 Definitions and
general physical and mechanical properties

EN 1863-1, Glass in building — Heat strengthened soda lime silicate glass — Part 1: Definition and
description

EN 1990, Eurocode — Basis of structural design

EN 1991-1-1, Eurocode 1: Actions on structures — Part 1-1: General actions — Densities, self-weight,
imposed loads for buildings

EN 1991-1-3, Eurocode 1: Actions on structures — Part 1-3: General actions — Snow loads
EN 1991-1-4, Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions

EN 12150-1, Glass in building — Thermally toughened soda lime silicate safety glass — Part 1: Definition
and description

EN 12337-1, Glass in building — Chemically strengthened soda lime silicate glass — Part 1: Definition and
description

EN 13024-1, Glass in building — Thermally toughened borosilicate safety glass — Part 1: Definition and
description

EN 14178-1, Glass in building — Basic alkaline earth silicate glass products — Part 1: Float glass

EN 14179-1, Glass in building — Heat soaked thermally toughened soda lime silicate safety glass — Part
1: Definition and description

EN 14321-1, Glass in building — Thermally toughened alkaline earth silicate safety glass — Part 1:
Definition and description

EN 14449, Glass in building — Laminated glass and laminated safety glass — Evaluation of
conformity/Product standard

EN 15681-1, Glass in building — Basic alumino silicate glass products — Part 1: Definitions and general
physical and mechanical properties

EN 15682-1, Glass in building — Heat soaked thermally toughened alkaline earth silicate safety glass —
Part 1: Definition and description

prEN 16613:2017, Glass in building — Laminated glass and laminated safety glass — Determination of
interlayer mechanical properties
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3 Terms and definitions

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

3.1

annealed glass

glass which has been treated during manufacture to minimise the residual stress in the glass, allowing it
to be cut by scoring and snapping

Note 1 to entry:  Examples are float glass, drawn sheet glass, patterned glass and wired glass.

3.2

effective thickness (of laminated glass)

thickness calculated for laminated glass which, when used in place of the glass thickness in an
engineering formula, will result in a reasonably accurate determination of the deflection of and / or
stress in the laminated glass

3.3
lateral load resistance
resistance to forces applied normal to the glass surface (i.e. at right angles to it)

3.4

prestressed glass

glass which has been subjected to a strengthening treatment, by heat or chemicals, which induces a
compressive surface stress into the whole surface of the glass, balanced by a tensile stress within the
body of the glass

Note 1 to entry:  Examples are thermally toughened safety glass, heat strengthened glass and chemically
strengthened glass.

3.5

enamelled glass

glass which has a glass powder emulsion applied to the surface, by e.g. painting or screen printing,
which is subsequently fired into the surface of the glass

Note 1 to entry:  Examples are enamelled heat strengthened glass, enamelled toughened glass and enamelled
heat soaked toughened glass.

4 Symbols and abbreviations

A Surface area of the pane (= a x b)

a Shorter dimension of the pane

a* Characteristic length of an insulating glass unit

b Longer dimension of the pane

Cq Limiting design value of the relevant serviceability criterion

CH Coefficient for the effect of altitude change on isochore pressure (=0,12 kPa/m)

cr Coefficient for the effect of cavity temperature change on isochore pressure
(=0,34 kPa/K)

E Young’s modulus of glass
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E; Tensile modulus of an interlayer material

Esis;a Serviceability limit state value of the effect of the action(s)
Euisa Ultimate limit state value of the effect of the action(s)

Euis;c Ultimate limit state value of the effect of a permanent action
Euts;i Ultimate limit state value of the effect of a non-dominant action
Euis:1 Ultimate limit state value of the effect of the dominant action

E{Fsis;a}  Calculation of the effect of the serviceability limit state design value

E{Fuis,q}  Calculation of the effect of the ultimate limit state design value

Fq Design value of the action

Fan Design value of the action on pane 1 of an insulating glass unit

Fa.2 Design value of the action on pane 2 of an insulating glass unit

Fa3 Design value of the action on pane 3 of an insulating glass unit

Fsis:d Serviceability limit state design value of a single action or of a combination of
actions.

Fuis.a Ultimate limit state design value of a single action or of a combination of actions.

f Frequency (of vibration)

fok Characteristic value of the bending strength of prestressed glass

fo:d Design value of bending strength for the surface of glass panes

fok Characteristic value of the bending strength of annealed glass

G Value of self weight load

G1 Value of self weight load of pane 1

G2 Value of self weight load of pane 2

G3 Value of self weight load of pane 3

G Shear modulus of an interlayer material

H Altitude

Hp Altitude of production of insulating glass unit

h Nominal thickness of the pane

h4 Nominal thickness of pane 1 of an insulating glass unit or ply 1 of a laminated glass

h; Nominal thickness of pane 2 of an insulating glass unit or ply 2 of a laminated glass

h3 Nominal thickness of pane 3 of an insulating glass unit or ply 3 of a laminated glass

he External heat transfer coefficient

hepw Effective thickness of a laminated glass for calculating out-of-plane bending
deflection

hefo Effective thickness of a laminated glass for calculating out-of-plane bending stress

hefoy Effective thickness of a laminated glass for calculating out-of-plane bending stress of
plyJ

h; Internal heat transfer coefficient
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JB

Jc

Jp

k1
k4
ks
ke

kFl

kmod

kmod;l
kmod;c
kmod;G

kmod;i
ksp
ky
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Nominal thickness of pane j of an insulating glass unit or ply j of a laminated glass
Nominal thickness of pane k of an insulating glass unit or ply k of a laminated glass

The distance of the mid-plane of the glass ply 1 from the mid-plane of the laminated
glass

The distance of the mid-plane of the glass ply 2 from the mid-plane of the laminated
glass

The distance of the mid-plane of the glass ply 3 from the mid-plane of the laminated
glass

The distance of the mid-plane of the glass ply j from the mid-plane of the laminated
glass

The distance of the mid-plane of the glass ply k from the mid-plane of the laminated
glass

Monolithic glass thickness nearest equivalent to the effective thickness of a
laminated glass

Cavity heat transfer coefficient
Cavity heat transfer coefficient - cavity 1
Cavity heat transfer coefficient - cavity 2

Variable used in calculations of cavity temperatures for triple glazed insulating glass
units

Variable used in calculations of cavity temperatures for triple glazed insulating glass
units

Variable used in calculations of cavity temperatures for triple glazed insulating glass
units

Variable used in calculations of cavity temperatures for triple glazed insulating glass
units

Coefficient used in the calculation of large deflection stresses
Coefficient used in the calculation of large deflection deflections
Coefficient used in the calculation of large deflection volume changes
Coefficient used in the calculation of insulating glass unit edge seal force
Factor for edge strength

Coefficient of class of consequence expressing the reduction of safety applicable to
the secondary structures and infill panels compared to that applicable for the main
structures

Factor for the load duration

Factor for the load duration of the dominant action in a load combination
Factor for the load duration when there are combined loads

Factor for the load duration of a permanent in a load combination

Factor for the load duration of a non-dominant action in a load combination
Factor for the glass surface profile

Factor for strengthening of prestressed glass



Do

Do;1
Po;2
Pa

Pa;m
Dco
DPex;1

pex;l;S
Dex;1;w

Dex;3

DH;0
ppr

pres; 1
Dres;2
Dres;3
pres;C;k
pres; Gk
Dres;S;k

Dres;w:k

Qx1
Qi
Ra

S1

52

Tc
Tea
Tec:
TEXE
Tgcen

Tg;ext

Tg;int

prEN 16612:2017 (E)

Pressure

Isochore pressure for an insulating glass unit

Isochore pressure for cavity 1 of an insulating glass unit

Isochore pressure for cavity 2 of an insulating glass unit

Meteorological air pressure (air pressure at sea level)

Average meteorological air pressure = 100 kN /m?

Isochore pressure due to the effect of change in cavity temperature and air pressure

Externally applied uniformly distributed load on pane 1 of a triple insulating glass
unit

Externally applied snow load on pane 1 of a triple insulating glass unit
Externally applied wind load on pane 1 of a triple insulating glass unit

Externally applied uniformly distributed load on pane 3 of a triple insulating glass
unit

Isochore pressure due to the effect of change in altitude

Meteorological air pressure (air pressure at sea level) at the time of production of
insulating glass unit

Load partition for pane 1 of a triple insulating glass unit

Load partition for pane 2 of a triple insulating glass unit

Load partition for pane 3 of a triple insulating glass unit

Load partition of climatic load for pane k of a triple insulating glass unit
Load partition of dead load for pane k of a triple insulating glass unit

Load partition of snow + dead load for pane k of a triple insulating glass unit
Load partition of wind + snow + dead load for pane k of a triple insulating glass unit
Non-dimensional uniformly distributed load

Value of the single action or dominant action

Values of the actions which are not dominant

Design value of the resistance to the actions

Nominal cavity width of a double glazed insulating glass unit

Nominal cavity width of cavity 1 in a triple glazed insulating glass unit
Nominal cavity width of cavity 2 in a triple glazed insulating glass unit
Insulating glass unit cavity temperature

Insulating glass unit cavity temperature - cavity 1

Insulating glass unit cavity temperature - cavity 2

External air temperature

Glass temperature of the central pane of a triple glazed insulating glass unit
Glass temperature of the outer pane of an insulating glass unit

Glass temperature of the inner pane of an insulating glass unit

11
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Tint
Tp

Vpr;l
Vpr;Z
Vpr;k

Wmax
Z1
Z?
Z3

Zy

a,, o
a,, a,
a,, a;

el

Ap1;
Ap2;
Apcii;

APGH

Ap;;
AP&H

Apwi;

61
&2

b1
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Internal (room) air temperature

Temperature of production of insulating glass unit
Load duration (in hours)

Volume displaced due to the deflection of a pane
Nominal volume of cavity 1 in an insulating glass unit
Nominal volume of cavity 2 in an insulating glass unit
Nominal volume of cavity k in an insulating glass unit
Design value of deflection

Maximum deflection calculated for the design load
Coefficient used in the approximate calculation of k4
Coefficient used in the approximate calculation of k;
Coefficient used in the approximate calculation of k;
Coefficient used in the approximate calculation of k;

Relative volume changes for the panes on either side of cavity 1 of a triple insulating
glass unit

Relative volume changes for the panes on either side of cavity 2 of a triple insulating
glass unit

Relative volume changes for the panes on either side of cavity k of a triple insulating
glass unit

Solar direct effective absorptance of the outer pane of an insulating glass unit
Solar direct effective absorptance of the second pane of an insulating glass unit
Solar direct effective absorptance of the third pane of an insulating glass unit

Factor used in calculating internal pressure differences in triple insulating glass
units

Internal pressure difference for cavity 1 of a triple insulating glass unit
Internal pressure difference for cavity 2 of a triple insulating glass unit

Internal pressure difference due to climatic loads for cavity i of a triple insulating
glass unit

Internal pressure difference due to dead loads for cavity i of a triple insulating glass
unit

Internal pressure difference for cavity i of a triple insulating glass unit

Internal pressure difference due to snow + dead loads for cavity i of a triple
insulating glass unit

Internal pressure difference due to wind + snow + dead loads for cavity i of a triple
insulating glass unit

Stiffness partition for pane 1 of a double insulating glass unit
Stiffness partition for pane 2 of a double insulating glass unit
Insulating glass unit factor for a double insulating glass unit

Insulating glass unit factor for cavity 1 of a triple insulating glass unit
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b2 Insulating glass unit factor for cavity 2 of a triple insulating glass unit

Oe Incident solar radiant flux

Y Partial factor

Yo Partial factor for permanent actions, also accounting for model uncertainties and
dimensional variations

YA Material partial factor for annealed glass

Yy Material partial factor for surface prestress

Yo Partial factor for variable actions, also accounting for model uncertainties and
dimensional variations

A Aspect ratio of the pane (= a/b)

u Poisson number

Vpi1 Volume change of glass pane 1 when subjected to unit uniform pressure

Vp2 Volume change of glass pane 2 when subjected to unit uniform pressure

Vp:3 Volume change of glass pane 3 when subjected to unit uniform pressure

Vpik Volume change of glass pane k when subjected to unit uniform pressure

Vpske1 Volume change of glass pane k+1 when subjected to unit uniform pressure

0 Temperature

p Glass density

Oall Allowable stress

Oalli Allowable stress associated with load type i

Ocalc;i Calculated stress from load type i

Oc Insulating glass unit edge seal force

O¢ Calculated stress from dead load

Omax Maximum stress calculated for the design load

Os Calculated stress from snow load

ow Calculated stress from wind load

Y Combination factors for the actions

Yo Combination factors for the actions which are not dominant

Yo, Combination factors for the actions which are not dominant

1 Partial factor for a frequent value of a variable action

NOTE This value is determined - in so far as it can be fixed on statistical bases -
so that either the total time, within the reference period, during which it is exceeded
is only a small given part of the reference period, or the frequency of it being
exceeded is limited to a given value. It may be expressed as a determined part of the
characteristic value by using a factor 1 < 1

13



