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Copyright in BSI publications

Permission to reproduce extracts from both published and draft Eurocodes has been granted by BSI.
British Standards can be obtained in PDF or hard copy formats from BSI Knowledge:
https://knowledge.bsigroup.com or by contacting BSI Customer Services for hardcopies only: Tel:
+44 (0)20 8996 9001, Email: cservices@bsigroup.com.

All the content in BSI publications, including British Standards, is the property of and copyrighted by

BSI or some person or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for commercial publication

and use. You may not transfer, share or disseminate any portion of the standard to any other person.

You may not adapt, distribute, commercially exploit or publicly display the standard or any portion

t hereof i n any manner whatsoever without BSI Os pr
content from BSI publications contact the BSI Copyright and Licensing team at

copyright@bsigroup.com
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Current situation

Design

of glass
structures

NS 3510 Ympiéristoministerion

asetus rakennuken

DS410 & kayttoturvallisuudesta &
Glasvaern 06/08 Suomen tasolasiyhdistys

BS 6180, Ohjekortti No. 1 & 2

BS 6262-4 & -6, &

DIN 18008

Approved Document K
CSN 74 3305
NEN 2608 & STN 74 3305
NEN 3569 STN 74 6200

NBN $§23-002 & ONORM B 3716 &

NBN B03-004 OIB Richtlinie 4
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FD DTU39 P5 TERVEZESE T-Sz Miiszaki

Szabaslyzat és Mintapéldak
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UNI 11463, CNR-DT 210
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Timeline CEN/TS 19100

SPECIFIC Mandate M/515 for
amending existing Eurocodes and
extending the scope of structural
Eurocodes including Design of
Glass Structures

— 1

CEN TC 250 response to Mandate M/515
containing explicit Tasks

WG 3 convertedto SC 11
Formation of PTs for Task [I1&III

Task I:
Scientific and Policy (SaP)- Report
Guidance for European Structural Design of
Glass Components

—

— 1

Task 1I:
CEN Technical Specification
CEN TS 19100 Design of Glass Structures

JRC SCIENTIFIC AND POLICY REPORTS

Guidance for European Structural Design
of Glass Components

ﬁ

Formal Vote for CEN/TS

Design

of glass
structures
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Timeline EN 19100 - EC 10

Publication of CEN/TS 19100 l
Use parallel to National Standards

Task III:
Works on conversion of CEN TS to EN 19100

I —

Start CEN ENQ NI Tot004
of prEN 19100

—
—

Translation and preparatory works
for Publication of EN 19100

[
T e e —
b

Formal Vote

Preparation of National Application
Documents (NADs)
for EN 19100

—]
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Timeline EN 19100 - EC 10

CEN/TC 250
Management Group Structural Eurocodes
Chair: S Denton CEN/TC 250
Secretary: T Wilkins [BSI] Chair: S Denton Coordination Group

Vice Chair: G Breitschaft

Secretary: T Wilkins [BSI] Chair: S Denton
Chairman's Advisory CEN PM: P Karagianni Secretary: T Wilkins [BSI]
Panel(s)

Horizontal Group Bridges

ZEN 1990 Basis of design

Convenor: P Croce
ZEN 1991 Actions
CEN/TC 250 Subcommittees gorizontalsegzup Fire Z EN 1992 Concrete
onvenor: ao
SC 10 - EN 1990 SC 6 - EN 1996 < I D) SIEE
Chair: P Formichi Chair: R Van der Pluijm Horizontal Group Z EN 1994 Comp()Slte
Secretary: V Melgysund [SN] Secretary: A Wehrle [DIN] Assessment and Retrofitting Z EN 1995 Timber
Convenor: T Lang [SIA]
ZEN 1996 Masonry
SC 1 -EN 1991 SC 7 - EN 1997 .
Chair: N Malakatas Chair: G Franzén WG 1 Policy and guidelines ZEN 1997 Geotechnical
Secretary: D Reinhard [DIN] Secretary: G Kraijema [NEN] Convenor: A Bond [BSI] Z EN 1998 Earthquake
z EN 1999 Aluminium
SC 2 -EN 1992 SC 8 - EN 1998 =
Chair: A Pérez Caldentey Chair: P Bisch
Secretary: D Zorcec [DIN] Secretary: A Correia [IPQ] Other Tier 1 WG's
SC 3 - EN 1993 SC 9 -EN 1999 . -
Chair: M Knobloch Chair: A Mandara &i;ﬁ::rt l:slgif:r::e[SNplt]JIymer
Secretary: S Kempa [DIN] Secretary: A Malvag [SN] :
WG 5 Membrane Structures
SC 4 -EN 1994 SC 11 - EN "Structural Glass' .
Chair: S Hicks Chair: M Feldmann Convenor: M Mollaert [AFNORI
Secretary: C Starr [BSI] Secretary: L Hoffmann [DIN]
WG 6 Robustness
SC 5 - EN 1995 Convenor: J Bregulla [NEN]
Chair: S Winter
Secretary: D Burgos [SN]
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Structure and Content of Eurocode 10

e safety issues, robustness
Part 1 anfd desigr; philo;opthy
— e reference to produc
CenErEl standards, types of glass

o rules e glass strengths and
i further properties
S
(@) e laterally loaded glass
O elements
E Part 2 e elements not carrying
) N Out-of-plane loads from other
L loaded glass structural parts
—_ components | e calculation of laminated
o glass
SI e Insulated Glass Units
o
i
zZ e axially (mid plane resp.)
L Part 3 loaded glass elements
— In-plane e elements often carrying
I loaded glass loads from other
| components structural parts
| e mechanical joints
|
I
E b | e relating to the risk of
> 8 L Part 4 human injury
w 8 » Glass selection | e guidance for
O - specification
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Relation to product and other standards

Design
of glass
structures

Glass components for buildings

Product Design Execution
1 | | 1
CEN/TC 129 CEN/TC 250 CEN/TC129
| |
WG 8 SC11

8

EN 16612: Glass in Building
Determination of the lateral load
resistance of glass panes by
calculation

8

prEN 19100z Design of Glas§&tructures
Part 1: Basis of Design, Materials
Part 2: Outof-plane loaded Glass
Part 3: In-plane loaded Glass

Part 4: Glass selection relating to

the risk of human injury
2 Guidance for specification

Components of

than given in EN1990

Components of
Consequences Class 1, 2, 3
acc. EN1990

AComponent classification in the hands of European Countries
ARules of EN 19100 tie in seamlessly with those of EN 16612

\ 4

RemainsT Sbecausef nationallegislation
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Conceptualisation

A Glass is a perfect brittle material, no ductility.

A We must always expect a breakage of a glass ply.

AA|X NJA X - Z ZL’)J" M3 XJ | JzX NJ« M X J«E°| «zy z*J L’)/
A«] «- C« -3 y4 « Z

A+KBI -~ TX  z« " K 9 X3 JKKE z>-MA T °«X T TX z«ZY

A Eurocode 10 approach:
Az(«z «XX3 «z 3-MA °«X 7 Z
Az83zJ« ~ «wz TX 'z« ~ ©°AJ° -« 7
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Conceptualisation

cross sectional structural
A Number and thickness of plies ﬁ .I?j;?g]ngd capacity of second
ﬁ Type of glass load path
A Type of interlayer A Protection and hold back
Edgeprotection measures
A etc. A etc

Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Conceptualisation

Organising design situations

SLS Serviceability Limit State
Design for the unfractured glassstate

ULS Ultimate Limit State
Design for state during glassfracture .
(safeglassfracture) FLS Fracture Limit State
Design for the post-fracture state .
(residualload capacity) PFLS Post-Fracture Limit State

Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Conceptualisation B Out-of-plane loaded components

During Impact

FLS (hard

and/or

32

soft, A Calculation oosn

2
20
160l| Versuch .~

12 -
8 - »

[m/

asrequired) | A Testing
A Simulation .
A Experience

‘ Berechnung }

Beschleunigung

-4

-8
0 0.006 0.012 0.018 0.024 0.03 0.036 0.042 0.048 0.054 0.06
Zeit [s]

A Requirements

and Test Set | A No shardsfalling

Up depending | A No splinters causing

on scenario severeinjuries

A Residualload carrying
capacity after fracture
for a limited time
under reduced loading

PFELS | After Impact
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Conceptualisation B In-plane loaded components

L1

A Calculation
A Simulation
A Testing

ADynamIC DS SIS
effects L A Sudden loss of a
A Non linearities Ply fractures p:y (or even of
. A Short term A with glass element)
FLS | During Impact
_ or - A Soft or hard
A Calculation A without lateral impact, different
A Simulation Impact energy levels
A Testing
[0}
A After decay of ; 1y ;
dynamic effect 720002777,
A Non linearities
A Medium to A Repair possible
PFLS | After Impact long term A safe residual life

time until repair

Design

of glass
structures
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Conceptualisation

Limit State Scenario (LSS) *
LSS-0 LSS-1 LSS- 2 LSS- 3
Design for the SLS SLS SLS SLS
unfractured glass
state ULS ULS ULS ULS

Design for the glass
fracture state FLS FLS
(safeglassfracture)

Design for the
post-fractured
state (residualload
capacity)

PFLS PFLS
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Overview of design topics

Scope

Main Text

Annexes

prEN 19100-1

... gives basic design rules for glass
structures, assemblies and components.
This document is concerned with the
requirements for resistance, serviceability,
fracture characteristics and glass
component failure consequences in
relation to human safety, robustness and
redundancy of glass structures.

Principles of Limit States
A uLs
A sLs
A FLS
A PFLS

Materials/ strengths
A glass

A interlayer

A 1GUs

Partial factors

Actions
A cavity pressurefor IGUs

Structural Analysis
A interlayer modeling

Structural Provisions
A glasssupport
A holes

Verification ULS and SLS

A b Design bending strength
B B In-plane thermally induced stress

C - Thermally induced stress caused by
temperature Risk Assessment

prEN 19100-2

... gives basic structural design rules for
glass components and assemblies primarily
subjected to out -of-plane loading.

Verification FLS and PFLS
A testing
A theoretical

Deflection Limits

Joints, Connections and

Supports

A continously edge
supported

A point supported

A cantilevered

A - Determination of the effective thickness
according to the enhanced effective thickness
approach (EET)

B - Verification of the natural frequency of the
glass component subjected to wind gusts

C IGUsb Calculation of the resulting pressure

D Cold bent glass

prEN 19100-3

... gives design rules for glass components
and assemblies primarily subjected to in -
plane loading. It also covers effects of
loads acting both in-plane and parallel to
the plane produced by the neutral axes of
the component, including construction

Verification FLS and PFLS
A testing
A theoretical

Joints and Connections
A sleeve bearinigs

A lapped splices

A friction connection

Structural Analysis

A - Calculation of the critical buckling load N, or
critical bending moment M, ¢

B - Calculation of I, .4 and I . of laminated glass

. e A stability C - Calculation of K,,-values for simplified
rules for joints connecting in-plane loaded A imperfections calculation
glass components A de?ailing

Design
2
7 of glass

structures
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Key topics D Glasstypes

Annealed Thermallyor chemicallytreated

Design

of glass
structures

Glass material per product Values for characteristic bending strength f;, ;. for pre-stressed
( : ' - =
Type of glass Standard whichever composition) glass processed from *
N/mm?
thermally toughened heat chemicall
Float glass EN 572-2 45 safety glass to EN 12150-1, ) y
: . d heat soaked thermall strengthened strengthened
Polished wired glass EN572-3 33 an y glass to glassto
toughened safety glass to EN 1863-1 EN12337-1
Drawm sheet glass EN572-4 45 EN 14179-1
Patterned glass EN572-5 33 float glass or drawn sheet glass 120 N/mm?2 70 N/mm? 150 N/mm?2
Wired patterned glass EN572-6 27 patterned glass 90 N/mm? 55 N/mm? 100 N/mm?
enamelled float or drawn sheet 75 N/mm? 45 N/mm?
glass
enamelled patterned glass 75 N/mm?2 45 N/mmz2

NOTE 1 The values for thermally toughened safety glass and heat soaked thermally toughened safety glass can
also be used for glass conforming to EN 13024-1, EN 14321-1 and EN 15682-1.

NOTE 2 The characteristic bending strength values in the table are the same as in the product standards at the
time of publication of this document. In the case of revision of the values in the product standards, then the values
in the product standards take precedence.

\ oy, 2
SN g !
(LX) v AN VA o
NN LA R R
SNSNL NS WNTA e N > {
V«'."?/iv‘"u:" o e A 4 0 IV R P S
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Key topics D Glassassemblies

laminate

2 Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Design
of glass
structures

total design bending strength

characteristic bending strength of
annealedglass

material partial safety factor
edge or hole finishing factor
surface profile factor

modification factor

relevant for surfaces larger 18 m?
relevant for edges longer 6 m

intrinsic glassstrength \
k= i i_i_tQ -~

Key topics B Design bending strength

/ contribution of pre-stress

Pre-stressing treatment k,
None 0,0
Heat treatment with horizontal process 1,0
Heat treatment with vertical process 0,60
Type Load duration Action Kuuod 3
Permanent | Permanent Self-weight, difference in altitude, permanent cold bending | 0,29
Snow (3 to 4 weeks): 043
Glass material* (whichever glass Factor for the glass surface profile k., 045 |
composition) As producede Sandblasted- 0,58
Float glass 1,0 0,6 0,69
. 0,74
Edge finishing factor k. —
077
As-cut, arrissed, or . 1
ground edgesb Seamed edges* Polished edges 0,89
1,00
Float glass 08 09 1,0
gla 120
Patterned glass 0,8 08 0,8 -
Polished wired glass 08 08 0,8 -
Wired patterned glass 08 08 08 d material
e applied [#) and
2 Values to be used for verifications within a distance d measured from the edge of the pane or of the
hole towards the interior of the glass surface. The value of the distance d is d = h+c, where: ired d 12h
- his the thickness of the glass ply; and require
- cis the distance of the cutting edge of the chamfer with the glass surface to the edge of the glass or of e

the hole.
b Arrissed or ground edges by machine or by hand where the abrasive action is across the edge.

¢ Arrissed or ground edges by machine or by hand where the abrasive action is along the length of the
edge.

characteristic bending strength of
pre-stressedglass

partial safety factor for pre-stress
on the surface

pre-stressing processfactor

edge or hole pre-stressingfactor
interference factor, accounting
for the beneficial statistical
interference between the
distributions of pristine glass
strength and surface pre-stress

JRC Workshop | The second generation Eurocodes | 5th June 2025
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Key topics D Design of IGUs

Loads due to climatic influences Z J«T K-JT T ~°3 MA° -« -Z XE¢
distinct panes

-—

A
- * *
| ' h1 N ‘ S . B hz
i ] ) } ) -t hz
& ' p hy, s S7 hs
] I Peav > Py P LA | D B
2, \u | - = _
0"3' . - —P P s B
'Ap t +AH 2/ - -_Ap-l- —- \/—{- %
N - ol ~ L = -— -
. H . F -— —= -— — e
> > — F A -~ |
- ~ ™ —— - pT. quz
_ «— | - — =
_____ - - rrrr— - — L] — [
o O — —  — L
+Apmel! AH = < — —-  — — < —]
- lg— - | -l l— -
- l-— - | <— L -
L -— _ i ':: — -— .
pcav < pexl f [~ — > "_c‘_.‘_ —
_ N ~—— NN
-ATCEV . +ATC3V
e
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Key topics D Design of laminated glass

Effective thickness to calculate the deflection of a pane

*

p
B Q pd8 QQ B Q

Q -

Effective thicknesses to calculate the bending stressin a single ply

*
v~ P
QR ci-11Q]| 0
B Q pB QO0Q Q x
layered partial shear coupling monolith
A[mm] A[mm] A[mm]
1
—\\ 7hint1
< \ > < compression tension > >hh2
—\ A lint2
\ h3

Galuppi L.;RoyerCarfagni G.The effective thickness of laminated glass plates, Journal of Mechanics of Materials and Structures 2012
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Key topics D Design of laminated glass

j MONOLITHIC LIMIT ] : MONOLITHIC LIMIT
Effective thicknesses and zu L
resulting stress distribution are » e
depending on : )
Athe stiffness of the interlayer, -
which is influenced by the : - L AYERED LIMIT —=
temperature und the load | — : A A
duration, T e | T e
Athe boundary conditions and —
Athe type of loading.  — PR prn 8
(P
] —
ERRRRRR E[ T [ L R
1T 00 e
v s

Galuppi L.;RoyerCarfagni G.The effective thickness of laminated glass plates, Journal of Mechanics of Materials and Structures 2012
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Key topics D Design of in-plane loaded glass

2 Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Key topics D Design of in-plane loaded glass

A structural analysis and detailing

A imperfections for 2 "d order theory calculations
A influences on imperfections
A fracture of plies
A installation etc.

A effective cross section values for stability problems
A OG
A "00y

A dynamical effects

A calculation of connections

Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Example calculations

Prof. Dr.-Ing. Ruth Kasper
Maximilian Laurs, M. Sc.

2 Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Example calculations

1 Design of an Insulating Glass Unit

2 Design of a glassbarrier (glass parapet)

3 Primary structural component: Design of a glass fin

2 Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Application cases

A e.g. significant change of altitude A Variation of glass assemblies

A Point or line load
A BAM-Approach Y internal pressure
A EET-Method Y effective thickness for laminated glass

W ISEEEEE *
o
| =
| g
|
| |
[ PR a
100
<
a El
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Example calculation - Insulating Glass Unit

exterior view: [mm]
General: ) 1000 )
A Product IGU (EN 1279-5) —_—
A Classification in Consequence Classn 1990:2023)* o
A CC1blow consequence S
A loss of human life or personal injury: low
A economic, social or environmental consequences:  small
A Limit State Scenario (LSS)ren 10100-9)* cross section & load direction:
A no barrier function due to window sill/parapet BpoBp,. @ @ Ap,. Ap.ow,
A no post-breakage requirements ENEENEE D ] T T T
A LSSO: ULS & SLS I mbalha
o e AT 4 | | e
A Serviceability requirements ren 19100-1 + EN 1990:2023) * L MpEE
A deflection effects of IGUs with loss of airtightness —~ | S Eshals
—> > | — e
due to edge seal damage B s
A 2-SLS load combination: characteristic annealed s g VI

% Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Example calculation - Insulating Glass Unit cross section & load direction:

m_l_\_p??°_ @ @

H A eUA met
Actions: g P B Wi
> > +—— ]
A Wind loads &n 1991-1-2) 0 pmE H 6 — mhaha
— +— [ 4
— > — ]
—» > AT ] ] |
—> > —— ]
- +— ] [
—» > 4 4 +—— 4
. . . —» > | — —
A Climatic action (acc. toprEN 19100-2, Annex C, values to be set in NA§k T ii/_”{:’zx__
annealed »— +——+ cavity
8 16 8
meteorological temperature
change of altitude (relative to production) barometric pressure np
difference
change
Duration Permanent Intermediate Intermediate
Action 30  @mnd 3N g 0 O Y ¢
Barometric external y 5 _
pressure variation 3N i p (c—) 7l i3 70 i x0q0 ¢ 31 Mg v ©
b
z approximation of barometric formula
(dependence of air pressure and density on altitude)

% Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Example calculation - Insulating Glass Unit
Internal pressure variation :

ACtionS: ApmetApgeo @ A—pT AE? A_pT @ Apgeo Apmet Wk
A Resulting internal pressure variations BN i DB MR
ABAM -Approach (PrEN 19100-2, Annex C, acc. toGaluppi et al., 2020)* > — [ — [
Auxiliary values: NN L sl e e e
EEN - L ey e — e |l
) > L e e — | |
] t h , ) t BRI SN —» <] 4 — ] e
A O i) O O i R ) OpULC WY —— b ] ] ]
, ‘ f h ; ;
A —t— t : : OpOoX dimensionless shape
( ) parameter
A ‘ —f— ‘ ‘ Aea/b on

0,1 7,4889E-05

- 0,2 2,6942E-04

AU i ) U = m ) ¢ Whry 03 5,3522E-04

0.4 8,2585E-04

A0 i ) 0 0 C¢ Yhx 05 1,1009E-03

0,6 1,3325E-03

0,7 1,5067E-03

0.8 1,6219E-03

09 1,6841E-03

Green's functions for the load sharing in multiple insulating glazing unit&Aluppi L.; RoyeCarfagni G.. ! 1'?025E_03!

-In: INTERNATIONAL JOURNAL OF SOLIDS AND STRUGTBEBE®0207683.- 206:(2020), pp. 412425. [10.1016/j.ijsolstr.2020.09.030
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Example calculation - Insulating Glass Unit
Internal pressure variation :

Actions: @ Ap, APy, Apr Ap, Ap, Ap; APy, APpe
A BAM-Approach (preN 19100-2, Annex cf' TT & 4 [ IR R SR
AS$SIKNAKI® -« -7Z «% X3 «JK °3 X" A3 X AMEIs ‘ti‘fiAX:‘H’ 7
AZ XE©°X3«JK °3X 7 A3 X 3IC «T9d DU D O S S S SN
Aw) 0 te t0 ¢ yhxtnmmp ¢ic phi— v QWG 6 2 PEpamaE. IR
Az MJs3-axos N °3X" 7 A3 X AFJ3 JO° -« FIK? °ATXW Jerf—Hedt—3—s3
. . — . —_— - B — o o dimensionless shape
A un (U ¥] )t° t o (¢ Whxt ¢ Yt )tT[hT_T[pltpT[bTH)( coly VQUIG 6 parameter
A on (0 0)te ten C yxt ¢y {nnnplirn g php CQOMG 6 e
0,1 7,4889E-05
0,2 2,6942E-04
0,3 53522E-04
Az oXxae°eXxs3sJoAs X AJ3 J° - « 04 | 82585E-04
. . . h . h - . e . 0.5 1,1009E-03
A wm —i—ts34 : t t( ¢ 1) mip CQUWFG o oo | 13325503
0,7 1,5067E-03
0,8 1,6219E-03
0,9 1,6841E-03
1 1,7025E-03|
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Example calculation - Insulating Glass Unit

Actions:

A BAM -Approach (prEN 19100-2, Annex C, seeGaluppi et al., 2020)*

A$J5,NA5‘JO -« -2 FXTABS «z ° X7 AT Restltfig 1dads on distfh® panesdf 160: £
AZ XE°X3«JK °3X 7~ A3X 3IC «Td

A n F R Qj‘] — T[F[ ) 7@6{(’1 (’) @ pres,1,ge0 pres,1,w pres,2,w pres,2,geo

A ﬂ hh X (*n ( p_) ( T U'U—) i T ~62l5f’0( _________F_)res’1’m8t pres,1,T i pres,Z,T pres,2,m_et_____
> <E «— |« <

Az MJs-axos N °3X 7 A3 X AEJ3 J° -«| » ™ " [ | 1 [

(altitude , ambient air pressure) — <JE -« < -~

An rr 30 Ay Xit o ¢ e TQUY 6 [ : el

AN ip N pn = 0,64 KN/m?2 _: : - : :_

A N #k 31 QN CVFH:"T pﬁlIJ,C TlﬁD UDLYG 0 L e — ] |e

AN ki Nk nhgy 7/ 6 2 MeEi MR )
I > e < = <

A Z temperature variation - - .

AN sr o e QUG o6

AN rro o mip CQWG 6
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7%

Example calculation - Insulating Glass Unit oF pr
ULS - stress check: I
Design loads see EN 1990:2023 & prEN 19100-1) * ]
A only actions (or effects of actions) with same direction are superposed —
-_—r
A Load combinations ULS . 1 —
O OB 1 ztOf 1 rt0r B 1 gtr 5t0 f} I 1 [

A permanent: ko) . W

0 Ofpmitsn } 'O{ nﬁlpx—} _ ol

A intermediate (significant): ko) v Y

0 Ofplnisd pini(sn mwten )} % phyy-} i oft T

A short: ko] Y T

O Ofpmtan pmi(an motsn poimpisn )} 'O{ lo x—} i oft T
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Example calculation - Insulating Glass Unit [
ULS - stress check:

A Actions on Pane 2:

l“l +5,92

A Effect of actions e

A resulting maximum principal stress (tabulated* or via FEA)

) ~ (b -~ N (b -~ “« 7 +0.74
@) Qtnt6 Tio ) oolg TQ G tﬁ P ™WL®
A Resistance (Design bending strength)
vy o _i_toioito i Qi i
i Qtr maximum principal stress
- . T WIdao e
Y Qg Q tr& T o pouLW

Result:O YV

*Sedlacek, G. et al.: Glas im konstruktiven Ingenieurbau. Bauingeriteaxis (1999)
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Example calculation - Insulating Glass Unit I

SLS- deflection check:
A Actions on Pane 2:

A Load combinations SLS 2 (characteristic)

O OB Of bji B [ jidg})
oz (0 mwtsn mpish )} Ofphp
A Effect of actions

A resulting maximum out-of-plane deflection (tabulated* or via FEA)

. . Lo~ . W .
O T[h[(pqlphprt_of,,Q oip 1 a

out-of-plane deflection

A Limit (rEN 19100-2, Table 9.1)
A IGU

A continuously supported along all edges

6 — ¢t
T LT

0 pmmnm
v

Result:t O YV

*Sedlacek, G. et al.: Glas im konstruktiven Ingenieurbau. Bauingetieaxis (1999)
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Example calculations

1 Design of an Insulating Glass Unit

2 Design of a glassbarrier (glass parapet)

3 Primary structural component: Design of a glass fin

2 Design JRC Workshop | The second generation Eurocodes | 5th June 2025
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Example calculation

A residential building in Europe

A different glass applications:

A most general glass (Insulating Glass Unit)
A glass with barrier function (glass parapet)

A glass asprimary structural element (glass fin)
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Example calculation - glass parapet

General:
. terior view:
A Product: laminated glass en 14449) Vex =Her V'e\1N500 fmml
TTG glassen 12150 £
A Classification in Consequence Clasgen 1990:2023"
A CC2Pbnormal consequence 3
A loss of human life or personal injury: medium >
7777777777777777777
A Limit State Scenario (LSSyren 19100-1)" cross section: structt:]ral element:
A barrier function M Ne g
A fracture and post-fracture requirements TG 111
A LSS3: ULS & SLS & FLS & PFLS . 3
o
A Serviceability requirements ren 16100-1 & -2 + EN 1000:2023)* _A_, {; 4,‘ T 777t
A Deflections or displacements or effects thereof
affecting safety
A 2-SLS load combination: characteristic
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Example calculation - glass parapet

Actions:
A Barrier loads @n 1991-1-1:2025)* Q phE A

A Stresses and deflections via beam analogue

A 7 -

AbD TQta pv—ipa phQ0O da
A ® e

ACO e

A Influence of shear coupling on effective stiffness
A 3 Possible levelspren 19100-1)*
A Level 1: full coupling vs. no coupling
A Level 2: analytical models
A Level 3: numerical models

general deformation
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Example calculation - glass parapet

Full coupling
A Full load on monolithic cross section
AQ B Q 1ad Ypada tadd p@a&

A6 il ) py—

A, otpe OA

VS. no coupling
A Distribution of load acc. to relative stiffness of panes

Al
general stress distribution
Al ——— ™ 1N 1op ot mw
£ . . i i S 5 )
Ao L & ) &x— ©°, tv : viguv OA

Ao r — f—f

p@)t O ”
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Example calculation - glass parapet

Effective Thicknesses of laminated glass

A System Stiffness is now dependent on
A interlayer stiffness (here:'0 10 0
A static system and
A load pattern

A Auxiliary values:
A "Q thickness of pane |
AQ Q 160d4;Q Yad;Qy Qy TIX @G
A 'Q distance of centroid of pane i to general centroid with sign
AQ Q e @a;Q maa

A w load and system dependent parameter (tabulated) : : :
_ glass pane i interlayer j
A w T - THTU 7O T A6 v N [
1 i *
ﬂ 2
{ | e 2.0 d,
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Example calculation - glass parapet

Effective Thicknesses of laminated glass
. . 1 d tial shear coupling monolith
A System Stiffness is now dependent on Y S -
A interlayer stiffness (here:'0  plv 0 0
A static system and h,,
< > < compression tension > < >h2
A load pattern — \ \ —h,,
. h,
A shear coupling parameter pren 1100-2) ——
o p
" . (0iB QitB (QtQ)) ‘)
“ . — e . s - (Q Q Q Q
o i(B Tt pdB (QtQ))t<( ,,Qﬁ) (..Qﬁ)>
p & *
o 6 d Cttaa WA G )i CTaat(ox §d)  Waat(nad) ] we
X mma tr@tmmmmguu

Y

MpoTa G d(cttaa  waa pdcradai(ex @d) waatlmaa )t‘((“’mbg(‘%? (“’mbé(‘%?)

A deformation effective thickness
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Example calculation - glass parapet

Effective Thicknesses of laminated glass cross section:
A System Stiffness is now dependent on e
A interlayer stiffness (here:'0  plv 0 0 | TTG
A static system and TTG | 7
—
A load pattern ]
A stress effective thickness *
. P
hf —t[0] 0 v
B Q pd (QfQ) Qi 484
A stresses via beamanalogoue 0 T :
Pane i 1 2 3
Qi 14,74 12,91 14,74 [mm]
O i 36,22 27,79 36,22 [mm3/mm]
0O p v TOM G &
, 41,41 53,96 41,41 MPa
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A 0-EET

Example calculation - glass parapet

Effective Thicknesses of laminated glass
A Stressdistribution over cross section

AQ B \/

-41,41

B B

Melse® p

7%

v KAt L .
A, i Of h:ﬁ with & p,if W ,
Pane | 1 2 3

Q ki 14,74 12,91 14,74 [mm]

W § 36,22 27,79 36,22 [mMm¥mm]
0 p L TOM Gfa

, 41,41 53,96 41,41 [MPa]

Q jp= 26,78 12,91 26,78 [mm]

. F 12,55 -53,96 -12,55 [MPa]

Design
of glass
structures
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Example calculation - glass parapet

Comparison of stress distribution depending on the level of interlayer
modelling

Level 1: no shear coupling

Level 2: Analytical model
(here: EN 19100-2, Annex A)

Level 1: full shear coupling
(in case of a favourable shear
coupling should be neglected)

f gl . .
Structures Key changes and benefits through design examples
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