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Structural glass – yesterday

EUROCODE Conference I Berlin I 24 May 2023

The first rules for glass construction are known from the 
Intendant of the Duke of Northumberland (1567) 

(1) Because of the important wind, the glazing of the castle breaks and is lost.

(2) Therefore, it would be good that the glass of each frame is taken down and 
stocked in security when Our Lordship is out.

(3) When Our Lordship comes back, it is not so difficult and quite cheap to put
the glass in the frame again, since the the reparations due to glass breakage
are too expensive.   

TSP - Ow n w ork, CC BY-SA 4.0, https://commons.w ikimedia
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Structural glass – today
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https://w w w.re-thinkingthefuture.com/designing-for-typologies/a4558-15-iconic-glass-buildings-around-the-w orld/#8708bbfe87a3f679c3c4fe38061d2114cd488c9c#253122
http://luxuryproperties.ir/uploads/images/images/Blog/Architectural%20Designs/Dramatic%20Skybridges%3B%20Architecture%20Trick%20to%20
Show %20Off%20in%20Skyscraper%20Projects/35MEskybridge.jpg
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Structural glass – today

https://de.glasscon.com/produkte/structural-glass-facades https://w w w.eocengineers.com/projects/apple-jungfernsteig-108/ https://seele.com/references/apple-park-restaurant-doors/
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Structural glass – today

https://seele.com/locations/seele-canada- inc-ca https://w w w.engadget.com/2019-09-19-apple-f if th-avenue-cube-redesigned-new -york-city.html
https://w w w.ofdesign.net/interior-design/modern-facade-the-beauty-of-glass-
curtain-w alls-2622
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Current situation

EUROCODE Conference I Berlin I 24 May 2023
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Road to Eurocode 10 – Design of Glass Structures

EUROCODE Conference I Berlin I 24 May 2023
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Timeline CEN/TS 19100

EUROCODE Conference I Berlin I 24 May 2023
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Timeline EN 19100 – EC 10

EUROCODE Conference I Berlin I 24 May 2023
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Integration into Eurocode family

EUROCODE Conference I Berlin I 24 May 2023

EC 0 – EN 1990 Basis of design
EC 1 – EN 1991 Actions
EC 2 – EN 1992 Concrete
EC 3 – EN 1993 Steel
EC 4 – EN 1994 Composite
EC 5 – EN 1995 Timber
EC 6 – EN 1996 Masonry
EC 7 – EN 1997 Geotechnical
EC 8 – EN 1998 Earthquake
EC 9 – EN 1999 Aluminium
EC 10 – EN 19100 Structural Glass

L Hoffmann [DIN]

CEN/TC 250
Coordination Group

Chairman: S Denton
Secretary: T Wilkins [BSI]

Other Tier 1 WG‘s

CEN/TC 250 Subcommittees

Management Group

Chairman: S Denton

Chairman‘s Advisory 
Panel(s)

CEN/TC 250
Structural Eurocodes

Chairman: S Denton
Vice Chair: M Fardis
Vice Chair: G Breitschaft
Secretary: T Wilkins [BSI]
CEN PM: P Karagianni
NEN M/515 lead: M Lurvink
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Structure and content of Eurocode 10

EUROCODE Conference I Berlin I 24 May 2023
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Structure and Content of Eurocode 10

EUROCODE Conference I Berlin I 24 May 2023
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Relation to product and other standards

Product

CEN/TC 129

WG 8

CEN/TC 250

SC 11

CEN/TC129

Design Execution

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

prEN 19100 – Design of Glass Structures
Part 1: Basis of Design, Materials
Part 2: Out-of-plane loaded Glass
Part 3: In-plane loaded Glass
Part 4: Glass selection relating to

the risk of human injury
— Guidance for specification

Components of 
Consequences Classes other
than given in EN1990

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

Remains TS because of insur-
mountable national legislation

 Component classification in the hands of European Countries
 Rules of EN 19100 tie in seamlessly with those of EN 16612   

Glass components for buildings
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Conceptualisation of Eurocode 10 design rules

EUROCODE Conference I Berlin I 24 May 2023
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Conceptualisation

EUROCODE Conference I Berlin I 24 May 2023

 Glass is a perfect brittle material, no ductility.

 We must always expect a breakage of a glass ply.

 The cause of glass breakage can be anything: “Failure of unknown origin”

 Glass design is literally “Robustness design”. 

 Eurocode 10 approach:
− “Engineering robustness”
− “Organising design situations”
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Conceptualisation

EUROCODE Conference I Berlin I 24 May 2023

Glass roof „Egyptian Courtyard” in “Neues Museum”, Berlin

cross sectional structural

• Number and 
thickness of plies

• Type of glass
• Type of interlayer
• Edge protection
• etc.

• Detailing
• Type and capacity

of second load path
• Protection and hold 

back measures
• etc.

Engineering robustness
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Conceptualisation

EUROCODE Conference I Berlin I 24 May 2023

Design for state during glass fracture
(safe glass fracture) FLS Fracture Limit State

Design for the post-fracture state
(residual load capacity) PFLS Post-Fracture Limit State

Organising design situations

Design for the unfractured glass state

SLS Serviceability Limit State

ULS Ultimate Limit State
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FLS

During
Impact

(hard
and/or soft, 
as required)

• Calculation
• Testing
• Simulation
• Experience

• Requirements 
and Test Set-
Up depending 
on scenario

PFLS After 
Impact

• No shards falling
• No splinters causing

severe injuries
• Residual load carrying

capacity after fracture
for a limited time 
under reduced loading

Conceptualisation – Out of plane loaded components
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FLS During
Impact

• Dynamic effects
• Non linearities
• Short term

• Calculation
• Simulation
• Testing 

PFLS After 
Impact

• After decay of 
dynamic effect

• Non linearities
• Medium to long 

term

• Calculation
• Simulation
• Testing 

EUROCODE Conference I Berlin I 24 May 2023

Ply fractures
• with
or
• without lateral 

impact
• Soft or hard impact, 

different energy 
levels

• Repair possible
• Safe residual life

time until repair

• Sudden loss of a ply
(or even of glass
element)

Conceptualisation – In plane loaded components
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Conceptualisation

EUROCODE Conference I Berlin I 24 May 2023

It is in the hands of European countries which glass element is assigned to which LSS
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Design topics

EUROCODE Conference I Berlin I 24 May 2023
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Scope Main Text Annexes

prEN
19100-1

requirements 
for resistance, serviceability, 
fracture characteristics and glass 
component failure consequences

human safety, 
robustness, redundancy and 
durability of glass structures.

Principles of Limit States
• ULS
• SLS
• FLS
• PFLS
Materials/strengths
• glass
• interlayer
• IGUs
Partial factors

Verification ULS and SLS

Actions
• cavity pressure for

IGUs

Structural Analysis
• interlayer

modeling

Structural
Provisions
• glass support
• holes

A - Bending strength resistance

B - Bending strength resistance with 
interference factor

C - Thermally induced stress caused by 
temperature differentials in the glass 
pane

D Cold Bending

prEN
19100-2 primarily subjected 

to out of plane loading.

Verification FLS and PFLS
• testing
• theoretical

Deflection Limits

Joints, Connections 
and Supports
• continously edge

supported
• point supported
• 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

C IGUs – calculation of resulting
pressure

prEN
19100-3

primarily subjected 
to in-plane loading. 
construction rules for mechanical 
joints

Verification FLS and PFLS
• testing
• theoretical

Joints and 
Connections
• sleeve bearinigs
• lapped splices
• friction connection
Structural Analysis
• stability
• Imperfections
• detailing

A - Calculation of the critical buckling load 
Ncr or critical bending moment Mcr,LT

B - Calculation of Iz,eff and IT,eff of 
laminated glass

C - Calculation of Km-values for simplified 
calculation

Overview of design topics

EUROCODE Conference I Berlin I 24 May 2023
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Key topics – Glass types

EUROCODE Conference I Berlin I 24 May 2023

Annealed Thermally or chemically treated

https://w w w.baunetzw issen.de/glossar/e/einsche
ibensicherheitsglas-
51279?img=0&layout=galerie
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Key topics – Glass assemblies

EUROCODE Conference I Berlin I 24 May 2023

mono laminate IGU
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𝒇𝒇𝒈𝒈,𝒅𝒅 total design bending strength

𝑓𝑓𝑔𝑔,𝑘𝑘 characteristic bending strength of
annealed glass

𝛾𝛾𝑚𝑚 material partial safety factor
𝑘𝑘𝑒𝑒 edge or hole finishing factor
𝑘𝑘𝑠𝑠𝑠𝑠 surface profile factor
𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 modification factor
𝜆𝜆𝐴𝐴 relevant for surfaces larger 18 m²
𝜆𝜆𝑙𝑙 relevant for edges longer 6 m

𝒇𝒇𝒈𝒈,𝒅𝒅 = 𝑘𝑘𝑒𝑒 ⋅ 𝑘𝑘𝑠𝑠𝑠𝑠 ⋅ 𝜆𝜆𝐴𝐴 ⋅ 𝜆𝜆𝑙𝑙 ⋅ 𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚 ⋅
𝑓𝑓𝑔𝑔,𝑘𝑘

𝛾𝛾𝑚𝑚
+ 𝑘𝑘𝑠𝑠 ⋅ 𝑘𝑘𝑒𝑒,𝑠𝑠 ⋅

𝑓𝑓𝑏𝑏,𝑘𝑘−𝑓𝑓𝑔𝑔,𝑘𝑘

𝑘𝑘𝑖𝑖⋅𝛾𝛾𝑝𝑝

intrinsic glass strength

𝑓𝑓𝑏𝑏,𝑘𝑘 characteristic bending strength of 
prestressed glass

𝛾𝛾𝑠𝑠 partial safety factor for pre-stress on 
the surface

𝑘𝑘𝑠𝑠 pre-stressing process factor
𝑘𝑘𝑒𝑒 ,𝑠𝑠 edge or hole pre-stressing factor
𝑘𝑘𝑖𝑖 interference factor, accounting for the

beneficial statistical interference
between the distributions of pristine
glass strengths and surface pre-stress

contribution of pre-stress

Key topics – Design bending strength
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Key topics – Design of laminated glass

EUROCODE Conference I Berlin I 24 May 2023

ℎ𝑒𝑒𝑓𝑓,𝑤𝑤 = 3 1
𝜂𝜂

∑𝑖𝑖=1𝑛𝑛 ℎ𝑖𝑖3 + 12∑𝑖𝑖=1𝑛𝑛 (ℎ𝑖𝑖⋅ 𝑑𝑑𝑖𝑖2) + 1 − 𝜂𝜂
∑𝑖𝑖=1𝑛𝑛 ℎ𝑖𝑖3

ℎ𝑒𝑒𝑓𝑓,𝜎𝜎,𝑖𝑖 =
1

2 ⋅ 𝜂𝜂 ⋅ 𝑑𝑑𝑖𝑖
∑𝑖𝑖=1𝑛𝑛 ℎ𝑖𝑖3 + 12∑𝑖𝑖=1𝑛𝑛 (ℎ𝑖𝑖⋅ 𝑑𝑑𝑖𝑖2) + ℎ𝑖𝑖

ℎ𝑒𝑒𝑓𝑓,𝑤𝑤
3

Effective thickness to calculate the 
deflection of a pane

Effective thicknesses to calculate the 
bending stress in a single ply
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Key topics – Design of laminated glass

EUROCODE Conference I Berlin I 24 May 2023

Galuppi, L.; Royer Carfagni, G.: 
The effective thickness of 
laminated glass plates,  Journal of 
Mechanics of Materials and 
Structures 2012
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Key topics – Buckling curves

EUROCODE Conference I Berlin I 24 May 2023

https://decor.design/de/paul-clemence-fotografiert-das-completed-tours-duo-von-ateliers-jean-nouvel-in-paris/



DIBt 29 of 32

Key topics – Buckling curves

EUROCODE Conference I Berlin I 24 May 2023
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Conclusion

EUROCODE Conference I Berlin I 24 May 2023
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Conclusion

 Eurocode 10 - Design of Glass structures joins the Eurocode suite,

 following the principles of modern standards,

 taking into account the special properties of glass as building 
material,

 covering all topics of design in modern glass construction,

 offering maximum flexibility at the interface to national legislation.

 Eurocode 10, like every Eurocode, fosters innovation.

EUROCODE Conference I Berlin I 24 May 2023
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Presented by
Prof. Dr.-Ing. Markus Feldmann
Chairman CEN/TC 250/SC 11

RWTH Aachen University
Institute of Steel Construction
Mies-van-der-Rohe-Str. 1
52074 Aachen
Phone: +49 241 80 25177
Email: feldmann@stb.rwth-aachen.de 
www.stb.rwth-aachen.de

Source of the tables on slides
22, 23 and 25: CEN/TS 19100
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