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THIN GLASS

7

Type Material Formula Composition
Silica sand SiO2 60-75 %
Lime Na2O 5-12 %
Soda CaO 12-18 %
Magnesia MgO 0-6 %

Alkaline Earth ASG
Alumina AL2O3 15-25 %
Alkaline earth ~15 %

Alkali ASG
Alumina AL2O3 10-25 %
Alkali > 10 %

Typical compositions of Alkaline Earth ASG and Alkali ASG, without specification on the used metals. 
(Wikipedia, 2022)

Material Formula Composition

Soda – Lime – 

Silica Glass

Silica sand SiO2 60-75 %

Lime Na2O 5-12 %

Soda CaO 12-18 %

Magnesia MgO 0-6 %

Alumina AL2O3 0-3 %

Typical composition of a soda-lime-silica glass (O’ Regan, 2014)
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(Albus & Robanus, 2014)
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chemical tempering / ion exchange process diagrams
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annealed glass heat-strengthened fully strengthened
chemically 

strengthened

breaking pattern of the different strengthening processes



THIN GLASS

11P5 PRESENTATION

Characteristic strength

EN166612
Unit

Annealed 45 MPa

Heat strengthened 70 MPa

Fully tempered 120 MPa

Chemically tempered 150 MPa

Thin glass products Design strength Unit

Xensation glass ±260 MPa

Gorilla glass 200 MPa

Falcon glass ±200 MPa

Leoflex glass 260 MPa



THIN GLASS

12P5 PRESENTATION

high impact 
resistance

great scratch 
resistance

outstanding 
surface quality

high 
transparency

thin and strong extreme flexibility less raw material

advantages of thin glass products when compared to regular float glass
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foldable smartphones utilize thin glass products for their screens



HYPOTHESIS

14P5 PRESENTATION

(Stoddard, 2019)(Pfarr et al., 2022) (Peters et al.,2019).

(Pennetier, 2017)



OBJECTIVES

explore the limitations of thin glass and take advantage of its flexibility

provide an insight on the use of thin glass in construction

define a computational method that will set boundaries and inform the design process
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RESEARCH QUESTION

How can a design of a thin glass installation be informed by the use of computational methods?
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How can a design of a thin glass installation be informed by the use of computational methods?

17P5 PRESENTATION

What are the limitations of thin glass in construction?

What is the optimal way to bend thin glass and achieve its maximum capabilities?

What types of connections are used in (structural) glass design?

Which of the existing connections could be utilized for thin glass?

What kind of tools can be utilized to optimize the design of thin glass structures?

What data should be used and how, so as to provide limitations within the design process?

THIN GLASS

GENERAL GLASS DESIGN

COMPUTATIONAL 
TOOLS
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thin glass sculpture by 
Sophie Pennetier (2017)

thin glass pavilion. source: 
EOC Engineers.
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PRODUCT SPECS
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PRODUCT SPECS
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GENERAL LIMITATIONS
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BENDING
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MATERIAL TESTING
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MATERIAL TESTING
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BENDING STRENGTH
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BENDING STRENGTH
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DESIGN COMBINATIONS
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DESIGN COMBINATIONS
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CONNECTION DESIGN
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CONNECTION DESIGN
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FINITE ELEMENT METHOD
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STRUCTURAL ANALYSIS

ANSYS Workbench (2022 R2)
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FEA TOOL CALIBRATION

Galuppi and Riva (2022)
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FEA TOOL CALIBRATION
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STRUCTURAL ANALYSIS
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SHOWROOM

https://www.archdaily.com/931013/the-terramater-store-renesa-architecture-design-interiors-studio
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OPTIMIZATION

P5 PRESENTATION



CASE STUDY

77P5 PRESENTATION

CONNECTION DESIGN



CASE STUDY

78P5 PRESENTATION

CONNECTION DESIGN
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CASE STUDY
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3D PRINTED CONNECTIONS
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EQUIPMENT CATALOGUE
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ASSEMBLY PROCESS
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ANNEX SPECIAL THANKS
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CONNECTION DESIGN
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WASP DEFINITIONANNEX
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WASP DEFINITIONANNEX
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WEIBULL DISTRIBUTIONANNEX

y = 80.621x - 457.74
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ANSYSANNEX
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LOAD CASESANNEX

Action Value Units Load duration kmod

Variable (short-term)

Live load 1.0 – 2.0

kN/m2

30 min 0.69
Wind gusts 0.58 – 0.68 5 sec (or less) 1.0
Wind 0.51 10 min equivalent 0.74
Seismic

Permanent

Self weight kN/m2

Permanent 

(50 years)
0.29Dead loads 0.0 – 1.0 kN/m2

Dead load (point) kN

N
LD

Pa
rti

al
 fa

ct
or

γG permanent actions 1.35

γQ variable actions 1.5

[1] The wind velocity in the Netherlands is categorized in 3 different areas, that also include the sub-categories of coastal, non-urbanized and urbanized. The values refer to the wind area II, that Delft belongs
to, for an urbanized neighbourhood and for a structure of a maximum height of 10 meters.
[2] According to the Dutch Annex for Eurocode 1, the basic wind speed in wind area II would be 26 m/s.
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LOAD CASESANNEX

Exterior structure Interior structure

ULS FQP

1.35 ∗ 𝐹!"#$%& + 1.5 ∗ 𝐹!#'(
𝛾) ∗ 𝐹!"#$%& + 𝛾* ∗ 𝐹+#,"

1.35 ∗ 𝐹!"#$%& + 1.5 ∗ ( 𝐹!#'( + 𝐹+#,")

ULS IF 1.35 ∗ 𝐹!"#$%& + 1.5 ∗ ( 𝐹!#'( + 𝐹+#,") 1.35 ∗ 𝐹!"#$%& + 1.5 ∗ 𝐹+#,"

SLS FQP
1.0 ∗ 𝐹!"#$%& + 1.0 ∗ 𝐹+#," + 0.5 ∗ 𝐹!#'( + 0.5 ∗ 𝐹&1.0
∗ 𝐹!"#$%& + 1.0 ∗ 𝐹+#," + 0.5 ∗ 𝐹!#'( + 0.5 ∗ 𝐹& 1.0
∗ 𝐹!"#$%& + 1.0 ∗ 𝐹+#,"

SLS IF 1.0 ∗ 𝐹!"#$%& + 1.0 ∗ 𝐹+#," + 0.5 ∗ 𝐹$-.&. + 0.5 ∗ 𝐹& 1.0 ∗ 𝐹!"#$%& + 1.0 ∗ 𝐹+#,"

[1] Ft defines the load due to temperature change. According to Eurocode 1, this can be calculated as: Ft = A*E*ΔΤ, where A is the cross-sectional area of the element, E the Young’s modulus and ΔΤ the 
temperature difference, which is normally 28 degrees.
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CONNECTION POINTS
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