
G L A S S  P E R F O R M A N C E  D A Y S 2 0 2 5

1 0  – 1 2  J U N E  2 0 2 5  |  N O K I A  A R E N A  - T A M P E R E ,  F I N L A N D

GLASS REUSE:
OPEN DATA FOR CIRCULARITY

Jagoda Cupać, Georgi Nikolov, Christian Louter / Delft University of Technology

Miriam Schuster / Technische Universität Darmstadt

Kyriaki Corinna Datsiou / University of Hertfordshire

J A G O D A  C U P A Ć  /  D E L F T  U N I V E R S I T Y  O F  T E C H N O L O G Y



EMPATHY FOR GLASS



Photo by myimmo https://pixabay.com/images/id-254604/ 



Dresden / DE

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Potsdam / DE

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Rotterdam / NL

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Palermo / IT

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Berlin / DE

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Potsdam / DE

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Paris / FR

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Zadar / HR

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



Berlin / DE

glassloops.net

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



GLASS REUSE



Curved glass panels of the Centre Pompidou ‘caterpillar’, Paris

Internal partitioning walls in Papillon, Saint-Ouen by Maximum Architecture
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Curtain wall panels, The Hague The Natural Pavilion, 2022 Floriade Expo, Almere by DP6 Architectuurstudio
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STRENGTH OF AGED GLASS 
?



© Christian Louter

1. 15 years, DGU, 8 mm external, apartment building, 
Amsterdam Osdorp 

2. 25 years, DGU, 8 mm external, office building

3. 36 years, DGU, various thicknesses, apartment building, 
Amsterdam 

4. 55 years, single glazing, 6 mm, campus building, TU Delft 

Aged glass sampled from four 
different projects 
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© Christian Louter

Delft, EWI building, 55 years, single glazing



© Christian Louter



© Christian Louter

Evan

Robert

Yaro



© Christian Louter



© Christian Louter



© Christian Louter



© Christian Louter



Ø 60 mm

Ø 120 mm 20 MPa/s

ASTM C1499 − 19

© Christian Louter
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© Christian Louter

Fracture origin

?
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RESULTS



25y

As Received



55y / AR = ~ 60%

25y / AR = ~ 90%

25y

55y
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36y / AR = 107%

25y

36y

55y

As Received



15y / AR = 88%

25y

36y

55y

15y

As Received
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COMPARISON WITH THE 
STANDARDS



Design value of bending strength

f g;k = 45 MPa

kmod 5 seconds = 1

γM = 1.6 or 1.8 

EN16612

NEN2608

f g;k = 45 MPa

kmod 5 seconds = 1

γM = 1.6 or 1.8  or 2.0

22.5 – 28 MPaEurocode 10

f g;k = 45 MPa

kmod 5 seconds = 1

γM = 1.8

25 MPa

25 – 28 MPa

Glass Reuse: Open Data for Circularity | GPD 2025 | Jagoda Cupać – TU Delft



22.5 – 28 MPa



45 MPa ?



CEN/TC129 WG8-N68E GEPVP glass strength measurement report (1994)

Tin side
Air side

11 float lines x 50 samples (6mm) 

+ 4 additional sets

Tested acc. to EN1288-2

• Load ring d = 600 mm
• Support ring d = 800 mm
• Specimen 1000 mm x 1000 mm
• Stress rate = 2 MPa / s

Total 742 samples

As Received

Tin / Air = 78%



Tin side
Air side

5% fractile = characteristic strength

Lower fractiles = 

Design strength

45MPa



Tin side
Air side

Artificially damaged glass

5% fractile = characteristic strength

Lower fractiles = 

Design strength

45MPa

26-28 MPa

Factor 

1.6 or 1.8



COMPARISON WITH OTHER 
STUDIES



Variations from study to study

Test methods: coaxial double ring test
• ASTM C1499
• EN 1288-5
• EN 1288-2

Ring geometries, loading ring/supporting ring:
• 18/90, 15/48, 20/80, 40/80, 51/127, 60/120, 72/150, 80/120, 80/150, 80/160, 180/250

Stress rates: 
• 2 MPa/s, 2.3 MPa/s, 4.2 MPa/s, 7.6 MPa/s, 20 MPa/s, 50 MPa/s, 70 MPa/s, 90 MPa/s

Test conditions: mostly ambient (1 study at inert conditions)

Strength data: failure stress (as recorded); time equivalent failure stress (incl. time to failure) 

Statistical analyses: 2-parameter Weibull distribution
• Least squares regression
• Weighted least squares regression
• Matlab 
• Good Linear Unbiased Estimator (EN 12603)

Cup ć  t  l  (    ); Datsiou et al. (2017a,b); Overend & Louter (2015); Rota et al. (2023); Schula (2015); Teich et al. (2024); Veer et al. (2023) 

Test data mostly 

unavailable
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FAIR DATA
Findable, Accessible, Interoperable, and Reusable



   

    

                        



https://oit.tudelft.nl/open-GLASSlab/

B  Cup ć, J , Lout  , C , N kolo , G , S hu t  , M , D t  ou, K  C , bu lt w th TeachBooks and Jupyter Book, CC BY 4.0

https://teachbooks.io/
https://jupyterbook.org/
https://creativecommons.org/licenses/by/4.0/
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STANDARDISATION OF TEST 
METHODS



Jagoda Cupać
TU Delft

Christian Louter
TU Delft

Angelica Rota
Politecnico di Bari

Martien Teich
Hochschule München

Vlad Silvestru
ETH Zürich

Miriam Schuster
TU Darmstadt

Hans Ignacio Scholz
TU Darmstadt

Sebastian Wernli
Hochschule München

Jolanda Tetteroo
Amsterdam Universtity of 

Applied Sciences

Standardisation of test methods

test  method: CDR | ring geometry: 40 mm/80 mm (AN) | stress rate: 2/20 MPa/s | 
strength analysis: time equivalent failure stress data + Open GLASSlab   

WIP
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