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Restore?
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Fatimid era Al-Juyushi Mosque in Moqattam. Retrieved from 
https://lh5.googleusercontent.com/-
PlLWXztRnPA/VEJnGD72BBI/AAAAAAAAfrM/5_xuN5jYFPM/s697/Photo%2525202
0141018151141.jpg



Reconstruct?
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Steel roof structure (Apple store). Retrieved from Worldarchitecturenews (2011). 
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Wooden roof structure (Chiddingstone Orangery Castle). Retrieved from Carpenteroak (2007). 
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Glass roof structure (Castle Ruurlo). Retrieved from Verlaan&Bouwstra (2013). 
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Cast glass façade for the Chanel Crystal house in Amsterdam. Retrieved from ABT (2016). 
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Notre Dame de Paris. Retrieved from Shaw (2019). 
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Interior before & after the fire (bottom). Retrieved from Shaw (2019). Exploded view of the Notre Dame de Paris. Retrieved from Dillon (2014). 



To what extent can a historical masonry arch vault be reconstructed by 
using cast glass components? 
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Understanding heritage
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Guidelines 
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Understanding 
history

Minimalizing 
intervention

Maximizing 
reversibility

Analyzing 
finance
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‘Restore the heritage as 
original!’

‘Adjust the heritage to 
the needs of today!

Even when new 
technology is needed’
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Understanding masonry vaults
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Strength Stiffness Stability

Tensile stress by forcesCompression only No sliding failure
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Traditional construction

Construction order of a cathedral’s rib vault. Retrieved from Stöver (n.d.) and Courtenay (1997).
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Understanding structural glass
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Hot-forming casting. Retrieved from Oikonomopoulou (2019) and 
Bristogianni (2017). 

Kiln casting. Retrieved from Oikonomopoulou (2019) and Bristogianni (2017). 
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Hot-forming casting. Retrieved from Oikonomopoulou (2019) and 
Bristogianni (2017). 

Kiln casting. Retrieved from Oikonomopoulou (2019) and Bristogianni (2017). 
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Safety of glass structures

Risk 
assessments

FragmentingReduce 
element size

Redundancy
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Understanding cast glass in structures
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Metal substructures Adhesive bonded

Optical house. Retrieved from Hiroshi (n.d.) Cast glass façade for the Chanel Crystal house in Amsterdam. Retrieved from ABT (2016). 
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Interlocking

Researched interlocking systems by Oikonomopoulou. Retrieved from Oikonomopoulou (2019). 

Dry-assembly interlocking glass bridge structure. Retrieved from Aurik, Snijder, Noteboom, Nijsse, & Louter (2018). 
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Design process
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Rib vault of the Notre Dame de Paris. Retrieved from Shaw (2019)
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Transverse arch

Diagonal arch
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Keystone

Impost

Web

Rib vault of the Notre Dame de Paris. Retrieved from Shaw (2019)
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Tolerance Height<width

Compression >20Mpa Creep, water & fire Flexible & transparent
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Arch in general
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Arch component
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Variant 1

Variant 2

Variant 3

Variant 4

Variant 5 Variant 6
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Moulds
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…



Prototype
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1 2 4 top
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Prototype
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Prototype
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Keystone
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Original 

Rib vault of the Notre Dame de Paris. Retrieved from Shaw (2019)
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Tessellation required

Reduce 
annealing time

Increase 
safety Tolerances Assembly
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Is this the best solution?
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Web

72Background Literature Design phase Final design

Top view



Web
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Top view
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Cast glass plate vs float glass plate



Cast glass:
• Custom made

• Single plate → No safety

• Big mould
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Float glass:
• Standardized process

• Lamination → increase safety factor

• Engraved patterns

Retrieved from https://www.nathanallan.com/our-products/willow-
architectural-cast-glass/ Retrieved from Un Studio (2020).

https://www.nathanallan.com/our-products/willow-architectural-cast-glass/
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Top view
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Top view
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Connection web - arch

Clamp Embedded Adhesive

Scheme of connection used in structural glass applications - clamped (a), bolted (b), bolted with countersunk bolt (c), hybrid with countersunk 
bolt (d), adhesive (e), embedded with thick insert (f) and embedded with thin insert (g). Retrieved from Bedon and Santarsiero (2018). 
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Adhesive connection. Retrieved from Bedon and Santarsiero (2018). 
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Adhesive connection. Retrieved from Bedon and Santarsiero (2018). 
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Assembly assessment
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Visual 
effect

Interlayer 
possibility

Quality 
Control

Labor 
intensity
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Limestone connection with the heritage
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Glass arch connector with limestone

91Background Literature Design phase Final design



Glass component 1
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Glass component 1
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Glass component 1 & 2
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Keystone
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Abstract 



Web
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Permanent mould



102Background Literature Design phase Final design



103Background Literature Design phase Final design



104Background Literature Design phase Final design



105Background Literature Design phase Final design



106Background Literature Design phase Final design

1. Rotate

1. Rotate

2. Flip
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How to transport?

Design phase Final design



108Background Literature Design phase Final design



109Background Literature

How to assemble?
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Temp. 
support
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Limestone
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Glass 
comp. 1
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Glass 
comp. 2
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Keystone
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Connect 
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Web
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Done
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Conclusion



To what extent can a historical masonry arch vault be reconstructed by 
using cast glass components? 
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Full cast glass vault structure…
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…at what cost?
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Complex 
production

Assembly 
risks

Budget
Labor 

intensity
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Another option…
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Mimic 
patterns

Permanent/ 
temporary

Combine materials/ 
manufacturing process

Prefab



Other applications
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Discussion & Limitations

• Time & Software 
• Interlocking

• Parametric design

• Covid-19

• Future research
• Interlocking system simulations (different forces)

• Keystone

• 3D printed glass for interlocking elements
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Thank you
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Interlocking

Height<width

Researched interlocking systems by Oikonomopoulou. Retrieved from Oikonomopoulou (2019). 

Dry-assembly interlocking glass bridge structure. Retrieved from Aurik, Snijder, Noteboom, Nijsse, & Louter (2018). 

Sliding resistance of an interlocking block in an arch. Retrieved from Casapulla et al (2019). 
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Reference connection of a steel structure. 
Retrieved from Architectureartdesign (n.d.).

Reference connection of a bolt. 
Retrieved from Trombe (n.d.). 
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Glass component with interlocking


