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https://brickarchitecture.com/images/projects/crystal-houses-mvrdv/description-2.jpg

Crystal houses - Amsterdam
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Focus

Lead glass	
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Soda-lime Borosilicate

FocusFor comparison
Mature recycling 
industry

Lead glass	
96% silica
Fused silicaAlumino silicate

What is glass?
•	Sand + + = GlassSoda ash Limestone
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Container glass

Laboratory ware Oven trays
=

Borosilicate glass
•	 Higher melting temperature
•	 Expensive production •	 Relatively low cost production

•	 Lower melting temperature

•	 Low thermal expansion coefficient •	 High thermal expansion coefficient
•	 Heat resistant •	 Not heat resistant
•	 Reduced annealing time •	 Longer annealing time

Soda-lime glass
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Examples of borosilicate glass
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Downgrading to aggregate

Borosilicate glass

Waste

More waste

Ends up in soda-lime 
glass recycling

Loss of high quality glass

Takes up valuable land
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lime glass recycling 
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Current collection containers
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Brown glassGreen glassWhite glass
Heat resistant glass

Proposed collection containers
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Source: (Haldimann, Luible, & Overend, 2008)

Development of flaw to crack
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Figure 3: Left: Adhesively bonded unit and system;  Right: interlocking unit and system 

2 Methodology 

Cast glass interlocking components have been little explored in the past, without, so far, a 

consistent establishment of design criteria. Hence, initially a series of design criteria are 

established in respect to the principles of interlocking, the casting process, and the 

properties of glass. Based on these criteria, different component geometries are developed. 

The proposed designs are kiln-cast in 1 : 2 scale and are comparatively assessed in terms of 

mechanical interlocking capacity, mass distribution, generation of residual stresses and 

ease of fabrication.  In parallel, research is conducted on different materials for the dry, 

transparent interlayer. A numerical model is developed for the most favourable 

geometries, to assess the influence of the most crucial geometrical aspects of the 

interlocking mechanism to the structural performance of the system, such as the amplitude 

and the brick height. Based on the above mentioned research results, the most promising 

interlocking shapes and colourless interlayer are selected in order to manufacture a dry 

stacked cast glass column and test it in compression. The experimental output is compared 

to the performance of an identical prototype employing a 5 mm thick neoprene interlayer 

instead.  

(Oikonomopoulou et al., 2018)

Cast glass



47Recycling borosilicate glass     |

Raw materials

Collection 

Production 

Lab
oratory ware

H
ousehold product

s

H
ospital ware

Recycling 

Clean cullet

Proposed life-cycle of borosilicate glass



48Recycling borosilicate glass     |

Raw materials

Collection 

Production 

Lab
oratory ware

H
ousehold product

s

H
ospital ware

Recycling 

Clean cullet

Proposed life-cycle of borosilicate glass



49Recycling borosilicate glass     |

Production 

C
ast glass componen

ts
 

Raw materials

Collection 

Production 

Lab
oratory ware

H
ousehold product

s

H
ospital ware

Recycling 

Clean cullet

Proposed life-cycle of borosilicate glass



50Recycling borosilicate glass     |

Production 

C
ast glass componen

ts
 

Built environment

Raw materials

Collection 

Production 

Lab
oratory ware

H
ousehold product

s

H
ospital ware

Recycling 

Clean cullet

Proposed life-cycle of borosilicate glass



51Recycling borosilicate glass     |

© Daria Scagliola+Stijn Brakkee

Example of cast glass application
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•	 Components are glued

•	 Disassembly not possible

•	 Glue is non-recyclable

Example of cast glass application

© Daria Scagliola+Stijn Brakkee
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prevented. Compared to the aforementioned interlocking mechanisms, this system restricts 

the self-alignment of the bricks in both planar directions and thus, decreases its damping 

properties. In addition, the  relatively complex shape of this unit may result to internal 

residual stresses during the annealing of the cast element, as well as to local stress 

concentrations during loading. As with type C, due to the unit’s asymmetrical interlocking 

mechanism, corners employing the same component cannot be achieved in the structure. 
 

• Type E: Rotational brick  

The almost semi-spherical key of this geometry provides further flexibility in the form of 

the overall assembly compared to the previous solutions. For example, the same modulus 

can be used to make either planar or cylindrical structures. The two different block types 

(E1 and E2) can also be combined together to create one structure (fig. 9). The curved 

geometry of these block types can guarantee a satisfactory homogeneous annealing. 

However, the considerable projections of the semi-spherical connections may result in local 

shear stress concentrations during loading.  
 

 
Figure 9: Prototype using E1 and E2 glass blocks from clear glass and recycled mouth-blown 

coloured glass 

 

A comparative assessment of the presented interlocking designs based on the established 

design criteria can be seen in Table 2. 

 

Out of the established designs the osteomorphic blocks (types A, B) are considered by the 

authors to be the most promising elements for further development due to their multi 

functionality, ease of assembly and ability to prevent peak stress concentrations, both 

during the casting process and during loading. The smooth curves and even mass 

(Oikonomopoulou et al., 2018)

Dry-interlocking cast glass
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Research objectives
•	 Introducing new closed life-cycle of borosilicate glass 
using cast glass components

•	Applying reversible cast glass components in the built 
environment 
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How to use recycled borosilicate glass in 
dry-interlocking cast glass components 
implemented in a reversible facade system?

Main question
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•	Recyclability of borosilicate glass

•	Design

•	General conclusions & recommendations

•	 Component design

•	 Experiments

•	 Application in a case study

Content
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Recyclability of borosilicate glass
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Heat resistant glass

Challenges mixed collection

•	Mixed chemical compositions
•	 Slightly different types of borosilicate glass

•	Effect on mechanical properties
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 Experiments

•	Mixability of recycled borosilicate glass

•	Mechanical properties of recycled borosilicate glass
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Four different borosilicate glass objects

Two different oven traysLaboratory ware Rods
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Smashing and crushing the glass

Smashing glass Big shards Big shards Fine cullet Powder



66Recycling borosilicate glass     |

Big pieces Big pieces PowderFine cullet

Glass cullet in the mould
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Moulds in the oven

Before During After



68Recycling borosilicate glass     |

Grinding and polishing the glass beams

Before During After
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Experiment setup

Mixability Mechanical properties



72Recycling borosilicate glass     |

Mixability experiments
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Beam 5 - big pieces
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Beam 5 - big pieces



75Recycling borosilicate glass     |

Beam 5 - big pieces
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Beam 6 - powder
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Beam 6 - powder
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Beam 7 - fine cullet
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Beam 7 - fine cullet
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p o w d e r

Same chemical 
composition

Different chemi-
cal composition

B i g  p i e c e s

F i n e  c u l l e t

Comparing results: mixability
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Mechanical properties experiments
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Mechanical properties of beams 1, 3, 5, 6 & 7

Flexural strength Young’s Modulus

(Beams 2 & 4 cracked)
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F l e x u r a l  s t r e n g t h
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borosilicate glass
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* Beam 2 and beam 4 cracked upon fir ing.  Mechanical  proper t ies could not  be defined.

Comparing results: mechanical properties
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* Beam 2 and beam 4 cracked upon fir ing.  Mechanical  proper t ies could not  be defined.

Comparing results: mechanical properties
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F l e x u r a l  s t r e n g t h
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* Beam 2 and beam 4 cracked upon fir ing.  Mechanical  proper t ies could not  be defined.

Comparing results: mechanical properties
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Comparing results: mechanical properties

•	Beams 1, 3 & 5 similar Young’s Modulus to non-
recycled borosilicate glass

•	Beams 1, 3 & 5 similar flexural strength to non-
recycled borosilicate glass

•	Beam 6 was contaminated. Drastic change in 
molecular structure. No cracking, but not suitable for 
comparison

•	Beam 7 has a lower Young’s Modulus and flexural 
strength due to internal stresses
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Conclusions experimentsConclusions experiments
Mixability

Mechanical properties

•	Mixed chemical composition

•	Fine cullet + mixed chemical 
composition

•	Homogeneous composition
fine cullet size or powder desirable
cullet size small influence

mixes at lower firing temperature, 
from 1550°C to 1120°C

Negative effect on flexural strength
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Conclusions experiments
Mixability

Mechanical properties

•	Mixed chemical composition

•	Fine cullet + mixed chemical 
composition

•	Homogeneous composition
fine cullet size or powder desirable
cullet size small influence

mixes at lower firing temperature, 
from 1550°C to 1120°C

Negative effect on flexural strength

•	Recycling low influence on mechanical properties (except beam 7)
•	Beams 1,3 & 5 show great potential for application in built environment
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Design



96Recycling borosilicate glass     |

Case study - Casa da Música

© Philippe RuaultSource: (“Wikivoyage-Iberia,” n.d.)

Location of Porto Casa da Música
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Case study - Casa da Música
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C o r r u g at e d ,  
s h i n i n g  a n d  

b r i l l i a n t  g l a s s  
fa c a d e

G l a s s  fa c a d e  
w i t h  a s  l e s s  

s t e e l  a s  
p o s s i b l e

F l at , w h i t e  a n d  
s m o o t h  c o n c r e t e  

fa c a d e

9
 (

m
)

1 4  ( m )

Casa da Música - design concept



99Recycling borosilicate glass     |

C o r r u g at e d ,  
s h i n i n g  a n d  

b r i l l i a n t  g l a s s  
fa c a d e

G l a s s  
fa c a d e  w i t h  

a s  l e s s  
s t e e l  a s  
p o s s i b l e

F l at , w h i t e  a n d  
s m o o t h  c o n c r e t e  

fa c a d e

A p p e a l i n g  
c o n t r a s t
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 116 

prevented. Compared to the aforementioned interlocking mechanisms, this system restricts 

the self-alignment of the bricks in both planar directions and thus, decreases its damping 

properties. In addition, the  relatively complex shape of this unit may result to internal 

residual stresses during the annealing of the cast element, as well as to local stress 

concentrations during loading. As with type C, due to the unit’s asymmetrical interlocking 

mechanism, corners employing the same component cannot be achieved in the structure. 
 

• Type E: Rotational brick  

The almost semi-spherical key of this geometry provides further flexibility in the form of 

the overall assembly compared to the previous solutions. For example, the same modulus 

can be used to make either planar or cylindrical structures. The two different block types 

(E1 and E2) can also be combined together to create one structure (fig. 9). The curved 

geometry of these block types can guarantee a satisfactory homogeneous annealing. 

However, the considerable projections of the semi-spherical connections may result in local 

shear stress concentrations during loading.  
 

 
Figure 9: Prototype using E1 and E2 glass blocks from clear glass and recycled mouth-blown 

coloured glass 

 

A comparative assessment of the presented interlocking designs based on the established 

design criteria can be seen in Table 2. 

 

Out of the established designs the osteomorphic blocks (types A, B) are considered by the 

authors to be the most promising elements for further development due to their multi 

functionality, ease of assembly and ability to prevent peak stress concentrations, both 

during the casting process and during loading. The smooth curves and even mass 

(Oikonomopoulou et al., 2018)

Dry-interlocking cast glass
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Existing interlocking cast glass systems
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Interlocking spheres

Basic starting shape 

Initial concept of component by (de Vries, 2018)

Starting point - concept by de Vries (2018)
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Starting point - concept by de Vries (2018)

Interlocking spheres

•	 Increased freedom of movement
Under shear force:

•	 Desirable failure mode       

Basic starting shape 

Initial concept of component by (de Vries, 2018)
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Glass to glass contact
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Glass to glass contact
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Glass to glass contact
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Glass to glass contact

Interlayer required
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Initial component design

Interlocking spheres

Interlayer

Recycled borosilicate glass component

Initial component concept based on (de Vries, 2018)
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Initial shape from design criteria

•	Showcase of optical quality borosilicate glass

•	As slender as possible

•	Showcase of recyclability

Initial component concept based on (de Vries, 2018)
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Material choice

Interlocking sphere of recycled alumino silicate 
glass

Interlayer of Polyurethane (70 shore A)

Recycled borosilicate glass component

Initial component concept based on (de Vries, 2018)



112Recycling borosilicate glass     |

Initial facade design 
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Further component development
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Curved and larger component 
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Interlocking spheres too small
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Interlocking 
ellipsoid

More surface area for shear force
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Interlocking 
ellipsoid

Shear key interlayer required
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Final component design

Recycled borosilicate glass 

PU 70 interlayer

Alumino silicate glass

PU 70 interlayer
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Final component design
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Assembly of interlocking components
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Assembly of interlocking components

Different 
component with 
slender channel for 
pre-tensioned cable
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Assembly of interlocking components
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14000 mm

Pre-tensioned 
steel cable

17
00

 m
m

Top view component system in Casa da Música

Scale: 1:50
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Component system in Casa da Música
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Fixing the facade to the building 
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14000 mm

Pre-tensioned 
steel cable

17
00

 m
m

Steel beam

Three beams to carry the cables

Scale: 1:50
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Exploded view system in Casa da Música
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Vertical section
1:20 +30.5 m

+21,5 m
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Vertical section
1:5

2 mm
50 mm

20 mm
27 mm

610 mm

150 mm

3 mm

450 mm

630 mm

- Custom made steel beam
- Concrete facade element

- Neoprene interlayer (5 mm)
- Transparent silicon

- Steel plate with interlocking elements 

- PU interlayer (3 mm)
- Transparent silicon

- Pre-tensioned steel cable (14 mm)
- Protective plastic layer ( 2mm)
- Interlocking ellipsoid of alumino 
silicate glass
- PU interlayer (3 mm)
- Borosilicate cast glass component

- Existing concrete structure 
of Casa da Música
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Horizontal section 1:20
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Horizontal section 1:5

74 mm

80
 m

m

- Existing concrete wall 
of Casa da Música

26

450 mm

- Interlocking ellipsoid of 
alumino silicate glass
- PU interlayer (3 mm)
- Custom fabricated steel 
UPE-profile

- Pre-tensioned steel cable 
(14 mm) + protective socket
- PU interlayer (3 mm)
- Borosilicate cast glass 
component

- Neoprene interlayer
- Steel profile
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Closed borosilicate glass loop
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Built environment?
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Built environment

Built environment

•	Public buildings

•	Public buildings are eye-catchers, 

•	Not aimed at private consumers
Probably not enough borosilicate glass waste for consumer market

serve as showcases for:
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Built environment

Built environment

•	Public buildings

•	Public buildings are eye-catchers, 

•	Not aimed at private consumers
Probably not enough borosilicate glass waste for consumer market

Reusability

Recycling

serve as showcases for:
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End-of-life -- reuse & recycling

CO
2

New Recycled Reused

CO2 emission of cast glass component 
production•	Recycling of facade components

•	 Easy collection

•	 Even lower CO2 emissions

•	 Less contamination

•	 Low CO2 emissions

•	 Different configurations possible

•	Reuse of facade components
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Showcase
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Conclusions & recommendations design
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Conclusions & recommendations design

•	Dry-interlocking cast glass facade system is feasible

•	Consider application of facade early in design
•	Self-supporting facade seems feasible

Investigating structural facade could be interesting

•	Application in case study building not ideal
•	 Facade is heavy, but elevated 
•	 Not a lot of space for fixing the facade system
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General  conclusions   & 
recommendations
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Borosilicate in the built environment

•	Not frequently applied expensive
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Borosilicate in the built environment

•	Not frequently applied

•	Ends up as waste

expensive

loss of high-quality glass
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Borosilicate in the built environment

•	Not frequently applied

•	Ends up as waste

•	Researched potential 
application

expensive

loss of high-quality glass

experiments & case study
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Experiments

•	 Indicate good potential as material in the built environment
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Experiments

•	 Indicate good potential as material in the built environment

•	  Preliminary nature of research

•	For proper further evaluation

small number of specimens

more specimens 
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Design

•	Showed promising way of using high-quality glass properties
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Design

•	Though issues were observed implementation should be 
intergral from the start

•	Showed promising way of using high-quality glass properties
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Vision

•	Components not intended for consumer market

not enough waste
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Vision

•	Components not intended for consumer market

•	 Instead, application in public buildings

•	Prominent buildings, so: showcase of recyclability

expand applicabilty of recycled 
glass with unconventional 
design

not enough waste
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