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“simplicity is 
complexity resolved” 
- Constantin Brancusi

Yatzer, 2017
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Glass

What is the potential of using topologically optimized cast glass in 
building a shell structure?

Shell
Topology 
Optimization
(TO)

Research Question:
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Glass
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Schematic illustration of float glass production by means of a tin bath (Oikonomopoulou, 2019)

Principle of the Dannner process of extruded glass 
(Oikonomopoulou, 2019)

A cross sectional render of 3D printed glass. 
(Klein et al., 2015) 14



Apple store glass box in Zorlu, Istanbul, Turkey by Foster + Partners and Nous Studio (Baldwin, 2018)
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The Glass Swing at Delft University (Snijder
et al., 2019)

Tubular extruded glass column tree structure 
in Aechen, Germany for (Knaack, 1998)
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Object printed using the platform in figure19 (Klein et al., 2015)
17



Cast Glass

Thickness > 25mm
Free form shape
Smooth & transparent
Structural reliability 
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Christal House ABT TU Delft (Stevens, 2019)

Glass Optical House (Hiroshi Nakamura & NAP, 2017) Glass Crown Fountain at night in Chicago (Minner, 2011; Ermengem, 2019)

Atocha Memorial in Madrid, Spain with SCHOTT Borosilicate Glass (SCHOTT, 2007)
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Annealing

As function: the relationship between viscosity and 
temperature of soda lime glass (Oikonomopoulou, 
2019)
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Design Criteria 

Design principles for a strong glass, and faster homogeneous annealing time using smart design. From top and
bottom: reduced weight or thickness, rounded forms with especially no sharp edges, and an even distribution of
mass (Damen, 2019)

• Curved shapes (no sharp edges).

• Even distribution of material (mass and volume)

• Thickness range of shell & structural dissected

elements (5-10cm)

• Max annealing time (less 3 months)
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Cast glass evolution in 
increased size and a reduced 
annealing time. (Zirker, 2005; 
as presented in 
Oikonomopoulou, 2019)
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Type of glass                        Volume/ Mass

A scheme showing how annealing time
can be reduced by decreasing the volume
(Schott AG, 2004; as presented by
Oikonomopoulou, 2019)

Approximate viscosity vs temperature curvatures for
different types of glass (Shand, Armistead 1958; as
presented by Oikonomopoulou, 2019)
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Borosilicate glass 

Approximate properties of different types of glass (Oikonomopoulou, 2019)
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Topology Optimization
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TO process of the split geometry by 
Bhatia (2019)

Casted TO node for heavy structure 
(Damen, 2019)

Light Rider: The 3D printed TO motorcycle (Grolms, 2016)

ETH Zurich slab TO using ABAQUS (Jipa et al., 2016)
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Shells
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Tough and Brittle behaviour. in the crack in the material is shown. In b the material is tough, and its plasticity
prevents the crack from immediately propagating when loaded. c depicts a brittle material like glass where a crack
propagates at a stress lower than its yield strength (Ashby et al., 2019, fig 8.1 p. 205)
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Dynamic relaxation using spring-particle grasshopper method for form finding. The procedure and algorithm script are 
explained in appendix C 33



Plane Stress (Goodno & Gere, 2018)
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Design criteria 

Max deflection should not exceed 1/6th the thickness of the shell so as to avoid eccentricity, moment, tensile

stresses, loss of shell behaviour and thus fracture of glass. This is why TO will be compliance based and

deflection driven

Normal Force Eccentricity Limit in Section view of a shell (Source: Author)
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Design evolution
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Structural Validation
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Mass reduction
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43% mass reduction 
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Drucker–Prager Criterion 
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New TO algorithm for brittle material
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Subdivision / Tessellation 

Spider crane. Limit 3T x 3.4m. See figure 102.
(Uniccranes, 2020)

Lorry dimensions (Bhatia, 2019)

Mould limitations
59



Subdivision 
Criteria

Compared 
& 

assessed 
different 

subdivision 
patterns
based on 
criteria  

Chosen the 
one that 

passed all 
criteria
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Fits in two trucks

The shell elements can fit in two trucks with dimension 
12 x 4 x 2.5m with adjusted orientation

CNC milled formwork of Styrofoam to support 
shape negative shape of shell elements in wooden 
boxes transported in trucks
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Connecting the components
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“Voussoirs connection a) planar interfaces, b) tongue and
groove and c) convex-concave interface” (Van der Weijst,
2019))

Convex concave collapse mechanism (Van der Weijst, 
2019)

hybrid version of the concave convex and tong in groove interlocking system (van der Weijst, 2019)
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Criteria for 
connections

Compared 
& assessed 
different 
connections

Chosen the 
one that 
passed all 
criteria
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Material 
Criteria

Compared 
interlayer 
materials

Chosen the 
one that 
passed all 
criteria
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Table 15 summery comparison between interlayer options (Dimas, 2020)
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https://youtu.be/th3F5mW-Z30
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Foundation of the shell

79



Foundation 

The Armadillo Vault, showing a fixed support and tension-based foundation creating a compression ring effect.
(Frearson, 2017) 80
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Cast glass production
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Glass element
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Offset > 50mm

85



Smoothed surface
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Ventilation pipes 

Pouring opening

Alignment ribs
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Interlocking nodes
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VX4000 (VoxelJet, 2018b)
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Extra hand pressed sand
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Crystal cast coating
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Ceramic fibre
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Molten glass
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Assembly
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Conclusion
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“simplicity is 
complexity resolved” 
- Constantin Brancusi

Yatzer, 2017
113



Does it stop here?

114



Braaksma & Roos, n.d.

115



Doyle, 2018
116



Andres, 2016
117



Thank you!

118



Presentation Pictures Resources

• Dragicevic, P. (2015). 1889 – Gaudí's Hanging Chain Models. Retrieved May 25, 2020, 
from http://dataphys.org/list/gaudis-hanging-chain-models/

• Yatzer. (2017, July 19). ''Simplicity Is Complexity Resolved'' - Constantin Brancusi. 
Retrieved May 25, 2020, from https://www.yatzer.com/simplicity-complexity-resolved-
constantin-brancusi

• Doyle, C. (2018, October 22). Five things to know before moving to the edge. Retrieved 
July 04, 2020, from https://www.datacenterdynamics.com/en/opinions/five-things-
know-moving-edge/

• Andres, T. (2016, February 23). 10 incredible ways to see Iceland, land of fire and ice. 
Retrieved July 04, 2020, from https://www.telegraph.co.uk/travel/tours/10-ways-to-see-
iceland/

• Braaksma & Roos. (n.d.). BK City, Delft - Braaksma & Roos ArchitectenbureauBraaksma & 
Roos Architectenbureau. Retrieved July 04, 2020, from http://www.braaksma-
roos.nl/project/bk-city/

119

http://dataphys.org/list/gaudis-hanging-chain-models/
https://www.yatzer.com/simplicity-complexity-resolved-constantin-brancusi
https://www.telegraph.co.uk/travel/tours/10-ways-to-see-iceland/


Bibliography of the report this presentation is based on

• ABT (2013). Ambitions in Glass. Retrieved on Jan 17 2020 from https://www.abt.eu/en/bestanden/Afbeeldingen/Organisatie/Kennisgebieden/4929-1/20130419_ABT_glass_brochure_def-eng.pdf

• Adriaenssens, S., Block, P., Veenendaal, D. and Williams, C. (2014). Shell Structures for Architecture: Form Finding and Optimization. London: Taylor & Francis -Routledge. 

• Adriaenssens, S., Block, P., Veenendaal, D., & Williams, C. J. K. (2014). Shell Structures for Architecture: form finding and optimization. London: Taylor & Francis -Routledge.

• AGC. (2019). Linea Azzurra NEUTRAL FLOAT GLASS WITH A LIGHT AZURE TINT. Retrieved December 12, 2019, from https://www.agc-yourglass.com/gb/en/products/planibel-clear/linea-azzurra

• Akar. (n.d.). GLASS LAMINATION AUTOCLAVES. Retrieved April 16, 2020, from http://www.akarmak.com.tr/en/autoclaves/glass-lamination-autoclaves

• Alejano, L. R., & Bobet, A. (2012). Drucker–Prager Criterion. Rock Mechanics and Rock Engineering, 45(6), 995–999. doi: 10.1007/s00603-012-0278-2 

• Apworks. (2020, April 01). Scalmalloy®. Retrieved May 22, 2020, from https://apworks.de/en/scalmalloy/

• ASC. (n.d.). ASC Process Systems is the manufacturer of the World's Largest Autoclave System. Retrieved April 16, 2020, from http://www.aschome.com/index.php/en/asc-completes-worlds-largest-autoclave

• Autodesk. (n.d.). What is Generative Design: Tools & Software. Retrieved December 19, 2019, from https://www.autodesk.com/solutions/generative-design.

• Bartels, N. A. J. & Houben, T. F. L . (2016). Retrieved from https://research.tue.nl/en/studentTheses/structural-optimization-for-3d-printing

• Baldwin, E. (2018, October 17). The Immaculate Architectural Details of Apple Stores - Architizer Journal. Retrieved December 12, 2019, from https://architizer.com/blog/inspiration/collections/apple-architecture/.

• Bendsoe, M.P., Sigmund, O. (2004) Topology Optimisation; Theory, Methods and Applications. Springer- Verlag, Berlin/Heidelberg, Germany. 

• Bendsoe,M.,P. & Sigmund,O.(2004). Topology Optimization. Theory Methods and Application, https://doi.org/10.1007/978-3-662-05086-6

• Beghini, L. L., Beghini, A., Katz, N., Baker, W. F., & Paulino, G. H. (2014). Connecting architecture and engineering through structural topology optimization. Engineering Structures, 59, 716–726. doi:10.1016/j.engstruct.2013.10.032

• Bernhard, M., Kwon, H., Jipa, A., & Steiner, P. (2019, March 17). 3D Printed Slab. Retrieved January 6, 2020, from http://dbt.arch.ethz.ch/project/topology-optimisation-3d-printed-slabs/

• Bhatia, I. (2019). Shaping transparent sand in sand: Fabricating topologically optimised cast glass column using sand moulds. Delft University of Technology, Delft. Retrieved from http://resolver.tudelft.nl/uuid:caabb4cd-1bf4-48bc-b04d-e5ff8a1d1580

• Bruggi, M., & Duysinx, P. (2012). Topology optimization for minimum weight with compliance and stress constraints. Structural and Multidisciplinary Optimization, 46(3), 369–384. doi: 10.1007/s00158-012-0759-7

• Bullseyeglass. (2019). Annealing Thick Slabs (Celsius, rates in degrees per hour). Annealing Thick Slabs (Celsius, rates in degrees per hour). Retrieved from https://www.bullseyeglass.com/images/stories/bullseye/PDF/other_technical/2019b_annealing_thick_slabs_celsius.pdf

• Christensen, P.,W. & Klarbring,A. (2008). An Introduction to Structural Optimization, 10.1007/978-1- 4020-8666-3

•

•

120

https://www.abt.eu/en/bestanden/Afbeeldingen/Organisatie/Kennisgebieden/4929-1/20130419_ABT_glass_brochure_def-eng.pdf
https://www.agc-yourglass.com/gb/en/products/planibel-clear/linea-azzurra
http://www.akarmak.com.tr/en/autoclaves/glass-lamination-autoclaves
https://apworks.de/en/scalmalloy/
http://www.aschome.com/index.php/en/asc-completes-worlds-largest-autoclave
https://www.autodesk.com/solutions/generative-design
https://research.tue.nl/en/studentTheses/structural-optimization-for-3d-printing
https://architizer.com/blog/inspiration/collections/apple-architecture/
https://doi.org/10.1007/978-3-662-05086-6
http://dbt.arch.ethz.ch/project/topology-optimisation-3d-printed-slabs/
http://resolver.tudelft.nl/uuid:caabb4cd-1bf4-48bc-b04d-e5ff8a1d1580
https://www.bullseyeglass.com/images/stories/bullseye/PDF/other_technical/2019b_annealing_thick_slabs_celsius.pdf


• Clark, N. S. (2009, October 27). 27 Heinz Isler Concrete Thin-Shells on Oct. 27th. Retrieved January 10, 2020, from http://anengineersaspect.blogspot.com/2009/10/27-heinz-isler-concrete-thin-shells-on.html.

• CONCR3DE. (2019). Hippo 3dPrinter. Retrieved April 20, 2020, from https://concr3de.com/printers/hyppo-3dprinter/

• Costanzi, C. B., Ahmed, Z., Schipper, H., Bos, F., Knaack, U., & Wolfs, R. (2018). 3D Printing Concrete on temporary surfaces: The design and fabrication of a concrete shell structure. Automation in Construction, 94, 395–404. doi: 10.1016/j.autcon.2018.06.013

• Cummings, K. (2001) Techniques of kiln-formed glass. (2nd ed.) London: A&C Black Publishers Limited

• Damen, W. (2019). Topologically Optimised Cast Glass Grid Shell Nodes. Delft University of Technology, Delft. Retrieved from http://resolver.tudelft.nl/uuid:2afbfe96-c9bf-44d7-bfaa-d8a710fa1ce2 

• Devlin, K. (2019). The Amazing Evolution of Glass at Apple. Retrieved December 12, 2019, from https://glassmagazine.com/glassblog/amazing-evolution-glass-apple-1513465.

• Dongqi Group. (2016). QDX Series Double Girder Overhead Crane. Retrieved May 21, 2020, from https://www.eurocranedq.com/qdx-double-girder-overhead-crane.html

• Dimas, M. (2020) In between, An interlayer material study for interlocking cast glass blocks. TU Delft

• Emami, N. (2013). Glass structures, from theory to practice. Structures and Architecture, 305–311. doi: 10.1201/b15267-41

• Eocengineers. (2020). Apple Jungfernsteig. Retrieved May 21, 2020, from https://www.eocengineers.com/en/projects/apple-jungfernsteig-108

• Eigenraam, P. (2018). Unit FF01 Form finding - Particle spring method. no. 20180301 Chair of Structural Mechanics, Faculty of Architecture and the Build Environment, Delft University of Technology. Retrieved on 20 Nov 2019 from 
https://brightspace.tudelft.nl/d2l/le/dropbox/61259/22513/DownloadAttachment?fid=218923

• Fernandes, P., Guedes, J.M., and Rodrigues H. (1999). Topology optimization of  three-dimensional  linear  elastic  structures  with  a  constraint  on “perimeter”,  Computers and Structures Volume 73, Issue 6 Pages 583-594 Retrieved on 17 Dec 2019 from 
https://doi.org/10.1016/S0045-7949(98)00312-5

• Frearson, A. (2017, September 04). Armadillo Vault is a pioneering stone structure without any glue. Retrieved May 26, 2020, from https://www.dezeen.com/2016/05/31/armadillo-vault-block-research-group-eth-zurich-beyond-the-bending-limestone-structure-without-glue-
venice-architecture-biennale-2016/

• Goodno, B. J., & Gere, J. M. (2018). Mechanics of Materials. 20 Channel Center Street Boston, MA 02210 USA: Cengage Learning® Nelson Education Ltd. KNMI. (2010). Retrieved from 
http://www.klimaatatlas.nl/klimaatatlas.php?wel=wind&ws=kaart&wom=Gemiddelde%20windsnelheid

• Grolms, M. (2016, June 2). Light Rider is the world's first 3D-printed motorcycle. Retrieved January 6, 2020, from https://www.advancedsciencenews.com/light-rider-worlds-first-3d-printed-motorcycle/.

• Granta Design Limited. (2019). CESEduPack. Ver.19.2.0. Retrieved from https://grantadesign.com/education/support/ces-edupack-support/

• Hassen, G., Bleyer J., & Buhan, P. (2017). Elastic, Plastic and Yield Design of Reinforced Structures. Elsevier. doi: ISBN: 9781785482052

• Hein, B. (2014, December 12). Apple supreme design award for glass store in Turkey. Retrieved December 12, 2019, from https://www.cultofmac.com/305967/apple-wins-supreme-engineering-award-glass-lantern-store-turkey/.

• Hiroshi Nakamura & NAP (2017, December 20). Optical Glass House / Hiroshi Nakamura & NAP. Retrieved December 12, 2019, from https://www.archdaily.com/885674/optical-glass-house-hiroshi-nakamura-and-nap.

• Jewett, J. L., & Carstensen, J. V. (2019). Experimental investigation of strut-and-tie layouts in deep RC beams designed with hybrid bi-linear topology optimization. Engineering Structures, 197, 109322. doi: 10.1016/j.engstruct.2019.109322 

121

http://anengineersaspect.blogspot.com/2009/10/27-heinz-isler-concrete-thin-shells-on.html
https://concr3de.com/printers/hyppo-3dprinter/
https://glassmagazine.com/glassblog/amazing-evolution-glass-apple-1513465
https://www.eocengineers.com/en/projects/apple-jungfernsteig-108
https://brightspace.tudelft.nl/d2l/le/dropbox/61259/22513/DownloadAttachment?fid=218923
https://www.sciencedirect.com/science/journal/00457949/73/6
https://doi.org/10.1016/S0045-7949(98)00312-5
https://www.dezeen.com/2016/05/31/armadillo-vault-block-research-group-eth-zurich-beyond-the-bending-limestone-structure-without-glue-venice-architecture-biennale-2016/
http://www.klimaatatlas.nl/klimaatatlas.php?wel=wind&ws=kaart&wom=Gemiddelde%20windsnelheid
https://www.advancedsciencenews.com/light-rider-worlds-first-3d-printed-motorcycle/
https://grantadesign.com/education/support/ces-edupack-support/
https://www.cultofmac.com/305967/apple-wins-supreme-engineering-award-glass-lantern-store-turkey/
https://www.archdaily.com/885674/optical-glass-house-hiroshi-nakamura-and-nap


• Jipa, A., Bernhard, M., Meibodi, M., & Dillenburger, B. (2016). 3D-Printed Stay-in-Place Formwork for Topologically Optimized Concrete Slabs. In 3D-Printed Stay-in-Place Formwork for Topologically Optimized Concrete Slabs. Retrieved from https://doi.org/10.3929/ethz-b-
000237082

• Kaiser, N.D., Behr, R.A., Minor, J.E., Dharani, L.R., Ji, F., Kremer, P.A. (2000). Impact Resistance of Laminated Glass Using “Sacrificial Ply” Design Concept. Journal of Architectural Engineering, 6(1), 24-34. https://doi.org/10.1061/(ASCE)1076-0431(2000)6:1(24) 

• Kimball Midwest (2018). How To Work With Wire Rope and Wire Rope Clips. Retrieved from https://www.youtube.com/watch?v=Sc71eBlwh6c

• Klein, J., Stern, M., Franchin, G., Kayser, M., Inamura, C., Dave, S., … Oxman, N. (2015). Additive Manufacturing of Optically Transparent Glass. 3D Printing and Additive Manufacturing, 2(3), 92–105. doi: 10.1089/3dp.2015.0021

• Lundgren, J., & Palmqvist, C. (2012). Structural Form Optimisation Methods of numerical optimisation and applications on civil engineering structure/ Chalmers University of Technology, Göteborg, Sweden Retrieved from 
http://publications.lib.chalmers.se/records/fulltext/162939.pdf

• MaterialDistrict. (2020). Manual MaterialDistrict 2020. Retrieved January 8, 2020, from https://rotterdam.materialdistrict.com/exhibit/manual/.

• Minner, K. (2011, February 4). The Crown Fountain / Krueck & Sexton Architects. Retrieved December 13, 2019, from https://www.archdaily.com/109201/the-crown-fountain-krueck-sexton-architects.

• Pedersen, O. E., Larsen, N. M., & Pigram, D. (2014). Post-tensioned Discrete Concrete Elements Developed for Free-form Construction. Advances in Architectural Geometry 2014, 15–28. doi: 10.1007/978-3-319-11418-7_2

• Pilkington. (n.d.). The Float Process Step by step. Retrieved January 9, 2020, from https://www.pilkington.com/en/global/about/education/the-float-process/the-float-process-step-by-step.

• Pye, L. D., Joseph, Montenero, A., I. H., Karlsson, & K., Backman, R. (2005). Properties of glass-forming melts. Boca Raton, FL: St. Lucie.

• Rahman, A. M. E. R. A. R. B. A. (2016). Performance of physical shell foundation model under axial loading. Universiti Tun Hussein Onn Malaysia Retrieved from http://eprints.uthm.edu.my/id/eprint/9114/1/Amera_Ratia_Ab_Rahman.pdf

• Roeder, E. (1971). Extrusion of glass. Journal of Non-Crystalline Solids, 5(5), 377–388. doi: 10.1016/0022-3093(71)90039-1 

• Saint Gobain. (2018, September 19). Mechanical properties. Retrieved January 10, 2020, from https://www.saint-gobain-sekurit.com/content/mechanical-properties-0.

• Snijder, A. H., L. P. L. Van Der Linden, Goulas, C., Louter, C., & Nijsse, R. (2019). The glass swing: a vector active structure made of glass struts and 3D-printed steel nodes. Glass Structures & Engineering. doi: 10.1007/s40940-019-00110-9 

• Stevens, P. (2019, June 27). MVRDV's transparent brick store in Amsterdam re-opens for Hermès. Retrieved December 12, 2019, from https://www.designboom.com/architecture/mvrdv-hermes-store-amsterdam-crystal-houses-transparent-brick-facade-06-27-2019/.

• Oikonomopoulou, F., Bristogianni, T., Veer, F. A., & Nijsse, R. (2017). The construction of the Crystal Houses façade: challenges and innovations. Glass Structures & Engineering, 3(1), 87–108. doi: 10.1007/s40940-017-0039-4

• Oikonomopoulou, F., van den Broek, E., Bristogianni, T., Veer, F. A., & Nijsse, R. (2017b). Design and experimental testing of the bundled glass column. Glass Structures and Engineering, 2(2), 183-200.

• Oikonomopoulou, F., Bristogianni, T., Barou, L., Veer, F., & Nijsse, R. (2018). The potential of cast glass in structural applications. Lessons learned from large-scale castings and state-of-the art load-bearing cast glass in architecture. Journal of Building Engineering, 20, 213–234. doi: 
10.1016/j.jobe.2018.07.014

• Oikonomopoulou, F., Bristogianni, T., Barou, L., Jacobs, E., Frigo, G., Veer, F., & Nijsse, R. (2018a). Interlocking cast glass components, Exploring a demountable dry-assembly structural glass system. Heron, 63(1/2), 103-138.

• Oikonomopoulou, F. (2018b). Re3 glass blocks from waste glass can be dry-stacked. Retrieved April 17, 2020, from https://materialdistrict.com/article/re3-glass-blocks-waste-glass/

122

https://doi.org/10.3929/ethz-b-000237082
https://www.youtube.com/watch?v=Sc71eBlwh6c
http://publications.lib.chalmers.se/records/fulltext/162939.pdf
https://rotterdam.materialdistrict.com/exhibit/manual/
https://www.archdaily.com/109201/the-crown-fountain-krueck-sexton-architects
https://www.pilkington.com/en/global/about/education/the-float-process/the-float-process-step-by-step
http://eprints.uthm.edu.my/id/eprint/9114/1/Amera_Ratia_Ab_Rahman.pdf
https://www.saint-gobain-sekurit.com/content/mechanical-properties-0
https://www.designboom.com/architecture/mvrdv-hermes-store-amsterdam-crystal-houses-transparent-brick-facade-06-27-2019/
https://materialdistrict.com/article/re3-glass-blocks-waste-glass/


• Oikonomopoulou, F. (2019). Unveiling the third dimension of glass, A+BE | Architecture and the Built Environment, Delft University of Technology http://resolver.tudelft.nl/uuid:16f1560f-1739-492c-bd95-
3f47bf096182

• O’Regan, C. (2014). Structural Use of Glass in buildings (2nd ed.). London, England: The Institution of Structural Engineers. 

• Rozvany, G. (2001) Stress ratio and compliance-based methods in topology optimization. Structural and Multidisciplinary Optimization 21: 109. https://doi.org/10.1007/s001580050175

• Rozvany, G.I.N. (2009) A critical review of established methods of structural topology optimisation. Structural Multidisciplinary Optimisation, 37, 217-237.

• Schlaich, J. (2014). On architects and engineers. In Shell Structures for Architecture: Form Finding and Optimization, pp. VIII–XI. London: Taylor & Francis -Routledge.

• Schittich, C., Staib, G., Balkow, D., Schuler, M., & Sobek, W. (2007). Glass Construction Manual. doi: 10.11129/detail.9783034615549

• SCHOTT. (2007). Memorial Madrid in Spain with SCHOTT Borosilicate Glass. Retrieved December 12, 2019, from https://www.us.schott.com/architecture/english/references/memorial-madrid.html.

• Shand, E. B., & Armistead, W. H. (1958). Glass engineering handbook. New York: MacGraw-Hill.

• Sigmund, O., & Maute, K. (2013). Topology optimization approaches. Structural and Multidisciplinary Optimization, 48(6), 1031-1055.

• Simscale. (2019). What is von Mises Stress? Retrieved January 1, 2020, from https://www.simscale.com/docs/content/simwiki/fea/what-is-von-mises-stress.html.

• Tepavčević, B., Stojaković, V., Mitov, D., Jovanović, M., & Bajšanski, I. (2016, May 4). Tessellated Shell Pavilion. Retrieved January 10, 2020, from http://www.arhns.uns.ac.rs/cdd/967/.

• Ugural, A. C., & Fenster, S. K. (2012). Advanced mechanics of materials and elasticity. Upper Saddle River, NJ: Prentice Hall.

• Uniccranes (2020). Unic Cranes Products. Retrieved April 16, 2020, from https://www.uniccranes.com/spider-cranes/

• Van der Weijst, F. (2019). Delft. Retrieved from http://resolver.tudelft.nl/uuid:37a693fc-4835-4d46-a4e1-086e96c2ef1a

• Voxeljet (2018). Servicebrochure. Retrieved on Dec 21 2019 from https://www.voxeljet.com/fileadmin/user_upload/PDFs/Servicebrochure_2018_web_01.pdf

• Voxeljet (2018 b). voxeljet 3D printer. Retrieved from https://www.voxeljet.com/fileadmin/user_upload/PDFs/Technical_data_3D_printer_01.pdf

• Wang, M.Y., Wang, X., Guo, D. (2003) A level set method for structural topology optimisation. Computer methods in applied mechanics and engineering, 192, 227-246

• Wheatonarts. (n.d.). Visit. Retrieved December 19, 2019, from https://www.wheatonarts.org/visit/.

• Williams, C. J. K. (2014). What is a shell? In Shell Structures for Architecture: Form Finding and Optimization, pp. 21–31. London: Taylor & Francis -Routledge.

123

http://resolver.tudelft.nl/uuid:16f1560f-1739-492c-bd95-3f47bf096182
https://doi.org/10.1007/s001580050175
https://www.us.schott.com/architecture/english/references/memorial-madrid.html
https://www.simscale.com/docs/content/simwiki/fea/what-is-von-mises-stress.html
http://www.arhns.uns.ac.rs/cdd/967/
http://resolver.tudelft.nl/uuid:37a693fc-4835-4d46-a4e1-086e96c2ef1a
https://www.voxeljet.com/fileadmin/user_upload/PDFs/Servicebrochure_2018_web_01.pdf
https://www.voxeljet.com/fileadmin/user_upload/PDFs/Technical_data_3D_printer_01.pdf
https://www.wheatonarts.org/visit/

