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Studio   
Name / Theme Sustainable Design Graduation Studio 

Main mentor Dr. Faidra Oikonomopoulou Structural Cast glass 

Second mentor Dr. Charalampos Andriotis Computational Structural Optimization 

Argumentation of choice 
of the studio 

It is an indisputable fact that, in the near future, structures will need to 
be sustainable in terms of material use, cost and energy efficiency. The 
engagement of the studio to aspects related to these current topics, as 
well as its innovative character and the vision to integrate different 
disciplines, such as structural design and artificial intelligence, for the 
creation of efficient structures drew my attention and motivated me to 
involve in this direction. 

 

Graduation project  
Title of the graduation 
project 
 

Just Glass. Topology Optimized Cast Glass Slab 

Goal  
Location: The case study example is located inside the Great 

Court of the British Museum in London. It refers to 
an existing small slab that functions as a pedestrian 
bridge connecting the big volume of the Reading 
Room to the rest of the exhibition spaces. 

The posed problem,  During the last years, float glass in the form of flat 
uniform sheets has dominated the construction 
industry. Besides the large developments regarding 
the size and the structural properties of the glass 
sheets which can now be achieved, there are still 
several drawbacks. These mainly refer to the 
limited number of shapes which can be created and 
the need of substructure because of the buckling 
behavior.  
 
Having said that, a new approach regarding the 
design of structural glass components is recently 
being researched. It refers to the use of massive 
cast glass components as an alternative to the 
conventional glass sheets. In this regard, the 
buckling effect and, therefore, the need for 
additional substructure is eliminated, while, most 
importantly, the shaping potential of transparent 



structures is broadened vastly, since glass can be 
casted in almost any desired form.  
 
The main drawback lies on the amount of time 
needed for the annealing process of these massive 
elements, since it may even need several months to 
be fully completed. The mass is one of the crucial 
factors that influences the annealing time. In this 
regard, recent theses in TU Delft have been focused 
on studying the potential of using Topology 
Optimization software in order to minimize the 
mass of the components and, therefore reduce the 
annealing time to a level that the structure would be 
considered able to be manufactured.  
 
The large potential of this research direction has 
already proven through the applied case study 
examples of all the previous theses. However, it still 
remains as a drawback that the existing 
commercial software are largely oriented towards 
ductile materials and, thus, they do not offer 
different criteria in terms of stress constraints. 
These have led the previous projects to optimizing 
only according to tension and evaluating 
compression values in a later level, leading to a 
considerably more time-consuming process. 
 
This thesis intends to contribute in this research by 
creating a custom algorithm that will take into 
consideration the specific needs in terms of glass 
structural properties and will incorporate the 
relevant manufacturing and annealing criteria in 
order to finally create a complete tool for the design 
of cast glass components. 
 
The case study example refers to an existing slab 
located in the British Museum in London. The 
current slab is made from sheets of float glass and 
is supported from a metal substructure. In this 
regard, it can be the perfect example to show how 
this new architectural vocabulary can be used and 
change drastically the qualities of the space. 

research questions Several theses have already been realized in the 
direction of exposing the potential in terms of 
shape and structural performance of monolithic 
cast glass structures. The contribution of this 
project will lie on the creation of a Topology 
Optimization algorithm which will be based on the 
existing methods but customized in order to 
incorporate the criteria specifically needed for the 
cast glass components. 

In this regard the research question and 
subquestions are defined as followed: 

 



Research question 

 What are the main aspects and inherent 
limitations of using a Topology 
Optimization algorithm for the design of 
massive cast glass structures which are 
time and cost efficient?  

Subquestions 
 Which are the structural, annealing and 

manufacturing criteria that should be taken 
into consideration for the design of glass 
structures?  

 Which are the main design principles that 
will be taken into account for the design of 
the slab? 

 Which algorithmic methodology or 
combination of algorithmic methodologies 
will be used during the Topology 
Optimization process? 

 Which are the objectives and constraints 
which are going to be posed and how the 
optimization problem will be formulated? 

 Which will be the order of construction 
assembly and which will be the 
approximated annealing time for its 
construction? 

 How the structural and design properties 
as well as the time and cost efficiency of 
the outcome are comparable to similar 
experiments using TO commercial 
software?  

 

design assignment in which these result.  The final assignment will refer to the design of the 
topology optimized cast glass slab.  It will describe 
both the optimization process that leads to the 
design, but also the final construction assembly and 
details that will render it feasible to be constructed. 

 
[This should be formulated in such a way that the graduation project can answer 
these questions. 
The definition of the problem has to be significant to a clearly defined area of 
research and design.] 
 
Process  
Method description   
 
The project is divided to different phases, which lead to specific outcomes in order to conclude, in the 
end, to the final result.  
 
The research starts with the literature review concerning both scientific studies that had already been 



developed and theses which are developed lately in TU Delft regarding similar topics. It focuses on three 
main themes; the features related to the glass material, the Topology Optimization methods and the 
characteristics related to the case study application. The different outcomes, which derive from each 
theme, are going to be used in the next phase for the formulation of the optimization problem.  
 
Particularly, the studies on glass features will give information regarding the structural, manufacturing 
and annealing criteria, whereas the review of Topology Optimization methods will result in selecting the 
method or combination of methods which are going to be applied to the project and defining the 
principles regarding the problem statement respectively. Lastly, the design principles and the restrictions 
based on the location will be derived from the case study analysis. 
 
The next steps refer to the research by design process, through formulation of the optimization problem 
and implementation into the respective code. The code is going to be applied in the design domain as 
defined by the case study and the result will be evaluated. Errors and deviations from the desired 
outcome will lead to updates and modifications in the problem formulation and the code respectively.  
 
After the design of the slab is determined, the construction assembly and details, as well as the 
connections of the structure, will be defined in order to conclude to a final complete solution. The 
performance of the algorithm will be critically assessed through evaluation of the properties of the final 
outcome in comparison to projects developed through the use of commercial software. 
 
 



 

 
  



Literature and general practical preference 
 
Different resources will be explored for each of the main themes of the research.  
 
Regarding the glass studies, practical experience and data based on experiments regarding the shaping 
potential and the structural performance of glass elements will be derived from the recent studies of 
Oikonomopoulou F. and Bristogianni T. in this sector. The glass properties will be defined taking also into 
consideration other scientific studies regarding glass, such as (Shelby, 2005), whereas, for the definition 
of the appropriate structural, annealing and manufacturing criteria, previous theses will also be 
consulted, such as (van der Weijst, 2019), (Bhatia, 2019), (Damen, 2019), (Naous, 2020), (Stefanaki, 
2020) and (Koopman, 2021).  
 
In terms of Topology Optimization, it is of significant importance to study, firstly, the papers related to 
the introduction of the different methods. These are (Bendsoe & Kikuchi, 1988) for the homogenization 
method, (Bendsoe & Sigmund, 2004) for the SIMP method, (Eschenauer et al., 1994) regarding the 
bubble method, (Allaire et al. 2002) for Level Set approach, as well as (Xie & Steven, 1992), for ESO and 
(Young et al., 1999) for the BESO method. However, it is considered vital to consult at the same time 
papers which offer reviews over these methods, suggest updated versions or combinations within them 
in order to highlight the advantages and drawbacks that derive from their use. This feedback will be 
beneficial for the selection of the method(s) that we want to proceed with. 
 
Lastly, resources regarding the case study will be derived from the website of the architectural studio 
responsible for the architectural intervention (Foster + Partners), as well as other articles written about it. 
 
To the present time, the detailed list of references to be consulted is formed as followed: 
 
- Allaire, G., Cavallina, L., Nobuhito, M., Tomoyuki, O., & Toshiaki, Y. (2019). The homogenization method 
for topology optimization of structures: old and new. Cornell University 
-Allaire, G. (2005). Topology Optimization with the homogenization and the Level-Set Methods. In Ponte 
Castañeda, P., Telega, J.J., & Gambin, B. (Eds.), Nonlinear Homogenization and its Applications to 
Composite, Polycrystals and Smart Materials. Kluwer Academic Publishers. 
- Aghaei-Meibodi, M, Mathias Bernhard, A, Jipa, & Dillenburger, B. (2017). The Smart Takes from the 
Strong. In Sheil, B., Menges, A., Ruairi, G. & Skavara M. (Eds.), Fabricate. London: UCL Press. 
https://doi.org/10.14324/111. 9781787350014 
- Andreasen, C.S., Elingaard, M.O., & Aage, N. (2020). Level set topology and shape optimization by 
density methods using cut elements with length scale control. Structural and Multidisciplinary 
Optimization, 62. https://doi.org/10.1007/s00158-020-02527-1. 
- Andriotis, C. (2021). Fundamentals of Finite Elements. Note series for AR3B011: Earthy. TU Delft 
 - Bendsoe, M.P., & Kikuchi, N. (1988). Generating optimal topologies in structural design using a 
homogenization method. Computer methods in applied mechanics and engineering, 71 
- Bendsoe, M.P., & Sigmund O. (2004). Topology Optimisation. Theory, Methods and Applications. 
Springer-Verlag Berlin Heidelberg. 
- Bhatia, I. (2019). Shaping transparent sand in sand: Fabricating topologically optimised cast glass 
column using sand moulds. [Master’s Thesis, Delft University of Technology]. 
https://repository.tudelft.nl/islandora/object/uuid%3Acaabb4cd-1bf4-48bc-b04d-e5ff8a1d1580 
- Boyd, S., & Vandenberghe, L. (2004). Convex Optimization Problems. In Convex Optimization.(p.127-
213).  Cambridge University Press. 
- Damen, W. (2019). Topologically Optimised Cast Glass Grid Shell Nodes. [Master’s Thesis, Delft 
University of Technology]. https://repository.tudelft.nl/islandora/object/uuid%3A2afbfe96-c9bf-44d7-
bfaa-d8a710fa1ce2 
- de Ruiter, M.J., van Keulen, F. (2004). Topology optimization using a topology description function. 
Structural and Multidisciplinary Optimization, 26. https://doi.org/ 10.1007/s00158-003-0375-7 
- Eschenauer, H., Kobelev, B., & Schumacher, A. (1994). Bubble method for topology and shape 



optimization of 
Structures. Structural Optimization, 8 
- Guest, J.K., Prévost, J.H., & Belytschko, T. (2004). Achieving minimum length scale in topology 
optimization using 
nodal design variables and projection functions. International Journal for numerical methods in 
engineering, 61. https://doi.org/ 10.1002/nme.1064 
- Guest, J.K. (2009). Imposing maximum length scale in topology optimization. Structural and 
Multidisciplinary Optimization, 37(5). https://doi.org/ 10.1007/s00158-008-0250-7 
- Jewett, J.L., & Carstensen, J.V. (2019). Topology-optimized design, construction and experimental 
evaluation of concrete beams. Automation in Construction, 102. 
https://doi.org/10.1016/j.autcon.2019.02.001. 
- Jihong, Z., Han, Z., Chuang, W., Lu, Z., Shangqin, Y., & Weihong, Z. (2020). A review of topology 
optimization for additive manufacturing: Status and challenges. Chinese Journal of Aeronautics, 34. 
https://doi.org/ 10.1016/j.cja.2020.09.020 
- Jipa, A., Bernhard, M., Meibodi, M., & Dillenburger, B. (2016). 3D-Printed Stay-in-Place Formwork for 
Topologically Optimized Concrete Slabs. TxA Emerging Design and Technology. 
- Koopman, D. (2021). The Topology Optimised Glass Bridge. [Master’s Thesis, Delft University of 
Technology]. https://repository.tudelft.nl/islandora/object/uuid%3Acc8454d4-2cae-42b7-bc9c-
7514fc187c2f 
- Kumar, P. (2016). Synthesis of Large Deformable Contact-Aided Compliant Mechanisms using 
Hexagonal cells and 
Negative Circular Masks [Phd Dissertation, Indian Institute of Technology KANPUR]. 
- Liew, A., López López, D., Van Mele, T. & Block, P. (2017). Design, fabrication and testing of a prototype, 
thin-vaulted, unreinforced concrete floor. Engineering Structures, 117. 
https://doi.org/10.1016/j.engstruct.2017.01.075 
- Liu, S., Li, Q., Chen, W., Tong, L., & Cheng, G. (2015). An identification method for enclosed voids 
restriction in 
manufacturability design for additive manufacturing structures. Frontiers of Mechanical Engineering, 10. 
https://doi.org/s11465-015-0340-3 
- Nathan, P., Palar, S., & Zuhal, S. (2020). SIMP versus level set function as an implicit representation 
model for structural topology optimization. AIP Conference Proceedings, 2226. 
https://doi.org/10.1063/5.0005031 
-Naous, D. (2020). Topologically Optimised Cast Glass Shell: Topological optimisation and new fabrication 
methods for compressive free-form glass structures. [Master’s Thesis, Delft University of Technology]. 
https://repository.tudelft.nl/islandora/object/uuid%3Aaff7d67c-27f6-40bd-ac2c-4e518006684f 
- Oikonomopoulou, F., Bhatia, I.S., van der Weijst, F., Damen, W., Bristogianni, T. (2020). Rethinking the 
Cast Glass Mould. An Exploration on Novel Techniques forGeneratingComplex and Customized 
Geometries. Challenging Glass 7, Conference on Architectural and Structural Applications of Glass. 
https://doi.org/10.7480/cgc.7.4662 
- Oikonomopoulou F., van der Broek, E.A.M., Bristogianni, T.,Veer, F.A., & Nijsse, R. (2017). Design and 
experimental testing of the bundled glass column. Glass Structures & Engineering (2). https://doi.org/ 
10.1007/s40940-017-0041-x 
- Oikonomopoulou, F. (2019). Unveiling the third dimension of glass. Solid cast glass components and 
assemblies for structural applications. [Phd Dissertation, Delft University of Technology] 
https://journals.open.tudelft.nl/abe/article/view/4088/4015 
- O’Regan, C. (2014). Structural use of glass in buildings (2nd edition).The Institution of Structural 
Engineers. 
- Poulsen, T. A. (2002). A simple scheme to prevent checkerboard patterns and one-node connected 
hinges in topology optimization. Structural and Multidisciplinary Optimization, 24(5). https://doi.org/ 
10.1007/s00158-002-0251-x 



- Querin, O.M., Steven, G.P. (1998). Evolutionary structural optimisation (ESO) using a bidirectional 
algorithm. Engineering Computations, 15(8). https://doi.org/10.1108/02644409810244129 
- Querin, O.M., Victoria, M., Alonso, C., Ansola, R., & Martí, P. (2017). Topology Design Methods for 
Structural Optimization. Elsevier Ltd 
- Saxena, A. (2008). A Material-Mask Overlay Strategy for Continuum Topology Optimization of 
Compliant Mechanisms Using Honeycomb Discretization. Journal of Mechanical Design, 130(8). 
https://doi.org/10.1115/1.2936891 
- Shelby, J.E. (2005). Introduction to Glass Science and Technology (2nd edition). The Royal Society of 
Chemistry. 
- Sigmund, O., & Maute, K. (2013). Topology optimization approaches. A comparative review. Structural 
and Multidisciplinary Optimization, 48 
- Stefanaki, M.I. (2020). Glass Giants. Mass-optimized massive cast glass slab. [Master’s Thesis, Delft 
University of Technology]. https://repository.tudelft.nl/islandora/object/uuid%3Ac1a296b1-d31a-4f7b-
8888-9d3bfda10ada 
- van der Weijst, F.(2019). Glass Vaults. Introducing an Adjustable Mould for Casting Glass Voussoirs for 
Transparent Shell Structures. [Master’s Thesis, Delft University of Technology]. 
https://repository.tudelft.nl/islandora/object/uuid%3A37a693fc-4835-4d46-a4e1-086e96c2ef1a 
- van Dijk, N.P., Maute, K., Langelaar, M., & Van Keulen, F. (2013). Level-set methods for structural 
topology optimization: a review. Structural and Multidisciplinary Optimization, 48. https://doi.org/ 
10.1007/s00158-013-0912-y 
- Vantyghem, G., De Corte, W., Shakour, E., & Amir, O. (2020). 3D printing of a post-tensioned concrete 
girder designed by topology optimization. Automation in Construction, 112. 
https://doi.org/10.1016/j.autcon.2020.103084. 
- Xia, L., Xia, Q., Huang, X., & Xie, Y.M. (2016). Bi-directional Evolutionary Structural Optimization on 
Advanced 
Structures and Materials: A Comprehensive Review. Archives of Computational Methods in Engineering, 
25. https://doi.org/10.1007/s11831-016-9203-2 
- Xie, Y.M., & Steven, G.P. (1992). A simple evolutionary procedure for structural optimization. Computers 
& Structures, 49  
- Xie, Y.M., & Steven, G.P. (1997). Evolutionary Structural Optimization. Springer-Verlag London. 
- Yin, L., & Ananthasuresh, G. (2003). Design of Distributed Compliant Mechanisms. Mechanics Based 
Design of Structures and Machines, 31. https://doi.org/ 10.1081/SME-120020289 
- Young, V., Querin, O.M., Steven, G.P., & Xie, Y.M. (1999). 3D and multiple load case bi-directional 
evolutionary optimization (BESO). Structural Optimization, 18  
 

[The literature (theories or research data) and general practical experience/precedent 
you intend to consult.] 
 
Reflection 
1. What is the relation between your graduation (project) topic, the studio topic (if 

applicable), your master track (A,U,BT,LA,MBE), and your master programme 
(MSc AUBS)?  
Sustainable Structures Graduation Studio focuses its research in the creation of novel structures 
which, at the same time, will be resilient and efficient in terms of material use. The overall aim of the 
studio is to be able to respond to the future growing construction demand in a sustainable way. In 
this regard, use of cast glass as a building material is strongly beneficial, since it combines 
properties, such as durability and recyclability, with good structural performance as well as 
decrease in terms of material use because of the elimination of the need for substructure. Topology 
Optimization techniques can further add to these benefits, since they render it possible to have 
sound structures with the minimum mass and construction energy needed.  
 



These principles also go along with the notion of sustainable designer which is integrated as the 
main core of the Building Technology Track. Massive cast glass solutions are innovative and will 
introduce a new architectural language, while at the same time pushing the limits of engineering to 
a new level. Besides their novel character, the project aspires to show that these solutions can 
easily be integrated into existing building shells, broadening the field of applications where they can 
be used. 
 
Finally, it goes without saying that the aspiration for integration of different disciplines in the project 
–glass structures, topology optimization and architectural design – towards the creation of a more 
efficient structural component reflects the general innovative, sustainable and, mainly, multi-
disciplinary character which is promoted through MSc AUBS in total. 
 

2. What is the relevance of your graduation work in the larger social, professional 
and scientific framework.  
 
The project will contribute to the research which is already being undergone regarding glass and its 
structural applications. Particularly, it will try to respond to the drawbacks caused by the use of the 
available Topology Optimization commercial software which cannot apply directly the customized 
criteria specifically according to the glass needs. This is of great importance since it will be a step 
further in the direction of this research which, if actually implemented in the construction industry, 
will create robust and efficient glass solutions that offer totally different spatial qualities than the 
ones provided through the conventional applications.  
 
Additionally, exploring this potential can create a new architectural language and enforce the 
change in mindset towards glass as a building material, encouraging its use in the form of cast self-
standing components instead of float glass sheets. Glass could therefore compete with the 
conventional building materials, such as concrete or stainless steel, since it offers a relatively high 
compressive strength in combination with durability and recyclability. 
 
The benefits of this research follow the overall societal needs for the creation of adaptive and 
sustainable structures. The fast enlargement of the urban population as well as the ageing of the 
existing infrastructure in the upcoming years will contribute to an increase in the demands 
regarding the construction industry. Having this said, it is significantly important to be able to make 
efficient use of the material sources and enhance recycling and reuse in order to have 
environmentally sustainable solutions.  
 

 

 


