
 

  

Graduation Plan 
Master of Science Architecture, Urbanism & Building Sciences 

 



Graduation Plan: All tracks  
 
Submit your Graduation Plan to the Board of Examiners (Examencommissie-
BK@tudelft.nl), Mentors and Delegate of the Board of Examiners one week before 
P2 at the latest. 
 
The graduation plan consists of at least the following data/segments: 
 
Personal information 
Name Raymen Borst 
Student number 5079810 

 
Studio   
Name / Theme Hygromorphic Timber 
Main mentor Stijn Brancart Assistant professor of structural 

design at the department of 
Architectural Engineering & 
Technology 

Second mentor Gilbert Koskamp Researcher, Engineer and 
Architect for façade & product 
design at the department of 
Architectural Engineering & 
Technology  

Argumentation of choice 
of the studio 

The argumentation for choosing the Hygromorphic timber 
graduation topic is a fascination for timber structural 
elements. This interest started in the bachelor and has 
always been there since. Making models and working with 
timber is something I wanted to combine with my 
graduation thesis, therefore the link with product design is 
made. Understanding the characteristics of timber and 
experimenting with it in a laboratory to ultimately create a 
new structural manufacturing method is my goal. 

 

Graduation project  
Title of the graduation 
project 
 

Passive curving method for multi-layered structural timber 
elements. 

Goal  
Location: Delft, the Netherlands 
The posed 
problem,  

The construction sector significantly contributes to total global emissions, with an 

estimated impact of approximately 5.7 billion tons of CO₂, representing a range 

between 23% and 30% of the annual global emissions, as indicated by Huang et 

al. (2018) and Zhang et al. (2019). The 5.7 billion tons of CO₂ is linked to the 

life cycle energy and consist of two factors; The operational energy which  is used 

for the occupation of the building and the embodied energy, used for construction, 

renovation and maintenance. 
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As the global human populations continues to expand, there is a corresponding 

demand for increased build environment. In the absence of changes to the current 

construction methodology, the global carbon footprint of the building sector is set 

to escalate. In times of potential human induced global warming effects, this 

continues process of current building methods is ethically questionable. 

 

Architectural issue 

Complex building forms become more conventional in current times. From 

external steel diagrid structures to internal 3d printed columns, the architectural 

design is evolving in complexity (Willmann et al., 2016). This evolution happens 

rapidly, and the material adaptation needs to develop just as fast. Architecture is 

progressing towards complex and modern geometries; however, the conventional 

building materials and construction methods fail to make a positively contribution 

to this transformation.  

 

Material issue 

To address the rising carbon footprint in the built environment, the choice to persist 

with materials that emit carbon rather than adopting carbon-neutral alternatives 

raises questions. Human engineered materials like steel and concrete contribute 

significantly to high concentrations of CO₂, NO₂, and other greenhouse gases. 

Transitioning from these unsustainable emitting materials to less environmentally 

impactful options, such as timber, presents a pathway for meaningful change. 

Timber is an organic material which absorbs carbon dioxide in order to grow. In 

other words, the material has a negative carbon footprint. According to the Arbor 

Day Foundation, a mature tree can absorb approximately 21 kilograms of CO₂ 

per year. This would suggest that due to the global warming crisis, timber would 

be the most used construction material.  

Nevertheless, due to long-standing fire safety concerns, the utilization of timber in 

the construction sector decreased, particular when reliable and safe alternatives 

like concrete and steel were widely available (Smith en Snow, 2008). While 

recent legislations have enhanced fire safety measures for timber, a substantial 

surge in timber usage has not been realised. This reluctance may stem from the 

timbers industry’s challenges in meeting the growing demand for complex curved 

architectural designs, resulting in its continued insignificance when compared to 

steel and concrete (Grönquist et al., 2019) 

Currently, there are two conventional methods for bending timber. Cold bending 

involves the use of clamps, glue, and a mold, while warm bending requires the 

timber to be steamed to increase its flexibility. Subsequently, the timber can be 

shaped into the desired geometry. Both options are unsustainable in their own 

way, using glue or using energy to make steam. Although, the production and 



design of complex curved timber elements can be realised, the method to do so is 

far from sustainable.  

 

 

Circularity issue 

Conventional curved beams are usually actively bend by steaming timber or using 

large amounts of adhesives to keep the timber in place (Bhooshan et al., 2023). 

Consequently, the reuse, re-purpose and other ‘R’-strategies for these 

‘conventional' curved timber elements are not feasible.  

The concept of 'R'-strategies is notorious in the departure from circularity in 

sustainable product design, highlighting challenges within the building sector 

concerning the sustainable life cycle of products. This concept endeavours to 

reduce the demand for products, repair damaged components, and recover 

energy at the end of a product's lifespan. New research in the field of 

hygromorphic characteristics in timber may shift this current unsustainable building 

& forming method into a better daylight.  

 

Hygromorphic materials are known to absorb water. Timber is such a material, 

and will expend or shrink when moisture enters or leaves the material (Okuda en 

Sekida, 2001). Several studies have demonstrated the feasibility of achieving 

passive bending in timber through moisture control. An illustrative example is the 

Urbach Tower, where the University of Stuttgart successfully managed the swelling 

and bending of timber panels, resulting in a remarkable structural landmark 

standing over 14 meters tall. While bi-layer panels have been effectively curved 

using this method, it is noteworthy that various structural topologies employed in 

the construction sector can undergo alteration through passive bending 

techniques. The potential applications extend beyond bi-layer panels, suggesting 

a broader scope for innovation and transformative possibilities in timber 

construction. 

 

Structural elements such as columns and beams have not received extensive 

research attention in the context of hygromorphic bending. To make a substantial 

impact on the timber construction sector, it is crucial to carefully select the 

appropriate element for research and development. Identifying which timber 

element can be effectively replaced by sustainable, curved hygromorphic 

elements has the potential to revolutionize construction practices, thereby 

positively influencing the building industry. Moreover, existing studies have 

predominantly focused on the bending of bi-layer elements, neglecting the aspect 

of multi-layered elements or straightening these elements to enhance their usability 

and flexibility. Actively incorporating both bending and straightening processes 



for timber elements can positively impact their lifespan and contribute to the 

effectiveness of 'R'-strategies. 

This thesis investigates the feasibility of bending and straightening a single timber 

element using hygromorphic effects to enhance the versatility of the element. 

Through an examination of 'R'-strategies, various timber structural elements, 

curving methods, and the utilization of curved elements, a deeper comprehension 

of the issue can be achieved. 

 
research questions 
and  

The primary research question for this thesis encompasses the objectives of 

comprehending the sustainability challenges in the implementation, fabrication, 

and forming of timber, identifying diverse timber topologies suitable for 

hygromorphic processing, and exploring the feasibility of integrating 

hygromorphic timber in contemporary contexts. 

 

“How can hygromorphic curved structural timber elements contribute to a more 

sustainable architectural design option?” 

 

The sub-research questions support the thesis research by elaborating different 

sub elements of the main thesis: 

1. What specific challenges contribute to the unsustainability within the 

timber industry sector? 

2. How can curved timber elements be implemented in the build 

environment? 

3. How do structural curved topologies contribute to sustainable 

architectural designs? 

4. How will hygromorphic characteristics curve structural timber elements? 

 
design assignment 
in which these 
result.  

The primary focus of this thesis will centre on the passive curvature of structural 

beams endowed with hygromorphic properties. Various alternatives, including 

solid timber beams, LVL-beams, GLT-beams, and others, will be thoroughly 

examined and considered. The secondary emphasis of this thesis involves altering 

the sustainable characteristics of timber, with the aim of minimizing the 

consumption of drying energy, adhesive usage, and waste management, aligning 

with the principles of 'R'-strategies. Following the research-by-design principle, 

this thesis will most likely incorporate a case study. While a specific case study has 

not been identified yet, it is crucial that the environmental conditions of its 

implementation differ from those of its production climate.  

 
 
Process  
Method description   



There are multiple phases during this graduation thesis. First of all the theoretical 
phase where gathering information through papers, articles, news sources is essential 
to get an understanding of the problem and material. There is a logical order, from 
problem to history, topology, detailing, workflow, preparation, etc. All these sources 
contain viable information necessary to answer the (sub)research questions. 
 
After the P2, the next phases starts. Here connections with structural timber element 
Manufacturers and the laboratory are made. This phase has already started as talks 
with Barbara from heritage already happened. Also manufacturers are contacted. 
When timber samples are acquired, the test in the laboratory can take place. 
Furthermore, a digital model with rhino and grasshopper could be made, to predict 
the curvature of the timber elements.  
 
The second-last phase consist of implementing the findings from the second phase in 
a case-study and finalizing the product design part.  
 
The last phase consist of concluding and summarizing the findings of the overall 
graduation thesis research and evaluating the case-study’s positive impact on the 
construction sector. Further research may be needed, due to the large scope of the 
project. 
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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)?  
This thesis focusses on structural and material knowledge of timber elements in 
the build environment. For developing and designing a new manufacturing 
method of timber elements a know-how of product design is needed as well as 
comping with complex structural implementations. Furthermore, the use of the 
laboratory at the Architectural faculty shows great involvement in material 
science. Moreover, the probable use of digital 3D software’s like Rhino7 and 
grasshopper also implements an computational design aspect. 
  

2. What is the relevance of your graduation work in the larger social, 
professional and scientific framework.  
Social relevance 



The main goal is to design a sustainable structural curved timber element. By doing so, these 
timber elements can compete against pollutant steel and concrete structural elements, and thus 
reducing overall emissions in the building/construction sector. Furthermore, this new product may 
result in less energy produced during manufacturing, less waste created and a more circular life-
cycle motive. Resulting in a sustainable, circular and emission free global environment. 
 
Scientific relevance 
The use of hygromorphic characteristic to curve timber is not new. Many researcher developed 
and even constructed elements, for example the Urbach tower. However, there is a research gap 
in the development of multi-layered elements being able to curve. This thesis tries to understand 
the problems behind the multi-layered elements and develop new method in curving structural 
elements. 
 

 
 

 


