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 The intention of this report is to give insight 
into the upcoming research which will be done as an 
integral part of completing the graduation project. 
It focuses on providing a clear reason, structure 
and means needed to complete a research paper 
in the following months.

 Chapter 1 - Introduction aims to explain the 
architectural and societal relevance of the research, 
the preliminary research of the chosen context, 
motivation behind the topic, state the problem and 
main requirements that will be challenged and 
the developed overall research questions that the 
future research paper will attempt to answer.  

 Chapter 2 - Research framework focuses 
on defining the fields of knowledge involved in 
the research and design project and the applied 
key concepts. It describes the methodological 
framework and main methods that will be used to 
complete the research.

 Chapter 3 - Planning and organization 
explains the planning of the work throughout the 
graduation year and for the research paper. with 
the means of text and figures.
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ranges, plains, river valleys and deserts (United 
States: Library of Congress Country Studies, 2008). 
The available materials and climate, generally 
featuring cold winters and hot dry summers 
influenced the nature of dwellings found in the 
country. 

 Several historic types of structures are 
described in Traditional housing of Afghanistan 
by Nawid et al. (2020, p. 1218). One of them is the 
mud house which is usually constructed from “clay 
mixed with chopped straw”. This material is not only 
easy to find in the Afghan soils but is also simple in 
use and has several properties that make it very 
suitable for the climate. 

PERSONAL MOTIVATION

 The goal of the graduation project is not only 
to provide a design solution to an existing problem 
but to also consider all aspects of sustainable 
development (economy, environment, society) for 
the built environment. These follow the guidelines 
explained in goal 11 by the Department of Economic 
and Social Affairs of the UN (United Nations): 
“Make cities and human settlements inclusive, safe, 
resilient and sustainable” (2021). The Economic 
pillar in this project focuses on affordability and 
transportability. Environmental part is mainly 
dependent on the use of materials (embodied 
energy), climatic design and reusability. The main 
conditions taken into account for the social aspect 
of sustainable design are safety, adaptability and 
capacity of growth.

 Choosing for available earthy materials 
ensures both: economic and environmental 
qualities needed for the successful solution. The 
social requirements are guaranteed to be met by 
the choice of computational design as means of 
methodological framework of this research.

PROBLEM STATEMENT

 The problem statement is presented in a 
manner of a mathematical problem in order to 

BACKGROUND AND RELEVANCE

 Various types of crises are happening in 
the world regularly. Some of them, like the coastal 
flooding and the intensity of hurricanes, are directly 
related to global warming. Others are influenced by 
economic and political changes. Oftentimes there 
is an urgent need of shelters for people who were 
affected by the catastrophe.  

 Afghanistan has a long history of domination. 
It was influenced by many conquerors and suffered 
civil wars. All of which challenged the lives of the 
Afghan population, destroyed homes and cities. 

 July of 2021 marked the beginning of another 
internal conflict, resulting with the reinstated 
power of Taliban across the country. This was 
accompanied by many horrible events and massive 
destruction. According to UNHCR (United Nations 
High Commissioner for Refugees) Afghan refugees 
constitute to one of the largest refugee populations 
in the world of approximately 2.2 million people, 
with more than 600,000 being forced to flee 
since January 2021 (2021). At the same time, the 
IRC (International Rescue Committee) calculated 
the rise of people internally displaced by conflict 
in Afghanistan of 73% (2021). The data of IDMC 
(Internal Displacement Monitoring Centre) shows 
the total of 80.5 thousand people displaced only in 
August (2021). 

 The change of the regime in the country also 
brought back the progress of women’s rights in the 
country made during the last years. This forced 
many women into running and hiding. On top of 
that, the COVID-19 pandemic adds more health 
risks. Combination of all these disasters leaves 
the Afghan people with minimal levels of safety 
and low chances of survival without the urgently 
needed humanitarian aid, including shelters. 

CONTEXT

 Afghanistan is a landlocked country. Its 
topography mainly consists of rugged mountain 
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provide structure for the research. If the outcome 
of the research is the solution to the problem, the 
problem statement is a series of “knowns” – the 
current status and a set of requirements that need 
to be met as well as the explanation of the desired 
outcomes – the “unknowns”.

 The recent economic-political catastrophe 
in Afghanistan requires urgent need for shelter to 
aid and protect the affected people. The solution 
(design) needs to be smart (high-tech) but able to 
be implemented with the least additional means, 
such as complex machinery and therefore have a 
low-tech construction as a matter of assembly.

 The shelters need to be designed from 
available earthy materials and have a modular 
construction with dry connections. Therefore, 
it should have masonry funicular spatial shell 
structure made up of polyhedral blocks with 
ensured structural strength and stability and only 
compression forces acting on the modules. 

 There should be a few different types of 
modules to provide the easiest possible assembly 
procedures for the people, such as dry stacking.

 These types of modules should allow for 
many different variants of assembly. This can allow 
for the different sizes and types of shelter structures, 
that would meet the needs of the Afghan population 
better and allow affordable mass-customization. 
People woulc be able to “play” with the blocks 
and come up with different variant of structures by 
themselves.

 Computational design methodology 
should be used for shape optimization of a “given” 
topological design for a shell and ensure compliance 
with the quality criteria.

RESEARCH QUESTION

 From the preliminary research of the context 
and the problem statement, the main research 
question is formulated as following: How can we 

design a set of a few polyhedral cells with which 
we can make many variations of modular shelters 
(funicular spatial shell-like structures made of a set 
of dry-stacked polyhedral blocks)?

 In order to be able to structurally answer this 
question, the research process is divided into two 
parts, resulting in two sub-questions: How do we 
find/approximate the shape of a compression-only 
(funicular) structure as a stack of polyhedral blocks? 
What are the different variants of modules assembly 
to get different sizes/types of shelters?
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 This research falls under the domain of 
architectural design praxeology and material 
culture epistemes. It will be executed with the 
help of literature study and computational design 
methodologies, namely topology optimization and 
gamification using experimental and simulation 
research approaches. Therefore, it makes use of 
the rational-atomistic approach as described by 
Gunnarsson (2018). 

 The scope of this research is an integration 
and intersection between multiple fields of study. 
The main ones are architectural (parametric) 
design, mathematics (computational design), 
structural design and computer science.

METHODOLOGY

 The methodological framework of this 
research is based on the common steps in the 
design process shown in Figure 1 which were 
described by Peffers et al. (2007, p. 53). 

be performed in two ways: digital graphics and 
physical models. 

 Following that is the verification and 
validation step. Verification can be done with the 
help of a Python algorithm focusing on testing 
the mathematical model. Validation focuses on 
ensuring the structural feasibility. It can be tested 
with the help of previously produced physical 
models. 

 After that, the research can take a set back 
to the previous stages where improvements are 
made. All of the phases are completed with the base 
of the extensive literature study for a theoretical 
basis.

 The final step – Communication will be done 
in the form of the completed research paper. 

 After considering these aspects and 
divisions, the framework for the research can be 
elaborated more (Figure 2).

Problem identification and motivation

Objectives of a solution

Design and development

Demonstration

Evaluation

Communication

Figure 1. Common design process elements. Done by author.

 Chapter 1 - Introduction has already 
covered the problem identification, motivation and 
objectives. An extra step – Evaluation is added 
after that. It focuses on the design of quality and 
evaluation criteria for the further work. 

 Design and development phase can be 
divided into two parts: design and development 
of the mathematical model and design and 
development of the algorithm. Demonstration will 

Problem identification and motivation

Objectives of a solution

Design and 
development of the 
mathematical model

Demonstration - Digital

Verification and Validation

Communication

Design and 
development of the 

algorithm

Li
te

ra
tu

re
 s

tu
dy

Demonstration - Physical

Figure 2. Methodological framework for this research. Done 
by author.

Evaluation
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METHODS
 
 Within the proposed methodological 
framework, the first phases are fulfilled by executing 
a literature study. In the design and development 
phase of the research two main methods will be 
used: topological design/topology optimization 
and gamification. 

 The process of topological design and 
topology optimization is roughly done in three main 
steps: pattern generation and tessellation (2D), 
pattern displacements and module extrusion and 
is based on the already existing study of Bitting et 
al. (2021). The next paragraph explains the process 
of research execution in more detail.

 As a starting point, a global grid with a few 
polyhedral cells subdivision should be decided upon. 
This ensures the possibility of designing several 
different shelter variations that can be constructed 
using (some of the) same polyhedral block shapes. 
Afterwards, a simple shell 2D projection is placed 
within the global grid and a topological skeleton is 
found. The different tessellations are then explored 
and formed into the mesh subdivision. The next 
step is the mesh relaxation and form finding with 
the help of the dynamic relaxation method, force 
density method, thrust network analysis and 
the graphic statics. In the end, the shape of the 
structure is approximated by means of topological 
polyhedralization.

 In the further stage of the design 
development, the gamification method is used in 
order to find the different stacking variations for the 
modules but also to allow the possibility of playing 
with the blocks and create your own structures. 
The variations of the designed modules can be 
approached as a set where each block can be 
reproduced and stacked on each-other in any way, 
just like with the set of Lego blocks. As a starting 
point for the research, a goal of 20 maximum types 
of modules is set. 

 Software programs, used for this phase of 

the research are: Python, Autodesk Rhino and 
Grasshopper. For the digital demonstration, Adobe 
Photoshop and Procreate are used. Smaller scale 
physical models are produced for the physical 
demonstration and structural validation by means 
of casting the resulted blocks with the 3D printed 
molds.

 Structural evaluation can also be performed 
optionally with the help of the Karamba software 
program.
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PLANNING FULL YEAR

 The duration of the graduation project is 
one year. The organization can be broken down 
into different parts depending on the logics behind 
the division. Firstly, there are two major phases of 
the graduation: the research phase and the design 
phase. Even though according to the program these 
phases are taking exactly one semester each, in 
reality the research will definitely last until almost 
the end of the project and the design will start with 
the production of the first design concept, during 
the production of the research paper. 

 The organization can also be shown in the 
four main stages of the graduation: research plan, 
research paper, design and present. These also 
show some indication of the deliverables. 

Figure 3. Planning full year. Done by author.

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

September October November December January February March April May June

P1 P2 P3 P4 P5
Quartile 1 Quartile 2 Quartile 3 Quartile 4

Msc 3 Msc 4

Draft Research 
Plan

P1 Presentation

Graduation Plan;
P2 Presentation

P3 
Presentation

P4 
Presentation

Final Design;
P5 

Presentation

Research Phase
Design Phase

Research Plan Research Paper Design Present

Final Research 
Paper;

Final Research 
Plan;

 Figure 3 shows the full year planning, its 
possible divisions and the major deadline moments 
together with the indication of the mandatory 
deliverables. 

DESIGN PART AND RESEARCH PART

 The research paper will attempt to answer 
the previously explained research questions. 
However, more design related questions need to 
be investigated at the same time. Figure 4 explains 
the relations between the design part and the 
research part of the graduation project. It shows 
once again that they go simultaneously and focus 
on different aspects of the design. Towards the end, 
these two parts merge into one in order to continue 
the design-evaluate process and produce the final 
design of the modular shelter.

 Making a planning for the graduation 
project is crucial to structure the work, understand 
the position of deadlines and have a clear 
understanding of the phases and tasks. Because 

of that, several organization diagrams were made, 
focusing on different scales and aspects of the 
project.
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Preliminary 
Research

Context (History, 
topography, climate, 
demography, 
infrastructure);
Culture;
Available materials;
Recent catastrophy

Study of earthy 
construction materials;
Study of composition 
of earthy blocks

Study of ways of production 
of earthy blocks

Investigating transportation 
possibilities

Investigating the ways 
to implement (more) 
sustainability aspects:

Can it be Carbon neutral? 
Can it be energy neutral? 
Can it be more safe 
(bulletproof etc)?

Problem statement

Investigation possible 
social intervention

Investigation possible 
technical intervention

Main research question:

How can we design modular 
shelter structures using 
topology optimization and 
gamification principles?

Sub question 1:

How does topology 
optimization influence the 
shape of the modules?

Sub question 2:

What are the different 
variants of modules 
assembly to get different 
sizes/types of shelters?

Methodological framework

Methods 1 Methods 2

Research conclusions 
& Preliminary design

Design Evaluation

Final Design

Reflection

Design Part Research Part

Evaluation & 
Reflection

Figure 4. Design part VS Research part. Done by author.10



Writing the 
Research Plan

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4

September October November December January
P1 P2

Quartile 1 Quartile 2
Msc 3

Choosing topic
Choosing 

design 
and 

research 
tutor

Choosing 
context

Problem 
statement 

and 
Research 
questions

Study of cumputational design methodologies and 
programming

Spatial computing in architectural design minor

Study of the 
maths behind 

the design 
solution

Working in 2D
Working in 3D

Research question 1 Research question 2
Writing the Research Paper
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Literature study

Figure 5. Planning research (First semester). Done by author.

PLANNING RESEARCH (1ST SEMESTER)

 The more elaborated planning for the first 
semester and the production of the research paper 
is shown in Figure 5. This half year is divided into 
several stages of work to ensure the delivery of 
the final product on time. An extra course - Spatial 
computing in architecture is added during the 
second quartile to the planning as the essential 
part of building the knowledge to conduct this 
research.

11



12

Bitting, S., Nourian, P., Azadi, S. (2021). 
Reconfigurable Domes: Computational design of 
dry-fit blocks for modular vaulting. Computational 
design, volume 1, 263-274. http://resolver.tudelft.
nl/uuid:084745d2-25a5-4b23-bcfa-9c6db57f0350.

Gunnarsson, R. (1998). Philosophy of Science. 
Science network. https://science-network.tv/
philosophy-of-science/.

IDMC [Internal Displacement Monitoring Center]. 
(2021). Afghanistan. Retrieved October 9, 2021, 
https://www.internal-displacement.org/countries/
afghanistan.

International Rescue Committee. (2021). IRC: 
Internal displacement in Afghanistan has soared by 
73% since June. Retrieved October 9, 2021, https://
www.rescue.org/press-release/irc-internal-
displacement-afghanistan-has-soared-73-june.

Nawid, R., Parashar, D., Saha, S. (2020). Traditional 
housing of Afghanistan. International journal of 
creative research thoughts (IJCRT), volume 8, 
1216-1224.

Nourian, P., Azadi, S., Hoogenboom, H., Sariyildiz, 
S. (2020). EARTHY: Computational Generative 
Design for Earth and Masonry Architecture. 
RUMOER, issue 74, 47-53.

Peffers, K., Tuunanen, T., Rothenberger, M., 
Chatterjee, S. (2007). A design science research 
methodology for information systems research. 
Journal of Management Information Systems, 
volume 24(3), 45-77. https://doi.org/10.2753/
MIS0742-1222240302.

United Nations Department of Economic and 
Social Affairs. (2021). Sustainable Development. 
Retrieved October 27, 2021, from https://sdgs.
un.org/goals/goal11.

UNHCR [United Nations High Commissioner for 
Refugees]. (2021). How many refugees are fleeing 
the crisis in Afghanistan? Retrieved October 9, 2021, 

Bibliography

https://www.unrefugees.org/news/how-many-
refugees-are-fleeing-the-crisis-in-afghanistan/.

United States: Library of Congress Country 
Studies. (August 2008). Country Profile: 
Afghanistan. Retrieved October 9, 2021 from 
Wayback Machine Internet Archive, https://web.
archive.org/web/20140408085103/http://lcweb2.
loc.gov/frd/cs/profiles/Afghanistan.pdf. 


