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Preface 
This master thesis is the end result of a graduation study at Eindhoven University of Technology, 
faculty Structural Design, Chair Product Development. The theme of this thesis is the development of 
a universal shape forming method for shelter relief and is carried out by Michiel Lambriex and Yoni 
de Boer. The research is situated in the atelier of ‘Smart Skins’, guided by ir. G. Lindner, prof. Dr. –Ing. 
P.M. Teuffel and ir. A.D.C. Pronk. 
 
Personal interest in emergency relief and social relevance of sheltering combined with high end 
technology of smart skins resulted in an ambitious research in which we have tried to change the 
traditional process of disaster aftermaths. We did this by focusing on a particular part within the 
shelter industry and developed a component which is able to envelope a shelter structure with a 
universal shape independent membrane. 
 
This research is a completely new approach of enveloping shelter structures with a membrane, 
therefore we cannot state and conclude this study has been completed. It can be considered as a 
start and eye-opener, a possibility to improve the shelter industry. We hope to arouse interest on 
this topic for students to continue in this field and improving our system as well. 
 
It has been a turbulent year with many struggles. Establishing and defining our own research proved 
to be the most difficult activity what has cost us a lot of time and effort. After all we can conclude, it 
was also the most informative activity and a very valuable learning period. 
 
First of all, we would like to thank our graduation committee, prof. Dr. -Ing.  Patrick Teuffel, ir. Gerald 
Lindner and ir. Arno Pronk for their helpful insights, critical view and for sharing their knowledge and 
assistance during this project.  A special thanks goes to Gerald Lindner who guided us in a great way. 
We would also like to thank the secretariat of the faculty Structural Design for providing a perfect 
working environment for us. 
 
Finally, we would like to dedicate this research to a special person, Onno Lange. Together, we started 
this graduation adventure and in our mind we will finalize this course as well. 
 
Michiel Lambriex & Yoni de Boer 
 
Eindhoven, November 19, 2015 
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Summary 
Nowadays, high end technology is indispensable within the built environment. Building envelopes 
that can react to several stimuli, process this information and eventually respond and adapt to these 
stimuli in an intelligent manner are very common. Such buildings are mainly found in developed 
countries like the Al Bahar Towers in Abu Dhabi or the Esplanada Theatre in Singapore. The literature 
review, which has been done within this research, unveiled a gap in the purist academic usage of 
these so-called “Smart Skins”. 
 
It seems that the term “Smart” is used incorrectly and frequently put before products, ideas and 
concepts only to make it more attractive. This ensures a big gap between the marketing expression 
“Smart” and the definition literature gives involving the true meaning of “Smart”. Besides those 
controversies, it is a fact that these so-called “Smart Skins” ensure new possibilities, whether they 
are really may be specified as “Smart” or not. 
 
One of these possibilities is the extent to which “Smart Skins” can be applied within less developed 
regions or areas with very different interests, disaster areas to be exact. A subject that enables totally 
different priorities than for example ‘high end technology’. By means of combining both subjects, an 
interesting research field will be drafted, 
 
Within this research field, a method to deform a single size membrane towards different types of 
shelters is attempted to design. By this, a solution will be drafted for the fact that there is no 
universal shelter structure that is suitable for every emergency response. Developing a method 
which makes it possible to envelop multiple kinds of shelter with the same universal membrane will 
be another ‘new’ approach of “Smart Skins” within a totally different context, the context of 
“Sheltering”. 
 
The goal of this research is to develop a mock-up in which a component is able to transform a 
universally applicable format of membrane to different shapes of support structures, without 
permanent deformation of this membrane. To manufacture this mock-up the main focus of this 
master thesis lies on the design and development of the system component, therefore most 
common and obvious components have been discussed, analysed and tested comprehensively.  
 
This thesis describes the different steps that are followed in order to achieve the desired end results. 
It starts with an abridged version of the literature review combined with the context of “Sheltering”. 
Followed by the different elements within the scientific approach. The core investigation starts with 
a subdivision between the process, the strategy and the component, after which the component 
phase will be analysed comprehensively. Eventually, several models have been made to demonstrate 
the results of this research, finalized with some conclusions and recommendations. 
 
The outcome and results are based on a folding technique to deform a membrane into a three-
dimensional shape without permanently affecting this membrane. By this, a pleat will exist in which 
both folding lines must be connected to each others. To achieve this, a combination between a 
tendon system and a zipper system has been developed. 
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To be precisely, the component exists in essence out of four components. Two times an incised 
casing and two times a tendon with flap (and additional connecting element). A zipper is attached to 
this tendon-flap. By this, it becomes possible to create a zip connection (within the membrane) in a 
way it is not necessary to attach this zipper in a permanent manner to the membrane (by the use of 
an Anylock system). 
 
It can be concluded that this research is a totally different approach of the term “Smart Skins”. The 
outcomes, on the other hand, are very positive, the manufactured mock-ups proved to function as 
they  were designed and provide a solid base for further development. Yet, there is still plenty of 
space to expand this research and to develop further on within this topic. 
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1. Introduction 

This chapter provides an introduction into the research topic which will mainly be focused on the 

amalgamation of the subject “Smart Skins” with the context of “Sheltering”. The combination of 

both topics will be the starting point for further research. 
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Figure 1.1: Al Bahar shading facade system by Aedas Architects. (Aedas Architects, 2012). 

Figure 1.2: Use of shelters in emergency situations.(IFRC, 2008). 

1.1 Background 
Since the beginning of our literature review, we did a theoretical investigation into the topic of 
“Smart Skins”, a concept which is increasingly used to indicate the future of the façade industry. 
However, most of the time this term is used incorrectly, since “Smart” is frequently put before 
products, ideas and concepts only to make it more attractive. The literature review unveiled a gap in 
the purist academic usage of the terminology of “Smart Skins” as opposed to the marketing term. 
This research concluded that there are no “true” “Smart Skins” at the moment, that the smartest 
skins that are realized react (with fixed responses) towards stimuli, in order to reach durable and or 
aesthetic results. Also, different viewpoints about what “Smart” is and what a “Skin” is, make it 
difficult to create an unambiguous definition of a “Smart Skin”. This makes this topic inconclusive but 
therefore interesting and challenging. 
 
An example of a building façade that supposedly meets the requirements to call itself “Smart” are 
the Al Bahar towers in Abu Dhabi, shown in Figure 1.1. 

 
To follow up our theoretical research, it is important to translate the results into practice. A suitable 
context was necessary and therefore the social relevance became our mainspring. “Sheltering” 
seems to be the most suitable application for further research, besides a big challenge to integrate 
the complexity of the subject “Smart Skins” with the simplicity of the context “Sheltering”. 
 
Before the project formulation is clarified, 
both subjects will be more extensively 
explained. First, the most important items 
will be recalled from out the literature 
review, followed up with the context of 
“Sheltering”. 
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Figure 1.3: Examples of products which claimed to be “Smart”, FLTR: the “Smart” watch (Sony Mobile Communications, 
n.d.), a “Smart” board (Jotronics b.v., n.d.), and a “Smart” phone (Debnath, R, 2015.). 

1.2 “Smart Skins” 

1.2.1 Introduction 
Nowadays technology is not the limiting factor anymore, since it offers plenty of opportunities for 
design and development of a new generation of high-performance building envelopes. Building 
envelopes that can react to several stimuli, process this information and eventually respond and 
adapt to these stimuli in an intelligent manner. There are many possibilities to explore and eventually 
integrate in the new generation of building envelopes.  
 
As mentioned before, “Smart Skins” is a concept which is increasingly used to indicate the future of 
the façade industry. Point of discussion is the fact whether these façades may be referred to “Smart”. 
The same discussion applies for products, ideas and concepts, which often be claimed to be “Smart”, 
as in Figure 1.3 can be seen. 

 
 
 
 
The use of the word “Smart” within these products is done to attract a specific audience and to make 
them more attractive. This is often done without proper understanding of the concept “Smart” and 
what properties a product, concept or idea needs to have in order to be called “Smart”. This term 
also generates a certain line of thought or idea that often matches with terms like “Intelligent”. This 
link is not necessarily problematic, however, when the link is made with the building façade industry 
it can cause confusion. 
 
Innovation and an increasing progression ensure that the building façade industry has to come up 
with new ideas and concepts.  A “Smart Skin” is one of these innovative concepts. There is however 
no unambiguous definition about whether a skin is “Smart” or not. To figure out what is necessary to 
be called “Smart”, a research has been done in order to determine the academic value of smartness, 
the hierarchy behind it and what features belong to “Smart”.  
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1.2.2 Different forms of adaptability 
Lelieveld (2013) and Thun & Velikov (2012) 
mentioned several concepts of adaptability, these 
are used in both architecture and engineering. 
Based on the degree of adaptability the 
complexity increases from bottom to top. 
 
All these concepts belong to adaptable 
architecture, meaning that specific building 
components can adapt according to certain 
stimuli, like input from the user or environmental 
aspects. The different forms of adaptable 
architecture will be explained below. 
 
Flexible architecture 
When flexible architecture is discussed, one has 
to think about architecture that is free of shape, 
colour, light intensity, acoustics and temperature. All these aspects need to be separately adaptable.  
 
Active architecture 
Active architecture is completely controllable and depends on the user input. A predetermined 
action is performed when the user gives a command or instruction.  
 
Dynamic architecture 
Dynamic architecture mainly focuses on the built environment that can adapt to varying user needs, 
changing environmental conditions and design wishes and ideas. When this is translated to the 
building envelope, it needs to change its configuration by means of detection and reaction without 
any manual action by the user itself. In order to accomplish this, this form of adaptability is 
programmed beforehand. 
 
Interactive architecture 
Interactive architecture is related to the physical change of the architectonic space. Input by the user 
or surroundings generate an immediate response. Communication between the user or surroundings 
and the building envelope is required to achieve this. The difference between dynamic architecture 
and interactive architecture is that interactive architecture has the possibility to remember. 
Therefore, a situation that has happened in the past will generate an immediate response by the 
building envelope. 
 
Intelligent architecture 
This type of architecture responds to its user and surroundings on a higher level, meaning in a more 
sensitive and supporting manner. There is more interaction between the user preferences and the 
environment (stimuli) in which collaboration plays an important role. The building envelope itself 
determines if it responds, when it responds and in which way it responds. In this way it has the 
possibility to learn from the user and the environment. 

FLEXIBLE 

ACTIVE 

DYNAMIC 

INTERACTIVE 

INTELLIGENT 

SMART 

Figure 1.4: Increasing complexity based on the degree of 
adaptability. 
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Smart architecture 
Smart architecture is even a step further than intelligent architecture. This type of architecture has 
the potential to grow, evolve, adapt and even to learn from itself. The big difference between 
intelligent architecture is the learning capacity, whereas intelligent architecture learns from the user 
and the environment, smart architecture is able to learn from itself and because of this it can evolve 
over time. 
 
In the short descriptions of the different types of adaptable architecture it is clear that it is possible 
to distinguish actual differences. This is shown in Figure 1.5. Within the different circles of this “onion 
scheme” the corresponding capacities are shown. This scheme shows the degree of complexity from 
small to large, where the complexity increases with circle size. 

Grow 
Evolve 

Learn 
(from themselves) 

SMART 

Process 
Collaborate 

Learn 
(from users & environment) 

INTELLIGENT 

Communicate 
Remember 

INTERACTIVE 

Detect 
React 

DYNAMIC 

Figure 1.5: Onion-scheme of different forms of adaptability. 
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To indicate an example, the subject “Smart” textiles will be referred to the onion-scheme (Figure 
1.5), wherein it is indicated that it is important to respond to stimuli from the surroundings by, in this 
case, adapting the structure of the textile. Since an actuator is present that responds to stimuli from 
the surroundings, it is called a “Smart Textile”. However, according to Figure 1.5, such a “Smart 
Textile” will not advance beyond the first circle making it a “Dynamic Textile”. This shows that the 
concept “Smart” is way more elaborate and more complicated than is initially presumed. 
Within the designing disciplines the term “Smart” usually relates to separate materials. Hereby ome 
of the most important characteristic is the ability to transform its physical properties and / or shape, 
or the exchange of energy without the use of an external energy source (Brinks, Overbeek, & Koers, 
2009). Most of the time these materials need to detect certain stimuli, process these stimuli and 
eventually respond to these stimuli. When these functions are actually processed, the so called 
“Smart Materials” take a step towards the intelligent part of the onion scheme. However, one more 
step is needed in order for the “Smart Material” to become truly “Smart” (Thun & Velikov, 2012). 
This step is associated with the requirements that the materials, product or system needs to fulfil; to 
learn from itself and to grow and evolve, as shown in Figure 1.5. 
All the notions mentioned above can be related to organisms and other ecological levels. People, 
animals and plants have all evolved over time. They adapted themselves due to genetic variation, 
reproduction and natural selection to survive in a changing habitat. In this way they experienced a 
certain grow and unconsciously learned from themselves. 

1.2.3 Conclusion 
It can be concluded that there is a big gap between the marketing expression “Smart” and the given 
definition from out the literature, involving the true meaning of “Smart”. The onion scheme is the 
interpretation of what literature writes about smartness (levels of adaptability). The literature is, 
however, not clear about the right interpretation of the levels of adaptability. Can a system be 
considered as intelligent when it is not able to communicate with its stakeholders? In other words: 
does a system has to possess all properties of the underlying levels of adaptability in order to be 
labelled as the system in which the highest levels of adaptability can be categorized? 
Over all, high end technology skins are assumed with “Smart Skins” and it is a fact that these so 
called “Smart Skins” ensure new possibilities, whether they really may be specified as “Smart” or not. 
However, the question is whether a “Smart Skin” has to be designed with high end technology? 
To answer this question, a link has been established with the topic of “Sheltering”. A topic in which 
contrary demands are more important. By means of combining both subjects, an interesting research 
field will be drafted. 
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1.3 Sheltering 

1.3.1 Introduction 
Worldwide disasters, both natural and man-made, are occurring more frequently in the last 30 years. 
Intense climate changes are the cause of these disasters. Climate change related weather events 
triggering both an increase scale of natural disasters and more small-medium size events. In addition, 
people are moving more and more towards the city which leads to urbanization. For five years, over 
half the world’s population lives in cities and towns, that means in an urban contest, with the 
difficulties that it implicates in case of a disaster. Finally, the problem of social and economic 
marginalization, which involves the vulnerability of people that face marginalization. The capacity 
that they will have to cope to a disaster situation will be small or almost inexistent. (International 
Federation of Red Cross, 2010). 

 
 
The factors mentioned above, make that there will be an increased shelter risk. The combination of 
climate change, increased urbanization, continued migration, and marginalisation of, in this case, the 
most vulnerable people, will create a growing demand for quick and effective response to large scale 
catastrophic weather events as well as attention to more frequent small-to-medium disasters. 
 
Emergency relief is one of the most important requirements in areas where disaster has struck. 
Distinguish the different phases after a disaster occur is important for the development of a shelter.  
(Gijsbers, 2013) 

Moment of disaster 

Emergency shelter Transitional shelter Permanent housing 

1 year > 10 years 

Figure 1.7: Different phases after a disaster occur. 

Figure 1.6: Climate changes, one of the causes that create a growing demand for quick and effective response (Eastcott, 
M/Corbis, 2010 & Cheyenne Group LLC, n.d.). 
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Figure 1.7 shows the shelter response in combination with a period of time. This response is 
understood as a continuum process, where all the different components are overlapping and can be 
developed simultaneously. The first people who react / response to a disaster are the people 
themselves, later when mechanisms are in place people receive support from government and 
agencies. They go through a process that includes all the different components: Emergency, recovery 
and development. This is not a sequential process of one after the other, it is a continuum process 
where each phase include the previous one. Recovery starts on day one after a disaster. Not all the 
people take the same route through this process. Some go directly from self-recovery to permanent 
housing others go through all components / phases. (International Federation of Red Cross, 2010). 
 
In the specific case of post-disaster sheltering, shelters are often used for years, even for 
generations; while, according to the international protocol, the maximum period for using an 
emergency shelter ought to be between 18 and 36 months. Transitional shelters are shelters that 
bridge the interim period between being forced to leave home and achieving a durable shelter 
solution (Kinderen & Klos, 2009). Important to know is the fact Refuge Crises takes longer and longer. 
UNHCR estimates that the average refugee crisis now takes about twenty years, compared to nine 
years in 1993. In total, more than six million refugees worldwide live in this kind of protracted 
refugee situations (Vermeulen, 2013). 
 
For this research, the focus will be on the first phase after a disaster occurs, the emergency phase. 
This is the most critical period in which the affected people are designated on external aid. In order 
to understand what exactly takes place in this phase, several emergency shelters are investigated in a 
so called case study research. 

1.3.2 Case study research (Appendix C) 
In combination with the knowledge found in literature, cases are investigated to substantiate this 
knowledge. According to Paragraph 1.3.1 there are three phases in sheltering. Each shelter phase 
with its corresponding duration. As said, the focus will be on the emergency shelter phase and cases 
of this phase were found in five books: 

- Shelter Projects 2008 (Ashmore, Fowler, & Kennedy, 2008) 
- Shelter Projects 2009 (Ashmore, Shelter Cataloque 2009 EN, 2010) 
- Shelter Projects 2010 (Ashmore, Shelter Projects 2010, 2012) 
- Shelter Projects 2011-2012 (Ashmore, Shelter Projects 2011-2012, 2013) 
- Shelter Projects 2013-2014 (Fowler, 2014) 

 
These documents are compiled by IFRC, UN-HABITAT and UNHCR and form a base of knowledge in 
reality. The information which is provided by the books is related to all kind of influences in situation 
of providing shelter. Recurring themes like which kind of support, settlement options, land 
ownership, phase of response, scale of program, labour, logistics and supply, assistance methods, 
shelter design and shelter size, are discussed. Not all of these themes are relevant in service of the 
building related consequences in case of sheltering. Therefore the discussed case-studies are 
analysed only on the building engineering related themes. Additions are made to themes that could 
be relevant but were not provided in the “Shelter Projects” books. The relevant themes are: 
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- General information: 
- General description of project; 
- Timeline of emergency response; 
- Technical information: 

o Type of shelter; 
o Size; 
o Building system; 
o Materials; 
o Provision of materials; 
o Labour provided by; 
o Strengths of the project; 
o Weaknesses of the project; 

- Building engineering aspects; 
- Visuals; 

Some themes require additional explanation. The general information can be divided into several 
elements like for example the type of climate which is important to draw conclusions between the 
design and materials implementations that were taken. The type of climate is determined by the 
World Map of Köppen-Geiger Climate Classification (Kottek, Grieser, Beck, Rudolf, & Rubel, 2006) 
seen in Appendix A. The soil regions are determined by the Global Soil Regions Map (USDA NRCS, 
2005) conducted by USDA & NRCS as seen in Appendix B. Duration of the shelter phase concerns the 
duration of the construction time of the whole project. There is not always information available on 
the duration of residence in the certain type of shelter. Where possible the duration of residence is 
provided in the timeline of emergency response. 
 
The analysed cases can be found in: Appendix C. 
Overview of projects: 
Emergency shelter: 
1998 - Eritrea - Shelter      Shelter Projects 2008 
2006 - Jogjakarta - Earthquake     Shelter Projects 2008 
2007 - Peru – Earthquake    Shelter Projects 2008 
2008 - Myanmar – Cyclone    Shelter Projects 2009 
2010 - Haiti – Earthquake    Shelter Projects 2010 
2011 - Tunisia - Conflict in Libya    Shelter Projects 2011-2012 
2012 - Burkina Faso – Conflict    Shelter Projects 2011-2012 
2012 - Myanmar – Conflict    Shelter Projects 2013-2014 
2012 - Peru - Flooding and Land Slides   Shelter Projects 2011-2012 
2013 - Central African Republic – Conflict  Shelter Projects 2013-2014 
 
The next page provides an example of one of the eleven case studies. 
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Example of case study 

Eritrea – 1998 onwards - Conflict 
Emergency: 
Duration: 
Location: 
Climate: 
Environment: 
Kind of project: 
Number: 

IDP’s in refugee camps 
Over 10 years 
Eritrea 
Arid, Desert, Hot 
Entisols, inceptisols, Ultisols 
Providing shelter materials 
22.873 tents & 34.018 plastic tarpaulins 

Project description: The agency in this case study was the 
main provider of shelter and non-food item (NFI) 
assistance. The provision of durable shelter items was not 
possible due to political interests in ensuring that the 
camps were temporary. As a result, IDP’s often adapted the 
emergency shelter items they received in order to improve 
their living conditions. 

Emergency shelter Transitional shelter Permanent housing 
> 10 years 

Shelter: 
 
Size: 
System: 
Materials: 
 
Provision: 
Labour: 
Strengths: 
 
 
 
Weaknesses 

Temporary emergency shelters (some 
remained for > 10 years) 
16m2, after modifying up to 40m2  
Tents structures 
Tents, plastic tarpaulins, palm leaves, 
woven mats, rope, wood 
First distributions non-local, upgrades local 
Self-build 
+ Camp residents invested time and capital 
into the improvement 
+/- IDP’s created shelters that looked more 
like home than the given tents 
- No options for shelters due to authorities’ 
decision to keep camp temporary 
- Inability to use more durable materials 
- IDP’s adaptations caused cutting down 
large trees 

Building Engineering:   - Shelter provided too little coverage - Walls were same  
- Short lifespan of materials, tents  - Timber frames were inefficient in  materials as the  
Rotten, blown away, or caught fire;     use.     roof; 
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1.3.3 Conclusions 
Within the field of previous occurred disasters, some case-studies have been analysed. These cases 
are different in kind of disaster and in what way response is given to the affected people. The 
similarity in these cases is that they all found in the emergency shelter phase. 
If a disaster strikes there are two kinds of scenarios of responds that can take place. Most of the time 
these scenarios are related to the kind of disaster that has occurred. If a man-made disaster (conflict 
for example) has taken place, the refugees or International Displaced People (IDP) are located within 
an emergency camp. The emergency shelters in Haiti (2010) (not a man-made disaster) and Tunisia 
(2011) are being constructed as a tent, most of the time provided by an organisation. Since the camp 
has to be set up in a very short time span these shelters are very simple to erect but by that cause 
also very fragile. The first function of an emergency camp is to provide shelter. In the first days or 
weeks the tents are able to provide protection against the environmental influences in the most 
basic form. But after several days or weeks the refugees or IDP’s getting used to the minimal 
protection and demand more functionality of their shelter. The fast and simple erected tents cannot 
comply with these demands and the beneficiaries make small adaptations to their shelter in the form 
of addition of materials or extension of the shelter, as seen in the case of Eritrea (1998) and Burkina 
Faso (2012). 
 
The other scenario is that a natural hazard strikes and the affected population remains with nothing 
more than their own land and some materials from their destroyed homes. In this situation the local 
families are helped in their first need to build a shelter. Concerning the materials that can be used to 
provide shelter is very dependent on the resources of the affected area and the type of emergency 
response. The local market or resources cannot always answer to the large demand of materials 
needed, this causes cost rises, depletion and by that cause even construction delays. On the other 
hand local materials are well-known by the population. With that benefit, people in the affected area 
are supported in the design of the shelter. The material provided by the organisation that is being 
used most of the time is a sheet of plastic, called tarpaulin. This tarpaulin can be used for different 
purposes, as roof cover, wall cover or rain collection (Myanmar, 2008). Addition of materials to the 
tarpaulin are being made to perform better in the certain climate, extra protection against solar 
radiation in Burkina Faso (2012). These additions are most of the time the local procured materials. 
In the very early beginning of the emergency response when the shelters need to be constructed the 
structure is made out of the local known materials, wood and bamboo. These materials are easy to 
construct with, as shown in Yogyakarta (2006), Peru (2007), Myanmar (2008) and Burkina Faso 
(2012). 
 
The emergency shelters in the case-studies give some clear findings on climatological aspects. In 
areas with a hot climate, covering against it is very important. Not only does the shelter needs to 
cover the inner living space, but also does it needs to cover up some outside space. This occurs in the 
cases of emergency camps, for example in Tunisia (2011), due to the lack of design input by the 
refugees. Since the inner space gets heated up due to solar radiation, people rather are in the hot 
environment with some covering than in a hot shelter (Tunisia, 2011). Another solution is to insulate 
or ventilate the shelter so the air within the shelter will not heat up fast. In the case of Peru (2007) 
woven bamboo mats provided perfect ventilation for the shelter skin. In areas with strong winds it is 
very important the shelter can resist these high wind loads. This can either be achieved with the right 
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design or with extra attention made to the connections of materials. Lack of wind resistant shelters 
results in unnecessary damage within a camp as previous occurred in Tunisia (2011), this case shows 
tunnel tents with a minimum of fixation to the ground. Other cases provided extra attention to the 
high wind loads, in a way the design could be adapted to the wind direction in Burkina Faso (2012) or 
the design of the shelter has the right structural properties to withstand the high wind loads in Peru 
(2012). Another very important climatological effect is floods. This effect could damage shelters in a 
severe way or even completely destroy them. In case of floods it is important that the shelter is 
raised from the ground, this is only possible if the construction poles are dug into the ground and a 
raised floor can be constructed. In Myanmar (2012) the construction of an emergency camp shows 
these adaptations of the shelter, noticing that the shelter is of high quality considering the design 
and material usage. 
 
Every emergency shelter situation has a different design, this depends on the materials that are 
provided and the environmental impacts. There is no such design that is suitable for every 
emergency response. In case of high wind loads a Tuareg tent (Burkina Faso, 2012) or dome-shaped 
constructions (Peru, 2012) can withstand these impacts. On the other hand they are labour intensive 
and need a lot of materials. Tunnel tents are easier to erect but are less durable (Tunisia, 2011 and 
Haiti, 2010). Traditional house shaped shelters (vertical walls with monopitch or pitch roof) are seen 
as more durable according to the more solid used materials in the structure. Solid materials used in 
the skin results in a sense of safety for the inhabitants according to the case of Peru (2007). 
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1.4 Project formulation 

1.4.1 Introduction 
Paragraph 1.2 describes the characteristics that a concept or product (or in this case a skin) should 
have, in order to be called “Smart”. Subsequently, the context of sheltering has been highlighted in 
which other features become more important. Finally the conclusion can be drawn that the essence 
of sheltering is to cover as fast and as easy as possible with the least amount of material. To involve 
“Smartness” in the construction of emergency shelters could evolve the work of organizations in 
their emergency relief. 
 
Within this emergency relief, the shelter industry has become very important and as can be seen in 
the case study research, around the world all kind of different shape shelters are used in emergency 
relief. Below, five different forms of shelters are displayed, they differ not only in shape but also in 
size. 

Figure 1.8: Five examples of different forms of shelters (IFRC, n.d. & Apolymorph, 2012 & UNHCR, n.d.). 
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1.4.2 Formulation 
What if we could design a method to deform a single size membrane towards different types of 
shelters, like the shelters displayed in Figure 1.8 for example. In this way we like to change the 
conclusion that has been outlined in Paragraph 1.3.3 that said there is no such design that is suitable 
for every emergency response. In addition, we think it is interesting to develop a method that makes 
it possible to do this in way in which it is not necessary to affect the membrane permanently. Figure 
1.9 below illustrates this project formulation. 

Figure 1.9: Illustration of the project formulation. 

Example of two 
shelter structures 

Universal 
membrane 

Using the same 
membrane to 
envelop 
different types 
of shelters 
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1.5 Summary 
This research consists out of a combination between the literature research, that has been done 
during Master Project 3, complemented with the subject of sheltering that serves as the context 
behind the “Smart Skin” theory. 
 
Most important conclusion that has been drawn out of the literature research is that most of the 
time the term “Smart” is used incorrectly and frequently put before products, ideas and concepts 
only to make it more attractive. This ensures a big gap between the marketing expression “Smart” 
and the definition literature gives involving the true meaning of “Smart”. Besides those 
controversies, it is a fact that these so called “Smart Skins” ensure new possibilities, whether they are 
really may be specified as “Smart” or not.  
 
To provide a personal thought to the meaning of “Smart Skins” we delved into the field of Sheltering. 
A subject that enables totally different priorities than for example “high end technology”. By means 
of combining both subjects, an interesting research field will be drafted. 
 
Within this research field we attempt to design a method to deform a single size membrane towards 
different types of shelters. In this way we like to provide a solution for the fact that there is no 
universal shelter structure that is suitable for every emergency response. Developing a method 
which makes it possible to envelop multiple kinds of shelter with the same universal membrane will 
change this principle. 
 
In the next chapter the scientific approach will be clarified, in here the problem description will be 
discussed supplemented with the research question and goal of this graduation thesis. 
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2. Scientific approach 

This chapter gives an introduction about the research focus, problem statement, goal, research 

questions and its relevance. A conceptual model will indicate which steps needs to be done in 

order to accomplish a proper end result.  
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2.1 Introduction 
This chapter is written towards presenting a clear vision on the problem statement, goals, objectives, 
and the relevancy of this graduation project. This graduation project will be conducted in order to 
gain the ‘’Master of Science’’ degree within the track of Building Technology of the department of 
Architecture, Building and Planning at the Eindhoven University of Technology. This course is 
however adopted and therefore supervised by the department of Structural Engineering.  
 
As mentioned in the previous chapter this research will be a combination of the complexity of the 
subject “Smart Skins” with the simplicity of the context “Sheltering”. Within this research, a 
component will be proposed in which an “other”, more simplistic way of creating a “Smart Skin” will 
be elaborated into the context of “Sheltering”. 

Figure 2.1 is a simplistic representation of the research area we will focus on. Both subjects are 
discussed in the previous chapter. Within the context of “Sheltering” we will not design and develop 
another shelter, like many people did before. The area we will focus on is the preliminary process, in 
which aspects like transport, time, costs and sustainability become more important in conjunction 
with the shelter itself. Figure 2.2 shows a schematic overview of this approach. 

    

Thousands of 
people become 
homeless 

Emergency relief from 
First World countries 
is necessary 

As much as possible 
shelter materials per 
batch 

Assemblage as simple 
as possible 

Figure 2.2: Schematic overview of research approach. 

Smart Skins Sheltering 

Research focus 
Figure 2.1: Research field (Megapolis, 2012 & More Prepared, 
n.d.).  
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Different phases after a disaster can be distinguished. This shelter response is understood as a 
continuum process, where all the different components are overlapping and can be developed 
simultaneously. The most crucial phase is the period directly after the disaster occurs. In addition to 
the many injuries and fatalities among the affected population, thousands of people become 
homeless.  
 
In this first phase, the so called emergency phase, the supply from foods, drinking water and 
sheltering is necessary. Those resources should be delivered as fast as possible and in large quantities 
at the same time.  
 
When building up those refugee camps, it is of great importance that, the assemblage of a shelter 
should be as simple as possible. The local people must be capable to build up their own shelter in as 
few actions as possible. The concept of this research can be described as follow: 
 
Concept: 

- Enclosing the supporting structure of a shelter with a universal form independent membrane. 
 
This means wrapping a shelter structure with a membrane without unrepairable changing the 
original size, form and structure of this membrane. By this, locals must be capable to build up their 
own shelter on the most simplistic way and without using plenty of materials. 
 
In this way, it is also possible to reuse the membranes for other purposes and besides, the shelter 
skin will be replaceable as well. 

2.2 Problem statement 
As many people would not expect, the shelter industry is a very large comprehensive market. There 
is an annual demand for millions of shelters and in addition (Kinderen & Klos, 2009), the number of 
natural disasters will also increase every year. Reason enough to pay attention to this topic.  
 
Alongside the better-known aid organizations there are also plenty of commercial shelter providers 
with their own unique designed shelters. Those shelters are all different in shape, dimensions and 
structure. The problem is that these shelters perform well at one aspect but fail on many other 
aspects. Official aid organizations cannot use these shelters because the producers can provide no 
guarantees on the correct functioning of the shelter. By means of this conclusion, the following 
problem statement is compiled: 
 
Focus in the field of emergency relief is mostly specified on the development of shelters instead of 
more relevant aspects like transport, assembly, simplicity and sustainability. Besides, membrane 
enclosures for shelter support structures are produced for just the consistent use nowadays. This 
leads to a lack of generalization of membrane enclosures regards to different forms of shelter support 
structures. 
 
More and more, it seems to be a trend to develop a shelter. Hereby, the real problem areas are 
overlooked. By this, the final goal to help the affected people has been nullified. 
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Figure 2.3: Several membrane connection possibilities (Coffee Tonya, 2015 & Visix, n.d. & Zeildoekshop, n.d.). 

2.3 Purpose 

2.3.1 Goal 
In this research existing membrane connection techniques will be explored, analysed and elaborated 
in order to develop a component that is able to transform membranes to a specific shelter shape. In 
this way a combination will be accomplish between “Smart Skins” and “Sheltering”. In the first place, 
the main goal of this research is to develop a proof of concept of the component. In Figure 2.3 
several connection possibilities are shown which will later be analysed within this research. 

 
To provide a complete description of the purpose of this research, it will be stated as: 

- To develop a mock-up in which a component is able to transform a universally applicable 
format of membrane to different shapes of support structures, without permanent 
deformation of this membrane. 

In this way we want to demonstrate and propose a component / system which makes it possible to 
transform a standardized membrane in a way in which it is able to enclose a certain shelter structure. 
The challenge is to transform this membrane in a way that it can adapt to its original shape again, 
without permanent impairment of it. Second challenge is to propose different variations of 
transformations from one and the same membrane shape.  
 
The efficiency of the process before the assemblage of the shelter will be increased through 
sustainability, flexibility and simplicity, this eventually leads to a reduction of costs and time. This is 
of great importance within emergency relief. 

2.3.2 Objectives 
This goal has led to the following objectives: 

- Skin should not be compromised irreparably; 
- Skin can be placed around multiple forms bearing structures; 
- Skin has a universal size which is common for shelters; 
- Applying the structure of a skin in less than five to ten steps and without the use of 

complicated operations 
 
These objectives specify the way to achieve the main goal of this research. Subsequently, these 
objectives will be supplemented with demands, wishes and desires. 
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2.4 Research questions & Sub questions 
Starting point for every research is the research question. For this research, a main question has 
been set up with five related sub questions. These sub questions refer to the research model 
(Paragraph 2.5) and are important to answer the main question at the end of this process. The main 
question and related sub-questions concerning this study are the following: 
 
Research question: 

- How to enclose form-independent membrane shelter structures as simple as possible by a 
universal membrane without irreversible transformations to the membrane? 

 
Sub-questions: 

1. What types / shapes of shelters are used in emergency situations? 
2. How to deform the membrane to assume the shape of the shelter structure? 
3. How to ensure the membrane maintains its deformation? 
4. What improvements are needed in order to implement the previous results within the context 

of sheltering? 
5. Which developments are possible to increase the scope? 

 
At the end of this research the main question will be answered, therefore it is important to answer 
the sub-questions. For answering the sub-question, sub-studies are necessary. The sub-questions can 
be seen as a roadmap and therefore the research model (Paragraph 2.5) is based on these sub-
questions.  
 

2.5 Research model 
This research model describes the phases of research / design as well as the focus topics. The 
graduation project has started with the two focus topics “Smart Skins” and “Sheltering”, being part of 
the literature review. The first sub-question is linked to this part of the research model. 
 
Next, the concept of this research that is been subdivided into three elements. The process, in which 
the comparison is made between the traditional process and the new process. Subsequently, this 
phase will be continued with the method. In this phase the current used method of membrane 
bounding undergoes the translation towards the new method that will be achieved by the 
component. The second sub-question is linked to this part of the research model.  
Then the focus area of the research will be highlighted, described as the component phase that is 
part of the research strategy. Within this phase the demands, wishes and desires will be drafted. 
Several component analyses will be done in order to be able to choose a certain component for 
further development. Together with the test phase it can be seen as a cyclic process. The third sub-
question refers to this strategy phase. The three parts of the concept phase (process, method and 
component) are elements that succeed each other from a large scale to a specific scale. This means 
that within the process the underlying context is developed in a sophisticated way towards a specific 
focus area, the so called component phase. Eventually from out the strategy phase the preliminary 
design will be elaborated to a final design in which feedback towards the requirements is very 
important. 
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2.6 Relevancy 
To know the importance of this research the relevancy has been divided into the social relevance and 
the scientific relevance. 
 

2.6.1 Social relevance 
As said before, worldwide disasters, both natural and man-made, are occurring more frequently in 
the last 30 years. Families are torn apart, areas are largely destroyed and in many cases people losing 
their houses. After such a disaster occurs, those victims are often dependent on aid agencies, 
especially in the field of sheltering. These organizations have limited financial resources to provide 
disaster areas with shelters. Important aspect in this, are the costs per shelter. Therefore these 
organizations are not always capable to foresee disaster areas with enough shelters, especially in 
areas where many people are affected. Shelter inventories are built up by organizations but cannot 
respond to the unpredictable demand. 
 
Insufficient supply results in reproduction of these shelters, which involves time. Time is very 
precious in case of emergency relief. By providing a universal solution for a variety of situations, the 
costs per shelter can be reduced as well as the time to manufacture and also the transportation 
costs. The universal solution provides the people in need with the opportunity to construct their 
shelter as desired with the provided resources. Cultural expectations that lead to shelter shape 
requirements can be realized by the people in need themselves, without time-consuming 
explorations prior to the shelter distribution. 

2.6.2 Scientific relevance 
When it is possible to increase the efficiency of the treatment process of membranes by means of 
the development of a system that makes it possible to deform membranes without permanently 
transforming them, allowing 100% reuse of the membrane. The capacity of 100% reuse means that 
there is no external energy resource needed and the material retains its configuration. This may be 
an enrichment for the total membrane industry. Complex shaped surfaces can be achieved with 
standardized membrane sizes. The component which enables the anticipation towards changes 
supports the flexibility of the building enclosure. Wherein adaptations towards changes, in the 
support structure or the appearance of the building, are possible. Welding and stitching may be 
replaced by folding, this will reduce the risk of leakage and other building physics related aspects. 
Eventually, the entire process will have a positive effect on the costs. 
 
 
The next chapter will continue with the concept of this research. Within that chapter, analyses will be 
executed and conclusions can be drawn. 
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3. Concept 
 

The concept describes the research principle within this thesis. This concept is divided into the 

process, the method and the component. Within this subheading, the component phase will be 

the focus area in this research. 
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3.1 Introduction 
The previous chapter described the scientific approach of this research. To achieve the stated goal 
and objectives, within this scientific approach, a concept has been drawn in which a division is made 
between the process, the method and the component. 
In the process will be described what changes will be made compared to the traditional way of 
sheltering in disaster situations. The method describes which technique will be used to implement 
this change and eventually, on the basis of a design study, a component will be developed in order to 
complete this concept. 

3.2 The process 

3.2.1 Traditional process 
To work towards the final design of the component, the relevance and approach is of great 
importance within this research. In order to provide clarity, the traditional proceedings or phases 
have been identified. To realize a shelter in disaster areas, the following proceedings / phases are 
necessary (Figure 3.1): 

Figure 3.1: Traditional process. 
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This traditional process does not differ from other building processes. The main difference is that 
there are other interests in emergency situations. When disaster has struck, the most important 
thing is to help the affected people as fast as possible. 
Food and shelter are the two most important things to survive in the aftermath of a disaster. 
International agencies like the International Federation of Red Cross and Red Crescent Societies aim 
to provide shelter and food in disaster struck areas as fast as possible. The shelters they arrange are 
produced on beforehand to be able to be quickly deployed in emergency situations, with the result 
that the design of the shelter is mostly a one-size-fits-all with a limited durability of half a year up to 
three years (Coubergh van den Braak, 2014). 

3.2.2 New process 
The problem is that every emergency scenario differs from each other, due to this differentiation 
every aftermath is unique and requires a different approach. Therefore we have been researching 
the possibilities to change and improve the traditional approach and process. Resulted into the next 
process (Figure 3.2): 
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Figure 3.2: New process. 
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3.2.3 The editing phase 

Within the editing phase of the traditional process (Figure 3.3), different types of membranes will be 
customized and adapted to a particular type of shelter structure. Various operations are carried out, 
such as for example, cutting membranes to appropriate dimensions and patterns, stitching different 
patterns of membranes to each other, perforating the membranes or attaching different 
components to the membranes.  
 
All of these operations will permanently change the membrane and besides, for every type of shelter 
these operations differ from each other. This means that there is a lack of a universal approach and 
solution. 

3.2.4 Combination with the assembly phase 

Combining both phases (Figure 3.4) means that the untreated membranes will be distributed to the 
disaster area and will be customized on site. This leads to the following consequences; 
 
 
 

Editing  Cut to size Applying other essentials 

Figure 3.3: Editing phase. 

Fixation of the 
membrane 

Origami technique 

Assembling & Editing 

Figure 3.4: Editing phase combined with assembling phase 
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- Acceleration of the reaction time 
 After the production phase, membranes (on roll) can be packaged directly and transported 
 to the disaster area. 
 

- More involvement of the affected people 
Affected people are enabled to be involved in the customization phase of their own shelters. 
This means, the method to achieve the transformation of the membrane should be simple 
and thoughtful. 
 

- More membranes can be transported at once 
Transporting rolled membranes, instead of edited membranes, incorporate less space and 
therefore more membrane will fit in a cargo. 

 
Changing this process provides several advantages. On the other hand, the method that should be 
developed to achieve this new process, must ensure the affected people to be capable to carry out 
such proceedings themselves. 
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3.3 The method 
Basic principle is to involve the local people or affected people to assemble the required shelters. 
Therefore it is necessary to develop a simple, thoughtful technique. A method in which the use of 
additional resources should be minimized and to create the ability to adjust both shape and size of 
the membrane at any time.  

3.3.1 Folding principle 

It is assumed that the type of shelter is unknown and the period that the affected people need to 
survive in these shelters is unknown. Therefore, the technique is based on the fact that the same 
membrane (Figure 3.5) needs to be wrapped and folded around different shapes (Figure 3.6) (and 
dimensions) of shelter structures. An extensive shelter analysis can be found in Appendix D. 

To be able to envelope different types of shelters a folding method is used. By using a folding method 
it is not necessary to cut, stitch, perforate or attach different permanent components to the 
membrane to provide a skin to the structure. Without permanently affecting the membrane it 
becomes possible to reuse the membrane for another shelter structure but also for other purposes 
such as a groundsheet (no gaps or cuts within the membrane), an external wind sheet, water 
collection, etc.  

Figure 3.5: One membrane, limited in width but with a variable length. Using one membrane to envelope different types of 
shelters. Therefore the membrane needs to be folded around the shelter structure. 

Figure 3.6: Three examples of shelter structures that should be enclosed by the universal membrane. 
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A particular shelter structure must be enclosed with a universal membrane, as shown in Figure 3.7, 
the challenge is to enclose different flats (different in shape and dimensions). In this case, the shelter 
consists out of eight flats that should be enclosed with a membrane (Figure 3.8).  

To provide a skin (membrane) to the shelter, these flats have to be created from one and the same 
membrane (Figure 3.9). 

 
Figure 3.9: shelter pattern on a universal membrane. In this case one shelter structure has been chosen to illustrate how this 
method should work. 

Four roof flats Four side flats 

Figure 3.7: Enclosing a structure. 

Figure 3.8: A Three-dimensional structure ‘exploded’ towards two-dimensional shelter flats. 
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3.3.2 Different kinds of folds  
Four scenarios of different kinds of folds emerged from a pattern analysis (Appendix E); 

- Identical flats with rectilinear folding lines (Figure 3.10): 
When folding these folding lines, it is not necessary to create a fold. Within this scenario, the 

membrane needs to be wrapped directly around the shelter structure. 
- Identical flats with diagonal folding lines (Figure 3.11): 

In this scenario the flats are identical and the folding line will be in diagonal direction. That 
means the pleat has varying dimensions. 

- Non-identical flats with diagonal folding lines (Figure 3.12): 
Within this scenario, a pleat has to be created with a dissimilar centre pleat line. In this case, 
two different kinds of flats can be folded together. 

 

Pleat 
Centre pleat line 

Figure 3.11: Identical flats with diagonal folding lines. 

Irregular pleat 

Figure 3.12: Non-identical flats with diagonal folding lines. 

Figure 3.10: Identical flats with rectilinear folding lines. 

Folding line 
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- Circular flats with curved folding lines (Figure 3.13): 
The last scenario concerns the creation of a curved pleat, since one of the two flats are 
circular. The pleat line is there for an irregular curved pleat with a dissimilar centre pleat line. 
A combination of two circular flats is also possible but would not change the pleat creation. 

Matter of course, it is possible to cut the different flats out of the membrane and then stitching them 
together. As mentioned before, we consider it as a challenge to achieve the same result according to 
a different path. By means of creating folds we attempt to deform a universal membrane to different 
shelter shape structures. 

Figure 3.13: Unfolded pattern for tunnel-tent structure. 

Irregular curved pleat 
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3.3.3 From flat to shape 
To provide more clarity about this folding principle and why it is necessary to create pleats, this 
explanation will be continued with a principle in which two triangular flats have to be connected to 
each other to create a three-dimensional shape. 
 
Figures 3.14 & 3.15 demonstrate what steps have to be executed in order to deform a two-
dimensional flat into a three-dimensional shape. Two diagonal folding lines have been chosen in 
order to illustrate this proceeding. 

 
To create a three-dimensional shape out of a two-dimensional flat, both folding lines should be 
connected to each other (Figure 3.16). When performing this operation, the red area can be seen as 
a lost surface (the pleat). Thereby two separate issues arise, namely: How to create the pleat 
(bringing the two folding lines together)? And how could the folding lines be fixated together? 

 

Flat 1 Flat 2 

Folding lines 

Pleat Centre pleat line 

Figure 3.15: Three-dimensional flat. 

Flat 1 Flat 2 

Folding lines 

Pleat 

Centre pleat line 

Figure 3.14: Two-dimensional flat. 

Figure 3.16: Connecting of the two folding lines. 
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3.4 The component 
As far as, the occasion has been discussed. The next research will consider more closely the focus 
area within this thesis. This includes a design study towards a component which is able to create a 
pleat, fixates both folding lines without permanently deforming the membrane. To give impetus to 
this research a brainstorm analysis will provide more clarity on various possibilities to establish 
membrane connections. 

3.4.1 Brainstorm session 
A brainstorm session on the fixation of two layers of membranes has been carried out to get an 
insight in all different kinds of fixations. Different kinds of fixations came to mind on the different 
working methods of the fixation, since the fixation exists out of two steps. In what way could the two 
layers of membranes be brought together? And in what way could the fixation of the two layers of 
membrane be achieved. The following types of systems (Figure 3.17) resulted from the brainstorm 
session and are either a system that only brings the layers of membrane together or a system that 
achieves the fixation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Anylock 
2. Cable Wrapping 
3. Clip Clamp 
4. Clip Clamp Sealing 
5. Double Tendon Clam 

6. Hook and Loop 
7. Lacing 
8. Magnetics 
9. Metal Zipper 
10. Plastic Zipper 

11. Poster Clamming 
12. Pressure Zipper 
13. Tendon Rail 
14. Toggle Latch 

Figure 3.17: Overview of the brainstorm session. 
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Figure 3.18: Anylock (Coffee Tonya, 2015). 

3.4.2 Brainstorm analysis 
Each individual system (Figure 3.18-3.46) will be briefly discussed and a sketch of the working 
method will be provided. The sketch will give a simplified representation of the working method or 
the translation towards our concept of fixating the two layers of membrane. The systems will be 
discussed in alphabetical order. 
 
1. Anylock 
The Anylock system consists out of two elements that are designed to be fitted inside each other. 
The stick (or tendon) will be applied on one side of the membrane layers whereupon the open tube 
encloses the stick (or tendon) with the membrane. Due to the friction within the system, the fixation 
is achieved. 

 
2. Cable Wrapping 
The system of Cable Wrapping is related to the Anylock system. But in this system, the open tube is 
flexible in several ways. Flexibility in the circular direction gives the tube the possibility to open up 
and slide over the tendon (normally a bundle of cables) to enclose it with membrane. The flexibility 
in the longitudinal direction makes it able curve. 

Figure 3.20: Cable Wrapping (Bracawebshops, 2014). Figure 3.21: Cable Wrapping translation towards concept. 

Figure 3.19: Anylock translation towards concept. 
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3. Clip Clamp 
The Clip Clamp is constructed out of two identical jaws and one spring between them. This system 
creates point fixation, therefore several devices are needed to fixate a linear connection between 
two layers of membrane. 

 
4. Clip Clamp Sealing 
The Clip Clamp Sealing fixates two layers of membrane together by clamming two sides of the system 
together with a lock at the end of one of the two sides. By this action the membrane will be 
squeezed within the tight between both sides. Both sides are provided with ‘male’ and ‘female’ 
components. These ensure that the membrane is getting bended several times in the system and this 
result in friction. 

 

Figure 3.22: Clip Clamp (Click Retailing Ltd, n.d.). Figure 3.23: Clip Clamp translation towards concept. 

Figure 3.24: Clip Clamp Sealing (Alibaba Group 
Website, n.d.). 

Figure 3.25: Clip Clamp Sealing translation towards concept. 
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Figure 3.27: Double Tendon Clam translation towards 
concept. 

Figure 3.29: Hook and Loop translation towards concept. 

5. Double Tendon Clam 
The Double Tendon Clam consists out of an aluminium profile and two tendons. The membrane is 
temporarily fixated inside the profile with one tendon, the second tendon is then placed inside the 
profile and causes a fixation of the two tendons inside the profile, preventing them from falling out.  

6. Hook and Loop 
The hook and Loop fastening consist out of two different components. One component features tiny 
hooks and the other features tiny loops. These hooks catch the loops after they are pressed together. 
The needed forces are applied in the opposite parallel direction of the generated forces. 

 

Figure 3.26: Double Tendon Clam (Vos, G.J., 2007). 

Figure 3.28: Hook and Loop (Torresol Nederland b.v., 
n.d.). 
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7. Lacing 
Lacing is used in several ways to connect two sides together by use of a zigzag pattern of lines (most 
simple and common). Each line can be tightened individually and will bring the two sides more and 
more together. The needed forces are applied in small steps in opposite diagonal direction of the 
generated forces. 

 
8. Magnetics 
The property of Magnetics is that they attract each other when placed in the right position. The 
Magnetics can be used as a linear connection or as several point connections. 

 

Figure 3.30: Lacing (Eileen, S, 2012). Figure 3.31: Lacing translation towards concept. 

Figure 3.32: Magnetics (Apk Fun, 2014). Figure 3.33: Magnetics translated towards concept. 
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9. Metal Zipper 
The Metal Zipper uses identical so called locking teeth to bring two sides together, using a slider. The 
slider ensures that the both sides meet in the middle. After both sides have brought together the 
teeth lock into each other preventing both sides from slipping out. The needed forces are applied in 
the perpendicular direction of the generated forces. 

 
10. Plastic Zipper 
The Plastic Zipper has the same working method as the Metal Zipper but is different in the way it 
locks both sides together. The shape of both sides ensures that they lock into place as the slider 
moves over. This results in a locking method over the full length of the connection. The needed 
forces are applied in the perpendicular direction of the generated forces. 

 

Figure 3.34: Metal Zipper (Vectorstock, n.d.). 

Figure 3.37: Plastic Zipper translated towards concept. Figure 3.36: Plastic Zipper (Wholesale Plaza, 2015). 

Figure 3.35: Metal Zipper translated towards concept. 
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11. Poster Clamming 
The Poster Clamming is a system that uses two steps to achieve the fixation. First an adaptable 
profile is positioned on top of the membrane and pushed inside a stiff profile. Hereafter another 
profile is placed into the adaptable profile to prevent it from sliding out. 

 
12. Pressure Zipper 
The Pressure Zipper uses the same locking method as the Plastic Zipper, but without the use of a 
slider. The connection between both sides is achieved by sliding and press two fingers on the 
separate sides. By this action the different shapes are squeezed together and lock. The needed forces 
are applied in both the perpendicular and the 

opposite parallel direction of the generated 
forces.  

Figure 3.38: Poster Clamming (Visix, n.d.). 

Figure 3.40: Pressure Zipper (Multivac, n.d.). Figure 3.41: Pressure Zipper translated towards concept. 

Figure 3.39: Poster Clamming translated towards concept. 
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13. Tendon Rail 
The Tendon Rail system is often used in the membrane industry. This system makes use of a tendon 
which is inserted inside an aluminum profile. When the membrane is tensioned, the tendon will be 
pulled towards the opening in the aluminum profile and the membrane will be squeezed between 
the tendon and the aluminum profile.  

 
14. Toggle Latch 
The Toggle Latch consists out of two components that grab each other and tighten both sides 
together by using momentum within one component. By hooking the one side into the other and 
pressing the lock downwards. The needed forces are applied in small steps in vertical direction of the 
generated forces. 

 

Figure 3.42: Tendon Rail (Zeildoekshop, n.d.). Figure 3.43: Tendon Rail translated towards concept. 

Figure 3.44: Toggle Latch (The online industrial 
exhibition, n.d.). 

Figure 3.45: Toggle Latch translated towards concept. 
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3.5 Summary 
Most common and obvious components have been discussed. This brainstorm analysis will be the 
starting point for the following design study. Within this design study we will work towards a final 
design, a component that can achieve our goal and can answer our research question. 
Until now, the concept of this research has been discussed. This involves a change from the 
traditional process to the new process. A folding technique that will serve the method and the 
component phase, in which several analysis, studies and tests will be done in order to develop a 
manner to deform a membrane into a three-dimensional shape without permanently affecting the 
membrane. The following Figure 3.46 gives an overview of the steps that have been made in this 
chapter (left side of the red dotted line) and the transition to the next chapter (right side of the red 
dotted line). 
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4. Strategy 
 

By means of requirements, multiple analysis and test phases, this research will be refined and be 

specified. According to this strategy, several decisions can be made in the most responsible 

manner. 
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4.1 Introduction 
The founded systems and products in the brainstorm session all have their characteristic features on 
which they all differently perform. They were designed and developed for a specific purpose only. A 
transfer towards our concept of fixating two layers of membrane together will result in constraints 
for the founded systems. It is important to determine on which characteristics the system has to 
perform well using demands and wishes / desires, in order to transfer the use towards our concept. 
From there the products shall be analysed using a SWOT-analysis in Paragraph 4.4. Which will be the 
basic knowledge for a decision matrix (Paragraph 4.5) wherein the founded products and systems 
will be assessed on the composed demands. After that the best systems will tested and some 
unforeseen issues will be studied using a morphological analysis (Paragraph 4.7). The morphological 
analysis results in some system variants that will be reflected to the demands and this will result in a 
selection for a preliminary design (Paragraph 4.8). 

4.2 Demands 
The basis for a system or a component are the demands and wishes on which the system or 
component has to perform well. The demands are crucial for the development of the component in 
each phase of the design process. 
By far, the most important performance of the system is not included in the demands but is decisive 
for the translation of the system towards our concept. The system may not irreparable modify the 
membrane when fixation the two layers of membrane together, this means, no incisions or 
permanent attachments on the membrane.  
 
The following list of demands (Table 4.1) is divided into three sub-topics, simplicity, conservation and 
adaptability: 

- Simplicity:  The system is applied as simple as possible with the least effort; 
- Conservation:   When applied the system is able to retain the shape of the  

membrane; 
- Adaptability:  The system is able to adapt towards different appearances and  

mimic them as accurate as possible; 
Table 4.1: List of demands for each sub-topic. 

Simplicity: 
System ensures way of use Parts cannot be used in another way; 
Applying forces of system on 
membrane 

The parts can be attached to the membrane by human hand; 

Applying forces of bringing 
the layers together 

The layers of membrane can be brought together by human hand;  

Conservation: 
Tensioning The system has to be able to tension the membrane after its 

application;  
Resistance on perpendicular 
forces when applied. 

The systems may not loose grip on the membrane when 
perpendicular forces appear; 

Adaptability: 
Different pleats The system is able to create a curved pleat; 
Precision of pleat The pleat has to be as precise as possible; 
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4.3 Wishes / desires 
The wishes are an addition to the demands but are not decisive in the assessment of the systems. 
But the wishes could be contribute in the decision making if several system perform in the same way. 
Therefore those wishes are also key-points in the SWOT-analysis in Paragraph 4.4.  
The additional wishes are divided into three sub-topics, simplicity, durability and adaptability: 

- Simplicity:  The system is applied as simple as possible with the least effort; 
- Durability:  Parts or the whole system do not quickly wear out; 
- Adaptability:  The system is able to adapt towards different appearances and  

mimic them as accurate as possible; 
Table 4.2: List of wishes / desires for each sub-topic. 

Simplicity: 
Number of steps: The system has to be constructed in the least amount of steps (e.g. 

5 steps); 
Number of parts: The system has to be constructed with the least amount of parts 

(e.g. 5 parts); 
Additional tool: The use of an additional tool is not desirable; 
Durability: 
Susceptible to damage: The parts of the system have to withstand weather influences and 

have to be strong and rigid to minimise breakage; 
Ability to repair: In the event that damage appears on one or more parts of the 

system, it is easy to repair or replace them; 
Adaptability: 
Different membranes: The ability to be attached on thin and as well on thick membranes; 
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4.4 SWOT-analysis 

4.4.1 Introduction 
The SWOT-analysis will be used to get more knowledge into the diversity of systems introduced in 
the brainstorm session. Since these systems all have their own characteristics, the performances of 
each particular system is mapped in a SWOT-table. 
The key indicators in the SWOT-tables are the demands and wishes from Paragraph 4.2 & 4.3. Since 
every system is unique, it is possible that the table contains some undefined characteristics (they are 
not included in the demands and wishes). As stated in the demands and wishes, the system may not 
irreparable modify the membrane, this means, no attachments on the membrane and no incisions in 
the membrane. Therefore this SWOT-analysis will be focussed on the systems that could create a 
connection on the membrane but are also capable to keep the two folding lines together without any 
irreparable modifications. The Hook and Loop, Lacing, Metal Zipper, Plastic Zipper, Pressure Zipper, 
and Toggle Latch systems will not be analysed in this chapter. The working concepts could be very 
useful for bringing the two layers of membrane together, therefore they are not useless in the 
brainstorm session. The knowledge obtained from these systems could be very useful in the 
development of the component. 
 
In this SWOT-analysis the following systems will be analysed: 

- Anylock; 
- Cable Wrapping; 
- Clip Clamp; 
- Clip Clamp Sealing; 
- Double Tendon Clam; 
- Magnetics; 
- Poster Clamming; 
- Tendon Rail; 

 
The SWOT-tables are divided into 4 parts, Strengths (green), Weaknesses (red), Opportunities 
(orange) and Threads (pink), in the middle of each table a figure of the analysed system is added as 
shown in Table 4.3. 

Table 4.3: Basic SWOT-table. 
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Table 4.5: SWOT-table for the Cable Wrapping system. 

 

4.4.2 Example 
Two examples of the SWOT-analysis are shown in Table 4.4 & 4.5. Table 4.4 represents the SWOT-
analysis of the Anylock System and Table 4.5 represents the SWOT-analysis of the Cable Wrapping 
system. Both analytical tables will be briefly discussed, the complete SWOT-analysis for all of the 
previous mentioned systems Appendix F is attached. 
 
Each individual system performs 
differently on the demands and 
wishes from Paragraph 4.2 & 4.3. 
Especially concerning the specific 
use for the intended connection 
of the membranes. As seen in 
Table 4.4 where the Anylock 
system is analysed using the 
SWOT-method. For example the 
system has the strength 
characteristics on simplicity, 
application and tensioning. But 
the system performs weak in the 
topics of adaptability.  
 
 
In Table 4.5 the Cable Wrapping 
system is shown. The SWOT- 
analysis helps us to get a closer 
view on the demands and wishes. 
The conclusions which can be 
drawn are a support to the 
decision matrix that will be 
discussed in Paragraph 4.5. The 
Strengths, Weaknesses, 
Opportunities and Threads will be 
used to score the systems on the 
demands on which the 
connection has to perform. 

Table 4.4: SWOT-table for the Anylock system. 
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4.5 Decision Matrix 

4.5.1 Introduction 
Using a decision matrix for the selected systems gives an insight in what way the systems perform 
the best but also to decide on which demands the systems fail or perform not as desired. The key 
indicators are the demands from Paragraph 4.2: Simplicity, Conservation and Adaptability. Within 
the key performance indicators the demands all are of some degree of importance. In the following 
Table 4.6 the degree of importance is shown with the associated rating for each demand. 
 
Table 4.6: The degree of importance for each demand with the associated rating. 

Simplicity: Importance: Rating: 
System ensures way of 
use 

3 3 = System tells use (logical) 
2 = System needs explanation (e.g. guide) 
1 = System could be used in several ways 

Applying forces of 
system on membrane 

2 3 = Small force needed 
2 = Needed Force enlarges during applying 
1 = Large force needed 

Applying forces of 
bringing the layers 
together 

3 3 = Each step same small force needed 
2 = Needed Force enlarges during applying 
1 = Each step same large force needed 

Conservation: Importance: Rating: 
Tensioning 2 3 = Tensioning possible without system loses grip 

2 = Tensioning possible but system loses grip 
1 = Tensioning not possible 

Resistance on 
perpendicular forces 
when applied. 

3 3 = High resistance on both linear and point forces 
2 = Resistance depends on the strength of the fixation 
1 = Membrane slides out of system 

Adaptability: Importance: Rating: 
Different pleats 2 3 = Yes and no changes in system / device use 

2 = Yes but use of system / device will change 
1 = No 

Precision of pleat 1 3 = Additional tolerance needed for the membrane 
inside the system 
2 = Tolerance of pleat occurs due to system 
1 = Location of pleat is not clear when applied 

 
Within the decision matrix the rating for the particular system is multiplied with the degree of 
importance. If the system scores perfect on all the demands, a score of 48 will be achieved. The 
colours red (3), yellow (2) and green (1) indicate the degree of importance or the rating. In this way it 
is easy noticeable on which demands a system performs badly. In Table 4.7 the decision matrix is 
shown.
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4.5.2 Matrix 
 
 

Table 4.7: The Decision Matrix. 
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Table 4.8 Systems final scores. 4.5.3 Conclusion 

In general the tendon systems (or systems that work with the 

same principle) score the best. Although the final scores 

(Table 4.8) are just numbers, there are some conclusions 

which can be drawn. The Clip Clamp, Clip Clamp Sealing and 

Magnetics score the lowest in the decision matrix, they all 

have in common that the membrane will slide out of the 

system when perpendicular forces occur.  Although a higher 

strength of the fixation could prevent the membrane from 

sliding out, this will cause a harder application of the system 

on the membrane. 

 

All systems achieve the lowest score on the applying forces of bringing the layers together, therefore 

a solution has to be found to improve the feature in the stage of further development. Furthermore 

the majority of systems rated the assessment criteria of tensioning with a rating of 2 (2 = Tensioning 

possible but system loses grip) only the Cable Wrapping achieves a score of 3 (3 = Tensioning possible 

without system loses grip). This is because the resistance on perpendicular forces is low, so the grip 

of the system is minimal and therefore the system makes it able to tension the membrane but 

without losing grip. 

 

The systems that consist out of two parts (Anylock, Clip Clamp, Clip Clamp Sealing, Magnetics and 

Tendon Rail) score the best in the way the system is used. So a minimum of parts (preferably two), 

contribute to the simplicity of the system. 

 

The different pleats for the fixation can only be achieved if the system is partitioned. The Cable 

Wrapping, Clip Clamp and Magnetics are all partitioned (attached to each other or not), and make it 

possible to create a curved pleat. An unambiguous conclusion between the applying forces on the 

membrane and the way the system is partitioned cannot be drawn. Although the Cable Wrapping is 

partitioned but still connected (and the Clip Clamp and Magnetics are not) does not mean that the 

applying force of the system on the membrane is lower than the other systems. The conclusion 

which can be drawn within these criteria is that if the system is partitioned, the applying forces are in 

each step the same. 

As earlier in this conclusion stated, the tendon systems (or with the same principle) score the best. 

The systems all consist out of (some kind of) a tendon and a casing. If we compare these systems in 

the way they are applied to the membrane different applications are detected: 

Anylock: The membrane slides between the tendon and the casing; 

Poster Clamming: The membrane is pressed in the casing by the first tendon and clammed in 

the casing by first tendon due to the second tendon; 

Double Tendon Clam: The membrane is pressed in the casing by the first tendon and clammed in 

the casing by the second tendon; 

Tendon Rail: The tendon is wrapped by the membrane and slides into the casing;  

Cable Wrapping: The casing slides over the tendon wrapped by the membrane; 

Due to this differentiation in application of the systems and the imaginary assessment of the system 

the tendon system will be further analysed in Paragraph 4.6 to gain more practical information. 

System: 

System: 

Total score: 

Anylock 36 

Poster Clamming 35 

Double Tendon Clam 34 

Tendon Rail 34 

Cable Wrapping 33 

Magnetics 30 

Clip Clamp 29 

Clip Clamp Sealing 27 
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4.6 Test phase 
Various systems have been analysed from the brainstorm session and on basis of a decision matrix, 
some of the systems proved to be more suitable than others in order to be applied within this 
research field. In order to demonstrate that these systems are convenient, these chosen systems 
need to be tested in practice. Therefore a model has been made for each system in which the 
principle of the system is translated to the application within this research field. 
Five systems have scored best on several criteria that seems important in this research. These five 
systems with their corresponding final scores are: 

- The Anylock   36 pts 
- The Poster Clamming  35 pts 
- The Tendon Rail   34 pts 
- The Double Tendon Clam 34 pts 
- The Cable Wrapping  33 pts 

 
Each of these systems has been tested and examined in practice which led to several results and 
conclusions. These have been discussed and analysed per system. First a brief explanation about the 
original system is given including a schematic representation of the system. Then, the original system 
is been translated to the application within this research field, most significant translation in this 
regard is the formation of a pleat and the use of a membrane. The schematic representation of this 
translation is then being applied in practice of which an image is displayed. Also, a phased plan of the 
application of the system is illustrated on the second page of each system (images on the right side 
of the page). 
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4.6.1 Anylock 

 

 

 

 
 

Figure 4.4: System test.  

Tendon 
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Figure 4.3: Translation to research concept. 
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Tendon 

Membrane 

Figure 4.2: Schematic representation. 

Figure 4.1: Anylock. 

The Anylock system consists out of two elements that are designed 
to be fitted inside each other. The stick (or tendon) will be applied 
on one side of the membrane layers whereupon the open tube 
encloses the stick (or tendon) with the membrane. Due to the 
friction within the system, the fixation is achieved. 
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This system has been tested by means of three elements: 
incised PVC-pipe, wooden stick (tendon) and a piece of 
membrane. 
The first step involves the creation of the pleat. The pleat can 
be created by laying the two layers of membrane on top of 
each other (Figure 4.5, step 1). The folding lines need to 
match before the system can be applied. The first element of 
the system, the tendon, can be placed on top of the folding 
lines (Figure 4.5, step 2) on the outside of the membrane. The 
membrane subsequently needs to be wrapped around the 
tendon, for at least the bottom of the membrane. Then the 
casing (Incised PVC-pipe) will slide over and wrap the 
membrane between the tendon and the casing (Figure 4.5, 
step 3&4). The last step consists out of folding back one layer 
of the membrane in the right direction (Figure 4.5, step 5). 
The forming of the pleat before the system application is 
possible a disadvantage. Applying the pre-forming on a 
smaller scale will not cause any problems. But concerning the 
large scale application, it could be hard to fold a 4 meter wide 
membrane. Although the use of only one system for the 
complete application seems an advantage for the simplicity, 
by contrast this characteristic conflicts with a certain demand. 
To bring the layers of membrane together with this way of use 
the whole membrane needs to be in a loose configuration, 
which is not always possible. 
It is very important to find the right balance between the sizes 
and dimensions of the elements. In between the tendon and 
the casing a small cavity ensures the sliding of the system over 
the membrane. If the cavity is too small, the membrane is 
subjected to too much friction inside the system, which will 
cause a heavier application. 
Testing with a hard (not flexible) tendon resulted in the 
rotation of the tendon inside the casing, and thereby step by 
step the loosening of the membrane, ending up in the loss of 
the pleat. The cause could be found in the friction between 
the tendon and the profile, the contact surface between the 
elements has to be as much as possible. 
It may be concluded that this system is very effective and easy 
to apply. The most difficult step is to keep the tendon in 
position during the application. This difficulty causes problems 
concerning the accuracy of the pleat. If the constructed pleat 
diverges too much compared to the intended pleat, the 
membrane will have a slightly different angle and this will cause problems for the next pleat. 
The size of the incision in the casing (incised PVC-pipe) has to be smaller than the diameter of the 
tendon. This requirement ensures that after the system is applied the membrane will not eject out of 
the casing by means of the perpendicular forces on the membrane. If the incision is too wide and the 
cavity within the system is too large, the outer casing will lose its rigidity and eventually ejecting the 
tendon through the incision in the casing. 
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Figure 4.5: Steps to be taken to apply the 
Anylock system. 
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4.6.2 Poster Clamming 
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Figure 4.8: Translation to research concept. 
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Figure 4.7: Schematic representation. 

Figure 4.6: Poster Clamming. 

The Poster Clamming is a system that uses two steps to achieve the 
fixation. First an adaptable profile is positioned on top of the 
membrane and pushed inside a stiff profile. Hereafter another 
profile is placed into the adaptable profile to prevent it from sliding 
out. 
 

Figure 4.9: System test. 
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This system has been tested by means of four elements: 
aluminium profile, rubber profile, tendon and a piece of 
membrane. 
The first step involves the creation of the pleat. The pleat 
can be created by laying the two layers of membrane on 
top of each other with the aluminium profile underneath 
(Figure 4.10, step 1). The folding lines need to match before 
the system can be applied. The folding lines then will be 
fixated above the opening of the aluminium profile in a 
straight line. Next step is to lay the rubber profile above 
this opening with the membrane in between. 
Subsequently, the rubber profile needs to be pressed inside 
the aluminium profile (Figure 4.10, step 2). The dimensions 
of the rubber profile are smaller than the dimensions of the 
opening. In order to fixate the membrane, the tendon must 
be pressed inside the rubber profile (Figure 4.10, step 3). 
The last step consists out of folding back one layer of the 
membrane in the right direction (Figure 4.10, step 5). 
It may be concluded that the system is devious but 
effective. When the system is applied correctly, it is a very 
strong connection. But the difficulties are in the positioning 
of the system. Just like the Anylock system, the pre-forming 
is an inconvenient operation.  
The rubber profile needs to be pressed inside the 
aluminium profile with the two layers of membrane in 
between them. This kind of fixation of the rubber profile 
has the advantage that the application forces are spread 
over the full length of the pleat and breaking apart the 
large application force, since rubber profile could be 
pressed inside the aluminium profile in steps. The 
disadvantage for the pleat formation is that the location of 
the fixation could shift due this step by step application.   
It is very important to find the right balance between the 
sizes and dimensions of the elements. By this is meant that 
there must be enough space between the profiles and the 
tendon, but as least as possible to create as much as 
possible friction. If there is an unbalance between the 
element sizes and spacing, too much friction will occur, 
which will negatively affect the application of the system 
and leads to abrasion of the membrane. Or the membrane 
will not be kept in position at all. The other way the pleat is 
kept in position is the use of the shape of the rubber 
profile, the shape ensures that the tendon or rubber profile will not rotate or move. 
The system counteract on the external forces by fixating the rubber profile within the aluminium 
profile using a combination of a rigid profile and two elements within it. The expansion of the rubber 
profile due to the tendon makes sure that the rubber profile stays within the aluminium profile. The 
ejection of the rubber profile is thereby even more avoided by the rigid profile that will not open due 
to the external forces. 
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Figure 4.10: Steps to be taken to apply the 
Poster Clamming system. 
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4.6.3 Tendon Rail 

 

 

 

Pleat 

Membrane 

Tendon 

Profile 

Figure 4.13: Translation to research concept. 

Figure 4.14: System test. 
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Figure 4.12: Schematic representation. 

The tendon rail system is often used in the membrane industry. This 
system makes use of a tendon which is inserted inside an aluminium 
profile. When the membrane is tensioned, the tendon will be pulled 
towards the opening in the aluminium profile and the membrane 
will be squeezed between the tendon and the aluminium profile.  
  
 

Figure 4.11: Tendon Rail 
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This system has been tested by means of four elements: 
plastic camping profile, two tendons and a piece of 
membrane. 
Within this system it is not necessary to create a pleat before 
this system is arranged. Forming a pleat involves two steps. 
First, the desired folding lines must be marked on the 
membrane, in the phased plan on the right side of the page 
it was not necessary to mark these folding lines because they 
will be in a straight line to demonstrate the working method. 
Then, the tendon needs to be brought into position on both 
sides of the membrane (Figure 4.15, step 2). The plastic 
profile should then be applied on one side of the membrane 
(Figure 4.15, step 3), subsequently this proceeding must be 
repeated on the other side of the membrane (Figure 4.15, 
step 4). By doing this, the pleat will be created automatically. 
The application of both tendons in the same step leads to 
the advantage that the pleat does not have to be created 
beforehand but will arise during the operation of the system. 
Although the use of only one system for the complete 
application seems an advantage for the simplicity, this 
characteristic conflicts with a certain demand. The whole 
membrane needs to be in a loose configuration to bring the 
layers of membrane together with this way of use, which is 
not always possible. 
During the slide movement of the profile over the tendons 
much friction does occur. On “shelter scale” this means 
more struggles in the application of the membrane. Again, it 
is very important to find the right balance between the sizes 
and dimensions of the elements. In between the tendon and 
the casing a small cavity ensures the sliding of the system 
over the membrane. If the cavity is too small, the membrane 
is subjected to too much friction inside the system, which 
will cause a heavier application. 
Just as the positioning of the pleat with the Anylock system 
the problem occurs that the tendon will rotate inside the 
casing, ending up in loss of the pleat, since the concept of 
the tendon in the casing is the similar to the Anylock system. 
The opening in the profile is smaller than the tendon inside, 
this results in the positioning of the tendon inside the profile 
and prevent it from ejecting out of the profile. Besides the dimensions of the profile, due to the 
combination of two casings, the profile is stiff and rigid, which also ensure that the tendon remains 
fixed inside the profile. 
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Figure 4.15: Steps to be taken to apply the 
Tendon Rail system. 
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4.6.4 Double Tendon Clam 
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Figure 4.18: Translation to research concept. 

Figure 4.16: Tendon Clam. 

The Double Tendon Clam consists out of an aluminium profile and 
two tendons. The membrane is temporarily fixated inside the profile 
with one tendon, the second tendon is then placed inside the profile 
and causes a fixation of the two tendons inside the profile, 
preventing them from falling out.  
 

Figure 4.19: System test. 
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Figure 4.17: Schematic representation. 
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This system has been tested by means of four elements: 
profile (wood), two wooden sticks (tendons) and a piece of 
membrane. 
The first step involves the creation of the pleat. The pleat 
can be created by laying the two layers of membrane on top 
of each other (Figure 4.20, step 1). The folding lines need to 
match before the system can be applied. The first element 
of the system, the tendon (wooden stick), can be placed on 
top of the folding lines (Figure 4.20, step 2) on the outside of 
the membrane. This tendon should then be fixated 
completely in the profile (Figure 4.20, step 3). By means of 
only one tendon, the membrane will not stay in place, 
therefore a second tendon will be used to lock the pleat 
(Figure 4.20, step 4). In this way the first tendon is clamped 
by the second tendon. The last step (Figure 4.20, step 5) 
involves “flipping over” of one side of the membrane.  
Big difference between this application and the original 
application is the use of a pleat. Due to this, the profile has a 
different positioning relative to the occurring forces. Both 
the left and right side of the membrane ensure that the 
tendons are pulled out of its positions. Although the use of 
only one system for the complete application seems an 
advantage for the simplicity, this characteristic conflicts with 
a certain demand. The whole membrane needs to be in a 
loose configuration to bring the layers of membrane 
together with this way of use, which is not always possible. 
The tendons in this system are applied in the way of 
clamming inside the profile. Therefore the profile has to 
enclose the tendon as precise as possible, with regards to 
the thickness of the membrane. The opening of the profile 
has the same width as the final position of the tendon in the 
profile, this causes difficulties during the application since 
the friction already is an effect of the inserting operation of 
the tendons. 
Positive result of this system is the use of surface friction. 
When the membrane derives much friction from the outside 
of the profile, the tendons will experience less force. The 
tendons will therefore be less rapidly pulled out of position. 
The characteristic of clamming two tendons inside the 
profile also ensure a certain amount of friction. The friction 
is created by precisely adjust the dimensions of each 
element on the other. This reaches a perfect connection if 
the tendons could be applied with the least amount of force but will not eject out of the profile. The 
clamping of the membrane inside the profile is divided into two steps. The first tendon shall be 
considered as premature clamping and the second tendon is used to clamp the pleat completely. 
Hereby the first step needs the largest applying force and the second tendon will be placed with 
much less force. The friction that occurs during placement of the first tendon seems a disadvantage 
for this step. But this friction results in less external forces for the tendons. 
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Figure 13.20: Steps to be taken to apply the 
Double Tendon Clam system. 
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4.6.5 Cable Wrapping 

 

 

 

 
Figure 4.24: System test. 

Figure 4.21: Cable Wrapping. 

The system of Cable Wrapping is related to the Anylock system. But 
in this system, the open tube is flexible in several ways. Flexibility in 
the circular direction gives the tube the possibility to open up and 
slide over the tendon (normally a bundle of cables) to enclose it 
with membrane. The flexibility in the longitudinal direction makes it 
able to curve.  
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Figure 4.23: Translation to research concept. 
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Figure 4.22: Schematic representation. 
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This system has been tested by means of four elements: 
plastic profile, tendon, a piece of membrane and an extern 
device. 
The first operation involves the creation of the pleat. The 
pleat can be created by laying the two layers of membrane 
on top of each other (Figure 4.25, step 1). The folding lines 
need to match before the system can be applied. The first 
element of the system, the tendon can be placed on top of 
the folding lines. The membrane subsequently needs to be 
wrapped around the tendon, for at least the bottom of the 
membrane, and the tendon has to be pulled through the gap 
of the external device (Figure 4.25, step 2). Then, the flexible 
profile needs to be pulled over this device (Figure 4.25, step 
3) to create a starting point. The next proceeding consists a 
sliding movement of the device over the folding line (Figure 
4.25, step 4). Hereby, the profile will envelope the tendon 
with its membrane in between. The last step (Figure 4.25, 
step 5) involves “flipping over” of one side of the membrane.  
Although the use of only one system for the complete 
application seems an advantage for the simplicity, this 
characteristic conflicts with a certain demand. The whole 
membrane needs to be in a loose configuration to bring the 
layers of membrane together with this way of use, which is 
not always possible. 
This system shows similarities to the Anylock system, the 
difference between the two systems lays within the fixation, 
where the Anylock system slides over the membrane, the 
Cable Wrapping is a combination of sliding and pressing the 
profile over the tendon by opening the profile. With the use 
of an external device this movement is achieved, resulting in 
an easy application but could be hard to understand. 
The pleat could easily loosen in the profile due to the 
absence of any reduction of forces. Even if the tendon will 
rotate inside the profile, there is no such method to stagnate 
the rotation of the tendon.  
The opening of the profile results in a problem for the 
positioning of the tendon inside the profile. The opening of 
the profile causes the absence of a rigidity and the tendon 
could easily get ejected out of the profile due to external 
forces. Thereby the perpendicular incisions over the whole 
length of the profile result in flexibility of the connection, these incisions are prejudice to the rigidity 
of the profile. 
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Figure 4.25: Steps to be taken to apply the 
Cable Wrapping system. 
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4.6.6 Conclusions 
The testing of the systems in practice have provided much insights and expertise for further 
development steps within this research. In contradiction to the previous steps for the component 
design this phase showed several finding that were not stated as problems or demands during the 
theoretical approach towards a design (in Paragraph 4.4 & 4.5). Both the positive and negative 
results were revealed and can be very useful for the following developments steps and analyses. 
Although the systems all make use of some kind of a tendon and casing, the different appearances of 
the tendons and casings show different outcomes for several problems. 
The first problem that arises is the formation of the pleat, within the five systems there are two 
methods of forming the pleat. One way is to place the layers on top of each other and fixate the 
system to create the pleat, the way the Anylock, Poster Clamming, Double Tendon Clam and Cable 
Wrapping work. The other way is to fixate one part of the system on one side of the pleat and fixate 
the other part of the system in a second step, like the Tendon Rail. The first method is not able to 
form the pleat in a pre-installed situation. This means that bringing the two sides of the pleat 
together is not possible since there is not an attached element that could temporarily fixate the 
pleat. The other method makes use of this temporarily fixation on the one side and after that the 
fixation of the second side. Although the Tendon Rail still attaches the two sides of the pleat in the 
same step, the concept of it is different. It takes apart several actions and divides them into partial 
fixations. This could be even more improved by splitting up the partial fixations and the connection 
between them. 
Creating the pleat and applying the system could happen in the same step. As shown by the Tendon 
Rail this could also be split into two steps. It does not matter if these steps are merged together or 
split up. The system always has to be applied on the membrane. In particular the tendon should be 
placed inside the casing or the casing should be placed over the tendon. Different methods are used 
for the application. The tendon could be pressed inside the casing (Poster Clamming) or the tendon 
could be clamped inside the casing (Double Tendon Clam), in both methods the tendon is used as the 
moving element. Using the profile as moving element resulted in a sliding movement of the profile 
over the tendon (Anylock, Tendon Rail & Cable Wrapping). Every method is subjected to friction 
during the application, the only difference between the methods is that using a sliding movement of 
the profile the friction enlarges during application. Choosing one method depends on the method for 
the pleat and tendon positioning. 
Mentioned in the previous paragraph the method for positioning the pleat and positioning the 
tendon determine the method for the fixation of the tendon and casing. The positioning of the pleat 
ensures that the pleat will not reduce in size due to some kind of movement of the tendon in the 
casing. During the practical tests it became clear that the pleat is not always secured in position. This 
is a result of dimensions of the elements of the system, even so the shape of the system. Especially 
the shape of the tendon is very important for this finding. Usually the tendon is round, which enables 
the tendon to rotate inside the profile (Anylock, Tendon Rail, Cable Wrapping), no matter what shape 
the inside of the profile is. The rotation could be counteracted by use of a shape other than a round 
tendon (Poster Clamming). The friction mentioned in the previous paragraph could also be a useful 
feature, the more friction within the system the less movement of the pleat (Double Tendon Clam). 
Though, using friction for the positioning of the pleat is an inconsistency for the application. The 
friction within the system arises due to the exact fit of the elements inside each other with regards of 
the membrane thickness and depends on the system dimensions. 
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These system dimensions are also important for the tendon positioning, not only for the friction 
inside the system but for preventing the tendon of ejecting out of the profile. To make sure that the 
pleat remains its position and the system will not detach from the membrane the tendon has to stay 
within the profile. The Cable Wrapping system demonstrated the problem of ejecting the tendon out 
of the profile due to the lack of rigidity. The other systems all have a rigid profile and therefore 
preventing the tendon to eject. Only the rigidity of the system depends on the shape (Tendon Rail) 
and the opening of the profile. If the opening is too wide, the tendon will not remain inside the 
profile. The opening could be designed with the smallest tolerance (Anylock) or the opening could be 
designed that two tendons cannot pass through the opening at the same time (Poster Clamming). 
Besides focussing on the opening of the profile an unforeseen feature arose during the test with the 
Double Tendon Clam. Within the profile the membrane endures a lot of friction from the outside of 
the profile and the tendons inside of the profile. This friction reduced the amount of force on the 
tendons. 
It may be concluded that this test phase does not result in a univocal outcome to choose one of the 
above mentioned systems. Each system matches the demands and wishes in a certain way, but also 
brought up difficulties that were not taken into account in the demands. Therefore this practical 
analysis was useful to gain information on topics that did not were foreseen. For the problems that 
occurred on several or only one system, the possible solutions were given by the other systems. 
Therefore the solutions out of the systems (and possible other solutions) will be combined towards 
some variants in Paragraph 4.7. Combining these solution features could result in new designs that 
fit the application for membrane deforming even better. 
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4.7 Morphological analysis 

4.7.1 Introduction 
The practical tests have revealed several problems, negative characteristics and also positive 
characteristics per system. As mentioned in the conclusion of the previous chapter, the different 
characteristics are solutions for the founded problems that occurred during the testing phase of the 
five tendon systems. Those problems could be solved by using the characteristics of the 5 tendon 
systems. Thereby the problems could be solved with a solution that is not provided by the systems. 
In general the testing phase revealed four main problems. First of all the way the pleat is created, 
wherein most of the systems require a loose configuration of the membrane and fixate the pleat in 
one step. The second problem occurred during the affixing of the system on the membrane, this 
problem is more comprehensive and is accompanied by the third and fourth problem: the 
preservation of the pleat and the tendon. The affixing of the system on the membrane depends on 
the shape, size, and the way the tendon and / or the pleat is kept in position. The way the pleat is 
kept in position mainly depends on the adjustments of the elements of the system, especially the 
tendon. The way the tendon is kept in position inside the casing depends on the properties of the 
casing. 
 
The four problems that resulted from the test phase are: 

- Ability to form the pleat; 
- Ability to fixate the tendon; 
- Ability to keep in position of the pleat; 
- Ability to keep in position of the tendon 

 
In Paragraph 4.5 it became clear that the five systems all perform well (on average) on the 
determined demands. They all failed on the demand: “Applying force of bringing the two layers of 
membrane together”, in addition some of the systems failed on the demands “Tensioning” and 
“Resistance on perpendicular forces”. These failed scores were also problems that were founded in 
the test phase. The development of the system in this chapter focuses on the problems that occurred 
during the test phase, since the systems scored well on all of the rest of the determined demands. 
Each system performs different on the problem findings, or it does not have a solution for the 
particular problem. Therefore the solutions are compiled in a morphological scheme to get an 
overview. And eventually to combine them into different solution variants. 
First, the above mentioned criteria / problems will be briefly clarified and existing methods from out 
the tested systems will be provided. 
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4.7.2 Criteria explanation and existing methods 
Ability to form the pleat 
A major struggle from the test phase proved to be the application of the pleat. In four of the five 
systems, this proceeding had to be carried out before the system was applied, only the Tendon Rail 
divided this proceeding in two steps. The formation of the pleat could be done in one or two steps, 
partitioning even more could end up in an easier and less heavy pleat formation. This last possibility 
derives from the brainstorm session in Paragraph 3.4.1, wherein several systems are divided into two 
separate parts for both sides of the pleat and that are connected to each other in a next step. 
 
Ability to fixate the tendon 
The way the system is connected to the membrane, with what type of action (or movement) is the 
system applied on the membrane? Since the five systems all contain a tendon and a casing, the 
fixation is either a parallel sliding movement of the casing in the direction of the tendon, or a 
movement of the tendon perpendicular to the casing. Within the movement of the tendon the 
differentiation exists in the way the tendon is kept in the casing, either by clamping of by pressing. 
 
Ability to keep in position of the pleat 
The fixation of the pleat inside the system has to be achieved to keep the pleat in position. This can 
be achieved by enlarging the amount of friction inside the system, or to absorb the external forces on 
the membrane by the path of the membrane in and around the system. In other words: it has to be 
prevented that the pleat will slide through the system due to the tendon rotation inside the casing. 
This rotation could also be prevented by adjusting the shape of the tendon to the shape of the casing 
or to make an attachment to the tendon in such a way its rotation is blocked. 
 
Ability to keep in position of the tendon 
A slightly different criteria than the previous one is the ability to keep the tendon in position. Here, 
the focus is primarily on the fact to hold the tendon in the profile despite the occurring forces. 
Therefore the casing may not open up during the use of the system or the tendon should not be able 
to pass through the opening of the casing by the dimensions of the tendon and the opening. Another 
way is to use multiple tendons to block the opening by pressing them together using the external 
forces. The tendon could also be held place if the external forces on the tendons will be reduced by 
the force absorption of the casing. 
 
The Tables 4.8-4.12 on the next page show how the criteria above were completed by the systems 
examined in the test phase. When a criteria is not taken care of by the system, the “-” sign is filled in 
and this means the criteria still poses a problem for the particular system. 
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Table 4.8: Criteria solutions for the Anylock system. 

The Anylock 
Ability to fixate the tendon Slide principle 
Ability to form the pleat Beforehand (1 step) 
Ability to keep in position of the pleat - 
Ability to keep in position of the tendon By making use of a rigid profile and system dimensions 
 
Table 4.9: Criteria solutions for the Poster Clamming system. 
The Poster Clamming 
Ability to fixate the tendon Press principle 
Ability to form the pleat Beforehand (1 step) 
Ability to keep in position of the pleat By making use of the System shape 
Ability to keep in position of the tendon By making use of a rigid profile and a double tendon 
 
Table 4.10: Criteria solutions for the Tendon Rail system. 
The Tendon Rail 
Ability to fixate the tendon Slide principle 
Ability to form the pleat Beforehand (1 step) 
Ability to keep in position of the pleat - 
Ability to keep in position of the tendon By making use of  system dimensions 
 
Table 4.11: Criteria solutions for the Double Tendon Clam system. 
The Double Tendon Clam 
Ability to fixate the tendon Clamp principle 
Ability to form the pleat Beforehand (1 step) 
Ability to keep in position of the pleat By making use of  Force absorption 
Ability to keep in position of the tendon By making use of  force absorption and a double tendon 
 
Table 4.12: Criteria solutions for the Cable Wrapping system. 
The Cable Wrapping 
Ability to fixate the tendon Slide principle 
Ability to form the pleat Beforehand (1 step) 
Ability to keep in position of the pleat - 
Ability to keep in position of the tendon - 
 
The different solutions from out the systems are able to tackle the problems. Not all solutions fit 
together, so a morphological scheme is drafted. The current provided solutions are filled in with 
possible other solutions. Combining several solutions for the four founded problems results into new 
designs and insights. 
The solution variants that are given for every single problem are only principles. By this is meant that 
these solutions are able to express itself in various forms. And in practice are likely to form part of 
such a principle, instead of a clear reflection like the sketches suggest. In addition, it is possible 
within the same criteria to combine multiple solution variants. This will become more apparent in the 
next step, in which solution variants will be combined to form a variety of system variants. 
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4.7.3 Morphological overview 

 
In Appendix G, the morphological scheme is shown again, but now with the addition of three system 
variants. These system variants are combinations of solution variants, compiled out of the 
morphological scheme to attempt to establish three system variants that will cope with the problems 

Ab
ili

ty
 to

 k
ee

p 
in

 p
os

iti
on

 o
f t

he
 

pl
ea

t 
Ab

ili
ty

 to
 k

ee
p 

in
 p

os
iti

on
 o

f t
he

 
te

nd
on

 

2X 
X 

RIGID PROFILE 
Providing rigidity in the 
profile will prevent the 
tendon from “shooting” out 
of the profile. 

SYSTEM DIMENSIONS 
Making the opening of the 
profile smaller than the 
cross-section of the tendon 
will prevent the tendon 
from “shooting” out. 

FORCE ABSORPTION 
Preventing the tendon from 
“shooting” out of the 
profile by absorbing the 
forces on the profile 
instead of in the profile. 

DOUBLE TENDON 
Creating a principle in 
which two tendons can be 
sequentially applied but in 
which it is unable to leave 
the profile at the same time 
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SLIDE PRINCIPLE 
Profile (black) will slide 
over the tendon (red) in 
horizontal direction with 
membrane in between 

CLAMP PRINCIPLE 
Tendon (red) will be 
clamped between the 
profile (black) with its 
membrane in between. 
 

PRESS PRINCIPLE 
Tendon (red) will be 
pressed inside the profile 
(black) with its membrane 
in between. 
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1 STEP 
Formation of the pleat 
before the application of 
the system. Difficult 
application. 

 

2 STEPS 
System is applied to single 
folding line, in the second 
step the next folding line 
will be applied. 

 

3 STEPS 
System is applied in 
duplicate and eventually 
both elements will be 
brought together. 

SYSTEM SHAPE 
Adjusting the shape of the 
elements of the system to 
prevent the tendon to 
rotate. As result, the pleat 
will keep in position. 

HIGH FRICTION 
By creating small cavities 
between the system 
elements, high friction will 
occur. Resulting in the 
maintenance of the pleat. 

TENDON FLAP 
Adding a “flap” to the 
tendon prevents the 
tendon from rotation, due 
to this the position of the 
pleat is maintained. 

FORCE ABSORPTION 
Absorbing occurring forces 
in the profile by creating as 
much as possible friction 
between the membrane 
and the profile. 

Table 4.13: Morphological scheme. 
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4.7.4 System variant 1 (Appendix G) 

The Double Tendon Clam from the test phase is been chosen as starting point for this system variant. 
In order to create the pleat, a two-step solution is chosen. The component is first connected to one 
folding line, where after the second folding line will be connected to the component. This method 
will be easier to carry out then the solution in which the pleat has been created in advance. The 
membrane will be fixated with a tendon-profile connection. This will happen with a clamp and / or 
press principle. Both principles will be tested to find out which principle fits best into the overall 
system variant. When the pleat is created it needs to be maintained, this is done by means of force 
absorption. The membrane undergoes a certain friction with the profile so that the forces within the 
profile will be minimal. In this way, the chance is increased that the pleat retains its original size and 
shape. The same principle is used for holding the tendon in the profile, thereby a double tendon is 
used to fixate both folding lines to the component. The following figures show a schematic 
representation of the system variant (Figure 4.27), a virtual model (Figure 4.28), a system test (Figure 
4.29) and the various proceedings that are required to implement the system (Figure 4.30).  

Pleat formation in 2 
steps 

Tendon fixation by 
clamp & press 

principle 

Pleat positioning by 
force absorption 

Tendon positioning 
by force absorption 

& double tendon 

Figure 4.26: Combination of solution variants. 
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Schematic representation 

Virtual model 

System test 

System application 

Figure 4.28: Virtual model of system variant 1. 

Figure 4.30: Steps to be taken to apply system variant 1. 

Figure 4.29: System test of system variant 1. 
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Figure 4.27: Schematic representation of system variant 1. 
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Observations & conclusions 
The first variant is constructed out of a wooden component, which forms the profile and two 
wooden sticks that form the tendons. Although these materials shall not be used in the final design 
of the system, the parts could be constructed larger so the working principles could be analysed 
better. 
 
The very first problem that arose during the testing of this variant was that the insertion of the 
tendons inside the profile was not easy due to the small opening inside the profile. This small 
opening also showed a problem concerning the production and universal use of the system. The 
dimensions of the opening had to be aligned with the dimensions of the tendon and the thickness of 
the membrane. The smallest deviation of the opening would lose the system its clamming principle. 
Assuming that around the world different thicknesses of membrane are used, this alignment would 
cause the system not properly functioning. 
 
The profile preferred to rotate from a horizontal position towards a vertical position (Figure 4.31) 
(with the viewpoint of a section). This resulted from the design of the system wherein the inlet of the 
membrane on the left side differed from the outlet of the right side of the membrane. The external 
forces changed into a momentum inside the profile which resulted into the rotation of the profile. 
This rotation leads to a decrease in friction of the profile, since the membrane does not follow the 
outside of the profile. 

Not only had the friction decreased due to the rotation of the profile. The amount of friction was not 
enough to keep the tendons in position. The cause of this problem could lie within the material 
properties, the wood does not have a rough surface, and even the membrane was used with its 
smoothest surface. Using the more rough side of the membrane (Figure 4.32) resulted into more 
friction but still was not enough to keep the tendons in place. Adding a rubber coating on top of the 
wood (Figure 4.33) created enough friction to keep the tendon in place.  

 

Figure 4.31: Rotation of the profile 

Figure 4.32: Smooth and 
rough side of the membrane 

Figure 4.33: Rubber coating on 
top of the profile 
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4.7.5 System variant 2 (Appendix G) 

The Anylock system from the test phase is been chosen as starting point for this system variant. In 
order to create the pleat is chosen for the three-step solution. This means that the system is applied 
before the pleat is created. In this case, it means that on both folding lines an Anylock system will be 
applied and they will be brought together by means of a third Anylock system. In this variant, the 
application is easier, because the pleat can be applied more precisely. This method will be easier to 
carry out then the solution in which the pleat has been created in advance or the solution in which 
the pleat has been created in two steps. The membrane will be fixated with a tendon-profile 
connection. This will happen with a slide principle, like the Anylock system. When the pleat is created 
it needs to be maintained, this is done by means of a tendon flap. This tendon flap is dimensioned 
slightly different from the solution variant, on the flap is another tendon permanently connected so 
that the system consists out of four tendons with two flaps in between. These flaps ensure that the 
tendons will not rotate within the profiles and the pleat remains its position. In order to ensure that 
the tendon stays in the profile, system dimensions are important. This means that the cross section 
of the tendon will be greater than the opening of the profile, in this way the tendon will maintain its 
position within the profile under the influence of certain forces. Besides a double tendon principle is 
used to guarantee the position of the tendon. The following figures show a schematic representation 
of the system variant (Figure 4.35), a virtual model (Figure 4.36), a system test (Figure 4.37) and the 
various proceedings that are required to implement the system (Figure 4.38). 
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Figure 4.34: Combination of solution variants. 

2X 
X 



Universal shape forming method for shelter relief 
 

71 
Building Technology 

Schematic representation  

Virtual model 

System test 

System application 

Figure 4.36: Virtual model of system variant 2. 

Figure 4.38: Steps to be taken to apply system variant 2. 

Figure 4.37: System test of system variant 2. 
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Figure 4.35: Schematic representation of system variant 2. 
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Observations & conclusions 
Applying the left and right pleat separately resulted into an easy application. This method ensures 
the division of the applying steps. Thereby it is easier to grab an element with volume than the 
membrane (with no volume, only a 2 dimensional surface). 
Attaching the two sides of the pleat together with a third element already shows some 
disadvantages for the precision of the pleat. In case a tensioned membrane, the two separate 
connections wants to move away from each other, which leads to a wide connection. The longer the 
flaps are, the wider the connection is. Although the flaps may not be too short, because this will 
make it harder to bring the two external tendons together for the last step. 
The use of flaps in between the two sides is not only a disadvantage, but is also an advantage. The 
advantage lies in the force absorption / breakdown. Moving apart of the both sides (Figure 4.39) also 
causes the profiles to rotate, this is the first action that breaks down the external forces since the 
flaps attached to the tendons have some kind of resistance. The maximum force resistance to the 
external forces will be determined by the weakest link in the connection. Since there are a lot of 
separate connections in this system, all of the connections will need a strong clamming or 
positioning. 
The natural behaviour of the membrane is the last finding of this system, it is not a disadvantage but 
certainly not an advantage. The membrane wants to continue its direction out of the left and right 
profile in the direction of the flaps. This is contrary to the direction that is required to connect the 
third profile. 

Figure 4.39: Moving apart of both sides. 
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4.7.6 System variant 3 (Appendix G) 

The Anylock system from the test phase is been chosen as starting point for this system variant. In 
order to create the pleat is chosen for the three-step solution. This means that the system is applied 
before the pleat is created. In this case, it means that on both folding lines an Anylock system will be 
applied and they will be brought together by means of a third Anylock system. In this variant, the 
application is easier, because the pleat can be applied more precisely. This method will be easier to 
carry out then the solution in which the pleat has been created in advance or the solution in which 
the pleat has been created in two steps. The membrane will be fixated with a tendon-profile 
connection. This will happen with a slide principle, like the Anylock system. When the pleat is created 
it needs to be maintained, this is done by means of a tendon flap. So far, this system variant is the 
same as system variant 2. Yet, there is attempted to design this variant less complicated, which 
means literally to apply a triple Anylock with two tendons (inclusively tendon flap). In addition, the 
main profile will be a rigid profile to prevent both Anylocks to “shoot” out of this main profile. The 
following figure shows a schematic representation of the system variant (Figure 4.41), a virtual model 
(Figure 4.42), a system test (Figure 4.43) and the various proceedings that are required to implement 
the system (Figure 4.44). 

Figure 4.40: Combination of solution variants. 
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Schematic representation  

Virtual model 

System test 

System application 

Figure 4.42: Virtual model of system variant 3. 

Figure 4.44: Steps to be taken to apply system variant 3. 

Figure 4.43: System test of system variant 3. 
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Figure 4.41: Schematic representation of system variant 3. 

Membrane 
 

Left side casing 
Left side tendon 
Pleat 
Right side tendon 

Right side casing 
Centre profile 
 



Universal shape forming method for shelter relief 
 

75 
Building Technology 

Observations & conclusions 
Just like variant 2 the separate application of the tendons and profile resulted in an easy application 
method. This method ensures the division of the applying steps. Thereby it is easier to grab an 
element with volume than the membrane (with no volume, only a 2 dimensional surface). 
Other than variant 2 is the precision of the pleat, in this variant it is much more precise since the 
elements do not move or slide away from each other after applying. The pleat is as precise as the 
opening of the third profile. 
The attachment of the profile is conducted by a sliding movement over the other two profiles. A 
disadvantage for the applying force of this step. First of all the third profile has to bring the two other 
profiles together, which follows up in a continuously movement. Due to that continuously movement 
the force of bringing the two profiles together stays the same. But the friction between the outside 
of the two profiles and the inside of the third profile enlarges proportional to, and as a consequence 
of, the length of the pleat. 
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4.8 Selection of preliminary design 

4.8.1 Introduction 
After several analytical steps and decisions the three variants are the outcome. At the beginning of 
this research the demands and wishes were the key factors on which the connection / system has to 
perform. Although the demands and wishes form the key factors, it is important to verify if the 
current variants satisfy with the set demands and wishes. In this paragraph only the deficiencies in 
the verification between the demands and wishes with the variants will be discussed. Those 
deficiencies will be discussed and possibly provided with solutions or chances. 

4.8.2 Reflection to the demands 
The demands were divided into three topics: Simplicity, Conservation and 
adaptability. Within the key factor simplicity the first sub demand is the 
system use, variant 2 and  3 exist out of several elements and not provide a 
single use (in the current design). Adapting the shapes of the elements 
towards the other element and towards a unique shape will ensure that the 
system only can be used in one way. 
Variant 1 combines the application of the system on the membrane with the 
connection of the two sides of the membranes in the same step (even though 
the application exist out of 2 steps). This results in large applying forces of the 
system on the membrane and also for bringing the layers together. The 
solution lies within the modification in number of steps, but therefore are 
variant 2 and 3 designed. For variant 2 and 3 a disadvantage for the applying force of the system on 
the membrane is a result of the sliding principle. It becomes harder to apply the pipes and tendons 
on the membrane in proportion to the length of the pleat. Both current designs for variant 2 and 3 
show the third pipe as a continuous connection just like the first two pipe s. Variant 2 has the 
possibility to change the pipe connection towards the connection between the tendon flaps and 
thereby breaking apart the force for bringing the two sides together. 
 
The second key factor concerns the conservation of the pleat, wherein 
tensioning and resistance on perpendicular forces are the demands. Variant 1 
makes it hard to tension the system since detaching one tendon results in the 
loss of the whole connection. Variant 2 and 3 are able to tension the left and 
right side separately, but therefore the connection between them has to be 
disconnected. The three variants have enough resistance to the perpendicular 
forces to retain the connection. 
 
Concerning the adaptability of the system the differentiation is made 
between different pleats (shapes) and precision of the pleat. The basic design 

(or the most inspiring) for the different variants (Double Tendon Clam and 
Anylock) are assessed with the rating 2 (system will change). This demand is 
not fulfilled during all the analytical steps, this will be a focus point for the last 
Paragraph 5.4. 
The rotating property of the profile of variant 1 is a disadvantage for the precision of the pleat, the 
intended location of the pleat will shift due to the rotation. 

Simplicity: 
System ensures 
way of use 
Applying forces of 
system on 
membrane 
Applying forces of 
bringing the layers 
together 

Conservation: 
Tensioning 
Resistance on 
perpendicular 
forces when 
applied 

Adaptability: 
Different pleats 
Precision of pleat 

Table 4.14: Sub-topic 
demand simplicity. 

Table 4.15: Sub-topic 
demand conservation. 

Table 4.14: Sub-topic 
demand simplicity. 
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4.8.3 Reflection to the wishes / desires 
Although the wishes / desires are not decisive it could be an additional benefit for the variants to 
comply with them. Therefore only the best scores or possible adapting features of the variants will 
be discussed. 
 
Variant 1 only consists out of three parts and is applied within three steps, 
but is consequently not able to attach and connect the left and right side in a 
separate step. The second variant has the possibility to simplify the 
connection between the two sides but exists out of five elements and requires 
also five steps. But the connection between the two sides could be simplified 
by creating the connection between the tendon flaps instead of an additional 
element.  
 
All of the variants are not that much susceptible to damage, since the most 
parts are covered or wrapped by the membrane. The parts that ensure the 
connection in variant 2 and 3 are not covered by the membrane and are 
thereby more susceptible to damage. The connection part of variant 3 not 
only serves the connection but also ensure extra protection for the other 
elements. Damage on one or more parts is always an undesirable situation, 
but in case of damage it is a desire to keep the system (partly) in place. In case of damage on one or 
more elements of variant 2 and 3 it is possible to replace a tendon or a pipe / casing. 
 
Both variants 2 and 3 are able to create a pleat for different types of 
membranes (different thicknesses). The cavity between the tendon and the 
casing can be designed in a way it has much tolerance, but not too much 
tolerance since this is negative for the strength of the connection. 
 
 
 

Simplicity: 
Number of steps 
Number of parts 
Additional tool 

Durability: 
Susceptible to 
damage 
Ability to repair 

Adaptability: 
Different 
membranes 

Table 4.14: Sub-topic 
demand simplicity. 

Table 4.14: Sub-topic 
demand simplicity. 

Table 4.14: Sub-topic 
demand simplicity. 
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4.8.4 System variant selection 
It became clear that variant 1 had the most disadvantages (inserting tendon, precise matching of 
elements, profile rotation, large application force and no possibility to bring sides together). This is a 
result of decision that were taken during the formation of this variant, especially to the number of 
steps to form the pleat. To form the pleat in three steps instead of 2 steps is more convenient for this 
application. Variant 2 and 3 are very alike, the only main difference lies in the connection between 
the left and right side. Variant 2 makes use of a connection between the tendons, where variant 3 
makes use of a connection between the casings. The ability to use the flaps of the tendons from 
variant 2 as the connecting element (Figure 4.46) instead of the third casing results in decreasing 
number of parts and steps to be taken. This could be advantageously for the applying force for 
bringing the layers of membrane together. Eliminating the third casing from variant 2 could also 
simplify the way of use of the system. The precision of the pleat will be more accurate since the flaps 
could be shorter. Besides the simplified use and more accurate pleat, applying the two sides together 
not using the sliding principle will only make it easier. All these advantages due to a simple change to 
the system variant 2, offers a lot of prospects, and this will be the chosen variant (Figure 4.45) to 
develop further towards the final design. 
The last chapter will be focussed on the connection between the two sides and the demand 
“different pleats” will also be a focus point. 
  
 

Figure 4.45: chosen variant 2 Figure 4.46: simplification of the connection 
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4.9 Summary 
A set of demands and wishes were composed to create a focus on several topics that are important 
for the development of the product (Paragraph 4.2 & 4.3). The demands are crucial for the product 
development and the wishes are additional qualities. 
The introduced systems from out the brainstorm session (Paragraph 3.4.1) are studied by use of a 
SWOT-analysis (Paragraph 4.4), wherein the demands and wishes form the key indicators in the 
SWOT-tables. Only systems with a non-permanent attachment to the membrane are investigated. 
The derived information from the SWOT-analysis were used to assess the system by use of a decision 
matrix. This decision matrix (Paragraph 4.5) is constructed out of a rating system on the key 
indicators from the demands. 
The tendon systems (or systems that work with the same principle) score the best in the decision 
matrix. The differentiation in the way the system is applied is the feature that ensures that a certain 
system functions better than the other systems. 
The differentiation is studied by use of a Test-phase (Paragraph 4.6), wherein the original system is 
translated towards the application within our research field. The translation of each system is then 
constructed to form a pleat, this revealed several conclusions. 
Testing the several systems revealed findings that were not foreseen in the theoretical approach. 
Additionally some solutions were revealed by the tested systems. 
A univocal outcome could not be drawn from out the several systems. The solution outcomes are 
supplemented with new solutions and these are combined to answer the difficulties that arose 
during the test-phase. A morphological scheme (Paragraph 4.7) has been compiled for the founded 
and new solutions divided under the four founded new problems: formation of the pleat, fixation of 
the tendon, positioning of the pleat and positioning of the tendon. 
Three variants are the result of the combination of the different solutions (even combining solutions 
for one problem) for the four problems. Variant 2 is the chosen variant that will be even further 
developed in the final chapter. This variant (a triple Anylock system) had the best prospects to 
simplify the system. The variant will be simplified by eliminating the third casing and designing the 
connection between the two separate sides by making use of the tendon flaps. 
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5. Design 

Final steps will be taken in order to complete this design research. Eventually the outcome will be 

translated into practice by means of some models, the so-called mock ups as we stated as our 

research goal.  
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5.1 Introduction 
In Paragraph 4.8.2 the developed variant 2 (Figure 5.1) is chosen since this variant has the best 
prospects to simplify the system even more. The original system consist out of three casings and two 
tendons, in which the tendons both function as a element that is connected to the membrane and 
that functions as connecting element between the separate sides. The final connection will be 
formed by the third casing which will slide over the two separate tendons. The prospects in the topic 
of simplicity are being formed by the possibility to eliminate the third casing and design the 
connection directly between the tendon flaps. This prospect will be considered in the upcoming 
chapter. 

As previously mentioned, from the different analysis and test phases, it has been found that the 
Anylock system turned out to be the best application within this research. This is based on a principle 
in which the membrane is clamped between a tendon and an element that slides across the tendon. 
To create a pleat, it is necessary to apply this principle in duplicate, in which subsequently both sides 
are brought together and connected. This connection is achieved by connecting both tendons to 
each other by means of a third Anylock system. Finally, it has been shown that this last step can be 
simplified by applying a different connection possibility between the two tendons. This principle is 
shown in Figure 5.2 and will be further explained in the next paragraph. 

Figure 5.1: Chosen variant 2, triple Anylock system. 
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Figure 5.2: Schematic overview of design principle. 
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5.2 Flap connection 
The most important and decisive steps have been completed so far. We have succeeded to create a 
pleat in a way that will not permanently affect the membrane in the most simplistic and convenient 
manner. Only the last small step is still to be made, whereby the focus lies on the fact to connect 
both components (Anylock systems) to each other’s. To complete this last step, a reference is made 
to Paragraph 3.4 in which a brainstorm session is done to various possibilities to establish a 
connection. 

5.2.1 Different kinds of connections 
Within the brainstorm analysis which has been carried out previously to establish membrane 
connections it will now be used in order to analyse the flap connection. Focus area lies on the fact 
that a certain connection possibility has to be combined with the tendon flap in order to connect the 
whole component. The following connection possibilities will be briefly analysed. 

Figure 5.3 shows four examples (Hook and Loop, Lacing, Zipper and Press Buttons) of connection 
possibilities that can be applied to the tendon flap. It can be concluded that by the use of a double 
Anylock system we are able to apply “every” kind of connection possibility to the tendon. Most 
obvious possibilities will be taken further into consideration but this does not mean that a certain 
connection possibility turned out to be the chosen one. Besides the connection possibilities which 
proved to be rather unsuitable because of their characteristic to be permanently attached to the 
membrane turned out to be suitable within this design research because of the combination with the 
Anylock principle. The above mentioned connection examples will be translated to the combination 
with the Anylock system as we are aiming to succeed this connection component. Schematic 
representations can be seen in the following figures.  
 

Figure 5.3: Different kind of flap connection possibilities. 

Figure 5.4: Connection possibilities combined with the tendon flap. 
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5.2.2 Test phase connection possibilities 
A test model will be made for all four the connection possibilities to determine whether they actually 
function properly. For this purpose, a virtual model (Figure 5.5 – 5.8) is shown before the test models 
are exhibited. From out those models several conclusions will be drawn in order to determine if a 
certain connection function better or not. Eventually it is the intention to complete this design 
research with a specific connection combination.  

Figure 5.5: Virtual model Anylock combined with Hook and Loop connection. 
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Figure 5.6: Virtual model Anylock combined with Lacing connection. 
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In the next step all four connection possibilities are tested in practice. Within this model the Anylock 
system is combined with the connection possibilities which have been discussed above. This is done 
by attaching the specific connection possibility on the flap of the tendon in a permanent way. In this 
way it becomes possible to apply a system on a membrane in a non-permanent manner, which is 
normally needed to attach permanently.  

Figure 5.7: Virtual model Anylock combined with Zipper connection. 
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Figure 5.8: Virtual model Anylock combined with Press Buttons connection. 
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Combination with the Hook and Loop  

Combination with the Lacing 

In this variant a Velcro strip is stitched on the tendon flap 
in a permanent manner. Production of this combination is 
quite simple just as the application of the system. Any 
disadvantage is the fact that after frequently using the 
Velcro strap it will lose strength because of filthiness will 
damage the system. 

Figure 5.9: Test model Hook and Loop. 

In this variant the tendon flap is perforated beforehand. 
This makes it possible to engage both sides to each other 
by means of a Lacing. It can be rated as a simple system 
with some disadvantages. It can be considered as a 
labour-intensive operation, besides it is difficult to create 
a tight joint. On the other hand it is easy to repair in case 
of a broken Lacing. 

Figure 5.10: Test model Lacing. 
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Combination with the Zipper 

Combination with the Press Buttons 

 

In this variant a Zipper is stitched on the tendon flap in a 
permanent manner. Because both parts have to be 
separated, a divisible Zipper is applied. Production of this 
combination is quite simple just as the application of the 
system. Any disadvantage is the fact that for each Zipper a 
starting- and endpoint is required. 

Figure 5.11: Test model Zipper. 

In this variant the tendon flap is perforated and provided 
with Press Buttons. Just like the Lacing system it can be 
considered as a labour-intensive operation to connect 
every button. Besides when closing a button you have to 
exert force to both sides of the membrane which also can 
be considered as difficult. 

Figure 5.12: Test model Press Buttons. 
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5.2.3 Conclusions 
Adding a flap to the tendon of the Anylock system makes it possible to combine this system with 
multiple connection components. In this way it becomes possible to apply a system, which normally 
needs to be attached permanently, in a non-permanent manner. For example a zip-connection can 
be applied to a membrane without stitching it to the membrane just as other connection possibilities 
like the Hook and Loop, Lacing or Press Buttons. 
Most important addition within this design research is the fact that the tendon flap can be combined 
with several connection possibilities. From this point, it is not the intention to investigate whether a 
Zipper or a Lacing connection can be combined best to the tendon flap. Nevertheless, the four 
described connection possibilities are tested to figure out which connection possibility will be used to 
complete this design research. 
Within these four connection possibilities (Hook and Loop, Lacing, Zipper and Press Buttons) a 
distinction can be made between two systems that needs to be perforated (Lacing / Press Buttons) 
within the tendon flap and two systems that needs to be stitched on the tendon flap (Hook and Loop 
/ Zipper). Both in the Lacing and Press Buttons system the labour intensity to connect the system is 
higher than it is within the other two connection possibilities. Besides, another distinction can be 
made between two systems (Zipper / Lacing) in which the application exists out of a flowing single 
motion and two systems (Hook and Loop / Press Buttons) in which the application consists out of 
multiple operations. These are some examples of positive and negative facts regarding the various 
connection possibilities which shows the Zipper system to be most positive. 
Altogether, all of the four connection possibilities are capable to combine with the Anylock system 
and eventually creating a pleat within a membrane and / or connecting two membranes to each 
other. The Zipper system can be considered as the most positive possibility to attach to the tendon 
flap. This variant is capable to create a tight joint with a very simple proceeding. Any disadvantage is 
the fact that for each Zipper a starting- and endpoint is required, on the other hand it does not 
matter if the Zipper is longer than the required pleat. 
For the next test arrangements and completion of this design research the tendon flap shall be 
combined with the Zipper system. 
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5.3 Final design 
Through various analyses, examinations and choices we have been working towards a design that 
meets the predefined requirements and desires as much as possible. This final design has become a 
combination of two system principles. A so called Anylock system which consists out of a tendon in 
pipe principle supplemented with a Zipper system. The strength of the component lies in the 
combination of both principles. The negative aspects of the one system are captured with the 
positive aspects of the other system. In this way, we attempt to design a simple but effective system 
within the context of “Sheltering”. 

5.3.1 Different parts of the component  
Figure 5.13 shows a representation of an exploded view of the final design. The different parts of the 
component are clearly visible in this way. 

The component consists out of three elements. The first element includes a pipe which is designed to 
clamp the membrane between this pipe and the tendon. This pipe contains an incision across the 
entire length of the pipe, in this way it is possible to slide the pipe across the tendon with its 
membrane in-between. When this proceeding is carried out in duplicate, it is possible to create a 
pleat within a single membrane. In order to connect the two sides, a third element is necessary. This 
element consists out of a Zipper which is permanently connected to the tendon flap. Closing the 
Zipper ensures the pleat to assume its desired position and a tight joint will be the end result. In 
addition, it is also possible to connect two or more separate membranes with each other with the 
same system principle. 

Zipper 

Tendon + Flap 

PVC-Pipe 

Membrane 

Figure 5.13: Different parts of the system component. 
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5.3.2 System dimensions  
In order to ensure that the system is operating as needed, the dimensions of the various elements 
are important. Therefore, the various elements are highlighted separately within the following 
figures. 
  

Figure 5.15: Tendon dimensions. 
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Figure 5.14: Pipe dimensions. 
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Most important fact, when determining the dimensions of the system, is that the overall system has 
to be easy to handle but also strong enough to maintain its fold under different circumstances. Most 
crucial alignment of dimensions is the size of the incision within the pipe and the thickness of the 
tendon. Various tests have been carried out to find out which dimensions were found to be most 
ideal to be able to, on the one hand, prevent the system from too much friction between the pipe 
and the tendon by means of close dimensions. On the other hand prevent the system from too much 
space between both elements which may ensure the tendon to “shoot” out of the pipe too easily. 

5.3.3 Production process 
The production process of the component is very simple, only a few proceedings are needed in order 
to make the component ready to use. The following figures are representative for the proceedings 
that are necessary to complete the system component. First, the pipe needs to be incised (Figure 
5.17), therefore a grinding wheel is fixated on a supporting structure on which the pipe is shoved and 
incised at the same time. Next, a divisible Zipper needs to be attached to the tendon flap. This is 
done by stitching both elements together (Figure 5.18). These are the only required proceedings. 
Furthermore, the PVC-pipe, tendon (with flap) and Zipper are for sale in the average construction 
shop, camping shop or market. 

 

Figure 5.17: Incision of the pipe. 

Figure 5.16: Divisible Zipper dimensions. 

Zip-puller 

Zipper-teeth 

Zipper-tape 

35 mm 

12,5 mm 10 mm 12,5 mm 



   Master Thesis 

91 
University of Technology Eindhoven 

5.3.4 Application phasing 
Applying the component on a universal piece of membrane in order to create a pleat has been 
mapped in the illustrations below (Figure 5.19).  
 

 

Figure 5.18: Connection of the Zipper to the tendon flap. 

Figure 5.19: Several steps to be taken to apply a pleat within a membrane. 
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5.4 Flexibility  

5.4.1 Introduction 
In Paragraph 4.2 Demands the third sub-topic ”adaptability” contains a demand that requires the 
construction of different pleats. In other words: the system is able to create linear but also curved 
pleats. With the current final design we are able to create a linear pleat since straight and continuous 
elements are used to create the connection. More specific, the PVC-pipes are the straight parts that 
prevents the connection from bending, the Zipper and tendon (with flap) are able to bend. 
 
The demand for the ability to create a curved pleat is a result from the pattern analysis in Appendix E. 
More specific the demand is a result of the shape of shelter structure 5 (Haïti 2010), which is a tunnel 
tent (Figure 5.20 – 5.22).  

 

Figure 5.20: Tunnel-tent shelter (UNHCR, n.d.). Figure 5.21: Translation to tunnel tent structure. 

Figure 5.22: Unfolded pattern for tunnel-tent structure. 
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5.4.2 TRIZ method 
TRIZ is a problem solving method based on logic and data, not intuition, which accelerates the 
project teams’ ability to solve these problems creatively. TRIZ also provides repeatability, 
predictability, and reliability due to its structure and algorithmic approach. “TRIZ” is the (Russian) 
acronym for the “Theory of Inventive Problem Solving.” G.S. Altshuller and his colleagues in the 
former U.S.S.R. developed the method between 1946 and 1985. TRIZ is an international science of 
creativity that relies on the study of the patterns of problems and solutions, not on the spontaneous 
and intuitive creativity of individuals or groups. More than three million patents have been analysed 
to discover the patterns that predict breakthrough solutions to problems.  (Barry, Domb , & Slocum, 
2014) 
First of all it is important to 
identify the problem for which a 
solution has to be found. An 
abstraction for this problem has 
to be formed according to one of 
the 39 design parameters of the 
TRIZ method. The goal is to 
improve the feature which causes 
the problem. It is possible that 
another feature of the designed 
product will worsen. Therefore it 
is important to localize these 
worsening features (could be more than one). The improved feature and the worsened feature form 
a contradiction which could be found the contradiction matrix of the TRIZ method. The contradiction 
matrix provides 40 principles of invention. These 40 principles of invention give the abstracted 
solution for the abstracted problem. Then the abstraction has to be concretized to find the solution 
for the specific problem. 

Figure 5.23:  TRIZ steps and actions (Leone Design, 2010). 
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5.4.3 Using the TRIZ method 
The feature which has be improved is the flexibility of the 
elements for the ability to create a curved pleat. This adaptation 
concerns several elements within the connection. Foremost the 
two casings, that enclose the tendons and the membrane. The 
other essential elements are the tendons and the connections in 
between them. The tendons (with flaps and connecting element) 
only have to be flexible in one way, since the curved pleat only 
curves in one direction. The casing elements on the other hand 
have to be flexible in two directions, since they are applied in a 
curved way on a flat surface and have to form a 3D volume (a 3D 
pleat). The casings are subjected to a certain rotation as they are 
deformed from the flat surface towards the 3D volume.  
The abstraction of this feature has to contain the following 
characteristic: ability to form a curved pleat as well as the linear pleat. Parameter 35: Adaptability or 
versatility is selected, according to the list of 39 design parameters (for the whole list Appendix H). 
This parameter consist out of the following explanation: 
 
35. Adaptability or versatility: The extent to which a system / object positively responds to external 
changes. Also, a system that can be used in multiple ways for under a variety of circumstances.  
(Kudrowitz, 2015) 

Changing the rigid straight casing into a curved casing could result in improving the adaptability or 
versatility of the element but could cause some features to worsen due to this improvement. The 
next (abstracted) features could possible worsen due to this adjustments: 
 
13. Stability of the object's composition 
The wholeness or integrity of the system; the relationship of the system's constituent elements. Wear, 
chemical decomposition, and disassembly are all decreases in stability. Increasing entropy is 
decreasing stability. 

25. Loss of Time 
Time is the duration of an activity. Improving the loss of time means reducing the time taken for the 
activity. "Cycle time reduction" is a common term. 

26. Quantity of substance / the matter 
The number or amount of a system's materials, substances, parts or subsystems which might be 
changed fully or partially, permanently or temporarily. 

33. Ease of operation 
Simplicity: The process is NOT easy if it requires a large number of people, large number of steps in 
the operation, needs special tools, etc. "Hard" processes have low yield and "easy" process have high 
yield; they are easy to do right. 
(Kudrowitz, 2015) 

Figure 5.24: Visualisation of the 
straight, non-flexible connection. 

Casings 
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The improved feature 35. Adaptability or versatility possible 
causes four other features that could worsen: 13. Stability of 
the object's composition, 25. Loss of Time, 26. Quantity of 
substance / the matter, 33. Ease of operation. So the 
separate contradictions arise between design parameter 39 
and 13, 25, 26 & 33 (as seen in Table 5.1). The whole 
contradiction matrix with the selected design parameters 
and selected solution principles is provided in Appendix I. 
 
As seen in Table 5.2 the following principles arise out of the 
contradiction matrix: 1, 3, 14, 15, 16, 28, 30, 34, & 35. All of 
these principles provide several abstracted solution for the certain contradiction. 
Table 5.2: Solution principles for the founded contradictions. 

Principle: Abstracted solution: 
1: 
Segmentation 

A. Divide an object into independent parts. 
B. Make an object sectional. 
C. Increase the degree of fragmentation or segmentation. 

3: Local quality A. Change an object's structure from uniform to non-uniform, change an 
external environment (or external influence) from uniform to non-uniform. 

B. Make each part of an object function in conditions most suitable for its 
operation. 

C. Make each part of an object fulfil a different and useful function. 
14: 
Spheroidality 
Curvature 

A. Instead of using rectilinear parts, surfaces, or forms, use curvilinear ones; 
Move from flat surfaces to spherical ones; From parts shaped as a cube 
(parallelepiped) to ball-shaped structures.  

B. Use rollers, balls, spirals, domes. 
C. Go from linear to rotary motion, use centrifugal forces. 

15: Dynamics A. Allow (or design) the characteristics of an object, external environment, or 
process to change to be optimal or to find an optimal operating condition. 

B. Divide an object into parts capable of movement relative to each other. 
C. If an object (or process) is rigid or inflexible, make it movable or adaptive. 

16: Partial or 
excessive 
actions 

A. If 100 percent of an object is hard to achieve using a given solution method 
then, by using 'slightly less' or 'slightly more' of the same method, the 
problem may be considerably easier to solve. 

28: Mechanics 
substitution 

A. Replace a mechanical means with a sensory (optical, acoustic, taste or smell) 
means. 

B. Use electric, magnetic and electromagnetic fields to interact with the object. 
C. Change from static to movable fields, from unstructured fields to those 

having structure. 
D. Use fields in conjunction with field-activated (e.g. ferromagnetic) particles. 

30: Flexible 
shells and thin 
films 

A. Use flexible shells and thin films instead of three dimensional structures 
B. Isolate the object from the external environment using flexible shells and thin 

films. 
34: Discarding 
and recovering 

A. Make portions of an object that have fulfilled their functions go away (discard 
by dissolving, evaporating, etc.) or modify these directly during operation. 

35: Parameter 
changes 

A. Change an object's physical state (e.g. to a gas, liquid, or solid.) 
B. Change the concentration or consistency. 
C. Change the degree of flexibility. 
D. Change the temperature. 
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5.4.4 Elaborate the chosen principles of invention 
The casing which will be subjected to the principles of invention is 
a linear pipeline with an incision over the whole length of the pipe. 
Each abstracted solution will be translated to the more specific use 
for the casing elements. They all will be considered, bearing mind 
the stated demands and wishes. After this translation and 
consideration, the most suitable solution will be chosen and 
implemented in the final design of the casing. 
 
Principle:  1. Segmentation 
Abstracted solution: A. Divide an object into independent parts 
Explanation consequences / effects: 
Dividing the continuous pipe into separate parts will result in a 
large number of parts and thereby al lot of extra actions. Thereby it 
is possible that the pleat will not be as precise as intended. 
The flexibility or curvature of the pleat depends on the distance 
between the separate elements.  
 
Principle:  1. Segmentation 
Abstracted solution: B. Make an object sectional 
Explanation consequences / effects: 
The pipe will be divided into separate parts but those parts will be 
connected to each other. This will ensure that the element will 
slide as one part on the membrane and tendon. The small cavities 
between the separate parts could cause the pipe get stuck here 
and there. The flexibility / curvature depends on the suppleness of 
the connecting element between the separate pipes. 
 
Principle:  1. Segmentation 
Abstracted solution: C. Increase the degree of fragmentation or segmentation. 
Explanation consequences / effects: 
This solution is a combination of 1.A and 1.B. The pipe will be 
divided into separate parts but those parts will be connected to 
each other in clusters of three elements.  
This will ensure that the clusters will slide as one part on the 
membrane and tendon. The small cavities between the separate 
parts could cause the pipe get stuck here and there. The number of 
parts will also increase. 
The flexibility / curvature depends on the suppleness of the 
connecting element between the separate pipes. 
 
Principle:  3. Local Quality 
Abstracted solution: A. Change an object's structure from uniform to non-uniform, change an 

external environment (or external influence) from uniform to non-uniform. 
B. Make each part of an object function in conditions most suitable for its 
operation. 
C. Make each part of an object fulfil a different and useful function. 

Figure 5.25. The straight casing (pipe). 

Figure 5.26. Solution 1.A. 

Figure 5.27. Solution 1.B. 

Figure 5.28. Solution 1.C. 



   Master Thesis 

97 
University of Technology Eindhoven 

Explanation consequences / effects: 
This principle focusses on several parts within a product. Therefore it is not useful to translate these 
solutions to the specific use of our product, since the pipe already has a specific use. 
 
Principle:  14. Spheroidality curvature 
Abstracted solution: A. Instead of using rectilinear parts, surfaces, or forms, use curvilinear ones; 

Move from flat surfaces to spherical ones; 
From parts shaped as a cube 
(parallelepiped) to ball-shaped structures.  

Explanation consequences / effects: 
This solution is also the problem that has to be solved: in what way 
needs a linear pipe to be adjusted to perform as a curved / flexible 
pipe? This solution could be useful if the curvature of the pleat is 
known and the curvature asks for a specific kind of curved pipe. 
But for the diversity of pleats (different curves) this solution cannot 
be used. 
 
Principle:  14. Spheroidality curvature 
Abstracted solution: B. Use rollers, balls, spirals, domes. 
Explanation consequences / effects: 
Inspired from a ring binder for books this way of curving the pipe 
results in a very flexible pipe. The disadvantage lies within the 
resistance on perpendicular forces. Since each separate rib has to 
withstand the external forces instead of working together as a 
whole the connection will not have as high resistance as the 
continuous pipe. 
 
Principle:  14. Spheroidality curvature 
Abstracted solution: C. Go from linear to rotary motion, use centrifugal forces. 
Explanation consequences / effects: 
This abstracted solution principle focusses on the needed force for the application instead of a way 
to create a flexible pipe, therefore this solution is not useful. 
 
Principle:  15. Dynamics 
Abstracted solution: A. Allow (or design) the characteristics of 

an object, external environment, or process 
to change to be optimal or to find an 
optimal operating condition. 

Explanation consequences / effects: 
This solution is derived from a soda straw, the ribbing of the pipe 
ensures a certain rotation of each rib relative to the next rib. The 
flexibility is restricted by the thickness of the pipe, a thin pipe wall 
will result in a very flexible pipe. But the wall may not be too thin 
since the pipe may not crack or tear. 

Figure 5.31. Solution 15.A. 

Figure 5.30. Solution 14.B. 

Figure 5.29. Solution 14.A. 
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Principle:  15. Dynamics 
Abstracted solution: B. Divide an object into parts capable of 

movement relative to each other. 
Explanation consequences / effects: 
Only connecting the separated parts make the pipeline susceptible 
to breakage since the external forces will also affect the small 
connecting parts. Thereby the separated parts could get out of the 
curved line due to the rotation point relative to the rotation point 
of the next part. Curving will only be possible in one surface. 
 
Principle:  15. Dynamics 
Abstracted solution: C. If an object (or process) is rigid or inflexible, make it movable or adaptive. 
Explanation consequences / effects: 
This solution is also the problem that has to be solved: in what way needs a linear pipe to be adjusted 
to perform as a curved / flexible pipe? 
 
Principle:  16. Partial or excessive actions 
Abstracted solution: A. If 100 percent of an object is hard to 

achieve using a given solution method 
then, by using 'slightly less' or 'slightly 
more' of the same method, the problem 
may be considerably easier to solve. 

Explanation consequences / effects:  
It is not possible to use this solution, since a certain demand of the 
structure / shape of a shelter (the specific curvature) requires that 
the curve needs to have “X” degrees. A slight difference in rotation 
degree will result in not meeting the certain shape of the shelter. 
 
Principle:  28. Mechanics substitution: 
Abstracted solution: A. Replace a mechanical means with a 
sensory (optical, acoustic, taste or smell) means. 
B. Use electric, magnetic and electromagnetic fields to interact 
with the object. 
C. Change from static to movable fields, from unstructured fields to 
those having structure. 
D. Use fields in conjunction with field-activated (e.g. ferromagnetic) 
particles. 
Explanation consequences / effects: 
Adding mechanical elements to the pipe will enable the most precise curve that is possible. The 
adjustments could be set for the right location in the connection with the required angle. Although 
the concept of sheltering lies within the simplicity, low cost and ease of use. Adding a mechanical 
element will be in conflict with this concept. 
 
 
 
 
 

Figure 5.34. Solution 28. A, B, C, D. 

Figure 5.33. Solution 16.A. 

Figure 5.32. Solution 15.B. 
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Principle:  30. Flexible shells and thin films: 
Abstracted solution: A. Use flexible shells and thin films instead 
of three dimensional structures 
Explanation consequences / effects: 
A thin film on the inside of the of the separated parts will not only 
ensure the curvature of the pipe but also make the application 
easier, since the pipe is in a continuous line without any incisions. 
A disadvantage is that the thin film will be the weakest link in this 
connection due to its thickness. 
 
Principle:  30. Flexible shells and thin films: 
Abstracted solution: B. Isolate the object from the external 
environment using flexible shells and thin films. 
Explanation consequences / effects: 
A thin film on the outside has the disadvantage that the incisions 
by the separated parts could make the application harder. Thereby 
is the thin film the weakest link in the connection due to its 
thickness. 
 
Principle:  34. Discarding and recovering 
Abstracted solution: A. Make portions of an object that have 
fulfilled their functions go away (discard by dissolving, evaporating, 
etc.) or modify these directly during operation. 
Explanation consequences / effects: 
Designing a pipe with incisions that are not fully incised but leave a 
small piece of the pipe intact. By bending the pipe the incisions will 
crack open and make it possible for the pipe to bend. The 
disadvantage arises after the pleat is created, the pipe is then 
irreparable cracked and bending in another direction is not 
possible. 
 
Principle:  35. Parameter changes: 
Abstracted solution: A. Change an object's physical state (e.g. to a gas, liquid, or solid.) 
Explanation consequences / effects: 
The pipe must have some rigidity to stay in place under the influences of the external forces. 
Changing the solid elements to liquid or gas substances will result in losing this important feature. 
 
Principle:  35. Parameter changes: 
Abstracted solution: B. Change the concentration or 
consistency. 
Explanation consequences / effects: 
A ribbed pipe makes it possible to bend by lack of rigidity in the 
longitudinal direction, but keeps the pipe as a whole. The thinner 
sections are strong enough to bend but not to break or crack. The 
circular thinner section make it also possible to bend in all 
directions. The degree of curvature is set by the thickness of the 
thinner sections. 
 
 

Figure 5.37. Solution 34.A. 

Figure 5.38. Solution 35.B. 

Figure 5.36. Solution 30.B. 

Figure 5.35. Solution 30.A. 
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Principle:  35. Parameter changes: 
Abstracted solution: C. Change the degree of flexibility. 
Explanation consequences / effects: 
This solution is also the problem that has to be solved: in what way needs a linear pipe to be adjusted 
to perform as a curved / flexible pipe? 
 
Principle:  35. Parameter changes: 
Abstracted solution: D. Change the temperature. 
Explanation consequences / effects: 
Changing the temperature in which the pipe has to operate could simplify the application. But this 
has to be done with high temperatures, which will also have an impact on the membrane and other 
parts. 
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5.4.5 Conclusion 
The different given abstracted solutions resulted in several new 
insight. A differentiation in specific solutions becomes clear: 
partitioning the pipe or making a notch in the pipe in the circular 
direction. The partitioning could end up in several separate parts 
that have to be placed individually or a connection between those 
separated parts is designed. The connection ensures that the pipe 
could be placed as a whole, but this will not mean that the 
application of the pipe will performed simple and easy. The 
separate parts could get stuck. Therefore a thin film on the inside 
of those parts will help the parts slide easy over the tendon and 
membrane. This concept of connecting the parts on the inside and 
thereby making the application easier could also be achieved by a 
repetitive notch (Figure 5.39) or ridge (Figure 5.40) in the circular 
direction of the pipe. 
This prevents the addition of a thin film and preserves the use of 
only one material for the selected action. Using this solution 
method ensures the rigidity of the pipe but make the pipe flexible. 
The pieces where the notches are located are less stiff and the 
notches also ensure that ribbed pieces of the pipe could move 
towards each other. This also occurs with the ribbed solution, but 
less material is used. The pipe wall thickness is over the whole 
length the same but the ribbed surface make it easier to bend. 
So the notched pipe uses too many material and the ribbed pipe 
bend to easy. Combining the solutions resulted into a squared 
ribbed pipe that also has the squared ribs on the inside of the pipe. 
The pipe will slide easy over the membrane and tendon and will 
not get stuck due to the high density of the ridges. 
By this solution the concept of a continuous pipe stays the same and the precision of the pleat is as 
precise as the curvature of the tendon or the intended curved pleat. Thereby the way of use will not 
change. Since the most rigid pieces are placed close to each other, the element is still able to 
withstand the perpendicular forces. 

Figure 5.39. Notched pipe. 

Figure 5.40. Ribbed pipe. 

Figure 5.41. Final solution. 

Figure 5.42. Straight and bended pipes using the combination of a notched and ribbed pipe. 
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5.5 Models 

5.5.1 Introduction 
The next and final step to complete this design research is to translate the results into several 
practical models. First, the connection possibilities from Paragraph 5.2 have been implemented into 
practice which involves a rectangular wooden framework in which a membrane is stretched. Within 
this membrane, four pleats have been created in four different ways. A pleat which is created by a 
Hook and Loop connection, in addition a pleat which is created by a Lacing, followed by a pleat which 
is created by a Zipper connection and finally a pleat which is created by Press Buttons.  
As already discussed, we prefer to complete this research with the Zipper connection. Therefore, 
within the subsequent models only the Zipper connection will return. This will be a framework in 
which a diagonal pleat has been created in a two dimensional flat, followed by a diagonal pleat in a 
three dimensional flat and eventually also a curved pleat in a three dimensional flat to underpin the 
previous paragraph in which is discussed by means of a TRIZ-method how to create a curved pleat in 
the most responsible way. 

5.5.2 Connection possibilities into practice 
Within the figure below (Figure 5.43) a rectangular wooden framework has been created in which 
the four connection possibilities will separately create their own pleat.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Carrying out the first step, the application of the Anylock system to the membrane, stays the same 
for all of the four connection possibilities, whether it is a Zipper or a Lacing. The first differences 
occur when bringing the tendon-flaps together. Within the Hook and Loop connection it is 
necessary to distribute both sides uniformly over each other, if this does not happen an irregular 
weak connection will be the result. Within the Lacing connection, this proceeding will be slightly 
different. In this variant, both sides will be brought together by means of a contractile lace. Within 
the Zipper connection a starting point needs to be created to close the Zipper and automatically 
bringing both sides together by means of an upwards movement. Finally the Press Button 
connection in which step by step each button needs to be pressed together. 

Figure 5.43: Different connection possibilities combined with the tendon-flap to create a pleat. 
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Another difference between these connection variants is the distance between both flaps. Within 
the Hook and Loop connection both flaps needs to be fully placed over each other, just like the 
Press Button variant, in this case a tight connection will be the result. This will be in contradiction 
with the Lacing variant, in this case it is difficult to create a completely closed joint. In case of the 
Zipper variant, it depends on the dimensions of the Zipper-tape. In most cases those dimensions 
will correspond with the dimension of the tendon flaps, resulting into a tight joint as well. 

5.5.3 Diagonal pleats 
Another option is to create pleats in a diagonal way. Figure 5.44 is an example of a practical setup in 
which a membrane is stretched within a wooden framework and is interrupted by a diagonal pleat.   

Matter of course, when a universal membrane is used to create a diagonal pleat some height 
difference will appear within the membrane like the figure above illustrates. Furthermore, the 
principle stays the same, whether a straight pleat or a diagonal pleat has been created.  
 
Within the next model, a diagonal pleat has been created in a three dimensional flat. This will 
correspond and simulate a shelter roof corner. A scale model is made in order to demonstrate 
whether the system will work properly and to find out which struggles will appear. This model is 
shown in Figure 5.45. 
In this case we have decided to use two separate membranes instead of a continuous membrane. 
This is done because during the operation of this model we figured out that the pleat took a lot of 
space. The membrane got stuck against the wooden side plates and resulted in a deformed outside 
surface. The aesthetical point of view allowed to use a principle of two membranes. 
On a larger scale and with a normal construction this would not be a problem at all. Most important 
conclusion from out the application of this model is the fact that it is crucial for the tightness of the 
membrane to apply the Anylock systems very precisely, otherwise irregular flats will occur and that 
will be at the expense of the model. 

Figure 5.44: Diagonal pleat within a two-dimensional flat with the Zipper variant. 
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5.5.4 Curved pleats 
In addition to the above diagonal pleat we also succeed to fabricate a model in which a curved pleat 
has been created (Figure 5.46). This one was the most challenging variant with the most difficulties 
and struggles. Once again we made use of two separate membranes instead of a universal 
membrane for the same reason as we discussed previously. Besides, within this variant it is even 
more important to apply the Anylock system as precisely as possible. If this is not the case you will 
see every little crease in the membrane flat, what will be to the disadvantage of the model. 
Most important aspect is the fact that we are able to demonstrate that it is also possible to create 
curved pleats as well and that there are sufficient opportunities for further research to develop this 
product even more. 

 

Figure 5.45: Diagonal pleat in a three-dimensional flat (Front- & Side perspectives). 

Figure 5.46: Curved pleat in a three-dimensional flat (Front- & Side perspectives). 
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5.5.5 Conclusion 
During this research process, we have been working towards the implementation of the component 
to the practice. So far, several results and outcomes have been achieved by means of analysis and 
test setups. In order to demonstrate how these theoretical findings actually work in practice, this 
paragraph is devoted to the practical outcomes. 
First, within a framework, the different tendon connection possibilities are demonstrated (Figure 
5.43). It has been found that all four of the possibilities are able to create a proper connection. The 
difference lies in the fact that the application of the one connection variant is more difficult than the 
other. Not only the Zipper variant proved to best applicable but it is also be capable to create the 
tightest joint. Only difficulty has been found in the precision of the pleat. More labour and accuracy 
is required for this proceeding than was expected in advance for this proceeding. 
Subsequently, within a framework, a diagonal pleat has been created (Figure 5.44) in order to find 
out if this is possible and which difficulties become apparent. Eventually the results perfectly 
correspond to an ordinary straight pleat. However, it should be taken into account that there is some 
height difference between the two sides of the membrane. 
Eventually, all outcomes and results have been translated into three dimensional models. First, a 
diagonal pleat within a three dimensional flat has been created (Figure 5.45). This kind of pleat is an 
example of a fragment which often returns within a shelter. As shown in the figure it is possible with 
this component to create perfectly formed flats. Just as the previous models, accuracy of application 
is the most critical proceeding within the pleat formation. An addition to the diagonal pleat is the 
connection which is shown in Figure 5.46, the curved pleat. Precision of applying the Anylock to the 
membrane becomes more important within this variant.  
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5.6 Summary 
Chapter 4 resulted into a selection of a design which is further developed in Chapter 5. Variant 2 (a 
combination of a triple Anylock system) contains the feature that the connection is made between 
the two tendons using a third casing. This connection between the tendons is further simplified by 
interpret the connection between the tendons literally. 
 
The connection between the tendons could be made by several products. From out the brainstorm 
session in Paragraph 3.4 various possibilities to connect 2 layers of membrane together arose. All of 
those connecting possibilities could be used since the innovation lies within the non-permanent 
connection with a permanent connection. 
 
Four connecting possibilities (Hook and Loop, Lacing, Zipper and Press Buttons) are briefly analysed 
and the Zipper has been selected to finalize this thesis with several working models. 
The final design consists out of 3 different elements; PVC-pipes, tendons with flaps and a Zipper. The 
PVC-pipe is incised to perform as a sliding element over the tendon and membrane. By this action a 
non-permanent attachment to the membrane has been achieved. By adding a Zipper (or other 
connecting method) to the tendon flap the permanent method could be used in a non-permanent 
manner. 
 
A lack in the final design was caused by the inability to create a curved pleat. This inability has been 
solved using a TRIZ method (Paragraph 5.4), by abstracting the problem and finding an abstracted 
solution for the specific problem. This method is based on a study in the patterns of problems and 
solutions from millions of patents. The PVC-pipes had to be designed to make a curved pleat 
possible, therefore the adaptability (parameter 35, according to the design parameters) had to be 
improved. Two abstracted solutions turned out to be very effective, but the combination of both of 
the solution appeared to be even more effective. A notched and ribbed pipe is the combined solution 
that resulted out of the TRIZ method and could be implemented in the construction of the curved 
pleat. 
 
The chapter concludes with several working models which can be found in Paragraph 5.5. 
Consecutively within a framework four connection possibilities are demonstrated, followed by a 
diagonal pleat within a two dimensional flat, finalized with a diagonal pleat within a three 
dimensional flat and a curved pleat. All of these models are capable to show that the component 
works properly and is able to create pleats out of universal shaped membrane in a non-permanent 
manner. Just as it is possible to create this connection between two or more separate membranes. 
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6. Research Evaluation 

A completion of this research is achieved by an evaluation on several topics. A reflection on the 

research & sub-questions reveals the achievement of the goal of this graduation research. The 

design is reflected on the stated requirements. Thereby several overall conclusions have been 

drawn, even so several recommendations for further research. 
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6.1 Introduction 
From an extensive literature review, whose main elements are discussed in the first chapter, a 
specific goal with subsequent research (sub) questions have been drawn in the second chapter. 
These elements have created a comprehensive examination in the continuation of this thesis. 
 So far, the investigation has yielded several outcomes and results. To establish a link between those 
outcomes and results with the proposed research questions and requirements, this chapter is 
arranged. 
Within this paragraph, a simple schematic representation of the design process is shown (Figure 6.1). 
This is done in order to show that this research (design phase) has been a cyclic process. 
Hereafter, this research will be evaluated by means of a reflection to the research question and sub-
questions which have been prepared in Chapter 2. This will also be done for the demands and wishes 
which have been prepared in Chapter 4. Eventually, this design research will be completed with the 
necessary conclusions and recommendations. 
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Figure 6.1: Component phase schematic representation of the design process. 
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6.2 Design evaluation 
Within the Chapters 2 & 4, several research questions, sub-questions and requirements are drafted. 
In addition to the general findings and conclusions within this research, a reflection on these 
elements is important to complete and to validate this research. 

6.2.1 Reflection on research questions & sub-questions 
The goal of this research was to develop a mock-up in which a component is able to transform a 
universally applicable format of membrane to different shapes of support structures, without 
permanent deformation of this membrane. In order to achieve this goal the main focus of this master 
thesis lies on the development of this component.  
A main research question has been arranged as a guideline within this research process in order to 
achieve the desired results and goals. 

Research question: 
- How to enclose form-independent membrane shelter structures as simple as possible by a 

universal membrane without irreversible transformations to the membrane? 
 
To answer this question, the following sub-question will be answered first; 
 
1. What types / shapes of shelters are used in emergency situations? 
Within Paragraph 1.3.2 a case study research has been done in order to obtain better understanding 
of the entire emergency shelter industry. Eleven cases have been elaborated in Appendix C which 
were founded in the Shelter Projects 2008-2014 books. These documents are compiled by IFRC, UN-
HABITAT and UNHCR and form a base of knowledge in reality. The information which is provided by 
the books is related to all kind of influence in situation of providing shelter. Recurring themes like 
which kind of support, settlement options, land ownership, phase of response, scale of program, 
labour, logistics and supply, assistance methods, and most important aspect to give answer to this 
question, the shelter design and shelter size are discussed. 
 
Every emergency shelter has a different design and differ in shape as well, this depends on the 
materials that are provided and the environmental impacts. There is no such design that is suitable 
for every emergency response. In case of high wind loads a Tuareg tent (Burkino Faso, 2012) or 
dome-shaped constructions (Peru, 2012) can withstand these impacts. On the other hand they are 
labour intensive and need a lot of materials. Tunnel tents are easier to erect but are less durable 
(Tunisia, 2011 and Haiti, 2010). Traditional house shaped shelters (vertical walls with monopitch or 
pitch roof) are seen as more durable according to the more solid used materials in the structure. 
Solid materials used in the skin results in a sense of safety for the inhabitants according to the case of 
Peru (2007). 
 
Altogether there cannot be concluded that it is possible to have a universal type / shape of shelter. 
The emergency situations and the circumstances in each area differ too much from each other to 
design a universal type and shape independent emergency shelter. This is also clearly visible within 
the current shelters. Within Appendix D a shelter structure analysis has been added in which five 
specific shelter shapes have been analysed. Those types / shapes of shelters will serve as a guideline 
for further research. Straight flats, inclined flats and curved flats are common within shelter designs. 
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2. How to deform the membrane to assume the shape of the shelter structure? 
Now there has been concluded that there are multiple forms / shapes of emergency shelters it is self-
evident that the skin of the shelter (in this case a membrane) needs to be deformed in order to 
comply this research goal. The concept of this research, described in Chapter 3, describes the 
principle within this thesis and can be divided into the process, the method and the component. 
Within the first two phases the answer of this sub-question will be further clarified. 
 
First, some differences have been made in order to change and optimize the process to assemble an 
emergency shelter. Most crucial change is the combination of the assembling phase with the editing 
phase. This means that the untreated membranes will be distributed to the disaster area and will be 
customized on site. This will lead to an acceleration of the reaction time, more involvement of the 
affected people and more membranes to be transported at once. On the other hand, those 
changings will lead to a different method approach. To achieve this, the affected people must be 
capable to carry out such proceedings themselves. 
 
Basic principle is to involve the local or affected people to assemble the required shelters. Therefore 
it is necessary to develop a simple, thoughtful technique. A method in which the use of additional 
resources should be minimized and to create the ability to adjust both shape and size of the 
membrane at any time. 
 
The technique is based on the fact that the same membrane needs to be wrapped and folded around 
different shapes (and dimensions) of shelter structures (for example the shelter structures from out 
Appendix D). To be able to envelope different types of shelters a folding method is used. By using a 
folding method it is not necessary to cut, stitch, perforate or attach different permanent components 
to the membrane to provide a skin to the structure. Without affecting the membrane it becomes 
possible to reuse the membrane for another shelter structure but also for other purposes such as a 
groundsheet, an external wind sheet, water collection, etc.  
 
To create a three-dimensional shape (shelter shape) out of a two-dimensional flat (universal 
membrane), folding lines needs to be created and should be connected to each other. When 
performing this operation a lost surface will exist, the so-called pleat. This area will be maintained in 
order to deform the membrane without affecting the membrane permanently. A comprehensive 
pattern analysis can be found in Appendix E. 
 
3. How to ensure the membrane maintains its deformation? 
To answer this question, phase three (the component, Paragraph 3.4) is important. The next step 
within the folding method is to connect both folding lines to each other’s. Therefore, a design study 
is necessary towards a component which is able to create a pleat (phase 1), fixates both folding lines 
(phase 2) without permanently deforming the membrane. To give impetus to this research several 
steps needs to be executed in order to find out which component is suitable to create a pleat within 
a universal membrane (phase 1). 
 
First, all possible membrane connection possibilities are mapped by means of a brainstorm analysis. 
Fourteen different systems are the outcome of this analysis, varying from some tendon systems to 
zippers to magnetic fixation possibilities. All of these systems and products have their own 
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characteristic features on which they all differently perform. They were designed and developed for 
a specific purpose only. A transfer towards our concept of fixating two layers of membrane together 
will result in constraints for the founded systems. Several demands and wishes have been compiled 
to determine on which characteristics the system had to perform well, before they will be analysed 
by means of a SWOT-analysis. Main principle is the fact that the system may not irreparable modify 
the membrane, this means no attachments on the membrane and no incisions in the membrane. This 
provides a clear segregation in the founded systems discussed above. 
 
The outcome would be the following systems to be suitable to attach to the membrane without 
permanently deforming the membrane (Paragraph 4.4): 

- Anylock 
- Cable Wrapping 
- Clip Clamp 
- Clip Clamp Sealing 
- Double Tendon Clam 
- Magnetics 
- Poster Clamming 
- Tendon Rail  

 
4. What improvements are needed in order to implement the previous results within the context 
of sheltering? 
As a continuation to the outcomes of the question above, all of these systems are analysed by means 
of a decision matrix. Resulted into a leftover of only the tendon systems, exemplified in Paragraph 
4.5. Complemented by an extensive test phase, the Anylock system seems to be the most suitable 
system to implement within this research and to accomplish phase 1 (creation of a pleat out of a 
universal membrane) of this research goal. 
 
In order to succeed within the context of sheltering it is important to test the system principle in 
practice. Therefore, several tests has been conducted which again have led to certain results. 
Problem areas have been addressed and analysed again by means of a morphological analysis. 
Whereby the main outcome would be the addition of a tendon-flap. This development within the 
research process has led to the possibility to accomplish phase two (fixation of both folding lines) as 
well. 
 
Because of the tendon-flaps it becomes possible to combine the Anylock system with another system 
which is more specified to create a connection. Finally, by means of several practical tests it becomes 
clear that an addition of a Zipper system to the Anylock system would be the most important 
improvement which is necessary to implement the previous results within the context of sheltering. 
 
5. Which developments are possible to increase the scope? 
To answer this question, curved folding lines have been analysed by means of a TRIZ-method, 
discussed in Paragraph 5.4. In this, a comprehensive analysis has been done in order to find out the 
most convenient manner to create curved folding lines instead of straight folding lines. Therefore the 
so-called TRIZ-method is used, which is a problem solving method based on logic data which 
accelerates the project team’s ability to solve these problems creatively. 
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The feature which has to be improved is the flexibility of the elements for the ability to create a 
curved pleat. This adaptation concerns several elements within the connection. Foremost the two 
casings, that enclose the tendons and the membrane. The different given abstracted solutions 
resulted in several new insight. A differentiation in specific solutions becomes clear: partitioning the 
pipe or making a notch in the pipe in circular direction. 
 
Eventually, as a result on this analyse a combination has been made between a notched pipe and a 
ribbed pipe. Using this solution method ensures the rigidity of the pipe but makes the pipe flexible as 
well. By this solution the concept of a continuous pipe stays the same and the precision of the pleat 
is as precise as the curvature of the tendon or the intended curved pleat. Thereby the way of use will 
not change. Since the most rigid pieces are placed close to each other, the element is still able to 
withstand the perpendicular forces. The principle of a notched pipe is also be brought into practice 
by making a model with a curved folding line (Paragraph 5.5.4). 
 
Additional information with respect to answering this question will be given in Paragraph 6.3 
(Recommendations). 
 
Research question: How to enclose form-independent membrane shelter structures as simple as 
possible by a universal membrane without irreversible transformations to the membrane? 
 
Combining the answers above will lead to the following: 
 
To enclose form-independent membrane shelter structures as simple as possible it is necessary to 
combine a system which is able to apply easily on a membrane without damaging the membrane 
(Anylock system) and a system that allows an easy connection which can be accomplish without too 
much labour (Zipper system). The result can be seen in Figure 6.2. 

A comprehensive analysis was necessary to find out which systems were suitable for which 
proceeding, just like the possibility to combine both systems to each other’s. Eventually by means of 
a tendon-flap the goal of this research seems realizable. 

+ = 

Figure 6.2: Combination of systems will leads to the end result (Coffee Tonya, 2015 & Vectorstock, n.d.). 
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6.2.2 Reflection on the demands and wishes 
The requirements in Chapter 4 are divided into two separate sections, the demands and the wishes / 
desires. The demands, already mentioned in Chapter 4, are crucial for the development of the 
component. But are also useful requirements to validate the designed component. 
 
Demands: 
The demands were divided into three sub-topics with the associated demands. The designed system 
will be checked on the subtopics by use of each separate demand. 
Simplicity:   The system is applied as simple as possible with the least effort; 
Conservation:  When applied the system is able to retain the shape of the membrane; 
Adaptability: The system is able to adapt towards different appearances and mimic them 

as accurate as possible; 
Wishes: 
The wishes were divided into three sub-topics with the associated demands. The designed system 
will be checked on the subtopics by use of each separate wish. 
Simplicity:   The system is applied as simple as possible with the least effort; 
Durability:  Parts or the whole system do not quickly wear out; 
Adaptability: The system is able to adapt towards different appearances and mimic them 

as accurate as possible; 
 
Demands:  Simplicity:   System ensures way of use: 
Parts cannot be used in another way; 
First of all the component exists in essence out of four components, of which there are two or three 
different parts. Two times an incised casing and two times a tendon with flap (and additional 
connecting element) is used. The combination of the tendon and the casing only could be used by 
sliding the casing over the tendon (or the tendon in the casing, but this is the same principle). 
Pressing the tendon inside the casing is not possible due to the rigidity of the casing and the 
thickness of the tendon (which is larger than the incision in the casing). The parts that could vary in 
use are the additional connecting elements which are attached to the tendon flap. In case of a Zipper 
it is important that the start points of each side match. Since the uniqueness of the start and end 
points it is impossible to use the Zipper in another way. The feature of uniqueness also occurs with 
the use of the Pressure Buttons, those parts only connect in one way. Using Lacing for the connection 
of the two membranes it makes no difference which side of the flap is used for the bottom and which 
side for the top. The lacing is laced up through the perforated holes in the flap and is able to 
anticipate on any deviations. The only connecting element that could be used in a different way is 
the Hook and Loop, if both parts are connected perpendicular to the membrane direction this will be 
of disadvantage for the strength of the connection. Therefore both parts have to be aligned at the 
same direction of the membrane, which means any attention has to be paid in what way the tendon 
is placed on the membrane. 
To conclude this demands, only the Hook and Loop variant could worsen the functionality of the 
system if the tendon is used in the wrong way. All other parts could only function in one way, if a part 
is used upside down this will not change the functionality of the whole system. 
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Demands:  Simplicity:   Applying forces of system on membrane: 
The parts can be attached to the membrane by human hand; 
Each element that is part of the component derives from an area in which it is use by human hand. 
PVC-pipes are used by electricians, they are small and light weighted. The tendon with flaps are used 
in the campsite industry to attach a tent to a camper or caravan. The sliding movement of the PVC-
pipe over the membrane and tendon is limited in length since the friction between those elements 
enlarges in relation to the length of the pleat. But the use of the component for emergency shelters 
has its limits concerning the length of the pleat which will be no longer than approximately 3 meters. 
With a straight PVC-pipe this application is able to be completed, but a flexible PVC-pipe endures 
more friction due to the curve of the pleat. 
 
Demands:  Simplicity:   Applying forces of bringing the layers together: 
The layers of membrane can be brought together by human hand; 
The Hook and Loop, Lacing, Zipper or Press Buttons are all used in the clothing industry and therefore 
are used by human hand. Each type of connection has its own characteristics concerning application 
and actions that have to be taken. The four systems could be divided into two groups concerning the 
forces for bringing the membrane together. For the Hook and Loop and Press Buttons the 
membranes have to be brought together before the connection can be made. This means that the 
particular system does not have any way of bringing the membrane together by use of its elements. 
The Zipper and Lacing make use of a characteristic that makes it possible to use its elements to bring 
the two sides of membrane together. The Zipper is used with a perpendicular motion and each 
separate tooth ensures that the invested forces will not be lost. The teeth hook into each other and 
do not let go. Due to this characteristic the forces that are needed are over the whole length of the 
pleat the same, since the forces are not used to keep them together but only for bringing them 
together. The Lacing is labour intensive but thereby this system makes it able to use a minimum of 
force during the connection of the two sides, but large forces could be used to tighten the gap 
between the layers. The large forces are applied in a diagonal direction towards the forces in the 
membranes, this results in a breakdown of the force that makes the tightening / tensioning less hard. 
 
Demands:  Conservation:   Tensioning: 
The system has to be able to tension the membrane after its application; 
As discussed in the previous demand, only the lacing is able to tension the pleat / membrane after its 
application. All other connection systems are unable to tension the pleat. But the design decisions in 
the morphological analysis (Chapter 4.7) to apply the component in several steps makes it able to 
slightly replace one side of the component and thereby enlarging the distance between both sides.  
 
Demands:  Conservation:   Resistance on perpendicular forces when applied: 
The systems may not loose grip on the membrane when perpendicular forces appear; 
The tendons are made of a soft PVC, this makes it able to deform the tendon in its configuration. This 
deformation takes place since the tendon is pulled towards the incision in the casing. Between the 
tendon and the casing the membrane is located, the amount of friction / pressure performed by the 
tendon and casing ensure that the membrane stays in its place. A problem occurs if the membrane is 
exposed to point loads, the casing cannot resist those forces and the tendon could locally eject out of 
the casing. This deficiency is a result of the rigidity of the casing. Strength tests have to reveal if the 
casing is rigid enough or has to be strengthened or made out of another material. 
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Demands:  Adaptability:   Different pleats: 
The system is able to create a curved pleat; 
The TRIZ-method in Chapter 5.4 is used to elaborate the final design towards a bendable component. 
The notched and ribbed PVC-pipe is the result of this design method. Although the solution fits the 
demand parameter, it hardens the easy application. The rippled inside of the PVC-pipe has as 
consequence that the amount of friction enlarges. 
 
Demands:  Adaptability:   Precision of pleat: 
The pleat has to be as precise as possible; 
The final design needs some additional surface of the membrane in order to be attached. The 
membrane inside the casing can be considered as required membrane. This is approximately 1 cm of 
membrane, but the connecting parts (Hook and Loop, Press Buttons, Zipper or Lacing) also create 
some width . Both the membrane inside the casing as the connecting parts needs to be considered as 
elements that are disadvantageous for the precision of the pleat. To be sure that the pleat will in 
position as intended these elements have to be taken in account during application of the parts to 
the membrane. 
 
Wishes:  Simplicity:   Number of steps: 
The system has to be constructed in the least amount of steps (e.g. 5 steps); 
The component can be attached to the membrane in 5 steps, or 3 unique steps. First of all the left 
side tendon has to be placed on the membrane in the right position (step 1), then the PVC-pipe has 
to be pushed over the tendon and membrane (step 2). These operations also have to be completed 
on the right side of the membrane (step 3 & 4). Then the tendon flaps have to be connected using 
the chosen system (step 5). 
 
Wishes:  Simplicity:   Number of parts: 
The system has to be constructed with the least amount of parts (e.g. 5 parts); 
The standard amount of parts for the component to work is 5. But the number of unique parts is 3, or 
4 which depends on the chosen connecting parts. 
 
Wishes:  Simplicity:   Additional tool: 
The use of an additional tool is not desirable; 
Each element ensure its own use. Only a Zipper uses a zip-puller to bring the zipper teeth towards 
each other and connect them. But this element is always incorporated in a zipper and therefore not 
seen as an additional tool. 
 
Wishes:  Durability:   Susceptible to damage:  
The parts of the system have to withstand weather influences and have to be strong and rigid to 
minimise breakage; 
There have been no test executed concerning weather influences and this will be a recommendation 
for further research. It can be stated that the essential elements (PVC-pipe and tendon) do not 
contain any small parts or pieces that could easily break. The PVC-pipe is rigid enough to withstand a 
certain amount of force but it could appear that the tendon locally gets ejected due to too high 
forces. In this case the PVC-pipe will not break, but has some flexibility to anticipate to the 
deformation of the PVC-pipe. 
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Wishes:  Durability:   Ability to repair: 
In the event that damage appears on one or more parts of the system, it is easy to repair or replace 
them; 
Each part can be replaced without damaging the other parts. This is achieved by the non-permanent 
parts, which are easy to detach. In case of damage to the tendon or PVC-pipe it is possible to replace 
those parts without detaching the tendon and PVC-pipe of the other side. Separate pieces of each 
parts are harder to replace, this is only possible if a piece of a PVC-pipe damages. 
 
Wishes:  Adaptability:   Different membranes: 
The ability to be attached on thin and as well on thick membranes; 
The dimensions of the tendon (6,5mm) (tendon flap 0,5mm) and the inside of the PVC-pipe (14mm) 
(incision 4mm) make is possible to use different thicknesses of membrane. The limit to the thickness 
is determined by the incision of the PVC-pipe in combination with the thickness of the flap of the 
tendon. The half of the leftover space in the incision (4mm-0,5mm=3,5mm/2=1,75mm) is the 
maximum thickness of the membrane. The possibility to attach the tendon and PVC-pipe to the 
membrane will also depend on the flexibility of the membrane. 
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6.2.3 Overall conclusions 
Within the answering of the research questions, several conclusions have been drawn. Besides those 
conclusions, there are multiple other conclusions that can be enumerated within this research. 
Different from system conclusions to process conclusions to self-reflecting conclusions. 
 

- Difficulties of the system are mainly in the application of the system. In order to create the 
right surfaces, it is important that the Anylock system will be applied very precisely (across 
the folding lines). The longer the folding line will be the harder it is to apply the system 
correctly. Once the system is applied it will work perfectly. 

- The success of the system is very dependent on several “small” variables. For example the 
thickness of the PVC tube. A minor change in the thickness of this element may already 
ensure whether the system will succeed or not. 

- When the system has been mounted for a longer period it will create a print in the 
membrane. Initially not a big problem but when it is necessary to apply the system next to 
this print, the tendon will slide automatically in this print which is not desired. 

- During this research, the focus area changed more and more towards the component, 
because of that the context of “sheltering” seems of less interest. 

- Practical tests are more result-oriented than theoretical analysis. Especially for a research in 
which the outcomes are important in practice. 

- Dividing the research gives more results. Doing research step by step leads to a better 
process and eventually in a better result. 

- The most difficult part is the demarcation of the research. When this part is doing well and 
accurate, the next step (elaboration of the research) will be easier to elaborate. 
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6.3 Recommendations 
Multiple results and outcomes have been accomplished by means of this design research. Eventually 
several workable models are made as a demonstration and as an end-result for this successful 
investigation. However, this research does not end and it offers plenty of opportunities to develop 
further on. Several recommendations are given in order to give impetus for this follow up research. 
 
First, more attention should be paid to the application of the system. As discussed before, the biggest 
problems have emerged during the right application of the Anylock system. Insufficient time was left 
to devote more attention to this struggle. 
 
To realize a marketable product it is necessary to test the component on its strengths. Just like it 
needs to be tested on the weather influences. Both topics are very important within the context of 
“Sheltering” what brings us to the next topic. 
 
It all started with the context of “sheltering”, but during the process the focus changed more and 
more towards the component itself. This means this research strongly converged causing less 
attention to the context of this investigation. The question is now whether the outcomes and results 
are relevant to the context of “Sheltering”. Or is the designed component more appropriate in 
another discipline. 
 
Another recommendation is to scale up the models. Only then it becomes possible to determine how 
much struggles the application provides. Besides, it becomes possible to compare the system with 
existing similar systems.  
 
When developing this component it seems interesting to investigate the possibilities towards a 
combination of different kinds of membranes, just as the possibility to apply double or multiple 
layers. The further development regarding separate membranes and to investigate more into the 
field of curved pleats. 



   Master Thesis 

 
University of Technology Eindhoven 



Universal shape forming method for shelter relief 

 
119 
Building Technology 

Bibliography 
Ashmore, J. (2009). Shelter Projects 2008. Retrieved from http://www.sheltercasestudies.org/: 

http://www.sheltercasestudies.org/shelterprojects2008/ref/UN_Habitat_shelter_projects_2
008.pdf 

Ashmore, J. (2010). Shelter Projects 2009. Retrieved from http://www.sheltercasestudies.org/: 
http://www.sheltercasestudies.org/shelterprojects2009/ref/204800-Sheltercatalogue2009-
EN.pdf 

Ashmore, J. (2012). Shelter Projects 2010. Retrieved from http://www.sheltercasestudies.org/: 
http://www.sheltercasestudies.org/shelterprojects2010/ShelterProjects2010-lores.pdf 

Ashmore, J. (2013). Shelter Projects 2011-2012. Retrieved from http://www.sheltercasestudies.org/: 
http://www.sheltercasestudies.org/shelterprojects2011-2012/ShelterProjects2011-2012-
lores-EN.pdf 

Barry, K., Domb , E., & Slocum, M. (2014, October 21). What Is TRIZ? Retrieved from http://www.triz-
journal.com/: http://www.triz-journal.com/triz-what-is-triz/ 

Brinks, G., Overbeek, K., & Koers, M. (2009, August 28). Smart Materials Mindmap. Retrieved from 
Saxion: http://www.saxion.nl/designtechnologie/downloads/downloadslectoraten 

Coubergh van den Braak, W. (2014). Shelter Differently. Eindhoven: Technical University of 
Eindhoven. 

Fowler, J. (2014). Shelter Projects 2013-2014. Retrieved from http://www.sheltercasestudies.org/: 
http://www.sheltercasestudies.org/shelterprojects2013-2014/Shelterprojects_2013-
14_Lowres_WEB.pdf 

Gijsbers, R. (2013). Building Technology in extreme climates and conditions. Eindhoven: Eindhoven 
University of Technology. 

International Federation of Red Cross. (2010). Strategy 2020. Retrieved from IFRC.org: 
http://www.ifrc.org/Global/Publications/general/strategy-2020.pdf 

Kinderen, D. v., & Klos, F. (2009). Sheltering revisited, New sustainable shelter solutions for disaster 
relief. Eindhoven: Eindhoven University of Technology. 

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F. (2006). World Map of the Köppen-Geiger 
climate classification. Metereol. 

Kudrowitz, B. (2015, Februari 25). TRIZ 39 Parameters. Retrieved from 
http://product.design.umn.edu/courses/pdes3701/pages/links.html: 
http://product.design.umn.edu/courses/pdes3701/documents/TRIZ39Parameters.doc 

Lelieveld, C. (2013). Smart Materials For The Realization Of An Adaptive Building Component. Delft. 
doi:10.4233/uuid:21ba183b-450e-45a1-bc89-24799586735c 

Thun, G., & Velikov, K. (2012). Responsive Building Envelopes: Charactiristics and Evolving Paradigms. 
In F. Trubiano, Design and Construction of High Performance Homes (pp. 75-92). London: 
Routledge Press. 

USDA NRCS. (2005, November). Global soil regions. Retrieved from http://www.nrcs.usda.gov: 
http://www.nrcs.usda.gov/Internet/FSE_MEDIA/nrcs142p2_050722.jpg 

Vermeulen, M. (2013, October). Generaties land in een vluchtenlingenkamp. Retrieved from 
www.decorrespondent.nl: https://decorrespondent.nl/111/Generaties-lang-in-een-
vluchtelingenkamp/4836381-6e0d8bcb 



   Master Thesis 
 

120 
University of Technology Eindhoven 

Reference list of figures 
 
Figures produced by the authors are not listed 
 
Figure 1.1 Aedas architects. (2012). Al Bahar Towers. Consulted December 8, 2014, from  
  http://www.designboom.com/architecture/aedas-al-bahar-towers/ 

Figure 1.2 International Federation of Red Cross. (2008). China: Red Cross providing much  
  needed shelter to earthquake survivors. Consulted December 8, 2014, from  
  http://www.ifrc.org/en/news-and-media/news-stories/asia-pacific/china/china-red-
  cross-providing-much-needed-shelter-to-earthquake-survivors/ 

Figure 1.3 Sony Mobile Communications. (n.d.). Sony Smartwatch. Consulted December 10, 
  2014, from http://www.sonymobile.com/global-    
  en/products/accessories/smartwatch-2-sw2/ 

  Jotronics b.v. (n.d.) Smartboard X885. Consulted December 10, 2014, from  
  http://www.jotronics.nl/smartboard/?page_id=17 

  Debnath, R. (2015). My mobile My source of Monthly Income. Consulted  
  December 10, 2014, from https://plus.google.com/111632536673840269679/posts 

Figure 1.6 Eastcott, M/Corbis. (2010). Climate change worries have prompted a surge of cash 
  into ethical investment funds. Consulted October 11, 2015, from   
  http://www.theguardian.com/money/2010/mar/21/ethical-funds-investment-surge 

  Cheyenne Group, LLC. (2013) Natural Disasters. Consulted October 11, 2015, from 
  http://www.survivalnewsonline.com/ 

Figure 1.8 International Federation of Red Cross. (n.d.). Sample Transitional Shelter. Consulted 
  March 20, 2015, from http://sites.tufts.edu/exglobalhealth01/deliverables/project-
                brief/ 

  International Federation of Red Cross. (n.d.). Sample Transitional Shelter. Consulted 
  March 20, 2015, from http://www.sheltercasestudies.org/files/tshelter-  
  8designs/10designs2013/2013-Postdisaster-shelter-10designs-Haiti-1.pdf 

  International Federation of Red Cross. (n.d.). Sample Transitional Shelter. Consulted 
  March 20, 2015, from http://www.sheltercasestudies.org/files/tshelter-  
  8designs/8designs2012/Transitional-Shelters-8Designs-2012.pdf 

  Apolymorph. (2012). Hexayurt. Consulted March 20, 2015, from    
  http://apolymorph.tumblr.com/post/31869059905/hexayurt-trip-report 

  UNHCR. (n.d.). Refugee UNHCR Tent. Consulted March 20, 2015, from http://tents-
  china.asia/unhcr-tents 

http://www.designboom.com/architecture/aedas-al-bahar-towers/
http://www.ifrc.org/en/news-and-media/news-stories/asia-pacific/china/china-red-
http://www.ifrc.org/en/news-and-media/news-stories/asia-pacific/china/china-red-
http://www.sonymobile.com/global-
http://www.jotronics.nl/smartboard/?page_id=17
http://www.theguardian.com/money/2010/mar/21/ethical-funds-investment-surge
http://www.survivalnewsonline.com/
http://sites.tufts.edu/exglobalhealth01/deliverables/project-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20brief/
http://sites.tufts.edu/exglobalhealth01/deliverables/project-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20brief/
http://www.sheltercasestudies.org/files/tshelter-
http://www.sheltercasestudies.org/files/tshelter-
http://tents-/
http://tents-/


Universal shape forming method for shelter relief 

 
121 
Building Technology 

Figure 2.1 Megapolis. (2014). Al Bahar Tower. Consulted May 8, 2015, from   
  http://sqmegapolis.wikia.com/wiki/File:Al_Bahar_Tower.png 

  More Prepared. (n.d.). Plastic Tube Tent. Consulted May 8, 2015, from   
  http://www.moreprepared.com/emergency-preparedness-supplies/plastic-tube-
  tent.html 

Figure 2.3 Coffee Tonya. (2015). Anylock system. Consulted May 12, 2015, from   
  http://www.tonya.co.jp/c/c26/c2695/33781.html 

  Visix. (n.d.). Posterclamming. Consulted May 12, 2015, from    
  http://visix.be/nl/spandoeken 

  Zeildoekshop. (n.d.). Aluminium buis profiel. Consulted May 12, 2015, from  
  https://zeildoekshop.nl/17-aluminium-profiel 

Figure 3.17 Consists the underlying references (figure 3.18-3.44) 

Figure 3.18 Coffee Tonya. (2015). Anylock system. Consulted May 12, 2015, from   
  http://www.tonya.co.jp/c/c26/c2695/33781.html 

Figure 3.20 Braca webshops. (2014). Cable wrapping. Consulted may 12, 2015, from  
  https://www.beugelsenmeer.nl/kabels-wegwerken/kabelbinders-bundelaars/ty-
  raps-bundel-banden 

Figure 3.22 Click Retailing Ltd. (n.d). Clip Clamp. Consulted May 12, 2015, from   
  http://www.fstopdirect.com/ps19   

Figure 3.24 Alibaba Group Website. (n.d.). Clip Clamp Sealing. Consulted  May 12, 2015, from 
  http://nl.aliexpress.com/store/product/5-PCS-Large-Food-Snack-Bag-Storage- 
  Sealing-Clips-Seal-Clamp-Plastic-Bags-Ziplock-Clip 

Figure 3.26 Vos, G. J. (2007). Luchtkussendak in kassenbouw. Eindhoven: Technical University of 
  Eindhoven. 

Figure 3.28 Torresol Nederland b.v. (n.d.). Hook and Loop.Consulted May 12, 2015, from  
  http://www.torresol.nl/index.php/producten/kettinggordijn-aluminium/los- 
  materiaal/industrieel-dubbelzijdig-klittenband-per-meter.html 

Figure 3.30 Eileen, S. (2012). Lacing. Consulted May 12, 2015, from     
  http://sidneyeileen.com/sewing-2/sewing/info/lacing/#.VjnfSnF_Oko 

Figure 3.32 Apk Fun. (2014). Magnetics. Consulted May 12, 2015, from    
  http://apkfun.co/magneten-bij-dieren.html 

Figure 3.34 Vectorstock. (n.d.). Zipper. Consulted May 12, 2015, from    
  https://www.vectorstock.com/royalty-free-vector/open-zipper-vector-1027842 

Figure 3.36 Wholesale Plaza. (2015). Plastic Zipper. Consulted May 12, 2015, from http://www.p-
  wholesale.com/subcat/4/272/zipper-slider-p19.html 

http://sqmegapolis.wikia.com/wiki/File:Al_Bahar_Tower.png
http://www.moreprepared.com/emergency-preparedness-supplies/plastic-tube-
http://www.moreprepared.com/emergency-preparedness-supplies/plastic-tube-
http://www.tonya.co.jp/c/c26/c2695/33781.html
http://visix.be/nl/spandoeken
https://zeildoekshop.nl/17-aluminium-profiel
http://www.tonya.co.jp/c/c26/c2695/33781.html
https://www.beugelsenmeer.nl/kabels-wegwerken/kabelbinders-bundelaars/ty-
https://www.beugelsenmeer.nl/kabels-wegwerken/kabelbinders-bundelaars/ty-
http://nl.aliexpress.com/store/product/5-PCS-Large-Food-Snack-Bag-Storage-
http://www.torresol.nl/index.php/producten/kettinggordijn-aluminium/los-
http://sidneyeileen.com/sewing-2/sewing/info/lacing/#.VjnfSnF_Oko
http://apkfun.co/magneten-bij-dieren.html
http://www.p-/
http://www.p-/


   Master Thesis 
 

122 
University of Technology Eindhoven 

Figure 3.38 Visix. (n.d.). Posterclamming. Consulted May 12, 2015, from    
  http://visix.be/nl/spandoeken 

Figure 3.40 Multivac. (n.d.). Pressure Zipper. Consulted May 12, 2015, from    
  http://www.multivac.co.uk/packaging-solutions/packaging-technologies- 
  features/packaging-features/reclosure-systems/examples/zip-closure-  
  3.html?no_cache=1 

Figure 3.42 Zeildoekshop. (n.d.). Aluminium buis profiel. Consulted May 12, 2015, from  
  https://zeildoekshop.nl/17-aluminium-profiel 

Figure 3.44 The online industrial exhibition. (n.d.). Toggle Latch. Consulted May 12, 2015, from 
  http://www.directindustry.com/prod/bene-inox/product-8514-963239.html 

Figure 5.20 UNHCR. (n.d.). Refugee UNHCR Tent. Consulted March 20, 2015, from http://tents-
  china.asia/unhcr-tents 

Figure 5.23 Leone Design, (2010). TRIZ steps and actions. Consulted Oktober 19, 2015, from  
  http://nick.leone.nl/?p=482 

Figure 6.2 Coffee Tonya. (2015). Anylock system. Consulted May 12, 2015, from   
  http://www.tonya.co.jp/c/c26/c2695/33781.html 

  Vectorstock. (n.d.). Zipper. Consulted May 12, 2015, from    
  https://www.vectorstock.com/royalty-free-vector/open-zipper-vector-1027842 
 
 

http://visix.be/nl/spandoeken
http://www.multivac.co.uk/packaging-solutions/packaging-technologies-
https://zeildoekshop.nl/17-aluminium-profiel
http://www.directindustry.com/prod/bene-inox/product-8514-963239.html
http://tents-/
http://tents-/
http://nick.leone.nl/?p=482
http://www.tonya.co.jp/c/c26/c2695/33781.html


Universal shape forming method for shelter relief 

 
Building Technology 

 
 

 

 
 
 

Appendix A Climate Classification 



     Master Thesis 
 

 
University of Technology Eindhoven 



Universal shape forming method for shelter relief 

 
Building Technology 

 
 

 

 
 
 

Appendix B Soil Regions 



     Master Thesis 
 

 
University of Technology Eindhoven 



Universal shape forming method for shelter relief 

 
Building Technology 

 
 

 

 
 
 

Appendix C Case Study Research 



 

Eritrea - 1998 onwards - Conflict
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:
Number:

Shelter:

Size:
System:
Materials:

Provision:

Labour:
Strengths:

Weakness:

IDP’s in refugee camps
over 10 years
Eritrea
Arid, Desert, Hot
Entisols, inceptisols, Ultisols
Providing shelter materials
22.873 tents & 34.018 plastic tarpaulins

Project description: The agency in this case study was 
the main provider of shelter and non-food item (NFI) 
assistance. The provision of durable shelter items was 
not possible due to political interests in ensuring that the 
camps were temporary. As a result, IDPs often adapted 
the emergency shelter items they received in order to 
improve their living conditions.

         Emergency Shelter     Transitional Shelter        Permanent housing

Temporary emergency shelters (some 
remained for > 10 years)
16m2, after modifying up to 40m2

Tents structures
Tents, plastic tarpaulins, palm leaves, 
woven mats, rope, wood
First distributions non-local, upgrades 
local
Self-build
+ Camp residents invested time and capi-
tal into the improvement
+/- IDP’s created shelters that looked 
more like home than the given tents
- No options for shelters due to authori-
ties decision to keep camp temporary
- Inabillity to use more durable materials
- IDP’s adaptations caused cutting down 
large trees

Building Engineering:
- Short lifespan of materials, tents 
rotted, blown away, or caught fire;

- Shelter provided too little coverage
- Timber frames were inefficient in 
use.

- Walls were same materials as the 
roof;
- 

> 10 years



 

Jogjakarta - 2006 - Earthquake
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:

Size:

System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Shelter provision to villages and families
Approximately 3 months
Jogjakarta
Tropical, Monsoon
Entisols
Distribution of tarpaulins and enhance-
ment of emergency shelter
Respectivily 75.000 and 26.500 families

Project description: distribution of tarpaulins for emer-
gency shelter based on a broad vulnerability assessment; 
a 100% infill project; an emergency shelter enhancement 
programme of tools, walling and bedding for 26,500 
families, a broad public outreach and safety information 
programme

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency communal shelters and family 
shelters
20-30 sheets per village, 4x6m plastic 
sheet per familie
Sheet with with wooden framing
Plastic tarpauling
Wooven bamboo sheeting
Tarpaulins non-local, bamboo local
Self-build
+ Partial distribution due limited early 
capacity followed by 100% distribution
+ Locally manufactured woven bamboo 
wall sheet
+ Local partners
- Shelter enhancement could be im-
proved by providing flooring and wall 
framing material

Building Engineering:
- Villages joined tarpaulins together 
to form large communinal shelters;

- Tarpaulin for roofing and walling 
resulted in limited undercover space;

  

+/-3Months



 

Peru - 2007 - Earthquake
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:

Size:
System:
Materials:

Provision:

Labour:
Strengths:

Weakness:

Mobilise community & shelter materials
24 days
Peru, Pisco
Arid, desert, hot
Entisols
Community mobilisation, provision self-
build flexible package of shelter materials
726 families

Project description: a local NGO set up 40 neighbourhood
‘public kitchens’. These became a means to mobilise com-
munities to distribute reusable construction materials for 
those most in need. Materials were selected that would 
have a longer lifetime than just the emergency phase. 
Technical support was provided in the form of a manual 
that had been written before the earthquake.

         Emergency Shelter     Transitional Shelter        Permanent housing

Long lasting emergency shelter and pub-
lic kitchens
9m2

Wooden poles with bamboo mats
Wooden poles
Wooven bamboo mats
Plastic sheets
Hardware
Poles and mats local, plastic sheets and 
hardware centrally purchased
Self-build
+ Very quick response
+ More solid shelter, greater safety
+ Local materials kept funds local
- Bulk local purchase of materials led to 
them becoming scare and cause price 
rises

Building Engineering:
- Local traditional step by step con-
struction to a formal house;
- Bamboo was suitable to live in the 

particular climate;
- Local purchased bamboo was avail-
able in limited capacity which caused 
the ending of the project;

24 days



 

Myanmar - 2008 - Cyclone
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:
Size:
System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Rebuilding shelters after cyclone
6 Months
Myanmar, Yangoon
Tropical, Monsoon
Alfisols
Distribution of plastic sheeting and tool 
kits
115.792 households

Project description: The relief phase of this programme 
was a large-scale distribution programme of plastic sheet-
ing and toolkits. Two plastic sheets were given to each 
family, and each tool kit was shared by five families. It 
was followed by programmes to support smaller num-
bers of families to build their shelters and build cycloner-
esistant community buildings.

         Emergency Shelter     Transitional Shelter        Permanent housing

Long lasting emergency shelters
2 Tarpaulins 4m x6m
Wooden poles with tarpaulins
2 Tarpaulins
30m Rope
Recovered wood
Bamboo
Areca palm
Internationally produced
Selfbuild
+ Sharing toolkits reached 5 times as 
many people
+ Kits and tarpaulins particularly adapted 
to warm wet environment, used as roof, 
walls and watercollection
- Arriving time of kits was sometimes too 
long
- Transport costs were expensive

Building Engineering:
- Toolkits could be combined with 
existing materials and all materials 
could be reused;

- Local materials were used to build 
the frame;
- Tarpaulins proved to be multifunc-
tional;

2 Months



 

Haiti - 2010 - Earthquake
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:
Number:

Shelter:
Size:
System:
Materials:
Provision:
Labour:
Strengths:

Weakness:

Relocating families after Eathquake 
3,5 Months
Haiti, Corail
Tropical, Savannah
Inceptisols
Set up of a new planned camp
1.356 families

Project description: Families were relocated from a 
spontaneous settlement in the Haitian capital to a new 
planned camp in an area called Corail 20km away. The 
initial establishment of the camp was according to a care-
fully considered plan and relocation took place within a 
month. Two years after the earthquake, the future for the 
camp based population remained unclear.

         Emergency Shelter     Transitional Shelter        Permanent housing

Tents
Population density of 30m2 per person
Tunneltens
Tent
-
Foreign military forse
+ Camp was build within extremely lim-
ited timeframe
- Delay in follow up constructio of T-shel-
ters, people had to stay longer in tents 
with little shade from sun and wind
- Site does not represent a durable solu-
tion for relocating families

Building Engineering:
- Tents were best emergency solu-
tions because of poor existing shelter 
materials from te families;

- Within the camp fire breaks weare 
built;

0,5 Month 14 Months



 

Ethiopia - 2011 - Sudanese Conflict
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:
Number:

Shelter:
Size:

System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Housing of Sudanese refugees
3 Months
Ethiopia, Bambasi camp, Assosa
Tropical Savanah
Vertisols
Set up of a camp for Sudanese refuugees
2.175 Shelters, 12.000 people

Project description: The organisation planned and built 
a camp for Sudanese refugees. Semi-permanent shelters 
were constructed by refugees, with two partner organi-
sations providing materials, carpenters and training. 
Refugees were able to chose their own plot configuration 
and the shelters were constructed with locally procured 
materials.

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency shelter and 
<2 people: 10m2, ,3-4 people: 14m2

4-6 people: 21m2

Local housing design (Tukul)
Eucalyptus poles
Bamboo poles and reeds
Mud with grass
Hardware
Local
Provided by the families
+ Use of local housing designs to make 
them cool in the day and warm in the 
night
+ Shelters durable alternatives to tents
+ Dimensions were tailored to family size
- Sourcing and transporting mud
- Refugees received a tent whilst waiting
- Not all refugees received a shelter

Building Engineering:
- A fixed design of shelter (a
tukul) was built. It was based on
the shelters built and lived in by the

host community, differing from the
shelters that the refugees were ac-
customed to building;
- Grass for the roof and walls could 

only be harvasted seasonally;
- Sourcing of sufficient mud proved 
more challenging, initially mud cam 
from latrine pits and was insufficient;

3 Months



 

Tunesia - 2011 - Conflict in Libya
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:
Number:

Shelter:
Size:
System:
Materials:

Provision:
Labour:
Strengths:
Weakness:

Floods and Landslides
2 weeks build up, 
Peru, central Peru and Lima
Arid, Desert, Hot
Aridisols, Entisols
Providing Tents and non-food items
Camp with a capacity of 25.000 people

Project description: A transit camp was established to 
assist refugees and migrants fleeing the conflict in Libya. 
The camp was rapidly established in partnership with the 
Tunisian authorities and housed a population with more 
than 60 nationalities mostly for only short periods.

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency shelter
18,5m2

Tunnel tent
Lightweight tunnel tents
Heavier green canvas tents
-
Provided military

- Tents initialy provided had very short 
lifespan and were difficult to assamble
- Tents were not suitable for the climate

Building Engineering:
- Tents were fragile and breaking very 
easily;
- There was no exterior shading;

- Tents were blown away by the wind;
Roof pole (horizontal beam) of green 
canvas tent was weak and regularly 
broke;

2 Weeks



 

Burkina Faso - 2012 - Conflict
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:
Size:
System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Relocating families after Eathquake 
1,5 Months
Burkina Faso, Férério camp, Oudalan 
Arid, Steppe, Hot summer
Alfisols, Entisols
Set up of a camp with participation in 
shelter design from the refugees
1000 Shelters

Project description: This project provided temporary shel-
ters for nomadic Tuareg refugees displaced from northern 
Mali to the Oudalan Province. Shelters were built through 
a self-help construction approach using traditional con-
struction materials. Participation in the selection of the 
type of shelter to be provided was crucial since the refu-
gees had already rejected other proposed solutions.

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency shelter
21m2

Similar to traditional Tuareg tent
Eucalyptus poles
40m string, 30m rope
Plastic sheets and mats
Straw mats
Procured local, produced non-local
-
+ Tuareg tents are suited for high wind 
loads, high temperatures, & sand storms
+ Shelter could adapt to changing wind 
directions by movable doormats
+ Shelter could be disassembeled and 
relocated without any material wastage
+ Refugees paid a lot attention to detail in 
construction
- Tanned animal skins took too long to 
produce, so not an option as roofing

Building Engineering:
- Other organisations provided all-
weather tents but people refused to 
occupy since they were seen as too 

flimsy to protect people from strong 
winds and high temperatures;
- Beneficiaries were involved in the 
development of a shelter solution;

- Stages of controlled material distri-
bution;

1,5 Month



 

Myanmar - 2012 - Conflict
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:
Size:
System:
Materials:

Provision:

Labour:
Strengths:
Weakness:

Inter-communal violence in Rakhine state
918 Months
Myanmar, Rakhine State
Tropical, Monsoon
Inceptisols, Oxisols
Providing temporary shelter to IDP’s until 
a durable solution could be reached
2.843 Temporary 8-unit shelters

Project description: Shelter was provided in the form of 
collective shelters, each housing eight families (8-unit 
buildings) with associated IDP camp infrastructure. The 
shelters were constructed by both the main organisation 
(also the Cluster Lead), its partners in the Shelter Cluster, 
and the government.

         Emergency Shelter     Transitional Shelter        Permanent housing

Temporary shelter
13,7mx9,1m=124,7 m2 (room=15,6m2)

Myaw posts
Timber scant
CGI sheets & GI plain sheet
Twisted steel plate
Bamboo (seasoned/dry)
Dahnee/Nipa
Hardware
All materials were local except the roof-
sheets, 
Build by contractors
+ Shelters use locally available materials
- During scaling-up of the project in May-
September 2013, bambo was not in sea-
son and project was forced to use lower 
quality materials

Building Engineering:
- Woden bracings and twisted steel 
plates weare added to the roof 
framings to resist hig winds

- Walls and roofs were also reinforced 
with proper wooden bracings or 
joists;
- In lower lying areas, the floor eleva-

tion of the shelters was increased 
from 2ft to 3ft, so as to mitigate 
against the risk of flooding;

18 Months



 

Peru - 2012 - Flooding and Land Slides
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:
Number:

Shelter:
Size:
System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Floods and Landslides
6 Week
Peru, central Peru and Lima
Arid, Desert, Hot
Entisols, Inceptisols, Rocky land
Providing Tents and non-food items
409 families

Project description: Tents and non-food items were 
provided to families who had lost their homes as a result 
of landslides. The tents and family kits were shipped into 
the country from international pre-positioning locations 
in coordination with the local disaster management au-
thorities. The entire distribution project lasted 6 weeks.

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency shelter
18,5m2

Dome tent
Releif tent
Ground sheet
Landtrade mosquito nets
Self-build assisted by volunteers
Provided by the families
+ Rapid shelter solution
+ Regionally prepositioned stock overcam 
the time-restraints of procurement lead-
times
- Relatively high cost per household 
emergency intervention
- Time was lost in resolving national and 
regional import regimes

Building Engineering:
- Tent easy to erect;
- Air gap between inner and outer 
layer forinsulation;

- An thermal layer can be added;

6 Weeks



 

Central African Rep. - 2013 - Conflict
Emergency:
Duration:
Location:
Climate:
Environment:
Kind of project:

Number:

Shelter:
Size:
System:
Materials:

Provision:
Labour:
Strengths:

Weakness:

Internal conflict, Central African Repuplic
9 Months
CAR, Bangui City, 5th Arrondissement
Tropical, Savannah
Inceptisols, Oxisols
Providing  night-time security in a com-
munal shelter camp
2700 people per night, 31 shelters

Project description: In response to security issues for 
returning IDPs, a women’s training centre was converted 
into “Ben-Zvi Night Shelter” – a secure site with commu-
nal shelter for people worried about night-time security. 
The facility was open from 6pm to 6am in an area where 
security was maintained by the presence of international
peacekeeping troops.

         Emergency Shelter     Transitional Shelter        Permanent housing

Emergency shelter
70m2 (2m2 per person)
Timber frame with plastic covering
Timber
Plastic sheeting
Timber locally, Plastic sheeting by donor
-
+ Target population remained safe from 
armed groups and looters
+ Beneficiaries  lived in their home during 
the day rather than becoming IDP’s
- Physical safety was an issue for young 
women, compounded by lack of lighting
- Night shelter have high costs and may 
be used irregularly of have short lifespans

Building Engineering:
- Shelter design allowed partitioning 
the shelters with internal curtains;
- Seperate male and female shower 

and latrines eareas ensured privacy;
- Shelters were sufficient for night 
use, no further transitions were 
needed;

1 Month 8 Months
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Appendix D Shelter Structure Analysis
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1. Pakistan (2010) – Timber frame 
 
Location:    Pakistan – Khyber Pakhtunkhwa and Gilgit-Baltistan (Northern Areas 
Disaster:    Flood, July 2010 
Materials:    Timber frame, corrugated steel sheet roofing and plastic sheetings 
    (bricks and roof insulation locally sourced by homeowners) 
Material source:   Timber: local. Roof sheetings: internationally and locally procured 
Time to build:    1 day 
Anticipated lifespan:   24 months 
Construction team:   4 people 
Number built:    10.000 
Material cost per shelter:  500 CHF = € 478,75 
 

Structure 

 

Dimensions 
 

 

 

 

 

Flat formation 
 

  

Fig. 1: Translation to structure 
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2. Haïti (2010) – ‘T-Shelter’ 
 

Location:    Haïti 
Disaster:    Earthquake, january 2010 
Materials:    Wood framed walls with plywood sheating, metal roofing on wood 
    trusses, concrete slab floor 
Material source:   Internationally procured 
Time to build:    2 – 3 days 
Anticipated lifespan:   3 – 5 years 
Construction team:   9 people 
Number built:    2.000 
Material cost per shelter:  1.560 CHF = € 1492,14 
 

Structure 
 

 

 

 

 

 

Dimensions 
  

 

 

 

 

Flat formation 
 

  

Fig. 2:  Translation to structure 
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3. Indonesia, West Java (2009) – Bamboo frame 
 

Location:    Indonesia – West Java 
Disaster:    Earthquake, September 2009 
Materials:    Bamboo (Dendroclamus Asper and Gigantochloa Apus) frame and 
    bamboo matting walls with concrete foundations and terracotta roof 
    tiles 
Material source:   Locally procured 
Time to build:    3 – 4 days 
Anticipated lifespan:   1 – 5 years 
Construction team:   3 – 4  people 
Number built:    430 
Material cost per shelter:  260 CHF = € 248,69 
 

Structure 
 

 

 

 

 

 

Dimensions 
  

 

 
 
 
 
 

 
 
Flat formation 
  

 

 

 

Fig. 3: Translation to structure 
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4. Hexayurt – Commercial shelter 
 

Location:    - 
Disaster:    - 
Materials:    Cardboard 
Material source:   Widely available 
Time to build:    few hours 
Anticipated lifespan:   - 
Construction team:   - 
Number built:    1.000 
Material cost per shelter:  - 
 

Structure 
 

 

 

 

 

 

Dimensions 
 

 

 

 

 

 

Flat formation 
 

 

  

Fig. 4: Translation to structure 
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5. Haïti (2010) – Tunnel tents 
 

Location:    Haïti - Corail 
Disaster:    Earthquake, January 2010 
Materials:    Fiber glass construction and UV stabilize polyester fabric 
Material source:   Pre-fabricated 
Time to build:    1 – 2 days 
Anticipated lifespan:   1 – 6 months 
Construction team:   2 – 3  people 
Number built:    16.000 
Material cost per shelter:  - 
 

Structure 

 

Dimensions 
   

 

 

 

 

Flat formation 
  

 

 

Fig 5: Translation to structure 
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Appendix E Pattern Analysis 
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Pattern analyses 
For the analyzed shelter structures is determined which membrane patterns are required to 
provide these structures of a skin. In conjunction with the analyzed membrane specifications, a 
basis pleat pattern will be the outcome of this research. On the basis of a basic pleat pattern it will 
be possible to envelop different kind (forms) of structures with a single ‘untreated’ membrane. 

Analysed shelter structures 
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Shelter structure 2 
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Shelter structure 3 
In this structure, there will be assumed that the shape of the structure remains the same (see 
shelter structure 3), except for the overhang from roof to wall. These will not be included in this 
analysis. This would give too much difficulty by “exploding” the structure into a pattern. 
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Shelter structure 5 
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Conclusions  
 

For the different structural forms that have been chosen, the membrane patterns are analyzed. 
For each shelter structure, two variants are elaborated regards to situating the patterns on a 
standard untreated membrane. The red dotted lines indicate the folding lines. The first variant is 
always the “exploded” top-view version and the second variant is the version in which all flats are 
situated next to each other. Very important in this is the possibility to edit the membranes 
directly from the role. By this is meant the possibility to cut the membranes (from role) to the 
required size for the particular shelter and eventually obtain the desired membrane shape by 
folding these membranes. 

Both the length- and width sizes are shown without tolerances of the folding lines, what means 
that the exact sizes should be reamer to be taken. Conclusion, however, is that the second 
variations are more favorable in terms of width dimensions of the role and, therefore, more 
accessible. 

Translation to “basic pleat pattern” 
 

First instance, two of the above mentioned shelter structures will be chosen in preparation for the 
realization phase. For both structures, associated patterns will be merged into a so called “basic 
pleat pattern”. This membrane will make it possible to envelop, in this case, two different shelter 
structures. Later on, the number of two can be expanded in to multiple patterns on the same 
membrane. 

Elected structures 
 

To show the possibility to envelop two different shelter structures with the same membrane, the 
next shelters are chosen to elaborate: 

 

 

  

Shelter structure 2 Shelter structure 4 
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Merging the two corresponding patterns is as follows: 
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Shelter structure 2 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

1. Membrane role with a width of 5 meters  2. Unrolling the membrane to about 22 
meters 

3. Cutting the membrane  4. Folding the First flats together 

5. Folding the rest of the shelter 
membrane 

6. Finishing the folding proceedings 

7. Connecting the membrane to the 
structure 

8. Finishing of enveloping the shelter 
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Shelter structure 4 
 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Membrane role with a width of 5 meters  2. Unrolling the membrane to about 13 
meters 

3. Cutting the membrane  4. Folding the First flats together 

5. Folding the rest of the shelter 
membrane 

6. Finishing the folding proceedings 

7. Connecting the membrane to the 
structure 

8. Finishing of enveloping the shelter 
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Appendix F SWOT-Analysis 
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Table 1 Anylock system 

 

- Adjustments to 
particular use, difficult due  

to patented system; 
- Additional tool needed for 

easier application; 
- In case of damage complete system has 

to be replaced; 
 

- No curved connection possibilities 
(without adjustments); 
- Susceptible to shearing forces; 
- Difficult to keep membranes in place by 
making this connection; 
- Limited in membrane thickness; 
- Tensioning not possible in system; 

- Tolerance needed for the length 
of the membrane inside the 

system; 
-  
 

- No permanent connection necessary to 
the membrane; 

- Easy adjustable in size; 
- Easy to use; 
- Sliding over membrane easy when 

untensioned; 
- System ensures friction inside elements 

to retain connection; 
- Single step use due to combined 

elements; 
 

- Opportunity to upgrade         
system (benefits related to          
absorb forces); 

- Closed system not susceptible  
to damage; 

 

Anylock: 
The anylock system consists out of two 
elements that are designed to be fitted 
inside each other. The stick (or tendon) 
will be applied on one side of the 
membrane layers whereupon the open 
tube encloses the stick (or tendon) with 
the membrane. Due to the friction within 
the system, the fixation is achieved.  
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Table 2 Cable wrapping system 

 

- More easily in use 
products are available; 

- High costs; 
- Prone to wear and tear with 

frequent use; 
- Product is not known at all; 
- Not tested on bigger scale; 
 
 
 
 
 

- Multiple elements (= more steps); 
- Complex shapes for production; 
- Additional element needed; 
- Not for clamming purpose; 
- Limits to strength on perpendicular 

force; 
- Tolerance needed for the length of 

the membrane inside the system; 
- No solution for bringing 

membranes together; 
- Tensioning not possible; 

 

- Seal is flexible (linear and curved) 
- System suitable for multiple tendons and 

membrane thicknesses; 
- Damages easy to repair; 
- Faults easy to recover; 
- Customizing length; 
- Possibility to adjust regards to shearing 

forces; 
- System opens during applica- 

tion resulting in small apply- 
ing forces; 

 

- Material use could be    
optimized for sustainability; 

- Possible promising when  
modifications have been made  
towards concept; 

Cable wrapping: 
The system of cable wrapping is related 
to the anylock system. But in this system, 
the open tube is flexible in several ways. 
Flexibility in the circular direction gives 
the tube the possibility to open up and 
slide over the tendon (normally a bundle 
of cables) to enclose it with membrane. 
The flexibility in the longitudinal direction 
makes it able curve.  
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Table 3 Clip clamp system 

 

- Impractical shape for 
transportation; 

- Spring will weaken when 
tensioned for long time; 

- Point connection; 
- Susceptible to shearing forces; 
- Many clamps necessary to create long 

distance connection; 
- Stronger springs need more pressure to 

apply; 
 

- No permanent connection necessary to 
the membrane; 

- Multiple possibilities in terms of 
strengths of the clip connection; 

- Only one operation required to obtain 
fold; 

- Multiple individual clamps are able to 
create curved pleat and are easy  
to replace; 

- No additional tools needed; 
- Minimum of tolerance; 

- Opportunity to upgrade to           
linear connection; 

- Combination opportunities             
with other systems; 

- Generally known system (everyone 
knows how it works); 

- Using multiple clamps, spreading of 
forces for bringing membranes together 
and tension over several points; 

- Ability to adapt to membrane thickness; 
 

Clip Clamp: 
The clip clamp is constructed out of two 
identical jaws and one spring between 
them. This system creates point fixation, 
therefor several devices are needed to 
fixate a linear connection between two 
layers of membrane. 
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Table 4 Clip clamp sealing system 

 

 

- Applying and fixating in 
same step result in tougher  

application (more required 
forces); 

- In case of damage, whole system 
has to be replaced; 
 

- No curved connection possibilities;  
- Vulnerable with thicker membranes; 
- Connection strength decreases to centre 
- Length of connection is limited due to 
the system; 
- Prone to breaking when using a too thick 
membrane or used frequently; 

- System can’t tension membrane; 
- Connection needs tolerance 

for application; 
 

- No permanent connection necessary to 
the membrane; 

- Simple operation to create connection; 
- System consists out of 1 part leads to 1 

step when applied; 
- No additional elements needed; 
- System can be applied on in- or outside 

of membrane; 
 
 

- Many combination possi- 
bilities; 

- Multiple protrusions enlarges  
shear resistance; 

 
 

Clip Clamp sealing: 
he clip clamp sealing fixates two layers of 
membrane together by clamming two 
legs of the system together with a lock at 
the end of one of the two legs. By this 
action the membrane will be squeezed 
within the tight between the legs. The 
legs are provided with male and female 
shapes within the legs along the whole 
length. These ensure that the membrane 
is getting bended several times in the 
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Table 5 Double tendon clam system 

 

- Product is not known at 
all; 

- More easily in use products 
are available; 

- Production costs could be high, due 
to specific shapes of multiple parts; 

- Tensioning is achieved by pressurise the 
membranes; 

- Able to adjust tendon thickness for the 
use of different membranes; 

 
 

- Seal is not flexible (linear); 
- Multiple parts make it more complex; 
- Multiple steps need to be taken in the 

right order; 
- Labour intensive (difficult to understand 

for local people); 
- Fabrication process is intensive 

due to complex parts; 
- No solution for bringing 

membranes together; 
 

- No additional elements needed; 
- High resistance against perpendicular 

linear and point forces; 
- Seal apart from membrane (clamming); 
- Inserting tendons in profile takes small 

amount of forces; 
- System is used for outside structures 

and designed to withstand  
weather influences; 

 

- Material use could be    
optimized for sustainability; 

- In case of damage, parts could be 
replaced; 

- Perfect for large scale use; 
- Principle could work in many other 

systems; 
- Deviation in pleat could be intercepted 

by pressurising the membranes; 
 

Double tendon clam: 
The double tendon clam consists out of a 
aluminium profile and two tendons. The 
membrane is temporarily fixated inside 
the profile with one tendon, the second 
tendon is then placed inside the profile 
and causes a fixation of the two tendons 
inside the profile, preventing them from 
falling out. 
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Table 6 Magnetic system 

 

 

- Costs; 
- Shipping / transport 

weight; 
- High strengths magnets need 

to be worked with precision, this  
means labour intensive; 
- Tool needed to disengage; 
 
 

- Difficult to disengage; 
- Dangerous in use by larger magnetic 

forces; 
- Susceptible to attract other metals; 
- Susceptible to shearing forces; 
- Higher strength goes with larger 

magnets; 
 
 

- No permanent connection necessary to 
the membrane; 

- Multiple possibilities in terms of 
strengths of the magnet connection;  

- Applicable for both linear as curved folds 
(compartmentation of magnets); 

- Two parts used in only one step way; 
- System provides forces for closure; 
-  
 
 

- Combination opportunities   
with other systems; 

- Different strength magnets  
make it possible to use different 
membranes; 

-  
 

Magnetics: 
The property of magnetics is that they 
attract each other when placed in the 
right position. The magnetics can be used 
as a linear connection or as several point 
connections. 
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Table 7 Poster clamming system 

  

- More easily in use 
products are available; 

- High costs; 
- Prone to wear and tear with 

frequent use; 
- Product is not known at all; 
- Depending the element which is 
damaged, pleat could be disassembled; 
 
 
 
 

- Seal is not flexible (linear); 
- Multiple elements (= more steps); 
- System suitable for only one membrane 

thickness; 
- Complex shapes for production; 
- Susceptible to membrane abrasion; 

- No solution for bringing membranes 
together; 

 

- Element shapes indicate the assembly; 
- No additional elements needed; 
- High resistance against perpendicular 

linear and point forces; 
- Friction magnifying implemented; 
- Pleat precision can be achieved with 

high accuracy; 
- Application force divided over the  

length of the connection; 
 

- Material use could be    
optimized for sustainability; 

- Perfect for large scale use; 
- System could provide self-        

supporting structure; 
- Tensioning possible after removal top; 
 

Poster clamming: 
Poster clamming is a system uses two 
steps to achieve the fixation. First an 
adaptable profile is positioned on top of 
the membrane and pushed inside a stiff 
profile. Where after another profile is 
placed into the adaptable profile to 
prevent it from sliding out. 
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Table 8 Single tendon rail system 

  

 

- In case of damage, 
whole membrane needs to 
be replaced or shortened; 

- Not durable due to specific 
dimensional use; 

 
 
 
 

- Seal is not flexible (linear); 
- Connecting is only possible through 

sliding; 
- Clam is suitable for only one tendon and 

membrane thickness; 
- Tendon must be in membrane; 

- Fixed lengths of membrane; 
- Need of specially customized 

profiles; 
- There is no way of 

tensioning; 

- No additional elements needed; 
- High resistance against perpendicular 

linear and point forces; 
- Easy to use due to single sided use; 
- Pleat precision won’t diverge much from 

the intended 
- Two parts fixated in one step; 
- System is often used in tempo- 

rarily residences and are  
designed to withstand  
weather influences; 

- Material use could be    
optimized for sustainability; 

- Perfect for large scale use; 
- Possible easy and fast adaption by 

beneficiaries due to absence of 
complexity; 

- System could provide self-supporting 
structure; 

- Fixation ensures a pre-determined 
tensioning of the membrane; 

Single tendon rail: 
The tendon rail system is often used in 
the membrane industry. This system 
makes use of a tendon which is inserted 
inside a aluminium profile. When the 
membrane is tensioned, the tendon will 
be pulled towards the opening in the 
aluminium profile and the membrane will 
be squeezed between the tendon and the 
aluminium profile.   
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Appendix G Morphological Schemes 
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Morphological scheme 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

CRITERIA SOLUTION VARIANTS EXPLANATION 
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Within the tendon systems there are three 
ways to fixate the tendon in the profile. In all 
three mechanisms, the membrane will be 
between the tendon and the profile. 
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In order to prevent the pleat to change its 
form and size, four solution variants are 
sketched. These four variants are based on 
the fact that the pleat is no longer able to 
rotate within the profile. 

 

DO
U

BL
E 

TE
N

DO
N

  

RI
G

ID
 P

RO
FI

LE
  

Ability to keep in 
position of the 

tendon 

In order to prevent the tendon from 
“shooting” out of the profile under influence 
of forces, four solution variants are sketched. 
Within this criteria, the focus is primarily on 
the profile properties instead of the tendon 
properties (as the previous criteria focused 
on). 
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System variant 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CRITERIA SOLUTION VARIANTS EXPLANATION 
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Within the tendon systems there are three 
ways to fixate the tendon in the profile. In all 
three mechanisms, the membrane will be 
between the tendon and the profile. 
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In order to prevent the tendon from 
“shooting” out of the profile under influence 
of forces, four solution variants are sketched. 
Within this criteria, the focus is primarily on 
the profile properties instead of the tendon 
properties (as the previous criteria focused 
on). 
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System variant 2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

CRITERIA SOLUTION VARIANTS EXPLANATION 
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Within the tendon systems there are three 
ways to fixate the tendon in the profile. In all 
three mechanisms, the membrane will be 
between the tendon and the profile. 
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Ability to keep in 
position of the 

pleat 

In order to prevent the pleat to change its 
form and size, four solution variants are 
sketched. These four variants are based on 
the fact that the pleat is no longer able to 
rotate within the profile. 
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Ability to keep in 
position of the 

tendon 

In order to prevent the tendon from 
“shooting” out of the profile under influence 
of forces, four solution variants are sketched. 
Within this criteria, the focus is primarily on 
the profile properties instead of the tendon 
properties (as the previous criteria focused 
on). 
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To form a pleat, there are three methods. The 
pleat can be formed in advance (1step), 
within two steps and in three steps. The 
shape and method of the component depends 
on the manner in which the pleat will be 
formed. 
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form and size, four solution variants are 
sketched. These four variants are based on 
the fact that the pleat is no longer able to 
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In order to prevent the tendon from 
“shooting” out of the profile under influence 
of forces, four solution variants are sketched. 
Within this criteria, the focus is primarily on 
the profile properties instead of the tendon 
properties (as the previous criteria focused 
on). 
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pleat can be formed in advance (1step), 
within two steps and in three steps. The 
shape and method of the component depends 
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Explanation of the 39 Parameters of the Contradiction Table (Matrix) 
No. Title Explanation 

 Moving objects Objects which can easily change position in space, either on their own, or as a result 
of external forces. Vehicles and objects designed to be portable are the basic 
members of this class. 

 Stationary objects. Objects which do not change position in space, either on their own, or as a result of 
external forces. Consider the conditions under which the object is being used.  

 

1 Weight of moving 
object 

The mass of the object, in a gravitational field. The force that the body exerts on its 
support or suspension. 

2 Weight of stationary 
object 

The mass of the object, in a gravitational field. The force that the body exerts on its 
support or suspension, or on the surface on which it rests. 

3 Length of moving 
object 

Any one linear dimension, not necessarily the longest, is considered a length. 

4 Length of stationary 
object 

Same. 

5 Area of moving 
object 

A geometrical characteristic described by the part of a plane enclosed by a line. The 
part of a surface occupied by the object. OR the square measure of the surface, either 
internal or external, of an object. 

6 Area of stationary 
object 

Same 

7 Volume of moving 
object 

The cubic measure of space occupied by the object. Length x width x height for a 
rectangular object, height x area for a cylinder, etc. 

8 Volume of stationary 
object 

Same 

9 Speed The velocity of an object; the rate of a process or action in time. 

10 Force Force measures the interaction between systems. In Newtonian physics, force = mass 
X acceleration. In TRIZ, force is any interaction that is intended to change an object's 
condition. 

11 Stress or pressure Force per unit area. Also, tension. 

12 Shape The external contours, appearance of a system. 

13 Stability of the 
object's composition 

The wholeness or integrity of the system; the relationship of the system's constituent 
elements. Wear, chemical decomposition, and disassembly are all decreases in 
stability. Increasing entropy is decreasing stability. 

14 Strength The extent to which the object is able to resist changing in response to force. 
Resistance to breaking .  

15 Duration of action by 
a moving object 

The time that the object can perform the action. Service life. Mean time between 
failure is a measure of the duration of action. Also, durability.  

16 Duration of action by 
a stationary object 

Same. 

17 Temperature The thermal condition of the object or system. Loosely includes other thermal 
parameters, such as heat capacity, that affect the rate of change of temperature. 

18 Illumination intensity 
* (jargon) 

Light flux per unit area, also any other illumination characteristics of the system such 
as brightness, light quality, etc.. 

19 Use of energy by 
moving object 

The measure of the object's capacity for doing work. In classical mechanics, Energy is 
the product of force times distance. This includes the use of energy provided by the 
super-system (such as electrical energy or heat.) Energy required to do a particular 
job. 

20 Use of energy by 
stationary object 

same 

21 Power * (jargon) The time rate at which work is performed. The rate of use of energy. 
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Explanation of the 39 Parameters of the Contradiction Table (Matrix) 

 

No. Title Explanation 

22 Loss of Energy Use of energy that does not contribute to the job being done. See 19. Reducing the 
loss of energy sometimes requires different techniques from improving the use of 
energy, which is why this is a separate category. 

23 Loss of substance Partial or complete, permanent or temporary, loss of some of a system's materials, 
substances, parts, or subsystems. 

24 Loss of Information Partial or complete, permanent or temporary, loss of data or access to data in or by 
a system. Frequently includes sensory data such as aroma, texture, etc. 

25 Loss of Time Time is the duration of an activity. Improving the loss of time means reducing the 
time taken for the activity. "Cycle time reduction" is a common term.  

26 Quantity of 
substance/the matter 

The number or amount of a system's materials, substances, parts or subsystems 
which might be changed fully or partially, permanently or temporarily. 

27 Reliability A system's ability to perform its intended functions in predictable ways and 
conditions. 

28 Measurement accuracy The closeness of the measured value to the actual value of a property of a system. 
Reducing the error in a measurement increases the accuracy of the measurement. 

29 Manufacturing 
precision 

The extent to which the actual characteristics of the system or object match the 
specified or required characteristics. 

30 External harm affects 
the object 

Susceptibility of a system to externally generated (harmful) effects. 

31 Object-generated 
harmful factors 

A harmful effect is one that reduces the efficiency or quality of the functioning of the 
object or system. These harmful effects are generated by the object or system, as 
part of its operation. 

32 Ease of manufacture The degree of facility, comfort or effortlessness in manufacturing or fabricating the 
object/system.  

33 Ease of operation Simplicity: The process is NOT easy if it requires a large number of people, large 
number of steps in the operation, needs special tools, etc. "Hard" processes have 
low yield and "easy" process have high yield; they are easy to do right. 

34 Ease of repair Quality characteristics such as convenience, comfort, simplicity, and time to repair 
faults, failures, or defects in a system. 

35 Adaptability or 
versatility 

The extent to which a system/object positively responds to external changes. Also, 
a system that can be used in multiple ways for under a variety of circumstances. 

36 Device complexity The number and diversity of elements and element interrelationships within a 
system. The user may be an element of the system that increases the complexity. 
The difficulty of mastering the system is a measure of its complexity. 

37 Difficulty of detecting 
and measuring 

Measuring or monitoring systems that are complex, costly, require much time and 
labor to set up and use, or that have complex relationships between components or 
components that interfere with each other all demonstrate "difficulty of detecting 
and measuring." Increasing cost of measuring to a satisfactory error is also a sign of 
increased difficulty of measuring.  

38 Extent of automation The extent to which a system or object performs its functions without human 
interface. The lowest level of automation is the use of a manually operated tool. For 
intermediate levels, humans program the tool, observe its operation, and interrupt 
or re-program as needed. For the highest level, the machine senses the operation 
needed, programs itself, and monitors its own operations. 

39 Productivity * The number of functions or operations performed by a system per unit time. The 
time for a unit function or operation. The output per unit time, or the cost per unit 
output. 
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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 26 27 28 29 30 31 32 33 34 35 36 37 38 39

1 Weight of moving object + 15, 8, 
29,34

29, 17, 
38, 34

29, 2, 
40, 28

2, 8, 
15, 38

8, 10, 
18, 37

10, 36, 
37, 40

10, 14, 
35, 40

1, 35, 
19, 39

28, 27, 
18, 40

5, 34, 
31, 35

6, 29, 
4, 38

19, 1, 
32

35, 12, 
34, 31

12, 36, 
18, 31

6, 2, 
34, 19

5, 35, 
3, 31

10, 24, 
35

10, 35, 
20, 28

3, 26, 
18, 31

1, 3, 
11, 27

28, 27, 
35, 26                                          

28, 35, 
26, 18

22, 21, 
18, 27

22, 35, 
31, 39

27, 28, 
1, 36

35, 3, 
2, 24

2, 27, 
28, 11

29, 5, 
15, 8

26, 30, 
36, 34

28, 29, 
26, 32

26, 35 
18, 19

35, 3, 
24, 37

2 Weight of stationary object + 10, 1, 
29, 35

35, 30, 
13, 2

5, 35, 
14, 2

8, 10, 
19, 35

13, 29, 
10, 18

13, 10, 
29, 14

26, 39, 
1, 40

28, 2, 
10, 27

2, 27, 
19, 6

28, 19, 
32, 22

19, 32, 
35

18, 19, 
28, 1

15, 19, 
18, 22

18, 19, 
28, 15

5, 8, 
13, 30

10, 15, 
35

10, 20, 
35, 26

19, 6, 
18, 26

10, 28, 
8, 3

18, 26, 
28

10, 1, 
35, 17

2, 19, 
22, 37

35, 22, 
1, 39

28, 1, 9 6, 13, 
1, 32

2, 27, 
28, 11

19, 15, 
29

1, 10, 
26, 39

25, 28, 
17, 15

2, 26, 
35

1, 28, 
15, 35

3 Length of moving object 8, 15, 
29, 34

+ 15, 17, 
4

7, 17, 
4, 35

13, 4, 8 17, 10, 
4

1, 8, 35 1, 8, 
10, 29

1, 8, 
15, 34

8, 35, 
29, 34

19 10, 15, 
19

32 8, 35, 
24

1, 35 7, 2, 
35, 39

4, 29, 
23, 10

1, 24 15, 2, 
29

29, 35 10, 14, 
29, 40

28, 32, 
4

10, 28, 
29, 37

1, 15, 
17, 24

17, 15 1, 29, 
17

15, 29, 
35, 4

1, 28, 
10

14, 15, 
1, 16

1, 19, 
26, 24

35, 1, 
26, 24

17, 24, 
26, 16

14, 4, 
28, 29

4 Length of stationary object 35, 28, 
40, 29

+ 17, 7, 
10, 40

35, 8, 
2,14

28, 10 1, 14, 
35

13, 14, 
15, 7

39, 37, 
35

15, 14, 
28, 26

1, 10, 
35

3, 35, 
38, 18

3, 25 12, 8 6, 28 10, 28, 
24, 35

24, 26, 30, 29, 
14

15, 29, 
28

32, 28, 
3

2, 32, 
10

1, 18 15, 17, 
27

2, 25 3 1, 35 1, 26 26 30, 14, 
7, 26

5 Area of moving object 2, 17, 
29, 4

14, 15, 
18, 4

+ 7, 14, 
17, 4

29, 30, 
4, 34

19, 30, 
35, 2

10, 15, 
36, 28

5, 34, 
29, 4

11, 2, 
13, 39

3, 15, 
40, 14

6, 3 2, 15, 
16

15, 32, 
19, 13

19, 32 19, 10, 
32, 18

15, 17, 
30, 26

10, 35, 
2, 39

30, 26 26, 4 29, 30, 
6, 13

29, 9 26, 28, 
32, 3

2, 32 22, 33, 
28, 1

17, 2, 
18, 39

13, 1, 
26, 24

15, 17, 
13, 16

15, 13, 
10, 1

15, 30 14, 1, 
13

2, 36, 
26, 18

14, 30, 
28, 23

10, 26, 
34, 2

6 Area of stationary object 30, 2, 
14, 18

26, 7, 
9, 39

+ 1, 18, 
35, 36

10, 15, 
36, 37

2, 38 40 2, 10, 
19, 30

35, 39, 
38

17, 32 17, 7, 
30

10, 14, 
18, 39

30, 16 10, 35, 
4, 18

2, 18, 
40, 4

32, 35, 
40, 4

26, 28, 
32, 3

2, 29, 
18, 36

27, 2, 
39, 35

22, 1, 
40

40, 16 16, 4 16 15, 16 1, 18, 
36

2, 35, 
30, 18

23 10, 15, 
17, 7

7 Volume of  moving object 2, 26, 
29, 40

1, 7, 4, 
35

1, 7, 4, 
17

+ 29, 4, 
38, 34

15, 35, 
36, 37

6, 35, 
36, 37

1, 15, 
29, 4

28, 10, 
1, 39

9, 14, 
15, 7

6, 35, 4 34, 39, 
10, 18

2, 13, 
10

35 35, 6, 
13, 18

7, 15, 
13, 16

36, 39, 
34, 10

2, 22 2, 6, 
34, 10

29, 30, 
7

14, 1, 
40, 11

25, 26, 
28

25, 28, 
2, 16

22, 21, 
27, 35

17, 2, 
40, 1

29, 1, 
40

15, 13, 
30, 12

10 15, 29 26, 1 29, 26, 
4

35, 34, 
16, 24

10, 6, 
2, 34

8 Volume of stationary object 35, 10, 
19, 14

19, 14 35, 8, 
2, 14

+ 2, 18, 
37

24, 35 7, 2, 35 34, 28, 
35, 40

9, 14, 
17, 15

35, 34, 
38

35, 6, 4 30, 6 10, 39, 
35, 34

35, 16, 
32 18

35, 3 2, 35, 
16

35, 10, 
25

34, 39, 
19, 27

30, 18, 
35, 4

35 1 1, 31 2, 17, 
26

35, 37, 
10, 2

9 Speed 2, 28, 
13, 38

13, 14, 
8

29, 30, 
34

7, 29, 
34

+ 13, 28, 
15, 19

6, 18, 
38, 40

35, 15, 
18, 34

28, 33, 
1, 18

8, 3, 
26, 14

3, 19, 
35, 5

28, 30, 
36, 2

10, 13, 
19

8, 15, 
35, 38

19, 35, 
38, 2

14, 20, 
19, 35

10, 13, 
28, 38

13, 26 10, 19, 
29, 38

11, 35, 
27, 28

28, 32, 
1, 24

10, 28, 
32, 25

1, 28, 
35, 23

2, 24, 
35, 21

35, 13, 
8, 1

32, 28, 
13, 12

34, 2, 
28, 27

15, 10, 
26

10, 28, 
4, 34

3, 34, 
27, 16

10, 18

10 Force (Intensity) 8, 1, 
37, 18

18, 13, 
1, 28

17, 19, 
9, 36

28, 10 19, 10, 
15

1, 18, 
36, 37

15, 9, 
12, 37

2, 36, 
18, 37

13, 28, 
15, 12

+ 18, 21, 
11

10, 35, 
40, 34

35, 10, 
21

35, 10, 
14, 27

19, 2 35, 10, 
21

19, 17, 
10

1, 16, 
36, 37

19, 35, 
18, 37

14, 15 8, 35, 
40, 5

10, 37, 
36

14, 29, 
18, 36

3, 35, 
13, 21

35, 10, 
23, 24

28, 29, 
37, 36

1, 35, 
40, 18

13, 3, 
36, 24

15, 37, 
18, 1

1, 28, 
3, 25

15, 1, 
11

15, 17, 
18, 20

26, 35, 
10, 18

36, 37, 
10, 19

2, 35 3, 28, 
35, 37

11 Stress or pressure 10, 36, 
37, 40

13, 29, 
10, 18

35, 10, 
36

35, 1, 
14, 16

10, 15, 
36, 28

10, 15, 
36, 37

6, 35, 
10

35, 24 6, 35, 
36

36, 35, 
21

+ 35, 4, 
15, 10

35, 33, 
2, 40

9, 18, 
3, 40

19, 3, 
27

35, 39, 
19, 2

14, 24, 
10, 37

10, 35, 
14

2, 36, 
25

10, 36, 
3, 37

37, 36, 
4

10, 14, 
36

10, 13, 
19, 35

6, 28, 
25

3, 35 22, 2, 
37

2, 33, 
27, 18

1, 35, 
16

11 2 35 19, 1, 
35

2, 36, 
37

35, 24 10, 14, 
35, 37

12 Shape 8, 10, 
29, 40

15, 10, 
26, 3

29, 34, 
5, 4

13, 14, 
10, 7

5, 34, 
4, 10

14, 4, 
15, 22

7, 2, 35 35, 15, 
34, 18

35, 10, 
37, 40

34, 15, 
10, 14

+ 33, 1, 
18, 4

30, 14, 
10, 40

14, 26, 
9, 25

22, 14, 
19, 32

13, 15, 
32

2, 6, 
34, 14

4, 6, 2 14 35, 29, 
3, 5

14, 10, 
34, 17

36, 22 10, 40, 
16

28, 32, 
1

32, 30, 
40

22, 1, 
2, 35

35, 1 1, 32, 
17, 28

32, 15, 
26

2, 13, 1 1, 15, 
29

16, 29, 
1, 28

15, 13, 
39

15, 1, 
32

17, 26, 
34, 10

13 Stability of  the object's 
composition

21, 35, 
2, 39

26, 39, 
1, 40

13, 15, 
1, 28

37 2, 11, 
13

39 28, 10, 
19, 39

34, 28, 
35, 40

33, 15, 
28, 18

10, 35, 
21, 16

2, 35, 
40

22, 1, 
18, 4

+ 17, 9, 
15

13, 27, 
10, 35

39, 3, 
35, 23

35, 1, 
32

32, 3, 
27, 16

13, 19 27, 4, 
29, 18

32, 35, 
27, 31

14, 2, 
39, 6

2, 14, 
30, 40

35, 27 15, 32, 
35

13 18 35, 24, 
30, 18

35, 40, 
27, 39

35, 19 32, 35, 
30

2, 35, 
10, 16

35, 30, 
34, 2

2, 35, 
22, 26

35, 22, 
39, 23

1, 8, 35 23, 35, 
40, 3

14 Strength 1, 8, 
40, 15

40, 26, 
27, 1

1, 15, 
8, 35

15, 14, 
28, 26

3, 34, 
40, 29

9, 40, 
28

10, 15, 
14, 7

9, 14, 
17, 15

8, 13, 
26, 14

10, 18, 
3, 14

10, 3, 
18, 40

10, 30, 
35, 40

13, 17, 
35

+ 27, 3, 
26

30, 10, 
40

35, 19 19, 35, 
10

35 10, 26, 
35, 28

35 35, 28, 
31, 40

29, 3, 
28, 10

29, 10, 
27

11, 3 3, 27, 
16

3, 27 18, 35, 
37, 1

15, 35, 
22, 2

11, 3, 
10, 32

32, 40, 
25, 2

27, 11, 
3

15, 3, 
32

2, 13, 
25, 28

27, 3, 
15, 40

15 29, 35, 
10, 14

15 Duration of action of moving 
object

19, 5, 
34, 31

2, 19, 9 3, 17, 
19

10, 2, 
19, 30

3, 35, 5 19, 2, 
16

19, 3, 
27

14, 26, 
28, 25

13, 3, 
35

27, 3, 
10
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Models: 
  Practical part:                Together 
  Theoretical part:              Yoni de Boer 
 
Chapter 6 Conclusion & Recommendations          Together 
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