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Abstract 

 

Evol-Shelter Sys: Shelter Design Concept  
Using a Unique Type of Zip-Tie, the Truss-Tie,  

for Building Post-Disaster Shelter  

 

Seo Joon Lee, MFA 

The University of Texas at Austin, 2016 

 

Supervisor: Kate Catterall 

 

The purpose of this research project was to provide affordable shelter to victims 

of natural disasters: from emergency shelters used in the first days, through to transitional 

accommodation that provides longer-term shelter, as regions rebuild over months and 

years.  

Many other designers and architects have suggested various shelter designs. The 

availability and success of these shelter designs has been influenced by factors such as 

transportation, weight, cost and durability. These factors affect the efficacy of existing 

shelter designs. I concluded that under certain circumstances, a completely new approach 

in shelter design could offer improvement over existing designs to better meet victims’ 

needs immediately after the disaster and/or for the period following the emergency. 

These circumstances are related to the types of materials used in the specific region for 

the construction of buildings. 
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I propose Evol-Shelter Sys that divides the relief effort into ‘Emergency shelter 

phase’, ‘T-shelter phase’, and ‘Upgrading shelter phase’ in order to offer shelter. Truss-

Tie is the proposed joint device that enables the Evol-Shelter Sys because it utilizes found 

materials in the environment or prefabricated materials to create the shelter structure 

easily, rapidly, and conveniently, without needing special tools or training. Due to the 

portable feature of the Truss-Tie, it cannot only be simply transported, but also it can be 

stored on site in every jurisdiction or at home, creating the ability to cater to immediate 

needs within hours of a disaster and less reliance on external help. In addition, 

acknowledging that it takes time to rebuild after a disaster, the Evol-Shelter Sys affords 

victims the opportunity to create larger accommodations over time, using the same 

methods. Living in a larger, private and relatively stable space, that can be upgraded as 

necessary, makes the prospect of living in temporary accommodation during a lengthy re-

building period more tolerable.  

  

Keywords; Evol-Shelter Sys, Truss-Tie, emergency shelter, T-shelter, long-term shelter, 

easily, rapidly, effectively,  
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Chapter 1:  Introduction 

‘My work is not meant for everyone, but for a specific group of people, such as children 

who suffer from something and descendants of humanity who will be evolved possibly into fish. I 

believe that art is meant to bring new and beneficial changes to the world. I wished for this to 

happen, but at some point I began to question if simply sculpting and holding exhibitions on end 

could achieve this. In the end, if my works are able to more communicate with people and 

actually help them then I am sure that I am doing something of true value. Nowadays, I am 

searching for new ways to fulfill my thought.’   

      -Artist statement prior to undertaking the design MFA. December, 2013 

 

I have consistently questioned the real meaning of art, and still do, I cannot define 

it universally and no one has given me an answer that fully persuades me. However, I can 

say what I expect from art and what I would like it to be. I hope that art plays a role in 

changing the world for the better and that my work can assist in that goal both practical 

and poetic ways. Art should not become a kind of ‘taxidermy’. This approach to art 

shaped my decision to enter a design school.  

I believe the design disciplines are perhaps better equipped to fulfill my wish than 

the fine arts, because design is the process of identifying problems and resolving them 

practically within a particular context. In that respect, I have become most interested in 

solving the problems that many people may not see or may choose to ignore such as the 

problems surrounding seniors, patients and minorities. In this report, I will focus on 

issues related to shelter for victims of natural disasters, however the methods I used could 

be applied to study and respond to a multitude of social and environmental problems. 



 2 

Natural disasters have a tremendous and negative impact on life, livelihood and 

environment. According to the analysis of UNISDR, The United Nations Office for 

Disaster Risk Reduction, in 2015, 22,773 people died as a direct effect of natural 

disasters globally. In 2015, the disasters also had an impact on a further 98.6 million 

people and economic losses in the range of $66.5 billion USD. The report suggests that in 

the same period at least 18 countries have reported devastating natural disasters, such as 

flood, storm, landslide, earthquake, etc.1 

 In addition, the New England Journal of Medicine says the scale of disasters has 

increased due to increased rates of urbanization, deforestation, and environmental 

degradation, as well as the intensification of climate variables such as higher 

temperatures, extreme precipitation, and more violent wind and water storms. 

 

 
Figure 1: Numbers and Types of Natural Disasters, 1950–2012.2  

 

The Red Cross states that natural catastrophes took place an average of 354 times 

each year between 1991 and 1999. This rate doubled to an average of 728 natural 

                                                
1 “2015 disasters in numbers”, UNISDR, accessed May 1, 2016, 
https://www.unisdr.org/we/inform/publications/47804 
2 EM-DAT the International Disaster Database, Center for Research on the Epidemiology of Disasters, 
University of Louvain, accessed May 1, 2016 (www.emdat.be/) 
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disasters per year between 2000 and 2004. In addition, according to the Organization for 

Economic Co-operation and Development (OECD), the number of annual fatalities as a 

result of natural disasters has increased from 84,570 in 1995 to 249,896 in 2005.3 

Despite recognizing the negative impact of natural disasters, governments and 

individuals have been slow to plan for such catastrophic events.4 The mindset to discount 

the possibility makes people overlook the importance of preparing for reactions against a 

catastrophe, thereby they are fully damaged by natural disasters. Therefore, once it 

happens, the damage seriously gives a negative impact on life and properties. 

In the natural disaster areas, there are many requirements for victims such as food, 

sanitation, shelter, etc. Among other issues, the previous responses to the shelters have 

had to deal with important challenges such as time, cost, weight, and usability. This 

report researches the weak points that previous shelter designs have faced and suggests a 

design proposal that will be able to support victims within natural disaster sites quickly 

and affordably. 
 
  

                                                
3 “Disasters: the facts,” Christian Aid, accessed Nov 10, 2016, 
 http://www.christianaid.ie/emergencies/prevention/facts.aspx 
4 Alan Berger et al., “Obstacles to Clear Thinking About Natural Disasters: Five Lessons for Policy,”, 
September 11, (2006):15 
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Chapter 2:  Problems evident in the design of previous shelters 

The International Federation of Red Cross and Red Crescent Societies (IFRC) 

refers to several types of post-disaster shelters such as emergency shelter, temporary 

shelter, transitional shelter, progressive shelter, core shelter, and permanent housing. 

There is no the standard definition regarding the post-disaster shelters, which everyone 

agrees with. In order to clarify the contents in this report, however, this report follows the 

definitions by ‘Post-Disaster Shelter: 10 designs’, the book written by IFRC.  

DEFINITIONS AND TERMINOLOGY 

Table 1: The Definitions and Terminology of the Post-Disaster Shelters.5 

                                                
5 IFRC, “Post-Disaster Shelter: 10 designs, International Federation of Red Cross and Red Crescent 
Societies, Geneva, (2013): 8 
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Figure 2: Overlapping definitions.6 

Although IFRC specifies that these types are not standardized, it shows how cost, 

time, and weight are increased as a better and stronger shelter is built. 

 
                                                
6 Ibid., 9. 
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Figure 3: Type of Shelter and the Relation between Time for Building Shelters and 
Permanent Location.7 
 

The same is true of EXO, Better Shelter, Ban Shigeru’s paper shelter, Bamboo Shelter in 

Nepal, and IFRC shelter kit (discussed below), which have drawn public attention for 

their innovative designs. 

COST 

The shelter named EXO suggested the hi-tech shelter that installed digital 

equipment such as an automatic switch or safe lock. The feature of the shelter is durable, 

ready-made, and stackable like paper cups for transportation. As well, the digital devices 

installed at the shelter provide the victims safe, convenient, and cozy living spaces. 

However, problems with the EXO include the high price (at least 3,000 U.S. dollars), and 

                                                
7 IFRC, “Transitional shelters Eight designs”, International Federation of Red Cross and Red Crescent 
Societies, Geneva, (2011): 8. 
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the cost of the shelter with the full option is 5,000 U.S. dollars. It consequently gives 

financial burden to organizations of first response for the natural disaster. 

  
Figure 4: Illustration of Hi-Tech Shelter, EXO.8 

 

WEIGHT 

The shelter EXO can be separated into two parts. This includes the shell 

(375lbs/170kg) and the base (325lbs/147kg), so the total weight of the shelter reaches 700 

lbs (317kg). In addition, the shelter named Better Shelter (supported by IKEA and 

UNHCR, the United Nations High Commissioner for Refugees) is conveyed in two flat 

pack boxes, which each weigh about 80 kg. The total weight is 160 kg.  

                                                
8 “Reaction”, accessed July 24, 2016, http://www.reactioninc.com/exo/tech-specs  
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Figure 5: Illustration of Better Shelter Supported by IKEA and UNHCR.9 
 

This means that in the case of a huge scale natural disaster such as the tsunami in 

Japan 2003, the earthquake in Haiti 2004, and in Indonesia 2016, heavy-duty 

transportation is required to carry them immediately. However, aircraft have a limited 

load capacity, and ships are restricted by time. Therefore, it is very difficult to satisfy 

both rapid response and load capacity. 

DURABILITY 

In Rwanda in 1994, 50 emergency shelters by Ban Shigeru, a Japanese architect, 

were built that used paper tubes for structure material. Due to the specific features of the 

building material, it was low-cost and remarkably light for transportation.10  

                                                
9 “A better shelter”, the United Nations High Commissioner for Refugees (UNHCR), IKEA Foundation, 
accessed July 24, 2016, http://www.bettershelter.org/product/  
10 “Shigeru Ban”, Paper Emergency Shelters for UNHCR - Byumba Refugee Camp, Rwanda, 1999, 
accessed Nov 10, 2016, http://www.shigerubanarchitects.com/works/1999_paper-emergency-
shelter/index.html 
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Figure 6: Paper Emergency Shelters for UNHCR, Byumba Refugee Camp, Rwanda, 
1999, Shigeru Ban, accessed July 24, 2016 (left), 
http://www.shigerubanarchitects.com/works/1999_paper-emergency-shelter/index.html  
Paper Emergency Shelters for UNHCR, Shigeru Ban, accessed July 24, 2016 (right).   
http://www.designboom.com/architecture/shigeru-ban-architecture-and-humanitarian-
activities/  

However, the design of the emergency shelter design was not considered for other 

aspects, such as wet ground under heavy rain. In order to keep the victims’ living space 

dry, the shelter should be lifted up from the ground, but the shelters were located directly 

on the ground. The paper tube structure just covered the wall and ceiling, while the 

foundation was just plastic sheet that met the ground. 
 

 
Figure 7: Paper Log Houses, Kobe, Japan,1995, Shigeru Ban, accessed July 24, 2016, 
http://www.shigerubanarchitects.com/works/1995_paper-log-house-kobe/index.html  
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His second group of shelters, Paper Log House, located in Turkey and India, were 

improved in 2000 and 2001 by using plastic beer boxes as the foundation to overcome the 

issue that previous shelters had. However, gathering and delivering a considerable 

amount of the plastic boxes for the shelter in a short amount of time is never easy for 

victims or supporters under urgent situations. 

USABILITY 

It is very important to recognize or support the existing or fast evolving sheltering 

action of the victims because that is the primary factor for the effective and efficient 

meeting of needs with available resources. Given emergency situation, the appropriate 

technology, such as local construction technologies, house designs, and cultural 

preferences, should apply to any shelter solutions.11 

In terms of the IRFC that were mentioned above, the shelter made of bamboos in 

Nepal in 2015 meets the suggestion of IRFC to apply local environment to rapid and 

effective building of shelters for affected populations that live in barren areas. 
 
 

                                                
11 IFRC, “Transitional shelter Eight designs”, International Federation of Red Cross and Red Crescent 
Societies Geneva (2011), accessed Nov 10, 2006, http://www.ifrc.org/PageFiles/95186/h. Design and 
general constr. works/900300-Transitional Shelters-Eight designs-EN-LR.pdf 
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Figure 8: A Bamboo Frame Shelter by Charles Lai and Takehiko Suzuki, 2015, accessed 
July 24, 2016. http://www.dezeen.com/2015/07/11/prototype-bamboo-shelter-nepal-
earthquake-victims-built-by-unskilled-workers-three-days/ 
 

Since they used the local material bamboo for frame and light joints, such as cable 

ties and wire, the price could not only be reduced but also the time could be shortened 

remarkably. They, however, still have challenges that they deal with. While the building 

time is 2-3 days12, the survivor from a natural disaster may have no place to stay during 

day. In addition, they need to consider the time to get cladding salvage, such as metal 

sheets, which must be transported from other sites. Also, they need to download the 

blueprint online to build the shelter and need several people who can build it together.  

The five examples mentioned above are suitable for T-shelter or progressive 

shelter if time and cost are allowed, but none is useful for building emergency shelters 

under urgent situations, where they need to be built immediately on the disaster sites. 

                                                
12 Amy Frearson, “Prototype shelter for Nepal earthquake victims could be built by unskilled workers in 
three days,” Dezeen, accessed Nov 10, 2016, http://www.dezeen.com/2015/07/11/prototype-bamboo-
shelter-nepal-earthquake-victims-built-by-unskilled-workers-three-days/ 
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THE SUGGESTION OF IFRC  

It is necessary for shelter assistance to be adjustable and appropriate to the 

situation on the site, and the shelter assistance should consider the type of damage caused 

by the disaster and contemplate requirements for complementing existing or damaged 

homes, buildings, and structures. In addition, social and climatic circumstances and the 

extent of the disaster are also important factors13.  

For these reasons, in 2008, IFRC distributed 35,866 tool kits after Cyclone 

Nargis, in order to assist one hundred thousand people in Myanmar to build emergency 

shelters or repair their houses. The tool kits included necessary items for constructing the 

emergency shelter, such as rope, wire, and nails, which are necessary for constructing the 

frame. The tool kit, however, needs to be more simplified for improving its accessibility. 

For instance, the number of items in the kit should ideally weigh less than the current 

20kg and cost less than 60CHF (60 Swiss Dollar).14 
 

                                                
13 “What we do in shelter,” International Federation of Red Cross and Red Crescent Societies, accessed 
Nov 10, 2016, http://www.ifrc.org/en/what-we-do/disaster-management/responding/services-for-the-
disaster-affected/shelter-and-settlement/what-we-do-in-shelter/ 
14 IFRC, “Operation update- Myanma: Cyclon Nagis,” International Federation of Red Cross and Red 
Crescent Societies, (2008), accessed Nov 10, 2016, http://www.ifrc.org/docs/appeals/08/mdrmm00220.pdf 
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Figure 9: IFRC Shelter Kit Contents.15 
                                                
15 IFRC, “Shelter kit,” International Federation of Red Cross and Red Crescent Societies, Geneva, 
accessed Nov 10, (2016), http://www.ifrc.org/PageFiles/95530/Sidebar/152700-Shelter_Kit-EN.pdf 
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The previous shelter designs have opted to compromise one quality or aspect of 

shelter in order to prioritize another quality or aspect. For instance, the more substantial 

of a shelter we provide, the more delivery time is needed, building skill is required, and 

the cost and weight is increased. The disaster shelter can, however, be designed to reduce 

delivery times and the cost, but durability is frequently compromised. For now, 

distributing tents is the fastest way to give the displaced victims emergency shelter but 

most tents have severe size limitations. It works in terms of immediacy, weight, ease of 

transportation and ease of construction, but most tents cannot prevent residents and their 

possessions adequately from rain and other weather related challenges. Therefore, I chose 

to rethink the whole emergency shelter system from prior to the event through rebuilding 

and to overcome many of these compromises and points of vulnerability. 
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Chapter 3: Design Proposal 

EVOL-SHELTER SYS IN A NUTSHELL 

Evol-Shelter Sys (Evolutionary Shelter System) provides victims of natural 

disasters with an appropriate living place at each moment of their journey to recovery. 

The aim of the proposal is to significantly reduce emergency shelter waiting times for 

victims after a natural disaster, and, going forward, to provide T-shelter, which is 

designed to extend the functionality of the emergency shelter, evolving the shelter into 

suitable longer-term accommodations for families and individuals. This transition from 

immediate shelter to long-term accommodation is very important because it reduces the 

time in which victims suffer outdoors, decreases potential negative effects post-disaster 

such as various diseases, builds on first responses to create accommodations for the long 

haul, and has the potential to reduce inefficiencies, thereby reducing the overall cost of 

the disaster response. 

This stratagem divides the relief effort into three steps and supports the 

appropriate materials for victims in each phase. The first step is to focus on immediately 

supporting them with Truss-Tie kits for emergency shelter. The second is to provide them 

with T-Shelter kits. And the third is substantial affordable building materials to improve 

T-shelter to comfortable long-term accommodation. 

 

 
 Figure 10: The Three Phases of the Evol-Shelter Sys. 
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EVOL-SHELTER SYS 

STEP ONE: EMERGENCY SHELTER  

The first step is to provide survivors with Truss-Tie kits, including 16-Truss-Ties 

and a manual printed on a plastic sheet that immediately allows disaster survivors the 

ability to build their own shelters quickly and easily. Previous designs for shelters after 

natural disasters were affordable to victims only if time for preparations was ensured, 

such as manufacturing, transportation, and cost. This is because any shelter requires a 

minimum amount of materials, which affects delivery time, weight, and cost. Thus, the 

victims could wait a long time before they received shelters.16 
 

 
Figure 11: Debris on the Natural Disaster Site, Manila, Philippines, 2013. 
 (http://www.philstar.com/headlines/2014/05/30/1328971/economy-slows-down) 

                                                

16 IFRC, “Transitional shelters Eight designs”, International Federation of Red Cross and Red Crescent 
Societies, Geneva, (2011): 13.  
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The design proposal for the emergency shelter in this report is to distribute Truss-

Tie kits to the victims so that they can create their shelters themselves. To build the 

emergency shelter, the victims utilize debris from damaged buildings on the site along 

with the Truss-Tie Kit. Debris is a very abundant building material on-site,17 and it can 

be a good resource for creating emergency shelters. For instance, wood members can be 

used for structures inside the shelter, and after building them, any flat material or fabrics 

such as panels, doors, blankets, or curtains can be used for walls and ceilings to cover up 

the structures. This reduces the time that it takes to deliver and build a shelter, decreasing 

the cost and the weight of the material of the shelter. It is a practical way to resolve 

problems realistically.  

The size of the Truss-Kit is only 3x3x6 (inch), therefore many of the kits can be 

stored in the public offices or institutes such as schools, fire stations, community service 

centers, etc. In addition, the compact feature of the kit allows supporters to deliver large 

amount of the kits immediately and readily through any transportation method from a 

motorbike or cars on the ground to cargo airplanes by airdrop. 
  

                                                
17 U.S. Environmental Protection Agency, “Planning for Natural Disaster Debris,” U.S. Environmental 
Protection Agency (EPA), (2008): 1-2. 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Concept of building the emergency shelter by Truss-Tie Kit 

There are two types of emergency shelters that can be created with Truss-Ties: the 

hexahedral approach and the triangular pyramid approach.  

Type One: Hexahedral 

 
 

 
 

 
 
Figure 12: The Instruction for Building for the Emergency shelter. 
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Figure 12: (continued) 
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Figure 12: (continued) 
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Figure 12: (continued) 
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Figure 12: (continued) 
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Figure 12: (continued) 
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Figure 12: (continued) 
 
 

 
 

 
Figure 13: Example of Emergency Shelter Built with Debris and Truss-Tie Prototypes. 
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Type Two: Triangular Pyramid 

 

 
 
 
 
 
 
 
 
 
 
Figure 14: Lay out a Triangle Shape on 
the Ground and then Join the Ends with 
the Truss-Tie. 

 

 

 
 
 
 
 
 
 
 
 
Figure 15: Lift up the Triangle and 
Connect the Single Member to the 
Triangle Shaped Structure with the 
Truss-Tie. 

 

 

 
 
 
 
 
 
 
 
 
Figure 16: Use Fabric, a Plastic Sheet, 
or Other Covering to Drape Over the 
Triangular Pyramid Structure. 
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Figure 17: A Finished Example of the 
Triangular Pyramid Type of Shelter. 

 

This approach can be a very practical and an effective way to urgently respond to 

the aftermath of natural disasters on account of the features of the Truss-Tie kit.  

Firstly, the kit consists of 16 Truss-Ties and a plastic sheet, so it is very lightweight and 

small in size. This easy-to-carry factor is very important because when the road to the 

scene has been blocked by a sudden event, the air vehicle, such as a helicopter or cargo 

plane or any off-road vehicle like a motorcycle, can transport kits that can build a large 

amount of emergency shelters at the site.  

Secondly, the emergency shelter is very stable for a temporary shelter because the 

structure is based on truss. Truss is fundamentally a system of straight, interconnected 

structural elements shaped in the form of a triangle. This structural design can bear the 

weight of the covering and additional external factors such as the force of wind, snow, or 

earthquakes. 
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Figure 18: Illustration of Truss.18 

 

 Third, handling 

of the Truss-Tie is very easy 

without any tools such as nails, 

hammers, etc., so the victim can 

build their emergency shelter 

conveniently by alone or with 

the assistance of others. Some 

people might argue that using  

regular zip-ties (Figure 19) can 

build a truss in the same way and it can be built just as efficiently. However, it is 

structurally impossible to connect the diagonal sections securely with the regular zip-tie. 

(Figure 19) Therefore, it is necessary to use the Truss-Tie in order to easily and 

successfully create a truss. Finally, the Truss-Tie can be very low-cost. Therefore, almost 

all individuals or organizations such as a district office, community center, school, etc, 

                                                
18 IFRC, “The IFRC Shelter Kit,” International Federation of Red Cross and Red Crescent Societies, 
December, (2009): 33, accessed Nov 10, 2016, http://www.ifrc.org/PageFiles/95526/publications/D.03.a.07. 
IFRC shelter-kit-guidelines-EN-LR.pdf 
 

Figure 19: Regular Zip-Ties and the Structural 
Problem of Building Shelter with the Regular Zip-
Ties. 
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can keep them in the event of a natural disaster. These individuals and organizations can 

cope with the aftermath immediately as long as they have access to the kits. 

Although the appearance of the emergency shelter is aesthetically humble, victims 

won't have to wait to evacuate from the outdoor environment before receiving advanced 

shelter. 

STEP TWO: THE TRUSTY SHELTER  

The second step is to deliver a Trusty-Shelter, a T-shelter built using the Truss-

Tie approach, to victims in the natural disaster site. Even though the emergency shelter 

fulfills their basic needs, such as shelter from rain, wind, cold, direct sunlight, etc., it is 

cramped, shabby-looking and does not provide any space for relaxation and rest. In order 

to rebuild a semblance of normality in the community, even before infrastructure is 

repaired, spaces in which people are able to work indoors, relax and undertake recreation 

are essential. Without such places survivors will begin to feel miserable and depressed, 

negatively affecting recovery efforts. Trusty-Shelter can satisfy these needs and in fact, 

various advanced T-shelters have already been designed and tested, as I mentioned in 

Chapter 2. However, the downfall of these precedents was budgetary, they were 

expensive, arriving long after the disaster event and only in instances where adequate 

funds had been raised for their purchase; meaning T-shelters frequently arrive after 

victims have made their own ad hoc structures or indeed have reconstructed their own 

homes.  

The Evol-Shelter Sys—which pairs Truss-Ties with a bundle of precut, pre-

notched lumber—can speed up the supporting process, and allow communities to extend 

their shelters as needed. Trusty-Shelters in the second phase play a role as T-shelter to 

mitigate the problems of longer-term homelessness with a minimum essential building 
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materials which could be facilitated for building ‘progressive shelters’ and ‘core shelters’ 

at the third step. This feature would be able to save additional cost of building the 

advanced shelter. Also, because the Trusty-shelter can be combined with Truss-Tie, the 

shelter can be built quickly and simply on account of Truss-Tie's ease of use. 

As well, the Truss-Ties on the shelter could be easily broken by cutting tool such 

as scissors or nipper, so the T-shelter can be simply dismantled if necessary. This feature 

might be useful for ‘nomadic’ victims who should move to other area often for many 

issues. For example, in case of survivors in Haiti, survivors who have not land ownership 

could not T-shelter for legal issue regarding the occupation.19 Therefore, they could only 

use tents for staying temporary and being portable. 

The following line drawings about Trusty-Shelter show a number of pre-

fabricated wood beams that are to be connected with this proposed Truss-Tie method. We 

recognize that if the cost of prefabrication is exerted, other conventional fastening 

methods, such as wood screws or machine bolts can be used retaining the ability to 

assemble and disassemble the structure. The proposed Truss-Tie method, however, may 

have certain advantages over the conventional methods.  More study is needed in order 

to fully quantify these. 
  

                                                
19 IFRC, “Haiti earthquake 2010 – One-year progress report,” International Federation of Red Cross and 
Red Crescent Societies, Geneva, (2010): 17-18 
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Figure 20: Instructions for Constructing the Trusty Shelter. 
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Figure 20: (continued)  
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Figure 20: (continued)  
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Figure 20: (continued) 
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Figure 20: (continued)  
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Figure 20: (continued)  
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Figure 20: (continued)  
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Figure 20: (continued)  
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Figure 20: (continued) 
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Figure 20: (continued) 
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Figure 21: The Structure of Trusty-Shelter. 

The joint method for the Trusty-Shelter is primarily used for lap joints. The 

structure makes the T-shelter’s joints combined strongly. The lap joints on the member of 

the Trusty-shelter have holes that the Truss-Tie can tie up through, which makes the 

joints much more secure.20 This way, the joint structure also allows the floor of the 

Trusty-Shelter to be lifted up from the ground about two feet, which keeps the inside 

space dry from the wet ground when it is raining outside. Providing more stable, 

comfortable, and spacious shelter could help victims overcome the damage from the 

disaster and return their lives. 

                                                
20 In the prototype tryout, the Truss-Tie for the joint of T-shelter is so strong that the wooden members of 
the frame bent or broke first when a builder strained the diagonal ties excessively. The combination of lap 
joint and Truss-Tie is very strong. 
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Figure 22: An Example of Lap Joint (left) and Lap Joint for Trusty-Shelter (right). 
 

In addition, T-shelter is modularized to respect victims’ privacy. In the research, 

almost every previous T-shelter tends to put all family members into the same place 

together. In this situation, they cannot have their privacy and they experience 

inconvenience. The Trusty-shelter is planned for space for one or two persons for their 

privacy. However, if they want to live together, the T-shelter can be combined with 

another due to the modular feature, so their living space can be expanded and it may be 

shared with all residents. In this way, the T-shelter may grow to be a community (Figure 

23 right). 

 

  
Figure 23: An Example of Trusty-Shelter (left), A Sketch of Sheltering Complex (right). 
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STEP THREE: UPGRADING SHELTER TO PROGRESSIVE SHELTER AND CORE SHELTER 

As the third step, survivors are provided with substantial materials for upgrading 

the T-shelter to allow them to stay in a more durable space. The IFRC and Shelter 

Centered emphasized that T-shelters have to be strong enough to endure unsettled 

conditions and the beneficiaries should be able to improve their shelters as required.2122 

However, many previous T-shelters make trade-offs between time to construct or be 

delivered and durability. These trade offs could be mitigated by the feature of the Trusty-

shelter kit and the stratagem of the Evol-Shelter Sys based on providing shelter materials 

by priority.  

Trusty-shelter supplies members/components that have multiple slots allowing the 

frame to be assembled and dismantled easily with Truss-Ties. This also allows damaged 

components to be replaced easily and improvements to be made on the initial shelter at a 

later date. Ultimately, using the Trusty-Shelter framing materials helps residents 

transition to a structure that uses more stable and more permanent siding materials and 

fasteners such as bolts, nuts, plywood, etc. The size of the holes for Truss-Ties on the 

wood frames can be fitted with the 3/8 inch diameter sized bolts and thus the joint part 

can be made much more durable. Plywood can also be attached on the frame as long as 

you drill holes fitting with the holes on the frames. Therefore, the structure might evolve 

into a much more durable and secure structure, combining Trusty-shelter components 

with plywood and metal joints to become a home. 

 

 
  

                                                
21 IOM-OIM et al, “The Transitional shelter guidance,” Shelter Centre, (2012): 13  
22 IFRC, “Transitional shelters Eight designs,” International Federation of Red Cross and Red Crescent 
Societies, Geneva, (2011): 14. 
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Chapter 4:  Feature of Truss-Tie 

COMPONENTS 

The rectangular truss consists of 2 triangular assemblies that are organized 

crossing horizontal, vertical members and diagonal sections (Figure 18). The Truss-Tie 

consists of a head and a body. The body is on the bottom and has two straps, which can 

fasten two members on each corner of the rectangle. The head is on top of the body and 

can be swiveled to play a role as a diagonal brace for the rectangular truss (Figure 24). 

The diagonal strap can be swiveled, so it works efficiently in any angular orientation. 

 
 

 
 

 
Figure 24: The Structure of Truss-Tie. 
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Figure 25: The Assembly View of Truss-Tie. 
 

  
 

Figure 26: The Extension of the Strap (left), the Embossed Numbers and Dots of Each 

Part of the Zip-Tie (right). 

 
The head can be divided in two, creating a single cable-tie part and a separate rotatable 

part. The extra cable tie can be utilized for other needs such as expansion of the diagonal 

section, etc, (Figure 26 left). 

 The Truss-Tie is informative. Each strap of the Truss-Tie has indications, 

embossed numbers and dots, to guide the users on the correct order to tie up the straps 



 45 

(Figure 26 right). In addition, the feature of the embossers helps users who have poor 

sight recognize the order numbers when they touch them on the straps.  

PRINCIPLE  

The Truss-Tie consists of two stacks, a fixed component, the Body, and a 

rotatable one, the Head (Figure 25), and each part works like conventional zip-ties, in that 

it utilizes a linear ratchet mechanism (Figure 27 shows a rotary ratchet mechanism).  

 

    
Figure 27: Fundamental Principle of Ratchet Mechanism (left) and a Profile of General 

Zip-Tie24 (right). 

 

The proposed ratchet mechanism is now cylindrical (male and female as shown in Figure 

28), so as when the rotatable part (Head) is pressed by the user into the fixed part (Body), 

the locked ratchet prevents axial separation while allowing freedom of rotation. The parts 

need to be designed such that the force required to press the Head into the Body is not 

excessive, and the parts do not fail while deflecting. 

                                                
24 Cable ties, Methew McCormik, United States Patent, 9th, Dec, 1975, 
https://patentimages.storage.googleapis.com/pdfs/aa48d9e447a682ab00c3/US3924299.pdf 
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Figure 28: The Ratchet Structure of Swivel Part of the Truss-Tie. 

MATERIAL 

The whole Truss-tie, both of housing and strap, will be fabricated using polypropylene as 

the main material because the material is not only versatile for manufacturing and has a 

low production cost25 (Y. Azuma 2009), but is also extremely durable. The 

polypropylene has a high ultimate tensile strength (40MPa).26 In addition, Truss-Tie is 

made from luminous polypropylene which makes components easier to distinguish after 

the dark, on site, at emergent situations.  

 

 

 

 

 

                                                
25 Y. Azuma et al., “Outdoor and accelerated weathering tests for polypropylene and polypropylene/talc 
composites: A comparative study of their weathering behavior”, Polymer Degradation and Stability 
Volume 94, Issue 12, (2009) 
26 “Tensile Property Testing of Plastics”, Matweb, accessed Nov 25, 2006, 
http://www.matweb.com/reference/tensilestrength.aspx 
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THE PROPOSAL, PROTOTYPES, AND TESTING  

 
Figure 29: The First Proposal and Prototype_2014. 

The first idea was to design a new zip-tie that had three straps so that the user 

could build a truss for the frame of the emergency shelter conveniently by themselves by 

tying members with each strap of the zip-tie. The members for the frame of the 

emergency shelter could be debris from the damaged buildings or trees on the natural 

disaster sites. Each of the three strap sections of the zip-tie is arranged to bind the 

corresponding structural member for building the truss. The diagonal strap of the zip-tie 

is positioned to form an angle of approximately 45 degrees with the horizontal member or 

the vertical member. However, the lengths of the members for the frame of the 

emergency shelter could not be standardized because they were debris from the damaged 

buildings or trees. Therefore, the angle of the diagonal section of the truss for the frame 

also had to vary. For instance, sometimes the users needed to form a 30 to 60 degree 

angle for the diagonal section with respect to the horizontal. 
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Figure 30: The Second Proposal_2015. 

The Second proposal was that the diagonal strap of the zip-tie could swivel so that it 

could support any angle of the diagonal section of truss. (Figure 30)

 
Figure 31: Illustration of the Weak Point and the Circumstance. 
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The joint that connects the diagonal strap with body of the zip-tie was not sufficiently 

strong, and components separated even when users applied only moderate force. But, it 

did not influence the users’ control of tying, while they were building the diagonal 

section of the truss. This was because, even though the joint was broken, this always 

happened after the diagonal strap was locked by the ratchet inside of head of the zip-tie 

(Figure 31). 

 

  
Figure 32: The Third Proposal_2015. 

 

The approach of the third proposal was to reinforce the area (Figure 32 a) where 

the two zip tie heads intersected in order not to avoid failure. However, this proposal was 

considered inferior due to ergonomic reasons to the second proposal where users could 

tie the fastener more conveniently due to the direction of the sockets and straps. 

In addition, the third proposal incorporated the use of luminous additive to the plastic, 

anticipating that it would make it easier to construct shelters at night. 
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Figure 33: The Adaptor Fabricated by 3D Printer For Testing. The Adaptor for the 

Second Proposal for the Left-Handed Users (left), The Adaptor for the Second Proposal 

for the Right-Handed Users (right). 

 

Typical zip ties are built by stamping or injection mold. This is an expensive 

process for a prototype. In order to test the second proposal at low cost, the two adaptors 

which could fasten normal single cable ties were designed and fabricated by 3D printer 

(Figure 33). The two adapters looked very similar to each other, but the directions of zip 

tie straps of the adaptors were opposite, in order to accommodate left-handed and right-

handed users. 

  

  
Figure 34: The Adaptor Fabricated by 3D Printer for Testing (left), The Aluminum 

Adaptor Machined by CNC for Testing (right). 
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Unfortunately, due to the poor quality of the 3d printing material, the adaptors fabricated 

were not sufficiently durable to withstand the pressure that each strap applied, so the test 

could not properly test. Therefore, an adaptor was made of aluminum by 

Computer Numeric Control (CNC) milling machine.  

  

 
Figure 35: The Result of the Test for Applying the Aluminum Adaptor Machined by 

CNC for Testing. 

 

The result of the test for the second proposal using the aluminum adaptor did not meet the 

anticipated expectation, because the frame created was easily distorted and looked like a 

confusing jumble (Figure 35). For some reason, the zip-tie failed to properly secure the 

three structural members. 
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Figure 36: X-shaped Tying Type. 

 

In the way of ‘X-shaped tying type (Figure 36)’, the users could bind the two members 

easily and securely because the force point was on the center of the intersecting point of 

the two members. Therefore, a fourth proposal was formulated in order to tie the 

members more securely and without the prior distortions. The established regular zip-ties 

(Figure 36) also can build up truss by the X-shaped tying. However, using this newly 

designed zip-tie, it was much more convenient for the user to control the members and 

the zip-tie straps, because it integrated the three normal zip-tie into one entity. This way, 

the user could hold the members and tie the zip-ties at the same time without the need of 

an assistant. In addition, the most importantly, using the regular zip-tie could not be 

applicable to create the diagonal section of the truss, because it is structurally impossible 

to provide a fastener to connect from the strap for diagonal section of truss to opposite 

side (Figure 19). 
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Figure 37: The Fourth Proposal and the Enlarged Scene_2015. 

 

For applying the ‘X shaped tying’ to the fastener, the second proposal (Figure 31) 

should be reconsidered, and a fourth proposal was created. However, the L-shaped body 

of the joint (Figure 37 left) could be structurally weak when the forces from the two 

straps were applied (Figure 37 right). In addition, the axis of the rotatable part should be 

located on the center of the body, in order to make the truss more stable. 

 

Figure 38: The Fifth Proposal_2015. 

 

A fifth proposal of the fastener was generated in order to improve stability and 

minimize possibility of fracture (Figure 38). The previous head of the zip-tie swiveled 

around a pivot (Figure 30), but the fifth proposal’s relative rotation was achieved by 
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mating cylindrical/conical faces (Figure 38 left), i.e., like the way that a plastic bottle cap 

swivels. In addition, the external cylindrical shape of the zip-tie’s body allowed users to 

be able to easily grab the fastener. In order to avoid interference of the straps, the body of 

the zip-tie consisted of three concentric layers (Figure 38 right)—one for each strap. 

However, these modifications made the fastener too large axially, and weakened it 

structurally. 

 

  
Figure 39: The Sixth Proposal_2015. 

 

A sixth proposal was generated in order to reduce the axial dimension of the 

fastener and increase its stability. If the two straps interfered and jammed, it seemed that 

there was sufficient space for the user to control the two straps of the zip-tie at the 

intersecting point inside of the fastener (Figure 39 right A). However, the area at the 

bottom of the fastener was too thin and fragile (Figure 39 right B). Making that thicker 

would cause excessive thickness (axially). Therefore, these conflicting issues were not 

fully resolved with this design iteration. 
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Figure 40: The Unutilized Straps of Truss-Tie on Truss. 

 

In addition to all the previous issues, a shortcoming involving all designs was observed.  

Even though mentioning this shortcoming may upset the flow of this report, it 

nevertheless needs to be discussed here, because the next proposal attempts to address 

this as well. The shortcoming is as follows: The tail end of the zip-tie was inevitably 

unutilized (Figure 40) and concern of material waste was raised. 

 

  
Figure 41: The Seventh Proposal_2015. 

 

A seventh proposal was generated in the hope that it would resolve the prior 

ongoing issues of jamming, structural weakness, and excessive axial length, as well as the 
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shortcoming of unutilized tail end of the zip tie. In this design iteration, the rotatable part 

of zip-tie could be detachable and the detached part could be used for extending the 

length of the straps (Figure 41), while figure 42 explains how the other issues were 

addressed. 

 
Figure 42: The Seventh Proposal for Resolving the Issue regarding Jamming with The 

Two Straps.  

 

The jamming, excess axial length, and structural weakness issues were addressed as 

follows: In this prototype, the sockets were arranged upside down to slide without 

interference. 

  
 

Figure 43: The Eighth Proposal_2015. 
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In an eighth proposal, each strap of the zip-tie was marked with embossed 

numbers and dots which indicated the binding order for the truss. The embossed numbers 

and dots were supposed to allow users who have a poor sight to assess the number of dots 

by touching. 

 
Figure 44: The Adaptor Fabricated by 3D Printer for Testing the Eighth Proposal. 

 

The prototype adaptor seen in the figure 44 was too weak to withstand the forces 

necessary to support a structure. Therefore, it was redesigned to be stronger by increasing 

thicknesses of various locations, while the overall concepts remained unchanged. This 

new adaptor is shown in the figure 45. 

 

 

 



 58 

 

 

Figure 45: 3D Computer Graphic Modeling (left) and the Prototype of the Eighth 

Proposal (right). 

 

For more precise testing, the adaptor for the prototype was redesigned, and now, some of 

the components were clamped together by bolts and nuts (Figure 45). Additionally, the 

detachable part was not fabricated since single cable ties can be facilitated in case of 

expanding the ties.    

THE RESULT OF BUILDING SHELTERS WITH TRUSS-TIE PROTOTYPES 

The shelter construction test was executed by using prototypes based on the 

eighth proposal. The time duration for constructing shelter elements was as follows: for 
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the triangular pyramid as low as 2 minutes 20 seconds, for the hexahedral type 23 

minutes, and for the T-shelter 25 minutes. In the case of T-shelter, the time required for 

the builders to apply the tarp cover on the frame was not included, because the design 

process is not completed yet.  

 

 The number of 
builders The constructing time 

Triangular 
Pyramid 1 2mins 20sec 

Hexahedral 3 23mins 

T-shelter 3 25mins (the only time to build the structure 
except covering with tarps) 

Table 2: The Outcome of the Tryout for Building Shelters with Truss-Tie. 

 The response from the test building group was positive with respect to the triangular and 

T-shelter type because using the Truss-Tie was simple, fast and effective. However, when 

builders construct the hexahedral typed shelter, Truss-ties on occasion slid down if the 

surface of members did not have sufficient surface roughness and if heavy roof covering 

material was used. This issue had to be resolved because the fastener needed to reliably 

bind using the broadest range of wood and structural members found on the natural 

disaster site. 
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Chapter 5: Discussion 

The design of the Truss-Tie is accomplished by the design iterative process based 

on sketch, prototyping, test, and reflection. By going through the process, the design has 

been improved and is now suitable and practical. This design process was the basis of 

‘the reflective practice’ that Donald A. Schön referred to in his book named the 

Reflective Practitioner, which had ‘Design Domains,’ ‘Implications,’ and ‘Shifts in 

Stance.’27 While his design process was suitable for architecture and the ‘Talks Back’ 

was accomplished by a practitioner who had deep knowledge regarding it, in the case of 

my new invention the, Truss-Tie, the ‘Talks back’ should be mainly carried out with the 

‘Test.’ The test clearly revealed the hidden problems that the prototypes had and I 

resolved the problems by revising the designs so that I could further develop the 

prototypes to eventually improve their functionality. 

The latest test showed the Truss-Tie could be effective way to build emergency 

shelter, but some issues such as slippage remained. Therefore, this research should be 

pursued further in terms of materials and engineering of the design to make it stronger 

and more secure to use by finding proper labs. In addition, the relief stratagem that utilize 

debris with Truss-Tie for building the emergency shelter is limited to the regions where 

people are mainly living in light wooden houses, such as rural sites in Haiti. For instance, 

this stratagem with the Truss-Tie is not applicable for the regions like countries in the 

Middle East where people live in houses built by bricks and heavy metal beams. For the 

reason, the further researches that consider the specific environments are required and 

they can be the totally different stratagem from the Evol-Shelter Sys. 

In addition, even if the design of the Truss-Tie and the Evol- Shelter Sys is 

completed and it proves to work successfully, the field test is necessary since there are 

possibly another issues that I can’t anticipate in the lab, and it can make the victims’ 

situation worse. Therefore, I seek for public organizations or companies that can support 

                                                
27 Donald A. Schön, the Reflective practitioner, Basic Books, (1983): 95-102 
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both the further designing and the field test in order to make this project tangible and 

practical. 

 

  



 62 

Chapter 6:  Conclusion 

The Evol-Shelter Sys reduces the suffering of victims by reducing their wait-time 

when in dire need of shelter, and is a system that transitions seamlessly to durable T-

shelters at low cost. The Evol-Shleter Sys works in three phases; ‘Emergency shelter 

phase’, ‘T-Shelter phase’, and ‘Upgrading Shelter Phase’. Each phase is customized to 

satisfy the needs of victims in different conditions, especially considering urgency of 

disastrous events. 

The design of Truss-Ties optimizes simple construction of a shelter requiring a 

minimum number of participants to fabricate it. Building shelters with the Evol-Shelter 

Sys and Truss-Ties is so simple, fast and effective that no specialized construction 

knowledge is necessary, meaning that everyone in community can simultaneously 

construct durable shelters quickly with their neighbors; making use of valuable debris on-

site. 

In addition, the Trusty-Shelter for the Evol-Shelter System is designed to support 

individuals and family units maintaining their privacy, health and dignity despite the 

desperate circumstances they find themselves in. This shelter is more sustainable and 

waste-free than others because the modular system allows the victims to expand, modify, 

and upgrade their shelters as needed, reusing and augmenting the provided components 

and materials. 

Given the estimated construction time and positive feedback from the tryouts 

using the Evol-Shelter Sys, it appears that the approach to building shelters by using 

Truss-Ties can be one of the most successful solutions to the problems of previous shelter 

designs. However, there is a challenge in that the Truss-Tie straps slip slightly on 

occasion, so research has to continue in order to resolve this problem. In addition, since 

the test during this research used the prototype, further tests need to be conducted. 

Therefore, I am trying to approach various public organizations or companies such as the 

Red Cross, Better Shelter or 3M to support further research. I hope that the Evol-Shelter 

Sys helps victims practically in the future. 
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Before I studied design, my work had two components: 1. Those who the project 

is intended to serve directly and 2. The audiences of the exhibitions in which the project 

is placed. While those in the first category were direct beneficiaries from the participation 

with the projects, the audiences were third parties to appreciate the work in the 

exhibitions. In my design work, the division between the participants and the audience of 

the projects disappeared; instead, they became one. I hope my work plays a practical role 

in positively influencing the lives of potential users. Most important for me, is that the 

design work I produce serves a critical function in their lives. This inevitably requires in-

depth research where I ask: “what are the problems that people really have?” This of 

course is a very broad question, and varies from culture to culture. I must approach a 

problem based on my understanding of an individual’s wants and needs according to their 

cultural lifestyle or circumstances, so that I may eventually reach an opportunity to 

provide the most effective solutions. In addition, I do not think that I can successfully 

accomplish this whole process by myself, as it requires working with other designers or 

researchers who have specialties relating to the project. I believe that the design project 

should start with an understanding of the human mind and end with an understanding of 

the human mind.  

The project, in the future, that I would like to tackle is human-centered design 

regarding well-being or health for minorities such as low-income populations, senior 

citizens, people with physical disabilities, etc. I believe these are the areas where social 

change is most needed and that design may contribute. I will find a team that shares the 

similar values to work together, actualizing the goal. 
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