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I. Abstract 
 

The goal of this project was to design and build an easily-constructible refugee shelter 
specifically for the hot, arid regions of Jordan and Lebanon, using all sustainable materials. A 6.5 
ft. x 6.5 ft. half-scale model was built 4 inches off the ground using simple dimensional lumber, 
laser-cut plywood, cardboard tubes as walls, and a waterproof tarp for the roof. A shed roof with 
1.2 pitch was incorporated into the design. The house is water-resistant and was found to have 
complete resistance and insulation to wind up to 33.78 mph. The floor has a load capacity of 
1,442 pounds. The project cost for a single unit was $300, can be built in less than 4 hours with a 
team of 2-3 people using only a drill and screws, and is estimated to last at least one year without 
replacement of any materials. 
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II. Introduction 
 

a. Motivation 
 

Simply put, refugees deserve humane housing and the environment deserves our 
protection. Too often, refugee shelters sacrifice one or the other--or even both. Unfortunately, 
architectural and engineering energies are infrequently dedicated to humanitarian problems, and 
refugee housing is, for the most part, stuck in the past. A more liveable housing solution would 
greatly improve long-term refugees’ quality of life and access to privacy, dignity, and sense of 
normality in their lives. More organized housing would also facilitate greater health for refugee 
families, as refugees are exposed to new conditions and germs--largely without orderly health 
services or protocol. 

As for the environment, cardboard shelters are easily recycled or composted to create 
mulch for fields whose nutrients have been stripped from over-farming. The cardboard structures 
can even be made from recyclable materials. When you multiply a sustainable refugee housing 
solution by the millions of refugees currently in need of shelter, it yields an appreciable potential 
impact on the environment and will help in reducing the severity and increasing the response 
time of future refugee crises. 
 

b. Pre-existing Solutions 
 

Among many issues in refugee camp life--immense boredom, lack of cooking ability, 
rifts between Syrian and Afghan families--many of the families lack adequate housing. Three 
refugee camps in Greece were visited in June of 2016, all with varying degrees of refugee 
shelters. In the first camp, located at Athens’ Piraeus Port, families were staying in camping tents 
similar to the ones that you would buy at REI. While they’re easy to set up and move around, 
they provide insufficient protection from both heat and cold.  

 

 

Figure 1: Piraeus Port Refugee Tents [1]. 
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In the second camp, at an abandoned airport outside Athens, refugees lived in UNHCR 
tarp-style tents. While they were marginally better in terms of space and protection, they are 
unsustainable and provide little insulation from wind or heat. Similar solutions are used in the 
Middle East (Jordan and Lebanon in particular) in desert camps. 

 

 

Figure 2: UNHCR Tarp Tents [2]. 

 

Lastly, at a small camp called Kara Tepe on the island of Lesvos, there were more 
advanced flat-pack shelters designed and produced by IKEA and a company called Better 
Shelter. They are made of plastic and metal, spacious, and extremely protective and safe; 
however, these shelters are extremely expensive--$10,000 per unit--and therefore cannot be 
mass-produced at a cost reasonable for thousands of refugees across several countries, even if 
they can be reduced to IKEA’s mass-production cost of $1,000 [3]. Finally, their materials are 
far from environmentally-conscious. 

 

 

Figure 3: IKEA Better Shelter Housing on Lesvos, Greece [4]. 
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Because the refugee crisis is, ostensibly, finite, most of the housing solutions are 
extremely shortsighted. They are not built to be sustainably discarded or recycled. Tarp-style 
tents and corrugated metal are not easily repurposed, and will almost certainly end up in 
landfills. Even camping tents are so heavily used that they can easily deteriorate and be 
discarded, their plastic materials still occupying landfills. The IKEA-style housing, pictured 
above, is reusable; however, it is not financially sustainable to use them as the standard. 
Furthermore, the vast majority of refugees live in the hot, dry desert regions of Jordan and 
Lebanon. In Jordan, refugees constitute ten percent of their population (around 650,000 
refugees); in Lebanon, twenty percent (around one million refugees) [5]. 

 

 
Figure 4: Said Foundation Shelters [6]. 

 
While there are several popular press articles touting the benefits of more advanced 

refugee housing like that of IKEA (see Figure 3) or Said Foundation (see Figure 4), little to no 
information about the specs of the housing is available to the general public. In only one case 
were pre-existing shelter dimensions available online, and there is no current crowd-sourcing 
initiative to innovate on the pre-existing designs by providing their insulatory or wind resistance 
specifications. 

Design inspiration was primarily drawn from these experiences working with refugees 
and their specific needs, as well as the humanitarian work of architect Shigeru Ban, who has 
been a pioneer in disaster relief housing through his use of paper construction [7].  
 

c. History of the Refugee Crisis 
 

Refugee crises have occurred throughout the course of human history; however, the past 
few years have produced an influx of displaced individuals. Most noticeably, the Syrian Civil 
War and its many atrocities have sent millions of Syrians out of their homes. The Syrian Civil 
War came on the heels of the Arab Springs. Syrian President Bashar Al-Assad’s violent response 
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to protestors caused small groups of armed protestors to pop up; as a result, the government and 
rebels have been in conflict since 2011, with Iran, China, and Russia intervening on behalf of 
Assad [8]. This bloody and prolonged conflict, with violations of human rights on all sides, has 
driven millions of Syrians from their homes. Some are IDPs (internally displaced peoples) still 
within Syria; the lucky ones are refugees who had the resources to escape the violence. The 
Syrian Civil War has upset the little remaining stability in the Middle East not only through the 
conflict itself, but through the millions of refugees that Syria’s neighboring countries have 
received in the last five years, in particular Jordan, Lebanon, and Turkey. Because Jordan and 
Lebanon have very dry climates, those two regions were chosen to tailor the shelter design to.  

 

 
Figure 5: Middle East Region including Za’atari Refugee Camp [9]. 

 
Aforementioned experiences working with refugees (of many origins: Syria, Afghanistan, 

and Pakistan, to name a few) were also influential in the vision and design of the shelter. In 
addition, individual refugees and nonprofit staff were contacted for additional insight into 
refugees’ specific needs. 
 

d. Shigeru Ban 
 

This project is largely inspired and informed by Japanese architect Shigeru Ban’s 
cornerstone work in humanitarian and environmentally-friendly architecture. Shigeru Ban has 
pioneered the field of paper-tube housing, creating short-term architectural solutions after natural 
or political disasters. These have manifested in homes, schools, and even churches made out of 
impressively strong paper tubes.  
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Figure 6: Shigeru Ban’s Kobe Disaster Relief Housing [10]. 

 

 
Figure 7: Paper Tube Cathedral [11]. 

 

 
Figure 8: Paper Tube Nursery School [12]. 
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III. Theory 
 

a. Overview 
 

Before planning out specific structures and dimensions of the shelter, it was important to 
first consider the architectural strength and function for the region and intended use of these 
housing units. The main categories these considerations fall under are climate, community 
structure, and cost.  
 

Climate Community Cost 

Wind Quantity of people in camp Production cost 

Precipitation Social spaces Shipping cost 

Humidity/Fire risk Family size Setup cost 

Temperature Safety UNHCR feasibility 

Figure 9: Architectural Program for ASR Project Refugee Shelter 
 

b. Climate 
 

It was vital that the design of this shelter took into account the power of wind, and was 
designed with that constraint in mind. Below is a graph of average monthly wind speeds in 
Amman, Jordan. The highest month’s wind speed is slightly over 4 m/s, or approximately 10 
mph; however, it was important to consider not just average wind speeds but of the highest 
possible wind speed that a refugee camp might experience during a wind/dust storm. The peak 
wind speed that would be encountered in the Za’atari refugee camp (Northeast of Amman, 
Jordan) is 8 m/s, or about 18 miles per hour [13]. 
 

 
Figure 10: Average Monthly Winds in Amman, Jordan [14]. 
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Precipitation-wise, Jordan is ideal for a paper/cardboard housing solution. The 

polyurethane coating is a sufficient waterproofing solution for the amount of water that Jordan 
receives in rainfall. 

 

 
Figure 11: Average Precipitation in Amman, Jordan [15]. 

 
As for humidity, the Middle East is overall a very dry climate, with humidity ranging 

from approximately 38% RH to 68% RH. By contrast, California’s average humidity is on the 
upper end of this scale year-round, at about 60-70% RH.  

 

 
Figure 12: Average Humidity (%RH) in Amman, Jordan [16]. 

 
The temperature of Amman, while dry, can range from the 50s to the 80s and 90s 

(Fahrenheit). In addition, the shelter was designed to be lifted eight inches from the ground to 
insulate the main “body” interior of the shelter from the desert ground, which can get very cold 
or hot depending on the temperature of the desert. The contained air of the cardboard tubes also 
provides insulation. 
 

c. Community 
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The community aspect of this architectural program drew from observational research as 
well as research into one particular refugee camp: Za’atari in Amman, Jordan. Za’atari is 
essentially its own city, with nearly 80,000 refugees [17]. They currently have 3,000 shops and 
businesses owned and operated by refugees themselves, and the families reside in corrugated 
metal shelters [18]. 

As for their social spaces, experience working with refugees yielded the conclusion 
refugees value their privacy (they are in the midst of a very overwhelming and impersonal 
treatment), while at the same time allowing for community spaces and intermingling with other 
families. The elevated platform of the shelter allows for a greater sense of privacy, while still 
allowing for easy access to spaces in between multiple shelters (refugees congregate with others 
not in their homes, but in the areas between their respective housing units).  

This refugee shelter is designed for a four-person family, which fulfills the per-person 
area standard of 3.5 square meters per individual (and then some) [19]. As for safety, the 
maximum distance from any emergency exit in the full-scale structure is 9.2 feet. 
 

d. Cost 
 

The production cost of the materials to build the shelter is minimal, especially on a bulk 
scale. Simple dimensional lumber in 2x2, 2x4, and 2x8 dimensions, ¾ inch plywood for the 
floor, and ¼ inch plywood for the floor supports is all the wood that is used. Additional materials 
are the cardboard tubes, waterproof tarp roof, and polyurethane coating for weatherproofing. The 
cost to build a half-scale model was $301.83 (see Appendix A); however, lumber and plywood 
from Lowe’s is not the cheapest and it is reasonable to assume that the cost would not double 
even if the scale doubled.  

The shipping cost of the materials is a more complicated issue given the instability of the 
Middle East. The flat-pack materials (lumber, plywood, and roofing) would ship over ground or 
air efficiently; unfortunately, the cardboard shipping tubes would prove to be more costly. 

The cost of manpower to construct the shelter is minimal; based on the time it took for 
1-2 people to build the half-scale model, it would take a 2-3 person team, with all materials 
ready, less than 4 hours to build. In addition, the only tool required to build this structure is a 
drill, so the construction process is extremely safe and straightforward.  

As for UNHCR (United Nations High Commissioner for Refugees) feasibility, other 
plastic or metal models cost $5,000 to $10,000 [20], so this structure is actually extremely 
cost-effective compared to comparable house-like structures. 
 
IV. Design 
 

The two primary motivations behind every aspect of the design were safety and 
simplicity. No matter how amazing the end result could have been with a complicated design, if 
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it wasn’t mass reproducible and constructible, then it wasn’t a good solution for the refugee 
crisis.  

The shelter is designed for a four-person family, which exceeds the per-person area 
standard of 3.5 square meters per individual [21]. As for safety, the maximum distance from any 
emergency exit in the full-scale structure would be 9.2 feet. 

A front door and two windows were designed so that there would be sufficient ventilation 
and emergency exits. The floor was built using 2x4 joists to lift it off the ground, which serves a 
dual purpose of insulation from the ground and privacy. A simple house frame using 2x4s was 
built, and the cardboard tube walls were affixed to the base by sliding them over the ¼ inch thick 
wall supports. These wall supports, shown below, were tested to minimize distance between each 
tube and minimize wiggle room for each tube. The 18-inch wall supports provided structure for 
the tubes at both the bottom and top of each tube. The top support was then drilled to a 2x2 that 
ran around the perimeter of the ceiling, which was drilled to the frame. A 2x8 piece of wood was 
drilled to the front of the house to provide pitch (for the occasional rain) for the shed-style roof. 
The roof extends beyond the 6.5 foot width of the house to provide additional protection from 
sun and precipitation. 
 

 

Figure 13: ¼ Inch-Thick Supports for Tubing 
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Figure 14: Sample Wall 

 

 
Figure 15: Refugee Shelter CAD Design 

 

 
Figure 16: Side View of Refugee Shelter CAD Design 
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V. Results 
 

a. Specifications 
 

Specification Result 

Length 6.5 feet 

Width 6.5 feet 

Height 3.67 feet 

Roof pitch 1.2 (8 inches over 78 inches) 

Total wind resistance 33.78 mph≤  

Load capacity 1,442 pounds 

Figure 17: Specifications for Half-Scale Refugee Shelter 
 

b. Photos 

 
Figure 18: Front of Refugee Shelter 
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Figure 19: Back View of Refugee Shelter 

 

 
Figure 20: “Furnished” Refugee Shelter at the Maker Fair (Featuring Ms. Fabris!) 

 
 

c. Wind Resistance 
 

The shelter was found to be extremely wind-resistant. A powerful wind blower was 
placed close to the cardboard wall of the shelter. An anemometer was used to find the wind 
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speed outside the shelter, and then inside the shelter for the same speed. Given that the peak 
wind speed in Jordan is approximately 18 mph (see “Climate” section), the structure would hold 
up well to wind in the Middle East. The curvature of the cardboard tubes likely contributed to 
this positive outcome.  
 

Exterior Wind Speed (mph) Interior Wind Speed (mph) 

2.1 0 

10.74 0 

12.08 0 

22.59 0 

23.04 0 

26.62 0 

28.19 0 

30.42 0 

33.78 0.22 

Figure 21: Wind Resistance Tests 
 

d. Water Resistance 
 

A polyurethane coating was tested on the cardboard tubing. Two coats of polyurethane, 
applied with a sponge, were sufficient in protecting from water. While water still wears the 
cardboard tubing down (it is not an entirely waterproof system), the use of polyurethane aids 
significantly in the weatherproofing of the shelter. 

 

 
Figure 22: Polyurethane Can [22] 

 
e. Load Capacity 

 
First, the maximum load for one joist was calculated using the maximum load equation: 

Max Load = , where F = fiber stress in the bending of the wood, B = breadth of the joist in9L
F B d 2

 

 
inches, d = depth of the wood in inches, and L = the span of unsupported wood, in feet. 
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Max Load per Joist = = = 65.104 lbs per joist9L
F B d 2

 

9 3.25*
1,000 1.5 3.75 * * 2 

 
 

Next, the area supported by one joist was calculated. 
 

Area Supported by 1 Joist = Joist Spacing (feet) x Span (feet) 
= 3.25 ft x 3.25 ft 

= 10.56 square feet 
 

Next, the pounds per square foot were calculated. 
 

Pounds per Square Foot = Pounds per Joist / Area Supported by 1 Joist 
= 65.104 lbs / 10.56 square feet 
= 6.16 pounds per square foot 

 
Finally, the pounds per square foot load capacity was multiplied by the square footage of 

the total structure, 42.25 feet, to yield the total load capacity of 1,442 pounds.  
 
VI. Conclusion 
 

In conclusion, this project resulted in the design and construction of an 
easily-reproducible refugee shelter using sustainable materials. It was designed specifically for 
the hot, arid regions of Jordan and Lebanon, where there are many high-density refugee camps.  

A 6.5 ft. x 6.5 ft. half-scale model was built 4 inches off the ground, largely for insulatory 
purposes, using simple dimensional lumber, laser-cut plywood, cardboard tubes as walls, and a 
waterproof tarp for the roof. The shed-style roof had a pitch of 1.2. The house is water-resistant 
and was found to have complete resistance and insulation to wind up to 33.78 mph. The floor has 
a load capacity of 1,442 pounds. The project cost for a single unit was $300, can be built in less 
than 4 hours with a team of 2-3 people using only a drill and screws, and is estimated to last at 
least one year without replacement of any materials. The time estimate is based primarily off of 
the cardboard tubes and waterproof tarp roof, as those materials will wear the most quickly; 
however, with its polyurethane coating, the cardboard tubing would still last at least one year in 
the mostly dry, arid Middle East conditions. 

Testing was limited in one main capacity: the shelter could not be exposed to the heat nor 
the sand desert conditions of refugee camps in Jordan and Lebanon. While a powerful leaf 
blower (up to 33.78 mph) demonstrated structural support and protection from high wind speeds, 
it is certainly possible that the wind-storm conditions of a refugee camp could affect the entire 
structure in ways that could not be tested with a blower. The roof, in particular, could have had 
weaknesses in a way that the walls did not when tested with the blower. 
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The most successful part of this project was the implementation of cardboard tubing. 
Cardboard tubing is not a typical building material, and it was uncertain whether or not the tubes 
could remain aligned and rigid using the plywood supports. However, the ¼ inch laser-cut 
plywood supports kept the tubes very well-aligned and strong. They also proved to be extremely 
protective against the wind, allowing zero wind inside the structure up to 33.78 mph winds.  

In the future, a scaled-up version (double the size of the model) could increase the quality 
of life, physical safety, and sense of normalcy for refugees in Lebanon and Jordan. Given the 
high density and quantity of refugee camps in these regions with limited funds and infrastructure, 
the low-cost materials, simple construction, and sustainability of the design would aid not just 
the refugees themselves, but also the aid organizations (UNHCR) who pay for such shelters, the 
aid workers who help build the shelters and maintain camp order, and of course, the 
environment. 
 
VII. The Next Step 

 
If this project were to be continued, there are four main areas for further development. 

First, a more advanced on-site test (for example, putting the structure in a windstorm in the 
desert) would likely yield unwanted sand in the structure. A simple fix to this would be adding 
weatherproofing tape in between the cardboard tube joints, or using those gaps as insulatory 
space (for example, foam insulation). Second, the transportability of the materials is mostly 
straightforward, with the exception of the cardboard tubes. It would be useful to determine a 
low-cost way of sourcing and delivering the cardboard tubes given that they cannot be 
flat-packed like the dimensional lumber, plywood, or tarps. 

Third, while contained air is an excellent insulator by itself, a step further would be to fill 
the cardboard tubes with a sustainable insulatory material like recycled denim, which has been 
used in building projects like that of the California Academy of Sciences in San Francisco, CA. 

Finally, it would increase quality of life immensely to have solar-powered amenities in 
this refugee shelter as well. Solarpuff, for example, is a flatpack, sustainable lighting box that has 
been developed partially with refugee camps in mind. It can light a room for 8-12 hours with 
only 8 hours of charge in the sunlight [23]. If solar cells could be used to power a 
electronics-charging system, a camp stove, or even an additional lighting system for nighttime, 
refugees could expand their range of abilities within refugee camp life and feel that much more 
“normal.”  
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Parts List 
 

Part Use Source Cost 

Cardboard tubes Walls Amazon $199.88 

Plywood Floor Lowe’s $70.56 

Plywood Wall supports Menlo No cost 

2 x 4s Base and frame Lowe’s + Menlo $14.40 

2 x 2s Frame Menlo No cost 

Canvas Roof Amazon $16.99 

Screws All Menlo No cost 

Zip ties Roof Menlo No cost 

Polyurethane Weatherproofing Home No cost 

Figure 23: Parts List with Cost 
Total Cost: $301.83 

 
 


