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ABSTRACT

According to the United Nations sfatistics, an average of 26.4 million people have been displaced per year because of
natural disasters. In other words, one person loses his/her home every second. This is while these figures do not even include
the number of people who have become homeless or are forced info living in terrible conditions because of wars and
violence, or other issues such as financial difficulties. Sadly, the number of displaced people are increasing every year; this
is while so many critical issues such as lack or shortage of proper housing or shelter, food, water, sanitary facilities and many
other problems have still been left unresolved for those who have been displaced years ago. Because of the importance of
the living environment on one’s mental and physical health, my thesis is focused on designing a portable dwelling unit that
would be used as a longterm temporary solution primarily by the displaced people who have lost their home due to natural
disasters. The proposed dwelling unit would be transportable and would include basic sanitary facilities such as toilet, wash
basin, shower, and a mini kitchen, along with other spaces needed for a comfortable life. It would also be able to operate
on the grid as well as off the grid for sites where no or little infrastructure is provided. The main goal of this thesis is to propose
a lightweight, cost efficient, and compact dwelling unit by exploring the concept of “expandability” and fo provide the
displaced people with a safe, healthy, and comfortable living environment.
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INTRODUCTION

For most of us, human catastrophes that emerge after
natural disasters are distant stories until an earthquake, a
hurricane, a flood or some other kind of disaster strikes a
region and the media brings images of suffering and
helplessness into our cozy living rooms. Curled up on our
comfy sofas and enjoying a warm cup of fea, we are moved
by the heart wrenching photographs of the destroyed
houses, the grieving survivors, and the innocent victims. To
ease our mind a bit, we reach for our checkbooks and return
fo our comfortable lives until nature strikes back again. We
barely think this could happen to us one day. We are shown
pictures of the poor people living in tents affer losing
everything they had, forgetting that many of them were like
us who were pushed into poverty. However, nature does not
discriminate.  The world is already five tfimes more
disasterprone as it was in the 1970s because of climate
change. 3,496 natural disasters were reported in the first
decade of 21st century as opposed to 743 catastrophes in
1970s." We are in fall 2016 and the North Pole is already
about 20C [36 degrees Fahrenheit] warmer than normal.
As glaciers, ice sheets, and icebergs melt in the Arctic and
Anfarctic, the water volumes expand and ocean water levels
rise, and coastal cities and low-lying areas will be flooded
in the near future. Millions of people will be affected in some
of the world's most populous mefropolitan areas such as
New York (USA), New Orleans (USA), Boston (USA),
Mumbai (India), Nagoya (Japan), Osaka (Japan), and
Shenzhen (China).? It is undeniable that the world is facing
a rapid increase in the level of human suffering more than
ever before. The number of displaced people caused by
natural disasters has reached staggering levels.
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Fig 1

According fo statistics, since 2008, an average of 26.4
million people have been displaced per year because of
natural disasters. In other words, one person loses his/her
home every second.’ Besides the increasing number of
people who have been displaced and need humanitarian
aids following recent disasters, there are also those who
have lost their homes and are living in ferrible conditions
since many years ago. Sooner or later, politicians, decision
makers, and architects should come info grips with the fact
that anyone can be a victim of a natural catastrophe. We
have turned disasters info crisis by designing and
implementing solutions that focus on social status and class
rather than humanity. Many of us have been convinced that
when we are building a postdisaster shelter, four walls and
a roof will be sufficient enough for people who have lost
everything. “They should be grateful for not sleeping in the
open,” and "these are poor people who are used to living
in difficult situations,” are two things | heard so often when
disaster relief shelters were being discussed. | firmly believe,
there is only one remedy to the way we perceive victims and
design for them: design for “you”. When the “helpless
victim” is changed to “you”, a clean private space for
cooking, a bathroom for washing up and cleaning up, and
a secure comfortable space for sleeping and living in peace
becomes your “basic human right” rather than “luxury”.
Walking long distances fo bring unclean water for your
family, spending nights with a candle, or sleeping on cold
floor would not be considered acceptable anymore when
the designer thinks of himself/herself as the ultimate user.
Deciding about what kind of living environment the disasfer
survivors must live in is so easy when we are sitting on our
comfortable sofa by the fireplace with the lights on and fresh
drinking water is a couple of meters away from us. It is not



surprising  that  designers  and  politicians  argue  that
tfemporary dwellings are a waste of money and that
organizations should invest in building permanent houses
rather than longterm transitional shelters. Architects spend a
lot of time arguing about whether the newly constructed
houses should be vernacular or not, or whether the people
should be involved in the design and construction process,
or what recycled materials can be used that would
showcase their creativity better. These may be valid subjects
fo be discussed however only after making sure the survivors
live in safe and standard temporary dwellings  unfil
permanent reconstruction begins. Rebuilding houses is a
very lengthy, complicated process and involves thoughtful
planning, dealing with land rights, and obtaining building
permits which can take up to several years. (Refer to Fig.
1.10) Expecting the affected people to live in fents or other
types of inadequate temporary shelters for such a long time
in order fo save up more money for permanent rebuilding
would just lead to other humanitarian disasters such as sharp
increases in crimes, severe depression, mental break downs,
dangerous infectious diseases that would be even more
costly fo resolve if not already irreversible.

It is very critical to be aware of the fact that when a
person goes through a catastrophe of this kind, they don't
only lose their home and belongings. They also lose their
beloved family members, best friends, neighbors, and so
many other important people in their lives. The victims also
deviate from their everyday life routine by losing their jobs,
going through a deep depression and desperate phase, or
feel helpless and confused about what they should do. All of
these conditions are even worsened when the victims are
living in an unsuitable environment. Their comfortable house
has now been replaced by a thin tensile fabric strefched

over their head and is called their new home. Aside from all
their losses, the disaster has also deprived them of the very
basic standards of living for a human being. Now, instead
of healthily going through the grieving period and coping
with the loss of some of the most important things in their life,
they have to face new emerging problems. The very basic
facilities that we take for granted every day, such as going
fo the bathroom, taking a shower, washing clothes, cleaning
the dishes, cooking food, and sleeping have now become
incredibly difficult to do. There is absolutely no time left for
grieving as the victims must worry about surviving the next
challenges such as standing in long queues to use unsanitary
public toilets shared by perhaps hundreds of people, finding
some clean water and a suitable outdoor area to bathe,
using the small communal kitchen to cook some food,
sleeping uncomfortably on hard cold floor and feeling
unsafe all night long because they have been sheltered by o
thin piece of fabric which can be torn apart by any invader,
or worrying about going fo the public bathroom at midnight.
According to studies, the survivors of natural disasters
experience some serious psychological disorders such as
PTSD or posttraumatic stress disorder, severe depression,
panic disorder, and complicated grief.# One of the most
crifical  steps  that should be taken by any disaster
management organization would be to avoid more
complications and issues caused by poor living conditions.
Unfortunately, the majority of the humanitarian groups fend
fo implement the easiest and cheapest emergency relief
strategies in order to save as many people’s lives as possible
and provide them with basic needs such as water, food,
and shelter. Distributing fents as primary shelters for the
survivors might make sense since it is a very costefficient



solution and allows the organizations to shelter as many
people as soon as possible. However, this strategy which is
really meant to be implemented as an emergency relief
solution becomes a catastrophe and new problems start
emerging when the decision makers assume such shortterm
femporary shelters can be used as longterm transitional
dwellings and completely ignore the complicated
side-effects of poor living conditions on the whole recovery
process.

=ul Al onl _1'| I

< W ol
= R

Fig 1.03 Handwritten signs convey desperation in Sandy's affermath.
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Fig 1.05 TOP TEN Sudden Onset Disasters Causing Most Displacement In 2010
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Fig 1.06 TOP TEN Sudden Onset Disasters Causing Most Displacement In 201 1
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Fig 1.07 TOP TEN Sudden Onset Disasters Causing Most Displacement In 2012
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Fig 1.08 TOP TEN Sudden Onset Disasters Causing Most Displacement In 2013
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Fig 1.09 TOP TEN Sudden Onset Disasters Causing Most Displacement In 2014
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STAGLES OF DISASTER RELIEF

In general, disaster management is a complex
process that involves national, local, and international
organizations such as the United Nations and Red Cross
who should be able to respond to situations in a coordinated
effort. Each disaster is a unique event that affects
communities in very different ways. Because relief and
recovery take a long time, strategic planning is very critical
in identifying the most severely affected people. In reality,
the stages of recovery do not follow a precise agenda and
timeline. However, there are certain steps that must be taken
as the affected communities begin rebuilding their lives affer
disasters.

Phase 1: Initial assessment

International and  national  humanitarian  organizations
quickly assess the situation and gather information as soon
as possible on an estimated number of victims, affected
people who need urgent help or are displaced, and other
critical statistics in order to determine the available resources
and partners.

Phase 2: Search and rescue

The most important phase after a disaster strikes, is o save
lives and rescue as many people as possible. The search
and rescue phase can take hours or even several days
depending on the situation and it usually involves local
authorities and frained emergency-response feams and also
public’s help in many cases. Within a few days affer this
phase has passed, more organizations start focusing on the
SUIVIivors.

Phase 3: Emergency Relief

Emergency relief starts in the immediate aftermath of a
disastrous event while rescue operations are taking place.
Disaster relief teams start providing people with basic needs
such as food, water, shelter, and medicines to keep survivors
alive. Emergency relief can take a short or very long time
depending on the magnitude of the disaster, the number of
affected population, the accessibility of the location, local
resources, and most importantly the preparedness of the
counfry. In counfries such as Chile or Japan where
communities and governments are more prepared and
accustomed to earthquake activity, this phase may last a few
months. However, in underresourced countries such as
Haiti, it can take years. After the 2010 earthquake in Haiti,



for example, the relief phase lasted two years and many
people were struggling to find food, water, shelter, and
medical care every day. In all cases, the relief phase of a
disasfer fransitions into the recovery phase, when systems
are in place and people are no longer worried about
survival but can turn to rebuilding their lives.

Phase 4: Farly Recovery

By this time, the affected population is in a more stable
situation. They know where to get food and water from and
a temporary or fransitional shelter that can withstand rain
and wind is provided to them. They start going back fo their
daily lives. Parents go to work or start looking for jobs and
children go back to schools which may be held in temporary
accommodations. People are leaming fo adapt to a “new
normal” and get back on their feet. Early recovery can last
from a number of weeks to years based on disaster-relief
management and available resources.

Phase 5: Medium to Long-Term Recovery

The final sfep involves permanent reconstructions of social
structures and residential houses to replace fents, trailers, or
plywood houses. During medium to longterm recovery, the
work of building permanent physical structures to replace
fents, trailers, or plywood houses begins, as does restoration
of social structures. During this phase, families become
stronger. Children go back to their school buildings and
adults will have more opportunities to improve their
livelihoods and their family economies. Finally, life is stable
once more.”



THEORY VS REALITY OF DISASTR-RELEIF
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Fig 1.10 Real life case studies show that many natural disaster survivors around the world continue living in emergency shelters shuch as tents for
more than 5 years.



COMMON POST-DISASTER HOUSING
SOLUTIONS

This thesis is based on empirical research and is not
built upon theoretical discussions and how things must be
done in an ideal world such as how governments should
react, how professionals should perform, or how people
should participate. Understanding how things are actually
done in postdisaster situations and how doing them can be
improved within the real constraints and challenges should
be the first and foremost step before proposing any solutions.
However, unfortunately we as designers mostly tend fo
ignore the existing redlities; instead of focusing on the
possibilities of mitigation within the current broken systems,
some propose ideal solutions that require serious changes in
how disaster-relief strategies are implemented. VWe all know
that such proposals are doomed to fail because they need
the help of top decision-makers and politicians, something
that is incredibly complicated to manage in today's world.
Other designers find the postdisasters’ challenges as an
opportunity fo showcase their creativity in design contests
and gain fame without paying close attention to the
survivors' problems and needs.

As | mentioned before, there are also so many
controversies around the types of approaches that must be
taken after a natural disaster. There are those who advocate
mass construction of affordable permanent houses as
opposed fo those who believe in designing vernacular
dwellings that are based on the users’ preferences.
Temporary and mobile houses are also other solutions that
always spark confroversy among the designers.

In general, three main approaches are faken by the
humanitarian  organizations and governments in - any
postdisaster situation:

® Emergency shelfer
® Temporary housing
e Permanent housing
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EMERGENCY SHELTER
LIFESAVER OR A CRISIS?




Emergency shelfers such as tenfs or farpaulins are
usually the very first things distributed among the victims of
natural disasters. Furthermore, to save as many lives as
possible and facilitate the delivery of humanitarian
assistance such as food, water, equipment, and medicines,
humanitarian workers relocate the affected populations to
camps. An emergency shelter, as its name suggests, is
designed fo provide a shortterm temporary shelter for those
who have lost their houses. If used as a shortterm solution, a
fent can be a lifesaver and relieve the displaced people from
having fo deal with potfential existing threats in such
situations. It is also very costefficient and lightweight and
can be easily fransported to and insfalled at the desired
locations. However, it becomes problematic when such
emergency shelters are used as longterm temporary housing
solutions by the governments. What could be a great
efficient way of managing a disasfer, now becomes a crisis
with so many negative consequences that would require a
lot of investment and planning to deal with. Some of the
disadvantages of a fent used as a longterm femporary
shelter are as follows:

® Insecurity and Vulnerability

® Lack of Durability and Strength

e lack of Privacy

e No Access Sanitary Facilities and Clean Water
® Lack of Thermal Insulation and Water Barrier

* Inadequate Ventilation



INSECURITY & VULNARABILITY

The materials used to make tents are usually either thin layers
of fabric or plastic, both of which can be easily ripped apart
by any sharp objects. This along with the fact that there is
usually no electricity and security in disaster relief camps,
exposes the families especially women and young girls to
many potentiol dangers such as thieves and sexudl
offenders. This makes living in tents so much harder for
females who have lost their parents, have been widowed, or
have been separated from male family members due to the
chaos of the situation. (Refer to case # 4 & 7
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LACK OF DURABILITY & STRENGTH

Tents are not durable and start deteriorating affer six months.
They can be easily blown away by strong winds or sforms
due to their flimsy structures. (Refer to case # 9)

LACK OF PRIVACY

Disasterrelief tents are not sound-proof, which makes them
uncomfortable for those living in overcrowded camps.
Changing clothes is difficult especially for females as one
common space is sometimes shared by many people
sometimes including strangers. (Refer to case # 8) Many
women in disaster relief camps have also expressed their
concemn that shadows are cast on tents at night and that they
are embarrassed fo change their clothes even if they live by
themselves.
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Fig 2.02 Shadows are cast on fents at night making them
uncomfortable fo live in.



Fig 2.03 A boy takes a shower inside a Tibetan monastery, a month
after the April 25 earthquake in Kathmandu, Nepal.

NO ACCESS TO SANITARY FACILITIES &
CLEAN WATER

Whether fents are located in camps or independently on
streets, they do not usually come with showers or toilets.
Having to walk a long distance to use the public bathrooms
or taking a shower in the open exposes women fo risks of
getting affacked and sexually assaulted. (Refer to case # 5)
Furthermore,  unsanitary  public  bathrooms  shared by
hundreds of people and lack of access to clean drinking
water leads to an increased risk of several diseases
including diarthoea, Hepatitis A, Cholera, Typhoid and
Shigella  Dysentery, Intestinal helminths, Malaria  and
Trachoma which kil infected people especially children
every year.®




LACK OF THERMAL INSULATION & WATER
BARRIER

Tents are not thermally insulated. They can get very hot
during the day and very cold at nights. Such shelters are not
water proof either and they easily get wet during the rainy
seasons of the year.

INADEQUATE VENTILATION

Inadequate ventilation, poor air circulation, humidity, and
insufficient outdoor air infake in disaster relief shelters often
lead to serious health issues and respiratory problems. Mold
growth could be another issue in such conditions.”

Fig 2.05 People abandon disaster-elief tents because of rain water
leakage into their living area.
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Fig 2.06 Disadvantages of using fents as long term temporary shelters affer natural disasters.
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WHAT DO THE SURVIVORS SAY?

One of the critical tasks of anyone who is involved in
postdisaster management would be fo listen to what the
survivors  of previous natural  disasters  say about  the
difficulties they faced or are sfill facing during the recovery
process. By listening fo their complaints and suggestions,
one can easily understand what the survivors need in their
temporary transitional dwellings to be able to call a place
home and go back to their daily life routine until more
permanent solutions are provided. Currently, what makes
disasters more unbearable for the victims is that not only they
have to deal with losing their closest family members and
friends, their house, their belongings, and their job, but also
they have to consfantly worry about losing the most basic
living rights of any human being in this world. Therefore,
furious survivors who have lost everything they had in
seconds are even more irritated when they are expected by
the decision makers to live in unhealthy overcrowded tents
with absolutely no sanitary facilities, privacy, and safety
sometimes for years. Unsuitable temporary shelters such as
fents, if used as a longterm solution are definitely a crisis
within a crisis and unfold complications that will be very
difficult to solve. Also a very critical fact that is offen ignored
by disaster relief agents and politicians is that the survivors
come from very different classes of society and therefore
there is a wide range of tolerance levels within the victims.
For example, a family who used to live in the slums before
the earthquake may be able to handle living in an
emergency fent for a long period of time since this style of
living is not that far from how they lived before. However, it
would be fremendously difficult for a middle class family who
used fo live in a three bedroom apartment with access to all
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facilities to live in a small tent for years. Shifting to this style
of living in a few days would place a lot of physical and
psychological pressure on such families and as case studies
suggest, it pushes them into poverty over time. Now, this is
not suggesting that we should place the poor families in
terrible conditions just because they are used to it. This is just
a reminder that such decisions should be made more
carefully as they can easily push the middle class info
poverty and make the matters far worse.
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Fig 2.07 Middle class suburbs in Haiti. People went back to their old
neighborhood because they found camps intolerable.
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CASE # 1: RONIDE BADUEL
A NURSE IN HAITI

Unlike her Haitian compatriots, Ronide Baduel had
everything, an education, a decent job as a nurse, a
three-bedroom home with her feenage son, who was in
school. But dafter the massive earthquake, her house
collapsed and she had nothing for the first time. A natural
disaster had plunged her to the depth of poverty. When the
reporters met Baduel about two weeks after the earthquake,
she was living under a few sheets of plastic and sleeping on
dirt. She had bought a handbag where she kept her few
personal items, a shampoo, a soap, a few clothes, and two
photos of herself and her son that she rescued from the
rubbles. Baduel did not know how to live in squalor. She
was not from Cite Soleil, Portau-Prince’s biggest slum, where
many people, even before the earthquake slept under tarps
or on the streets. “It was harder for middle<lass people like
me,” she said. “lt's more difficult for those who had
something before. | spent my money on my house, and the
rest | saved for the future.”® Finally, after two months in the
tent city, she moved to her sister’s flat where she felt safe and
began to feel halfway back to having a proper existence.
She now had access to a private kitchen and bathroom.
When asked if she would go back to the camp fo live
independently, she said she will never return to a tent and
tarp encampment. “Not me,” she says with defiance.
"Never."®



CASE # 2: CLAUVY ROBAS
AN ATTORNEY IN HAITI

Another Haiti earthquake survivor is attorney Clauvy Robas.
After he lost everything, he was given a fent to sleep in but
he prefers to sleep in a friends’ car. "'l am not supposed to
be sleeping in the streets," said Robas, 29, a middleclass
man that has been forgotten in urgency fo save lives and
provide relief fo thousands of people displaced by the strong
quake. According to Kesner Pharel, a local economist, “The
worst place to be right now in this country is the middle
class. They've invested everything they had in their house
and they've lost it all. You have a lower class that didn't
have a house, and today they have a tent and say 'better for
me." The top already had money to get back on their feet.”
About six months after the quake, Haiti's middleclass
including the doctors, lawyers, receptionists, and thousands
of employees have become the new poor. Now they are
homeless and unemployed. Almost never seen in the
homeless camps, they have set up their fents in the front
yards of their damaged homes or in neighborhood streets.?
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Fig 2.08 Tents on Haiti streets after the quake.



CASE # 3: BATA MAYA TAMANG
A VILLAGER IN NEPAL

Batu Maya Tamang, a mother of 5 and 7 years old
daughters lost her house and she is sharing a tent with some
neighbors. She is a patient of Gynoecia and suffers from
excessive bleeding. “Sharing the same space with other
families including men is very awkward and difficult in times

of heavy bleeding but | have no other option than this,"she
said. 10
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Fig 2.09 Batu Maya Tamang, an earthquake survivor
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CASE # 4: SHIRLY
A TEENAGE GIRL IN HAITI

Shirley is a 19 year old Haitian girl who lost both of her
parents in the earthquake. She is one of thousands of
women and girls in Portau-Prince that get sexually violated in
disaster relief shelters. After she lost everything and all her
family, she had no choice but fo live in a tent by herself in
the overcrowded camp, Champ De Mars. One night after
moving there, she was violently raped. "In the night it was
raining. | was in my tent and one man slit open the fent and
came in. He kicked me in the belly then raped me. |
screamed but nobody could hear me because of the rain,”
she said.!" Terror has not stopped since the ground stopped
shaking in Haiti. Reports show that sexual voilence is on the
rise as the camps’ lack of lighting, security, and flimsy tent
structures make everything so much easier for criminals.
Rapists rip the tents open with blades and knives like a piece
of cake and there is absolutely nothing women can do to
protect themselves.'? Moreover, long distances to public
bathrooms make matters even worse. Most of the time,
women shoud be accompanied by their male relatives to use
the bathroom af night. Those who live on their own face a
scary challange every time they have to walk to the toilets in

the dark.



CASE # 5: CARINE EXANTUS
A COLLEGE STUDENT IN HAITI

Reporting from the camp in Champsde-Mars across the
National Palace, Carine Exantus, a college student says,” In
my camp, there are 12 foilets in the front, 12 foilets in the
back for 4,200 people. In the camp, the shower is...
Everyone at their tent has a litle plastic basin, where they
throw water over themselves, or they just shower in public.
They put water in their basin and they bathe like that, there
are many young men and women who do it that way. In my
journal | wrote about this; young women suffer sexual
aggression because they have to take showers in public.”'?
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Fig 2.10 People living in the Champs de Mars camp across from the
Presidential palace.



WHAT DO CHILDREN SAY
ABOUT THEIR TEMPORARY
SHELTERS?

A report was written by Lucia Withers and Nir Dahal on
behalf of Save the Children, World Vision International, Plan
Infernational and UNICEF. The report reflects the voices of
1838 children, including both boys and girls, who survived
the earthquakes in Nepal. Some of the issues of concem
identified by these children were as follows:

LACK OF COMFORT
CASE # 6:

Children in 76 group discussions reported their femporary
shelters to be very uncomfortable. They explained that their
fents were very hot during the day and cold during the night.
Children complained about sleeping on hard ground and
the fact that they were afraid of cafching diseases from
mosquitoes and other insects in the tents. '

“We are living in a fent but it gets cold and hot, and it's
infested with flies and mosquitoes.”'”
girl aged 8-12, Kavre

27

Fig 2.1

] A.ch

ild's bicycle is parked ins

ide a family’

s fent.



Fig 2.12 A boy looks out from a makeshift shelter, Nepal.
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INSECURITY
CASE #7:

A common theme among children was the feeling of
insecurity in the temporary shelters. Young children were
very concermned about wild animals such as leopards, tigers,
and snakes. Children also expressed their fear of thieves
and some older children reported they felt responsible to
protect their family.'®

"At night also | don't sleep well because my mother and
sister and | sleep in the same tent as others and | have to

be vigilant as | have to protect my sister and mom."!”
boy aged 16, Dolakha

"The earthquake destroyed my house and we are living in
a fent. We are scared and cannot sleep at night.”'®
boy aged 11, Kavre

“living under the tarpaulin is scary, | am afraid that a snake
will bite me."1?

boy aged 8-12, Sindhupalchowk



OVERCROWDING & LACK OF PRIVACY
CASE # 8:

Overcrowding and lack of privacy was a prominent concern
among many older children. Girls found it very difficult to live
in a tight space with people outside of their family. They also
mentioned there was not enough space for them and their
belongings.?

"Our fent is not comfortable to live in. We have seven
people in our family and living in the single tent is
suffocating. Living here for a long time will be
challenging.”?!

girl aged 13-18, Ramechhap

Adolescent girls find it so challenging to change their
clothes since they had nowhere private to do so.
Maintaining a menstrual hygiene in a cramped, shared
space is also nearly impossible for them.??

“The entire family is sleeping together under the same
tarpaulin. Being a girl, it becomes really uncomfortable for
us while changing clothes. Particularly during the menstrual

cycle, changing pads inside the tarps and washing it

openly is really embarrassing.”?*

girl aged 13-18, Makwanpur
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Fig 2.13 Overcrowded fents, Nepal earthq

uake 2015



DURABILITY AND WEATHER CONDITIONS
CASE # 9:

In the immediafe aftermath of the earthquakes, tents and
tarpaulins were distributed among the homeless to provide a
minimal level of shelter as quickly as possible. However,
these shelters are insufficient to protect the children and
others from the elements of changing weather such as heavy
rains and sforms. Heavy rains and storms in the weeks after
the earthquakes created further challenges for children living
in femporary shelters. Children from mountainous areas
where weather conditions are more extreme reported that
their shelters are not waterproof and that their belongings
got wet every fime in rained. The durability of shelters is
considered a source of considerable anxiety among children
as they have to stay awake all night to hold onto tarpaulins
fo prevent them from blowing away. Others also expressed
their fear of landslides or falling trees.?*

"My house has not collapsed but there are cracks
everywhere. | am afraid to live inside my cracked house
but | am also afraid to sleep outside. When it rains or
when a storm blows, it carries away the tent and leaves us
in a mess and it pains me to see all this.”?

girl aged 17, Sindhupalchowk

"| get furious when it rains heavily because our fent starts to
leak and if there is a storm along with the rain, the situation
gets worse. "2

girl aged 13-18, Ramechhap
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Fig 2.14 Harsh weather makes post-disaster life even more challang-
ing, Nepal



SUMMARY

The findings powerfully demonstrate that many of the
children’s immediate concerns relate to their current living
conditions. Not only they have to cope with the loss of their
parents, siblings, or friends, they are also expected to adjust
to new and exiremely challenging circumstances. To
summarize, the issues that the children were mostly
concerned about were:

® The inadequacy and insecurity of femporary shelters

® The lack of access to safe and clean water, sanitation,
and medical care which results in fear for their health and
that of family members

e Vulnerability, especially among girls, to exploitation and
abuse

® Deep feelings of sadness and grief at loss of family and
friends, homes, belongings, school, communities, and ways
of life

Such expressed concerns show the necessity of prioritizing
the more fangible requirements such as shelter along with the
psychological needs of children and their families.?”
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Fig 2.15 Children struggle against cold weather conditions and
diseases in tent cities.






TEMPORARY HOUSING
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In the oftermath of o disaster, temporary housing
provides a place affected families can call “home”, a place
where the survivors can recover from the tragedy and go
back to their normal daily routine until more permanent
solutions are provided. Temporary housing can take on
many different forms such as a prefabricated house, a
mobile trailer, s shipping container, a rented apartment, or a
self-built shack; they vary greatly in terms of cost, level of
comfort, and accompanying services. In general, the most
important criteria is that they have to be comfortable enough
with an adequate level of services fo enable people fo
continue their life with dignity until permanent rebuilding
takes place.?®

Temporary housing projects are often crificized for
their social, economical, and environmental unsustainability,
but it can be argued that they play a very essential role in
helping the disaster affected families recover their lives and
face the tragedy as the reconstruction of permanent houses
takes several months to even start and probably many years
fo complete.?’
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WHY IS TEMPORARY HOUSING
NECESSARY?

Many experts believe that the temporary housing phase
should be avoided in postdisaster situations because the
cost of temporary housing and then permanent housing
amounts fo rebuilding twice over. However, the reality on
the ground contradicts the experts opinions by showing that
some kind of temporary housing has been used after every
maijor disasfer in the last century; examples include housing
programs in US after hurricane Katfrina (2005), Pakistan
after the Kashmir earthquake (2005), Thailand after the
south Asian tsunami (2004), and lran after the Bam
earthquake (2003). Unfortunately, many experts including
the designers, humanitarian representatives, and decision
makers tend fo ignore the most critical realities of large scale
disasters. Affer witnessing so many catastrophes and their
huge consequences, we should all agree on one fact:
permanent reconstruction is a lengthy process and fakes @
very long time. Factors that prolong this process include:

® large numbers of the affected population

® Amount of damage to the infrasfructure

® Overwhelming demand for building materials
e High demand for building contractors

e High demand for building permits

* Disputes over land rights

e Urban planning issues

® Obfaining adequate financing



According fo case studies and statistics, even if
NGOs or the governments refuse fo provide temporary
housing in favor of accelerating the reconstruction of
permanent houses, disaster survivors offen go on and build
their own temporary structures because they do not want fo
live in tents or mass shelters for several months or even years
until their houses are rebuilt. For example, after the 1999
earthquakes in Armenia, the government decided to leave
the affected families in emergency shelters instead of
providing them with temporary houses in order to invest the
time and money on rebuilding permanent houses. However,
within months, the hillsides were filled with temporary
wooden shacks built by the families themselves.

lan Davis, in his book “Shelter After Disaster”, argues
that although temporary housing may consume large
amounts of the financial resources and limit the resources for
permanent housing, in reality, accelerated reconstruction is
often not possible because of the existing complications. As
an example, he refers to the south Asian tsunami, after which
it took months for the officials to agree on the setbacks from
the shore. Affer many vyears of research on temporary
housing programs, Davis stafes that there are two models of
reconstruction strategy:
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® SMALL INVESTMENTS in temporary housing: Basic structures with
minimum services are provided and the maijority of financing and
organizational capacity goes to permanent housing. This model is
suitable for cases where there are few complications in regards to land
rights and urban planning and permanent houses can be built within @
few months.

e [ARGE INVESTMENTS in temporary housing: Fully serviced and
higher quality housing will be provided to be inhabited for more than
three years. This model is suitable for cases where the extent of
destroyed houses is very severe, long delays with reconstruction are
anticipated, and temporary houses are needed for longer occupancy.®!



WHY ARE SOME TEMPORARY HOUSES
ABANDONED BY DISASTER SURVIVORS?

According fo experts, temporary housing projects can fail
due to reasons such as inappropriate design layouts, lack of
basic services, and site selection. Although, design layouts
that do not conform to the living style and culture of the
affected families, or lack of services such as private kitchens
and sanitary facilities affect the safisfaction levels of the
occupants or could potentially lead to their refusal to live
under such circumstances; research suggests that the most
prominent reason disaster survivors abandon the donated
tfemporary dwelling is relocation. As case studies show,
many affected families prefer living in their own shacks or
inadequate tents over wellbuilt high quality dwelling units,
only to avoid relocation and stay close fo their damaged
property. Having mentioned that, many planners and
developers of postdisaster projects have the tendency fo
relocate and resettle disaster affected communities because
land is more readily available and more houses can be
erected af once. There is often little consideration given to
the significance of “place” in the formation of community
identity and socio-cultural and economical relations. This is
while studies show that temporary housing should be located
in the city, near the families’ damaged homes, if possible.
This allows people to benefit from the supportive atmosphere
of their established social networks, which is an important
factor in recovery. It also allows them to remain close to their
jobs or income generating activities. Furthermore, the overall
costs of the program would be significantly reduced
because the residents can draw on the existing services in
the city such as schools, clinics, bus routes, and garbage
collection routes instead of waiting for new ones to be
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provided from scrafch. According to case studies and
reports, femporary houses which are not in close proximity to
where the affected families used to live, could get
abandoned by the people regardless of their high quality or
comfort levels; that is because disaster survivors prefer to live
near their own property even if they have to endure
unsuitable  living  condifions.®? living in their old
neighborhood would allow them to:

® Protect their remaining belongings and avoid looters

* Protect their property

® Be close fo their sources of income

e Take care of their livestock and cattle.

® Be close fo their family and friends

* Use the existing services such as schools, clinics, public transportation
and efc...

* And oversee the reconstruction process of their houses



CASE STUDY: S Lankan Fishermen and vendors
abandoned their new houses after relocation.

The case study on the 2004 Indian Ocean tsunami in Sri
lanka reveals how livelihoods can be affected when
vendors relocate further away from marketfs. After the
tsunami, the government of Sri lanka decided to relocate
thousands of households as no more reconstruction was
allowed long the water. Research conducted in 2008 using
a random sample of 211 households found that relocation
had o major negative impact on the affected people’s
livelihoods and that many families abandoned their houses
and went back to their old neighborhood to build their own
shacks. This is while 96% of the interviewed people
considered their new houses to be similar or superior in
quality to their pretsunami houses. Factors that caused
dissatisfaction among the disaster survivors were as follows:

® Families had goats, catile, and pouliry before the tsunami but affer
relocation they were not able fo keep the same number of animals. The
number of animals owned by the sample households decreased from
around 6400 only 107 after relocation.

® Families enjoyed access to free fish by living close to the ocean. Many
of the affected population were in fact fishermen and earned their living
by fishing. Relocation took the jobs of many people, making it
impossible for them to earn a living.

e Families who used fo sell their products in the local markets lost their
eaming opportunities as they had to pay for transportation and fravel
long distances to the market after relocation.
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Fig 4.01 This Dec. 2004 ,26, photograph shows a frail of destfruction
in the southern Sri Lankan town of Lunawa after tidal waves lashed
more than half of Sri Lanka's coastline.









EXISTING POST-DISASTER TEMPORARY
DWELLINGS

Postdisaster tfemporary housings typically fall under one of
the following categories:

1. Modular
2. Kit of Parts
3. Mobile

4. Vernacular

5. Recycled Materials
6. Others

In this chapter, five projects have been selected from each
category fo further examine their pros and cons and evaluate
their success in providing the disaster survivors with an
adequate living environment.
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Fig 3.01 Some of the existing postdisaster dwellings.



EXO SHELTER [Modular]

. According to shelter and settlement standards, a minimum covered

. floor area of 3.5 m2 is required per person. Although this project is
2.9m W x 2.6m D x 2.7mH * infended 1o be used by 4 people, the fotal area of 7.5 m2 is really

\ more appropriate for 2 people only.

© $5000 is too expensive for a very basic living space without
sanitary facilities, kitchen, solar pone\s, and water filiration systems.

It takes 4 persons 4-8 hours to
build a Better Shelter.

This shelter can on|y operate on grid Therefore, if the infrastructure i
\/ On Grid : Needs City Power  is destroyed as the result of natural disasters, the affected families
. will not have electricity.
an + A small non operable window is placed on the roof. There is no Fig 3.02 Exo is a sfackable housing unit that provides private living and
1 Window : view of the outdoors and the window cannot be opened for . . .
! venilation purposes. sleeping quarters for up to four people, within a climate-controlled,
. This shelter can only operate on grid. Therefore, if the infrastructure secure environment. Units can also be p|GC€d TOgether to expond the
/ On Grid : Needs City Water s destroyed as the result of natural disasters, the affected families ||V|n9 space. Exo designers C|Oim ThOT Their design is more secure Ond

+ will not have access to clean water.

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr durable than tents and more affordable than trailers or containers.?*

" Having a designated area for cooking and washing is a basic
x No kitchen * requirement for temporary dwelling units. Cabinets, stoves, sinks,
+ and plumbing must be later added by the families themselves.
. Easy access to private sanitary facilities [toilets and showers) is a
basic requirement for temporary dweH\'ng units. Toilets and showers
© must be either added by the families themselves or public facilities
. must be used.

/ Ceiling Fans &
Floor Mounted Vents

This shelter is well ventilated. Proper ventilation prevents breathing
. problems and other issues such as mold growth.
* This shelier is water proof. This would prevent rain water from
/ Water Proof © getting info the living area making it a more comfortable dwelling
\ unit during rainy seasons.
No insulation is provided for this shelter which makes it a very
x Not Insulated . uncomfortable living space especially in hot summers or cold
© winters.

. Combustibility is a serious issue in the case of post disaster shelters
d x Combustible * as neither the disaster survivors (occupants) nor the humanitarian
| agencies cannot afford another disaster.

BRL 171 | B

Fig 3.03 Exo shelfer specifications



IKEA’S BETTER SHELTER [Kit Of Parts]

3.3mWx5.6mDx2.8mH

$ 10000 reduced to
$ 1000 after mass production

It takes 4 persons 4-8 hours to
build a Better Shelter.

// x Easily Combustible

This shelter offers a minimum covered floor area of 3.5 m2/person
. for a family of five. More units can be added o increase the living

©$ 1000 is a very low price for a temporary shelter. However, this
* unit is really an emergency shelter more than a temporary dwelling
* unit given the fact that it does not include insulation, proper

. electrici

The solar panels installed on the roof can only charge a mobile
. phone and an LED lamp, which can only be used for 4 hours.

. There are no water inlets and outlets which means water has to be

 sfored in confainers for daily use. Welghf Of 160 Kg.3O

' Having a designated area for cooking and washing is a basic
. requirement for temporary dwelling units. Cabinets, stoves, sinks,
. and plumbing must be later added by the families themselves.

* Easy access fo private sanitary facilities [ioilets and showers) is

" basic requirement for temporary dwelling units. Toilets and showers
. must be either added by the families themselves or public facilities

: must be used.

. There are two ventilation openings. However, it not clear yet if they
. can provide enough ventilation and air circulation.

. This shelter is water proof. This would prevent rain water from

. gefting info the living area making it @ more comfortable dwelling
2 unit during rainy seasons.
No insulation is provided for this shelter which makes it a very

. uncomfortable living space especially in hot summers or cold

© winters.

* IKEA claims that this shelter is designed in compliance with UNHCR
. safety standards, however the Swiss city of Zurich has just

. announced it will not use the 62 lkea refugee shelters it has

© purchased to house asylum-seekers dfter a test showed they

! consitted a fire hazard 35 Fig 3.05 Interior shot of IKEA shelter

, sanitary facilities, or kitchen.

} 4 smal windows are placed on the sdes of fis sheler. The Fig 3.04 Better shelter designed by IKEA is a temporary lightweight

* windows are too small to let in sufficient amounts of natural light.

modular shelter. This shelter can be dismantled and reassembled by 4
people. Each shelter is delivered in 2 flat pack boxes with the tofal
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FEMA TRAILER [Mobile]

2.4m W x 9.75m D

$ 14000 to produce
$ 10000 to set up on site

It takes 6-10 people several
days to install it on site.

// x Easily Combustible

This shelter offers a minimum covered floor area of 3.5 m2/person
. for a family of five. More units can be added o increase the living

©$ 24000 is very expensive compared fo other designs available in
. the market. However, it can be argued that such trailers can be
. refrofited and used again later.

\ Several private contractors are hired fo install FEMA. A
subcontractor installs the trailer. Another contractor installs the stairs

" and ramps, fumiture, appliances, and water. Then the power

. company installs a power line and mefer.

. FEMA will not install trailers in neighborhoods that have no access to
 electricity.

" 4-6 small windows are placed on the sides of this trailer fo let in
. daylight. The windows can also be opened for cross ventilation.

\ FEMA will not install trailers in neighborhoods that have no access to
© running water.

" The frailer has two propane fanks on the front of the trailer, which
. provide the hot water, indoor heating, and gas for the stove and
. oven.

. Afew cabinets, a sink, a propane-operated stove and oven, a small
: microwave oven, and a large refrigerator are included.

- A small bathroom with shower is provided. Occupants have access
! to both cold and hot water.

* Units are ventilated however, a federally funded analysis shows
+ foxic levels of formaldehyde were found in 42% of the trailers tested.
. This is due to poor ventilation and use of cheap building materials.

. This trailer is water proof. This would prevent rain water from getting
. into the living area making it @ more comfortable dwelling unit
© during rainy seasons.

: FEMA trailers are known for having very poor insulation so they are

\ already very inefficient at holding temperatures at a steady level.

Fig 3.06 FEMA frailers are temporary manufactured houses used by the
victims of natural disasters. They include sanitary facilities, kitchen, and
furniture. FEMA is designed to operate on grid and can only be installed
on properties with running water and electricity. The most critical
advantage of these trailers is their mobility which enables them to be
installed next to the affected families’ property and relocated ofter
permanent houses are reconstructed.®”

Fig 3.07 FEMA trailers can be parked on the survivors' property.
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SUPER ADOBE ECO-DOME [Vernacular]

37 sq meters

$150 - $300 per m2 or more
depending on the proportions
of the ingredients (cement,
gravel, ...)

""""""""""""""""""""""" " Several private contractors are hired fo install FEMA. A~
It takes 1 skilled or 4 unskilled subcontractor installs the trailer. Another contractor installs the stairs
workers to build one in 5 days. ' and ramos, furniture, appliances, and water. Then the power

. company installs a power line and mefer.
+ If city power is not provided by the government, solar panels have
! to be added or the users will have not have access fo electricity.

© 8 windows are used for daylighting and cross ventilation.

\ This would be an issue if infrastructure is damaged due fo disaster
. or no water lines exist at all.

© Although an area is designated for cooking, the affected families
+ will not have cabinets and appliances if they cannot afford buying
| them.

© An area is designated for bathrooms but basins, toilets, or water
. heaters are not included.

+ Although initially designed for hot arid climates, this structure can
\ also be made waterproof for cold wet climates.

,/ \/ Not Combustible
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PN = g !
Fig 3.08 SuperAdobe is an earth bag architecture developed by the
Iranian architect Nader Khalili.  This building system needs long
sandbags, barbed wire, onsite earth, and a few fools. One of the
biggest advantages of this system is that it has passed severe earthquake
code tests in California.?® However, it should be noted that this structure
is more permanent than temporary and building it would require dealing
with land rights, consfruction permissions and etc. Moreover, the
dimensions and the permanency of this design proposal is a major
drawback in post disaster cases where the affected families would like
fo have their femporary houses next to their damaged property.

Fig 3.09 Baninajar refugee camp



PAPER LOG HOUSES [Recycled Materials]

16 sq meters Vo

. Building this shelter needs both skilled and unskilled workers. Skilled
" workers need to be frained in advance in order fo teach the
unskilled workers how to construct this unit proper|y. Therefore,

. managing workshops and workers of different skills on site could be
 fime consuming and delay the process.

It takes 10-20 people to build
this house in 6 hours.

© Connection fo city power should be managed by the residents
themselves.

This would be an issue if infrastructure is damaged due to disaster
! or no water lines exist at all.

( x No Gas Pipes Either city gas or propane tanks can be used.
""""""""""""""""""""""" " There is no designated kitchen area in this femporary shelier which-
) © means the affected families must share a communal kitchen if in
x No Kitchen . camps or they will have no access to cooking or washing facilities

*atall

There are no sanitary facilities in this temporary shelter which means
. the affected families must either use public bathrooms or they will
. have no access to private bathrooms at all.

- Although initially designed for hot arid climates, this structure can
+ also be made waterproof for cold wet climates.

+ Although it is claimed that the operable roof and sponge tapes in

. between the tubes keep the shelter warm in winfer and cool in
summer, reports show that this shelter was actuoHy too cold in winter
- and too hot in summer.

45

Fig 3.10 Paper log houses are temporary structures designed by Shigeru
Ban after the 1995 earthquake in Japan. This shelter is built with
recyclable paper tubes, donated beer crates loaded with sandbags,
and tenting material for the roof. The units are dismantable and the
materials can be recycled.®? Although this project is designed for long
ferm femporary use by disaster victims or refugees, it only meets the
requirements of a short ferm temporary shelter by not being properly
insulated, and lacking the most basic living conditions such as sanitary
facilities and kitchen. Furthermore, since paper log houses are not
mobile, they still involve dealing with land rights and official permissions
which complicates the construction process.

Fig 3.11 Paper log house interiors



Fig 3.12 Precedents’ Comparison Chart [ Major Disadvantages ]
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INTRODUCTION

According fo statistics, since 2008, an average of
26.4 million people have been displaced per year because
of natural disasters. In other words, one person loses his/her
home every second. This is while these figures do not even
include the number of people who have become homeless
or are forced into living in terrible conditions in their own
countries because of political conflicts, or other issues such
as financial difficulties. Sadly, as stafistics show these
numbers are increasing every year; this is while so many
critical issues such as lack or shortage of proper housing or
shelter, food, water, sanitary faciliies and many other
problems have sfill been left unresolved for those who have
been displaced years ago. Firstly as human beings and
secondly as architects, we are all well aware of the fact that
no matter who we are or what status we have in the society,
a safe and clean shelter is one of our basic needs in life.
Therefore, everyone in this world, regardless of who he/she
is deserves fo live in a comfortable shelter where one has
access fo the basic facilities such as toilet, shower, kitchen,
electricity, water and where one is not constantly threatened
by outside circumstances or forces. Going back to the UN
statistics, it is critical to mention that children constitute the
majority of the world's displaced population. According to
studies, children who do not live in proper houses have up
to 25 percent higher risk of severe ilhealth and disability,
increased risk of slow growth, and a greater chance of
suffering from mental health and  behavioral problems.
Children are the future adults of this planet, and if not taken
care of or left in abusive environments, they will become
grown-ups that then transfer all their issues and shorfcomings
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to the future generations and the cycle will confinue and
many more people will be victimized. Therefore, if only one
person, a child or an adult, is rescued from the current living
conditions of a typical displaced person and is provided
with a safe living environment, the impact of this simple act
will be evident in the lives of the coming generations. If only
one girl is not raped in the darkness of the night just because
she has to use the toilet on the other side of the camp, or a
mother does not worry every night that a stranger would rip
open their tent and abuse her family, | have achieved my
goal in rescuing not only one person but all the people who
will be affected by these victims at some point in their lives.
In short, because of the importance of the living environment
on one's mentfal and physical health, this thesis is focused on
designing and building a portable dwelling unit that would
provide the occupants with the basic facilities needed for a
comfortable life, the most important of which are private
sanitary facilities  for each family; something that s
considered an absolute necessity for every human being on
this planet but is disregarded and considered a luxury by
many designers around the world. In other words, one of the
main differences between this project and other existing
emergency or temporary shelters would be the fact that it
provides every family with their own private toilet, wash
basins, shower, and a kitchen. In order to be able to do that,
a basic portable unit will be designed which will contain all
the sanitary facilities together with plumbing, sewage
system, and electricity. The size of this basic unit would be
minimized as much as possible firstly in order to make it
easily portable by the distributers or the users and secondly,



in order fo maximize the number of units that would fit info @
shipping container. The main logic behind using a basic unit
is using one compact space that contfains the critical
elements, which would otherwise have to be shipped to the
site as separate packages. Regarding other spaces and
functions that are required for a comforfable living
environment, there are three main systems that can be used:
modular system, kit of parts system, and expandable system.
It is inferesting to nofe that going through all the critical
precedents that | could find through different resources, there
were only a few of them that had used expandability as a
design strategy. It appears to me that designing a flexible
system that can be expanded on site would be challenging
but it would be worth exploring since many designers use
either the modular or the kit of parts systems for the design of
their femporary or emergency dwelling units. Therefore, the
design of my dwelling unit will be based on two main
concepts, expandability and flexibility. For example, spaces
such as the bedrooms, living room, and dining room will be
designed such that they would be pulled out of the basic
unit, which contains the bathroom and a mini kitchen, using
different expansion strategies. I is important fo note that the
design intention would be to explore as many expandable
techniques as possible, and such techniques can even be
inspired by the existing collapsible/foldable fumiture and
objects. In other words, it would be interesting to see if a
design sfrafegy used for a compact, space saving furniture
can be applied at a larger scale to a compact dwelling unit.
The most challenging part of the project, of course, would
be choosing the right materials and construction details that
would make the final product as lightweight, strong, and

durable as possible. Additionally, collapsible, foldable, or
expandable furniture would be designed to furnish the
different spaces; they would either be builtin or movable
depending on which option provides more flexibility and
adaptability. The ultimate goal of this thesis is to design a
dwelling unit that is suitable for most climates and is flexible
enough for different types of users. Therefore, other issues
that would be tackled as part of this thesis would be how to
design a dwelling unit that would be usable on various sites
with  different  climates, topogrophy, and other site
conditions. Furthermore, another critical issue would be how
can this project be designed as seltsufficient as possible so
that it could operate on sites where infrastructure is not
provided? And would this be possible if the goal is to design
a costefficient solution? In other words, are there cost
effective solutions to, for example, generate electricity or
filler water, and design a dwelling unit that would be able
fo function totally off the gride



Fig 5.01 Precedents’ Types Comparison Chart

This chart demostrates that EXPANDABLE /COLLAPSIBLE projects are the LEAST COMMON among COMPACT MOBILE precedents.

Santiago

© Rintala Eggertsson

Horden, Chery,

Lee Architects

5 Muiji and . Shigeru Ban &
. Konstantin Greic Muji
Japan Japan
10 sq meters Varies ¢

Paper Tubes &
Sandbag

Designer : )
9 Architects 5 Cirugeda Frog Design

Location Norway Norway

Dimension 19 sq meters 30 sq meters 19 sq mefers

Materials Pine Timber Frame & Steel Wood,Sandwitch Aluminum & Composite

Aluminum Cladding Panels, Aluminum,PVC Materials .

Single Unit

Modular

Kit of Parts

Flat Pack

Expandable
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Fig 5.02 Precedents’ Types Comparison Chart [Continued]

Designer Fcec:rr:g?ééef’ Laurent Troost Architecturburo N55 Studio Liu Kisho Kurokawa Pablo Castro Pe:;ﬁ:gzﬁv:ry
location 1 Pougal o NewVok Anpwhee - Being - Toko Angwhere .
Dinensin 27 sqmetes - Vores Vares s7sqmeers | 87sqmees | 40SqMees -
Mot Weod Fame | Tobelbvene Cell Wik oy ine 5 SteelFrome, Steel Pones, flrereiforced foam | Ve g LRSI codbood
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Corbon Black Pigment | /Ourehone Foam ;- Pobyethylene foam ;  composfe siucue © Gognized Sieel Ponets
Single Unit

Modder L b e
P
FotPack
Bpondoble
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Fig 5.03 Precedents’ Types Comparison Chart [Continued]

Desi ) Jean Prouve WikiHouse . Oskar leo Studio Fur Oskar leo ) :
: Designer . Gregg Fleishman : " Kaufmann : Archiiekior | Kaufmann Andrew Maynard : Stephanie Bel\cmgerE
: : : Rotterdam o I
Location Los Angeles Anywhere Anywhere Netherlon(,is Reuthe, Austria Varies
Dimension 1.5 sq meters 136 or 68 Sq Meters ; Varies 22 sq meters 42 sq mefers 18 Sq Meters Varies
Materials S‘Oﬁeic\:]ﬁgg Birch Steel and Wood Plywood Solid Wood Slabs Ali::if:g;jgig Wood 5Sreelsazge':gsﬂi?:;omf
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PRECEDENT ANALYSIS

APARTMENT 24 BY GARY CHANG

“Residential space is becoming an exceptionally expensive
commodity and a growing problem in urbanized Asian
environments. However, architect Gary Chang from Hong
Kong need not worry. His ingenious solution called "Micro
Apartment’ could be the key to creating more space with
sliding wall units and fold-away fumniture. Gary's apartment
is only 344 square foot [or 32 square meters) but with a
smart use of resources he has managed to transform it into
24 different designs. Virginia Gardiner described  the
apartment in the New York Times: “The wall units, which are
suspended from sfeel fracks bolted info the ceiling, seem to
flat an inch above the reflective black granite floor. As they
are shifted around, the apartment becomes all manner of
spaces — kitchen, library, laundry room, dressing room, a

lounge with a hammock, an enclosed dining area and a wet
b 940 J
ar.
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Fig ©.02 Space transformation by movable elements



SPACE TRANSFORMATION by FLEXIBLE ELEMENTS

PLAN [ Space Transformation] SECTION [ Space Transformation ] SECTION [ New Function ]

I
+++++++++++++++++ [
| ]

Fig 6.03 Space fransformation diagrams



PLAN [ Space Transformation] SECTION [ Space Transformation ] SECTION [ New Function ]
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Fig 6.04 Space transformation diagrams [Continued]



FUNCTIONS & AREAS

Iéig 6.05 Ratio of each function fo the whole area



INCREASED LIVING SPACE by FLEXIBILITY

Fig 6.06 How does flexibility increase the fofal usable area

Total Living Area If Spaces Are Total Living Area If Spaces are
FIXED FLEXIBLE

By using FOLDABLE furniture and MOVABLE walls, the fofal usable area

is increased to 3X more than the total physical area of the apartment.
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DESIGN INTENT

Designing a longterm temporary dwelling unit that has the
following characteristics:

* Mobile/Transportable:

After natural disasters, mobile homes can be placed
together in clusters for short periods of time so humanitarian
groups can easily access the affected families and provide
them with medicine, water, and food. Then, the survivors
can relocate the mobile units to their own property fo be
close to their destroyed house, be near their family and
friends, profect their remaining belongings, and oversee the
reconstruction.

e Sanitary Facilities:

Most of the temporary dwelling units that have been
designed for postdisaster situations do not include sanitary
facilities such as private bathrooms and kitchens. This project
will have a small kitchen, where families can prepare and
store food and wash their dishes. It will also have a small
bathroom unit which would allow the survivors to use proper
toilets, take a shower, or wash their clothes in a safe clean
environment.

 Expandable:

Expandability would allow the units to be reduced in size
and safely stored before use. Compactness would also
allow more units to be transported using shipping containers
and thus reduce the total transportation cost. Once on site,
dwelling units can be expanded for living or collapsed for
relocation.

FLEXIBLE

COMPACT

VENTILATION

SLEEPING I e

=
m
<

CLEAN WATER

OFF-GRID

FACILITY LIVING

WATER-PROOF

HLANJVYM

EARTHQUAKE

g KITCHEN

%MATERIAL DAYLIGHTING

Fig 7.01 Keywords diagram

62



e Off Grid & On Grid

The unit will be able to operate on grid as well as off grid
for situations where infrastructure is destroyed by natural
disasters and access fo electricity, clean water, and gas is
not available.

e Thermal Insulation & Water Proofing:

The dwelling unit will be sufficiently insulated to create o
comfortable living environment during cold winters and hot
summers. Water proofing materials will also be used to
prevent water leakage during the rainy seasons.

e Sforage:

Storage space (shelves) will be provided so the occupants
can organize and store their belongings and keep the main
living area as tidy and clean as possible.

e Cost Effective & Affordable:

Using materials of good quality will be more beneficial to
both the occupants and the owners (NGOs or governments).
The main goal would be to use building materials that have
good qualities, need less maintenance, and are affordable.

® Homey Design:

Both exterior and interior materials will be carefully selected
to avoid an industrial look as many contemporary disaster
relief projects, and create a warm homey environment.
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MINI"HOME

l

Can the siruciural sysiem be inspired
by collapsible systems used for objects
or furniturese

Can larger spaces emerge out of a1
very small compact unif that includes |
the main facilities? i

l

Are other any materials that are |'c/1
weight and cost efficient that are
usually used in other industries?

l

Can vernacular methods [not necessari
ly site specific) be used to design a cost,
efficient self sufficient system? |

l

i
i
i
i
i
|
Avre there minimum design requirments
i
i
i
i
i
i

for the mental and physical wellbeing |
of the occupants?

 Fig 7.02 Main questions before the design phase



MAIN CONCEPT

FIXED CORE
(Bathroom + Mini Kitchen)

_________________________________________________________

LIVING AREA
Pulled Out From Basic Unit

_________________________________________________________

o4

0 How small can the “basic unit” be @

N <
0.Om

Fig 7.03 Basic unit dimensions
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Fig 7.05 Four units can fit a 40 ft shipping confainer

65



FUNCTIONS 30 IN 1 PACKAGE

I : Roof

v“ Kitchen [Sink + mini stove + mini fridge] WQHS
. Floor
e ; Pipes
3 ?:"..:.:_‘.-.,. i |: | He r
| g . Shower Pump
Wires
,,,,,,,,,,,,,, Toilet

o | Stove

ﬁ Bathroom [Toilet + VWater Heater] DOQI’S
: 3 Trailer
””””””” Batter

o | Y

ﬁ Washing Clothes Area Sbe\\/es
. Fixtures
Cabinets
S ‘ Windows
& Insulation
| q— . Dining Area Structure

,,,,,,,,,,,,,, Mini Fridge

R | Solar Panel
‘ 1 VWash Basin

'i’a Sleeping Area Shower Tra

Woater Heater

Grey Water Tank

,,,,,,,,,,,,,,

o Black Water Tank

- Living Area Fresh VWater Tka

Fig /.06 Everything can be transported to the site as one unit
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POSSIBLE EXPANSION STRATEGIES - SELECTION PROCESS

Telescopic (Selected)

Floor, ceiling, or walls will be stepped as one box
is pulled out of the other one.

Maijor Disadvantages

Fig 7.07 Expandable Obijects

Foldable (Selected)

Every fime an exterior plane
is folded, weatherproofing
is needed.

Accordion

Extensive weatherproofing
will be needed between all
the folded planes.

If the accordion sfructure is
made of flexible materials
such as fabric or plastic, it
would nof be secure
enough for a dwelling unit
since it can be easily cut
open with any sharp
objects.

Scissors

If this method is used,
facade, roof, or floor
panels must be added after
the sfructure is expanded.
Combining a lattice
structure with fixed panels is
only possible if the panels
are either foldable as well
which would be very
complex or be made of
flexible materials with low
insulation values and low
security.

Inflatable

Inflatable structures need
special equipments which
would be a major
disadvantage in post
disaster situations.
Moreover, inflatable
dwellings can be cut open
with sharp objects which
means they are not secure
enough and would need
major costly repairs.
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Fig 7.08 Test Drive 1 - Expansion Process
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TEST DRIVE 2
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Fig 7.09 Test Drive 2 - Expansion Process



TEST DRIVE 3
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Fig /.10 Test Drive 3 - Expansion Process



TEST DRIVE 4

Fig 7. 11 Test Drive 4 - Expansion Process
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TEST DRIVE 5
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Fig /.12 Test Drive 5 - Expansion Process



TEST DRIVE 6
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Fig /.13 Test Drive 6 - Expansion Process



TEST DRIVE. 7
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Fig /.14 Test Drive / - Expansion Process



TEST DRIVE 8 [ SELECTED CONCEPT |

Fig 7.15 Test Drive 8 - Expansion Process ol
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Fig 7.16 The selected design concept was inspired by the expandable REK bookcase.



ELIMINATED CONCEPTS COMPARISON

Fig 7.17 Test drives’ comparison chart

Test Drive 2 Test Drive 3 Test Drive 4 Test Drive 5 Test Drive 6 Test Drive 7

Test Drive 1

Maijor Disadvantages

[It would be uncomfortable for occupants to walk around
e Storage space cannot be integrated into the walls as they
e Exterior walls cannot be properly insulated as they are

e Change in level everytime the space is expanded
e The fofal living space is over compartmentalized and

divided into very small areas.
are very thin and space is limited

the house]
very thin.
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SELECTED CONCEPT’S ADVANTAGES

Test Drive 8
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e Change in levels are avoided by
sliding roof beams and folding the

floor structure.
insulation.
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Fig 7.18 Selected concepts' advantages
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FACADE |
If walls are aligned, facade panels would NOT allow expandability. SOLUTION:

1. Shifting Walls

| NS 2. Placing facade panels on both sides of the wall

Fig 8.01 Aligned vs shifted walls



EXPANSION PROCESS

A. Closed Unit B : Sliding the Front and Back Doors

Fig 8.02 Expansion process (Steps 1-2)



******************************************************************************************************************************************************

C. Unfolding the Floor D. Adding the Floor Panels

Fig 8.03 Expansion process (Steps 3-4)



ce 2X

F. Expanding the Living Spa

|
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E. Floor Panels in Place

|
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(Steps 5-6)

Fig 8.04 Expansion process



ce 4X

H. Expanding the Living Spa
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e 3X

G. Expanding the living Spac
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J. Final Outcome
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|. Adding the Roof Panels
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DIMENSIONS
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Exterior Dimensions before and after expansion

Fig 8.07 Dimensions before and after expansion
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Inferior Dimensions before and affer expansion



CLOSED UNIT PLAN
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Fig 8.08 Closed Unit / Cross Section



CLOSED UNIT CROSS SECTION

Fig 8.09 Closed Unit / Cross Section

Solar Panels KD 145 SX-UFU

Insulated Metal Roof Panels
Plywood SIP Panel

Wood Beam
Plywood faced Barrier Ulira-Rim Superinsulation Panels
MDF Kitchen Cabinet

Plywood Panel
(Indoors: Cork Faced)

Waterproof Plywood

Insulated Glass Panel

35cm x 35cm Sink
33cm x 36cm Wash Basin

80cm x 80cm Shower Tray
Flat Bed Trailer



EXPANDED UNIT PLAN

IF {1
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Fig 8.10 Closed Unit / Cross Section



EXPANDED UNIT LONG SECTION

ol

e
!

)

Stairs To Be Added After Shelves To Be Added After
Opening The Unit Opening The Unit

Fig 8.11 Expanded unit long section

Hand Installed Extendable

Screw Pile

Fresh Water Tank
Black Water Tank Grey Water Tank

Fixed Section:

Kitchen & Bathroom units are placed at the
end of the dwelling unit along with the fresh
water tank, grey water tank, black water
tank, water filters, solar panels, water heaters,
and elctrical sockets to avoid the need for
extendable cables, pipes, or lighting fixtures.
Once on site, the living area which is much
lighter than the fixed portion will have to be
pulled out which would make the unit's set up
so much easier and less complicated.



EXPANDED UNIT CROSS SECTION
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Fig 8.12 Expanded Unit / Cross Section



DETAILS [ Side Walls’ Shiding Track |

Expanded

Expanded

SIP|  Polystryrene sp Polysiryrene 100
Foam Foam
,,,,,,,,,,,,,,,,,,, WoodBlock _
Tlep Tl Ceramic Coated Aluminum__ _
S o e ] o WDX Polyethylene Block
Botiom Track
SIP

Fig 8.13 Side Walls' Sliding Track [Typical Detail]

Unit = mm

~ The side walls' sliding tracks are placed
inside to avoid exposure fo direct
sunlight, rain, snow, dust, and extreme
weather conditions. This would increase
their lifespan and reduce the need for
maintenance.

Bottom Track
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DETAILS [ Floor Guides For Shiding Walls |
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Expanded
Polystryrene Foam

| — =
TG ST T T =\ - T

Wood Block

Fig 8.14 Floor Guide For Sliding Walls [Typical Detail]

Unit = mm




DETAILS [ Shiding Walls Interlock |
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Unit = mm




DETAILS [ Guides For Shding Roof Panels |
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3 Saddle Washer  ____.

L W/1/4" 3

i Tek Fastener 33
! Info Support

' Member

! Structural
| Insulated Roof

i Panel A (Sliding)

i Metal Facing:

' Galvanized Steel

I Insulation:

I Foamed-in-place

| Polyisocyanurate 100

1'% 3/32" Buyl |

\ Tape Sealant

™

Structural

Insulated Roof

Panel B (placed

After Unit Is Fully
Expanded ‘

Wood Block
(Sliding Roof
Panel Guide)

Fig 8.16 Sliding Roof Panel Guide [Hollow Beam Typical Detail]

Unit = mm

7,

7

Vi

/4

A. Closing the beams

B. Sliding back the roof panel to
close the dwelling unit.

The beams are cut to keep the roof panels
in place when they are sliding back and
forth.



DETAILS | Hand Installable Screw Piles |

Adjustable up o
250 mm

| Supporting Plale | M 450
! 180 mm 5 8
| minimum
: Exsfing Soil | XXX RO XX R
‘ AMAFAFAN RUANUANUANUA 3 N
: RO RO, RO RO,
] S KKK S KKK
: XXX RO, XXX RO,
‘ S KKK S KKK
| XXX RN XXX WX
‘ S KKK S KKK
‘ RO RO, RO RO,
‘ ¢ g L&KL
| type of sol SEEKA RS KKK KKK
| NN RN XXX WX
S KKK S KKK
| XXX WX XXX RO
S KKK S KKK
: XXX RO, XXX RO,
: S KKK S KKK
‘ RO RO, RO RO,
‘ S KKK KKK KKK
S R R
1 9.5 mm thick NN R NN NN - NN
T NN, RO,
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| NOXRRRNRNR, RO,
‘ SEEEEEEEIEK KUK
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Fig 8.17 Hand installable screw piles
Unit = mm
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DETAILS [ Windows |

Wood Frame

Insulated Glass Unit

50 mm

65 mm

65 mm
Insulated Glass Unit

100 mm

Fig 8.19 Horizontal Cross Section

Fig 8.18 Vertical Cross Section




ELEVATIONS

Front Elevation

2.8 m

Side Elevation

T

o

2.75m

Back Elevation

1 [
T T I s T T

2.80m

S R
2.00 m
Side Elevation
\
S G

Fig 8.20 Elevations



TRANSPORTATION
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Fig 8.21 Means of transportation



[Transported as Kit Of Parts] VS [Transported as Expandable Unit]

Solar Panels
Kitchen Counter

Water Tanks

Cabinets
Windows

Floor Panels
Appliances & accessories

Front/Back
Walls

Bathroom
Partitions

Roof Panels

Side Walls

P

’

Trailer - S

Fig 8.22 Space taken by kit of parts vs expandable unit



3X
HEEEEEE

Bl
HEEEEER
Kit of Parts Expandable
Units

Fig 8.23 Space occupied by expandable unit is 1/3 of space
occupied by kit of parts.

If this dwelling unit is transported to the site as a KIT OF PARTS, it
would fake 3X more space than if it is delivered as one EXPANDABLE
UNIT.

Therefore:

Expandable Unit

i

Occupies less Space

l

More units can be fransported
by one shipping container

i

Total transportation cost is
reduced



EXTERIOR RENDERS
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Fig 8.24 These mobile homes can be transported by the disaster survivors to their desired location (close to their own properties) where they can

profect their remaining belongings and rebuild their house.



Fig 8.25 This mobile home allows the affected families to live safely and comfortably in their own neighborhood until their houses are rebuilt.



Fig 8.26 Interior Render



LIVING / DINING [Possible Layout]

Fig 8.27 Possible interior layout - Living area/Dining Area



SLEEPING [Possible Layout]

Fig 8.28 Possible interior layout - Sleeping Area
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PROTOTYPE B

"Prototype A" is very compact when closed (2m by 2.75 m) which
means more units can fit in a 40 ft shipping confainer and transporation
costs will be reduced. Also the living area would be increased by 7
times when the unit is fully expanded. However, because this prototype
requires expansion in two directions (as shown below), it would require
more techinical defails, hardware, and structural complexity which
would ultimatley increase the manufacturing cost of each unit. “Prototype
B" is a modified version of the previous model, especially designed to
futher decrease the manufacturing cost of each unit and make it even
more suitable for postdisaster situations where limited funds are
available to house as many people as possible. To reduce the structural
complexity, this model will be expandable only in one direction.

Prototype A Proftotype B
3 1.5 i 7777777777777777777
3.7
1.8
5.5 'T' 5.5
28809059 289
B 25m2 B 20m2

Iﬁ] 4 Units per ﬁ] 3 Units per

container container

Fig @.01 Prototypes’ comparison

Expanded
Unit
4X

Fig 9.02 Profotype B: Expanding the unit by 4X



PROTOTYPE B - CLOSED UNIT PLAN
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Fig 9.03 Prototype B - Closed Unit
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PROTOTYPE B - EXPANDED UNIT PLAN
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Fig 9.04 Profotype B - Expanded Unit Plan



DINING AREA
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Fig 9.05 Dining Area



LIVING AREA
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Fig 9.006 Living Area



SLEEPING AREA
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Fig 9.07 Sleeping Area



PROTOTYPE C

"Profotype C" is a modified version of profotype B which is designed without the private bathroom and kitchen units. This profotype can be combined
or added fo Prototype B fo create a bigger living space for large or extended families. Eliminating the kitchen and bathroom units would significantly
reduce the cost and weight of prototype C. As figure 9.10 shows, dwelling units can be aggregated to form a semi private public space which could
be safely used by the family members. Sanitary facilities and a kitchen space can be later added and shared. Assuming that all the occupants are
members of the same family, security and vulnerability would no longer be an issue with using communal kitchens and bathrooms. This solution can be
especially effective in cultures where extended families prefer living in close proximity.
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Fig 9.09 Prototype C - Expanded Unit Fig @.10 Dwelling units are aggregated to create a private courtyard.




Some of the Possible COMBINATIONS for LARGER FAMILIES

| 57
I i i i
5.7 }
[l I i I i 1
: — < |
3.5 W : ;
I [ I ] .
| [
4 | 79 —
20 sg m 40 sg m
11.4 11.4
i 1 I | I I I i I I I I [ 1
— < :p
I [ [ I I ] [ I [ [ I ],
%\ I i
NN
] I I
79 12-14
40 sg m 60 sgq m

Fig @.11 Combining units for larger families
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Possible AGGREGATION Strategies [Model C]
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Fig 9.14 Model C Aggregation Strategies
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Is This A Unmiversal Solution?

The proposed prototypes (A,B,C) are built of
OSB SIP panels with EPS insulation [Exterior walls] = R-55 - R58
OSB faced Vacuum panels [Facade panels] = R56.7

Metal SIP Panels [Roof] = R49
OSB SIP panels [Floor panels]

Climate Zones:

The proposed design would perform well in hot and cold climate zones.
The well insulated exterior shell of the dwelling unit makes the house
more energy efficient, keeping it cooler in summer and warmer in winter
and saving up fo 50 per cent in heating and cooling bills. In addition,
insulation reduces condensation in the home and would provide health
benefits by reducing mold and damp. For moderate climate zones, these
profotypes have to be modified to reduce the amount of insulation which
would greatly reduce the final cost.

Disaster's Magnitude & Road Conditions

When a natural disaster strikes, many things such as houses, public
buildings, and the infrastructure are completely or partially destroyed. In
such situations, it would be very challenging for humanitarian and rescue
forces to reach the affected sites and provide help. These dwelling units
are built on flat bed ftrailers so they can be easily set up in clusters,
perhaps somewhere far away from the affected area. Placing the units
in groups for the first days or weeks would facilitate easier distribution of
food, water, shelter, and medicines. It is important to remember that this
project would not be suitable for remote areas that are hard to reach,
such as remote villages on mountains or where roads are damaged due
to earthquake, flood, and etc.

Topography:

This dwelling unit can be set up on hand installed screw piles and
therefore it could be placed on flat land or sloped sites [depending on
the slope percentage). Screw-piles can be installed in o wide range of
subsurface conditions, from very soft to very stiff clays, from loose to very
dense sands. However, cefain sites such as rocky landscapes would not
be a good choice for hand installed screw piles and other forms of
foundation must be proposed.

Conclusion:

These prototypes are not infended to be used as a universal solution. As
mentioned previously, this project is suitable and feasible for certain
climate zones and topographical conditions. In order to be able to
perform well in other geographical conditions, more prototypes must be
proposed fo meet the necessary requirements.



Fig .16 Comparing the existing disaster relief dwelling units with the proposed design
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POTENTIAL USERS

The large expenditure on femporary housing can be offset if
the designed dwelling units can be reused for other functions
after they are no longer needed for postdisaster femporary
housing. For example, one option would be to refurbish the
units and use them rental housing. The case studies show
that natural disasters are always followed by shortage of
affordable rental housing. As a result of that, the prices
increase and many people cannot afford rents anymore. In
Turkey, after the survivors moved to their newly built houses,
tfemporary houses were rented fo other families who
improved them by adding gardens, new claddings and
sometimes additional rooms.*! Another option is to collect
the units once the temporary phase is over, refurbish them,
and either store them for the next emergency, something that
most governments plan in their disaster relief programs.

WHAT ELSE CAN THEY BE USED FOR OTHER THAN
DISASTER RELIEF?
® Refugees temporary housing (Renovation)

e Affordable housing for people with low to moderate incomes
(Refrofitting and Upgrading Materials)

® On campus student housing (Refrofitting & Upgrading Materials)

® Guest units for temporary events such as Olympics, festivals, concerts,
and efc. (Refrofitting & Upgrading Materials)

® Recreational mobile cabins. (Refrofitting and Upgrading Materials)

Refugees Temporary Housing:

According fo the UN's refugee agency, number of
displaced people have surpassed that of VWorld War Il. The
number of refugees reached 65.3 million by the end of
2015. In other words, one out of every 113 people on
Earth is either an asylum seeker, internally displaced, or a
refugee based on the United Nations High Commissioner
for Refugees’ statistics. It is important fo mention that over 35
million people are currently living in refugee camps or fent
cities worldwide and are in dire need of more appropriate
long-term dwellings.*? According to the former UN human
rights worker Kilian Kleinschmidt, “The average stay in a
camp is 17 years. For many people around the world, living
under plastic sheets and fents could last an entire lifetime."4?
Governments or NGOs have the option of either reusing the
proposed dwelling units to house their own refugees or sell
them to other countries or organizations dealing with the
refugees housing crisis.



Affordable Housing For People With Low To Moderate

Incomes:

Around the world especially in major cities, renting and
housing costs have skyrocketed and are spiraling out of
confrol, cutting deeply info people’s standard of living and
prompting concemns about a new global housing crisis.
Statistics show that many citizens who earn reasonably
good income such as teachers, nurses, police officers, and
construction workers are finding it increasingly difficult to
manage the housing cost.** What is most surprising is how
divorced the prices are from the incomes of the vast majority
of the global population. As a general rule of thumb, one
should not spend more than 30% of their income on rent,
however as fig 10.02 shows, the ratio of average rent to
average income has passed 100% in some maijor cities such
as Moscow, Tehran, Cape Town, and Beijing. As
populations continue to grow, bridging the gap between
what is supplied versus what is affordable will become even
more challenging. Today, approximately 330 million
households do not have access to adequate and affordable
housing. Without drastic changes in housing policies, it is
predicted about 3 billion people (40% of the world's
population) will not be able to afford housing by 2030.4°
Which such a vast demand in today’s market, governments
and NGOs that buy these units for disaster relief can later
sell or rent them to those in need of affordable housing and
earn money for future humanitarian investments.

On Campus Student Housing:

An increasing number of students find it difficult to cover the
expenses of college life. For many of them, almost nothing
remains to pay for the basic necessities such as food and
accommodation affer tuition fees are paid. Few students
enter university or college without a permanent address but
high living expenses leaves many of them homeless. They
may find themselves in unsafe or infolerable living situations
forcing them to either stay at a friend’s place or sleeping in
a quiet spot on campus. The proposed dwelling unit can be
refrofitted and renovated with materials and appliances of
higher quality fo be reused as affordable, safe and
adequate on-campus accommodations.



Government or NGO

Purchasing Units in Advance

or
After Natural Disaster

Transporting Units
To The Affected Area

Returning Units
After Permanent

Reconstruction

Fig 10.01 Returning investment by retroffiting and changing function

It can be used to buy more

<....units and be prepared for next
natural disasters OR invest in
other humanitarian projects ~ 2:
> 'c
DD
g2
o1
=2
2i0
2| :
Upgrading & Refroffiting !
------------ > Units
AH
- Renovating I - Storing I @
Unis ~  .,i  Unis  {20ing Money
: : & Time
ﬁ f
() "o

Recreational Mobile

5
= Cabin
g
o}
S
IS
o
Q
O
<
2 Temporary Hotel
) Rooms for Events
o}
=
k3
__&
o)
£
[%2]
=
o
I
%
3
@)
2 Affordable Housing
o Refugees
£ :
E ~ '
o}
T
=
"D eeean,
[a% i '
o) Next Post-Disaster
3 Housin
2 9
&



WORLD’S DEMAND FOR AFFORDABLE HOUSING
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Fig 10.02 Ratio of average rent to average income in some major cities around the world shows that families with moderate incomes spend large
portions of their income on rent. In cities such as Beijing, Moscow, Tehran, and Cape fown, the average rent is surprisingly higher than the average
income.



An Example of Housing Shortage [Nunavik, Canadal]

' Kuujuag

 (Capital of Nunavik)

Nunavik suffers from a shortage of housing which causes many
problems within families, communities and the entire region.

® The supply of housing units do not equal the demand.
* Some people have to wait for six or seven years fo gef a house.
® Houses are overcrowded.

Overcrowding increases the risk of:

e Alcohol Abuse

* Violence

® Sexual Assault

® Inadequate upbringing of children

® Infections and chronic lung diseases due to improper ventilation

* Transmission of infectious diseases such as tuberculosis and hepatitis A
® Psychological issues [stress, anxiety, difficulties in impulse control and
learning at school)

* Mental illness

Construction Cost:

® Building a 98 m2 house would cost around 400,000 dollars.

® The remotfeness of communities incurs additional costs (packaging and
shipping of materials by ship or air, fravel and accommodation for
workers). 4¢

Fig 10.03 Nunavik's consfruction materials have to be shipped in. The high fransportation cost greatly increases the final cost of the houses.



Who 1s looking for a new house?

® Young families who want to have their first home
* Newly expanded families who want a larger home
® Those who want to reduce the rent by renfing a smaller house

Low Income Families Get Priornity . The Middle Class
Families Have To Wait For Years

"They say that social housing is for people that cannot afford housing,
so where is the regular housing? Can | go apartment shopping, where?
There is no such thing as that, unless you want fo build your own
house. | am 22 years old, | should not have fo put my life down on
land for the next fifteen years. ... People with kids are priority; that is
why people are having kids, fo get a house.”

"It took me seven years to get a house here because | don't have kids. |
went crazy; | would die for a house. | had money but no children.| had
fo sleep on my dad's couch and he lives in a two bedroom with three
people. ‘I work, | am a good citizen, | graduated, | can pay bills, | am
a responsible person. Why can't you give me a house? "+

10.4 Housing Needs in Nunavik, 2015

Conclusion:

The proposed prototypes (A & B) can be easily modified to meet the
needs of Nunavik’s local people. Using these expandable, compact,
and prefabricated dwelling units tremendously decrease the transporta-
fion cost and construction cost by reducing the need to hire skilled
constrcution workers fo set them up on site.



AFFORDABLE HOUSING/ LIVING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture|
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Fig 10.04 Possible interior layout - Living Area




AFFORDABLE HOUSING/ DINING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture]
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AFFORDABLE HOUSING/ SLEEPING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture]
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Fig 10.07 Setting up the students’ dwelling unit on campus.



STUDENT HOUSING/ LIVING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture]

' Unfolded Seating Area

Fig 10.08 Possible interior layout - Living Area e >



STUDENT HOUSING/ DINING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture]

 Unfolded Dining Table

Fig 10.09 Possible interior layout - Dining Area Mmoo >



STUDENT HOUSING/ SLEEPING AREA [Possible Interior Layout] [Sliding Walls & Folding Furniture]
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Fig 10.10 Possible interior layout - Sleeping Area e >



Conclusion

In the past year, 19.3 million people were displaced
only due to natural disasters. This is while there are still
millions of others who have been living in tents for years and
are waiting for more adequate temporary shelters.#® At
present, the humanitarian community is placing too much
confidence on fents and tarps as shelters to the point that
most disaster relief programs tend to eliminate the transitional
or tfemporary dwelling phase in favor of using tents as long
ferm housing solutions for the affected population. Although
such shelters are extremely economical and allow
humanitarian organizations to femporarily house as many
survivors as possible in a short period of time, they have a
very limited life span and tend to fail when used as a long
ferm solution. It is very crifical to note that inadequate
disaster relief solutions can quickly backfire and result in
serious humanitarian crises. Unplanned and overcrowded
shelters, poor sanitation conditions, and insufficient personal
hygiene tremendously increase the outbreak of infectious,
airborne, and waterborne diseases (diarrheal diseases and
leptospirosis). Nonstandard living conditions also have a
profound effect on the mental health of the affected
population and may heighten postraumatic stress disorders,
severe depression, suicide rafes, and efc. As many countries
are struggling with the available disaster relief shelters and
millions of people have been forced fo live in unacceptable
living conditions, investigating alternative design possibilities
can prove fo be very valuable for both the humanitarian
organizations and the displaced population.

Besides providing a cost efficient, sanitary, and
adequate living environment, the proposed design also
fargetfs a very important issue that is surprisingly overlooked

in some disaster relief shelter proposals. One of the major
reasons the displaced people choose to abandon their
well-built and comfortable tfemporary dwelling units in post
disasfer situations is because they are locaed too far from
their destroyed properties. Research shows that disaster
survivors  who  were  dislocated  from  their  own
neighborhoods and were placed in temporary houses,
preferred o go back to their familiar environment and live in
their own flimsy shacks.*? Therefore, this project primarily
focuses on providing a mobile, portable dwelling unit which
can be easily relocated by the affected population and set
up wherever desired. Another critical issue that needs to be
taken into consideration is the transportation cost. In order to
fit as many units as possible in a shipping container, the
proposed design must be compact but at the same time it
should be able to expand and accommodate an average
family. Since, sanitary facilities such as bathroom and
kitchen, and other components such as solar panels, water
tanks, water heaters, and filters are also included in the
proposal, and because transporting all of these elements as
separate  packages would be both costly and time
consuming, the most logical approach is to design a fixed
core and an expandable shell. That is, instead of shipping
all the components of the project as a kit of parts which then
needs to be assembled by the people on site, this dwelling
unit is designed with a “fixed core” that confains a small
bathroom and kitchen along with the complementary
components such as water tanks, filters, and power sources;
then the main living area is designed as an “expandable
shell” that can be pulled out once the unit is ready to be set
up on site. A series of floor plans were initially explored to



find the smallest area that can accommodate a small
washroom and kitchen unit.(1.8m by 1.25 m = Prototype A)

Fig 10.11 Main concept
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Fixed Core Fixed Core + Expandable Shell

Once the expandable shell is added fo the fixed core, the
exterior dimensions are increased to 2.75m by 2m which
would still allow four units to fit a 40 ft. shipping container
and reduce the fransportation costs. It is important fo mention
that the expansion parameters were selected through an
elimination process, where all the available strategies were
briefly compared and their pros and cons were analyzed.

The telescopic and folding mechanisms were the ones with
the least disadvantages and were therefore chosen as the
main design tools. Combining a fixed and expandable
design allowed for:

e Compact size : Cheaper fransportation and easy mobility

® Private sanitary facilities : Reducing risks of infectious and water borne
diseases + Safe and secure sanifation for families especially children
and women

* Private kifchen : Reducing the risks of life threatening diseases + safe
and secure environment for food preparation and sforage

® Expandability : Expanding the living area up to 7 times (Profotype A|
+ Thick insulated walls with sforage space for belongings

® Pre-installed off the grid components such as solar panels, fresh water
fank, black water tank, grey water tank, water filiration system, and
water heater.

* Single package : Transporting this project as a kit of parts would
require one 40 ft. shipping container for each unif; that is if the
components of this project were fo be delivered as separate packages,
the sforage space needed would be 4 times as much as the space
required by the pre-assembled version.

® Pre-assembled unit : Setting up the dwelling unit in a very short time by
unskilled workers.

® Materials : Using quality building materials increases the lifespan of
the dwelling unit and requires less maintenance + this unit can be reused
for other purposes such as refugee housing, affordable housing, student
accommodations, and efc.



Two other prototypes, B and C are also proposed to reduce
the final cost even further. Profotype B is designed to reduce
the structural complexity and prototype A consists of the
expandable shell without the fixed core. While A and B
allow for lower manufacturing costs and less  structural
complexity, “Profotype A" is still more compact and provides
a slightly larger living area once expanded on site. I mass
produced, both proposals can help ease the suffering of
many families around the world who are constantly
struggling for their basic everyday needs. The final cost of
this project is estimated to be only a few hundred dollars
more than “Shigeru Ban's Paperlog House"” which has been
continuously praised for its innovative and beautiful design
but unfortunately lacks private washrooms, kitchens, off the
grid power source, and sufficient insulation. By spending a
few more dollars, humanitarian agencies and governments
can provide the disaster survivors with safer, cleaner, and
more comfortable living environments, which would reduce
the crime rates and mental health issues, improve the
wellbeing of the affected population, and therefore prevent
many potfential humanitarian crises which would require
long and extensive planning and investment once they take
place.

It is very critical to remember that the proposed prototypes
are not infended fo be used as universal solutions. As
mentioned before, this project is suitable and feasible for
cerfain climate zones and topographical conditions; and in
order to be able to perform well in other geographical
seftings, modified profotypes must be proposed to meet the
necessary requirements.
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