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Abstract

Natural disasters (including earthquakes) negatively impact the physical environment and human
being in many ways. Among them, post disaster housing needs have triggered multidisciplinary
approaches to better address and resolve this problem. The urgent need for shelter is very high,
especially after a devastating earthquake. In seismically vulnerable areas, post-disaster housing is
one of the options that could be considered for mitigation after the quakes’ sorrow. Post-disaster
housing with different plans, constructions, and structural features has been applied with many
materials and systems in the world. Based on the duration of occupancy and stability of the
structure, post-disaster housing can be categorized into four: emergency shelters, temporary
shelters, temporary housing, and permanent housing. Note that temporary housing could be
transformed into permanent housing units. As the place of establishment, climatic condition,
duration of occupancy, and user’s expectations are effective in the type of post-disaster housing,
an identical model could not be useable for all regions around the world. However, evaluation
of these parameters for the definition of the effective criteria and sub-criteria for different
geographical locations is possible. In this respect, the implementation of temporary houses in
various regions after an earthquake seems to be a rational solution. In this paper, temporary
dwellings implemented in various regions of the world have been examined and evaluated.
Based on such evaluations, sub-criteria of the temporary houses following an earthquake are
determined depending on plan, material, constructive establishment, construction system, and
structural features. Results from this study would provide significant data for both architectural
and structural designs of new post-disaster housing and for the rehabilitation of existing post-
disaster housing.
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1 Introduction

After a disaster, demand for contemporary shelters for people who missed their dwell-
ing is majorly addressed by either governmental or private institutions. Based on the
duration of occupancy of the shelters post-disaster housing is categorized into two
main categories. One is for the immediate response to the dwelling demand in the dam-
aged area that is entitled as the "immediate shelter” while; the other one is permanent
and is built for the long term settlement named as the “permanent housing” (Turan &
Cengizkan,, 1983). The difference between these two types of post-disaster housing is
significant especially from architectural design perspective. For example, “permanent
housing” has close features to ordinary housing under normal circumstances while; the
“immediate shelter” totally differs and is a unique category for itself (DIKMEN, 2005).
Each of these two categories includes two sub-groups. Sub-groups of the “immediate
shelters” are emergency and temporary shelters. Based on the short-term occupancy,
these sub-groups require a limited financial budget and give a short-term occupancy
for the few basic services (Cole, 2003). As for the sub-groups of “permanent housing”,
temporary and permanent housing are considered. Since these groups give services for
a longer period for a wider range of utilities, they require a stronger structure with a
higher financial budget (Akinal,, 1986).

Selection of the right type of post-disaster housing requires identifying the needs and
the knowledge of the shelter. In this paper, the above-mentioned criteria of post-disas-
ter housings are discussed in plan, material, construction, and structural performance.
Moreover, eight case studies of post-disaster housing around the world are evaluated
based on four main domains of the user’s expectation, structural feature, physical fea-
ture, and constructional features. The aim of this evaluation is to possibly achieve the
optimum form, structure, and constructional features for post-disaster housings to ad-
dress the victims’ dwelling requirements in an efficient and proper way. The developed
evaluation chart together with a proposed ranking system is indicated by scaled colors.
A parameter that is fulfilled by the case study in an optimum way indicated in green and
the poor function indicated in crimson.

2 Post-disaster housing

The four main subgroups of a post-disaster housing are; (Cole, 2003):
- Emergency shelter,

- Temporary shelter,

- Temporary housing, and

- Permanent housing.

Each of these subgroups varies based on the occupancy duration, structural stability,
and type of materials used. The following presents these four subgroups of housing in
detail, Figure 1.
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Figure 1.a) emergency shelter; b) temporary shelter; c) temporary housing; d) permanent housing
(DIKMEN, 2005)

2.1 Emergency shelter

This type of shelter is used for brief periods to deliver life-saving support and is the
most basic kind of shelter support (Shelter after disaster, 2015), This kind of shelter
commonly does not allow for the extensive preparation of food or prolonged medical
services. Figure 1.a shows a sample of an emergency shelter (Cole, 2003).

2.2 Temporary shelter

These types of housings are used for sleeping rooms, medical service rooms and pro-
vides basic needs of victims (Cole, 2003). This type of shelter is meant for short-term
use; a simple tent or a public mass shelter is used for a few weeks following a disaster.
According to the IFRC, the duration of stay in such shelters may be limited, and there-
fore, prioritizing speed and limiting costs should be taken into account when construct-
ing this kind of shelter (Shelter after disaster, 2015). Figure 1.b shows a sample of tem-
porary shelters.

2.3 Temporary housing

Temporary housing is the stage of a disaster housing built after the short period of a
disaster occurs, providing better living conditions than temporary and emergency shel-
ter, but it is still considered as a temporary solution to evacuate the displaced (Gursu,
1986). However, this type of housing is distributed for long-term periods such as six
months to three years such as rental houses and prefabricated units, but they are lo-
cated at a very critical point where the temporary house might turn into a permanent
one. Figure 1.c shows a sample of temporary housing.

2.4 Permanent housing

Permanent housing, which is the last and best stage of housing type, basically purpose
to the final solution after disaster providing individual houses like to feel live in their real
homes and stay much longer than the other types of housing (Akiinal, 1986). Figure 1.d
shows a sample of permanent housing.

Based on the above discussion in chapters 2.1 to 2.4, the temporary post-disaster
housing type is a rational option. Since this type of housing is stable enough to be used
in a wide variety of utilities for a considerable duration with a cost-effective budget. This
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means that this type of housing would provide a better function than the emergency,
and/or temporary shelters. It is also financially effective than permanent housing. That
is why, in this paper, the considered case studies are from this category.

Table 1. Case studies of temporary houses with their properties

Name of the Structural Shape of | Other
Images . . Area | Country
system properties the plan | properties
Abeer :?;if;st:'ietngth Looks like -Air circulation
) sty -Water storage | 19m?| USA
Seikaly -Stretchable adome
. - Battery
material
-Steel insulated
panel system ~
Abelnock -Adjustable Rectangle Water storage - USA
. - Solar panel
footing
foundations
-Water storage 35m
Hex House SIP system Hexagon g USA
-Solar panels
67 m?
New "
) Ability to be
quk post So!ar ;hadmg Rectangle | stacked like -—- USA
Disaster Thick insulation
Legos
homes
-Fiberglass
" water ,
Tentative SIP system Rectangle ~Water storage 9m Turkey
Compact and
Ice age : . . 5 .
lightweight Dome |Adjustablelegs |23 m?| Russia
shelter
steel frame
IKEA House Steel frame Rectangle | Solar reflection |57 m? Unl.ted
Nations
O—pe;(ijpv;later Concrete Cylindrical | Low-cost 30m?| China
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3 Temporary post-earthquake housing samples

Several design ideas for temporary housing solutions that have been built all over the
world are listed and reviewed. The survey of these houses is based on factors such as
structural and physical characteristics, type of plan, area, and country in which it was
built. The main reason for examining these factors is to determine the impact of such
factors on the optimal design of a prefabricated housing unit. A summary of these stud-
ies is provided in table 1.

4 Evaluation of temporary post-earthquake housing typologies

In designing prefabricated houses, some points should be considered to identify the
problems that exist in this type of house for the residents. For the optimal design of
this type of house, there are some parameters that should be considered and evaluated
prior to final design. The most important parameters are: ‘User’s expectation, Physical
performance, Construction performance, and Structural performance’ To address these
issues, in the first step of research for each general assessment, a sub-assessment is
listed, and a brief explanation for each of the sub-assessments is provided. According to
these written sub-assessments, the related scores were assigned for each mentioned
criterion. The evaluation and scoring system are as follows: 5 grades are defined for the
evaluation, namely excellent, good, moderate, bad, and very bad. Each of these is dis-
played an assigned color. In this respect, green is for excellent, yellow for good, orange
for mediocre, red for bad, and crimson for very bad. In a more numerical way, these
colors could be referred as follows: green (5), yellow (4), orange (3), red (2), and crimson
(1). Note that the overall cost is excluded in this work.

5 User’'s expectation

One of the most important parameters is the user's expectation. Post-disaster houses
are designed for homeless people whose houses have been destroyed by an earth-
quake. These shelters will be used for an almost long period of time, so they must meet
the expectations and demands of the residents. Users’ expectation has 7 evaluation
subgroups. The first subgroup is safety, meaning that in the early stages of a disaster,
shelter is a key component in terms of the mental and physical, safety of the homeless.
In addition to the victim’s survival, the house must be able to withstand severe weather
conditions and increase disease resistance (emergency.unhcr.org, 2015). The second
subgroup is considered to be thermal comfort. Definition of home for human beings
is a place that has any comfort in the scope of whether physical, mental, or thermal
comfort. Temperature is the most important factor for the thermal comfort of residents,
many climatic factors and the layout of houses also play an important role either. ( Bo-
duch & Fincher, 2009) The third subgroup is privacy. The first place that comes to mind
in the discussion of privacy is the house where the person lives. Housing is the place
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of residence and tranquility of people who can live and rest in peace and security. The
fourth subgroup is security against theft. Therefore, these types of houses must also
be designed in such a way that they are sufficiently secure against theft, possible at-
tacks by thieves, and possible attacks by terrorists. The fifth subgroup is ergonomics
and space circulation in which, ergonomics or human factors are other factors to bet-
ter understand the needs of users at this type of house. After a catastrophic accident,
houses designed based on human anatomical needs are one of the design priorities.
The sixth subgroup is identity. A great design can maximize the ability of dwellers to feel
identity and pride in their place of residence. Assuming a homeless person, after losing
their home and taking refuge in a post-disaster house that has no previous experience
of living in these houses before, this condition highlights the necessity of the context of
the identity-based design of the post-disaster housing (Bemanian & Gholamirostam,
2010). The seventh subgroups are flexibility. Here, the term flexibility refers to “the ease
of setting up a system to handle different conditions and the ease of adapting to the
situation in different climates.” (Tafahomi & M. Egyedi, 2008)

Table2. The evaluation of temporary post-earthquake housing typologies according to user expectation

criteria
Excellent” Good " Moderate M Bad M Very-bad
Thermal . . . - -
Samples perform. Privacy | Security Ergonomics | Identify | Flexibility
Hexagon Hex house
Rectangle | New York post-d.

Ablenock
IKEA
Tentative
Hemi- Abeer seykali
sphere

Ice-age shelter

Cylindrical | O-pad shelter

6 Physical performance

Another main purpose of this study is to focus on the requirements that should be
considered in the physical performance of this type of house for the homeless during
the design. Material is one of the main factors that identify the physical performance
of post-disaster housing. Physical performance of the materials is considered for the
emulation. This parameter is divides into 6 sub-assessments. The first sub-assessment
is fire resistance being, another significantissue that would be frightening for the earth-
quake victims. Therefore, it is a vital point that a post-disaster housing unit be resistant
against a potential fire. For this aim, the considered materials for the construction of
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the housing should be based on the available standards to meet the mandated require-
ments. The second parameter is thermal performance which plays a very important role
in this type of housing units because the criteria for thermal performance can vary in
different climates. Considering local conditions of the region, they must be compatible
with the surrounding climatic conditions and should provide the well-being of the resi-
dents of the house (Potangaroa & Hynds, 2008). The third subgroup is water imperme-
ability, that protects against external factors and seasonal changes. Therefore, required
insulation for preventing water leakages inside the house should be considered in de-
sign for the physical and psychological health of the residents (Yuksel & Hasirci, 2012).
The fourth subgroup is the wind performance in which, the wind forces/ pressures play
an important role in creating danger and creating a sense of terror for the residents of
these houses. Therefore, when designing such types of housing units, the local wind
values in the construction area should be considered and used in design accordingly.
The fifth subgroup is solar performance (utilization of sunlight), due to the fact that the
house benefits from sunlight, which is the source of peace and light of the house. So, the
number and size of windows in each unit based on the amount of penetrating sunlight
inside the unit are factors to be considered for evaluation. These types of houses must
benefit from natural light and natural heat that should be considered in the design. The
sixth subgroup is sound impermeability. Inducing a sense of peace, privacy, and normal
life like before is the best thing that can be done to a homeless person, but since these
types of houses are not carefully designed, it has become a big problem.

Table 3. The evaluation of temporary post-earthquake housing typologies according to physical
performance criteria

Excellent Good " Moderate l Bad M Very-bad
Thermal Water Moisture Solar Wind Sound Fire
Samples .
perf. perf. perf. perf. perf. perf. resistance

Hexagon Hex house

New York

Ablenock
Rectangle

Tentative

Abeer seykali
Hemi-sphere
Ice-age shelter

Cylindrical 0-pad shelter

7 Construction performance

Construction stage is one of the most important and accurate steps in designing these
houses. Such units must be designed and executed with high sensitivity and without
error, because there is nothing more dangerous than living in an unsafe house for a
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homeless person. This parameter is divided into 6 subgroups. The first subgroup is easy
to transport when a natural disaster such as an earthquake with a high magnitude dam-
ages an area and destroys the houses in that area. Probably, the first essential thing
that must be sent to that area is the post-disaster houses in which the earthquake
victims can live. Therefore, in designing these houses, prefabricated houses should be
considered as an easy transportation item so that a large number of houses can be
transported in a semi-truck (Humanitarian Shelter and Settlements Guidelines, 2017).
The second subgroup is easy to set-up. As explained in the previous subgroup, setting
up a prefabricated house in a short time is one of the advantages of such housing units
that would be a big plus in design. The third subgroup is persistency against seasonal
conditions. Post-disaster housing units must be highly resistant to changing seasons
such as snow, rain, tornadoes, floods and etc. In addition, they must be fully compatible
with their surrounding environment ( emergency.unhcr.org, 2013). The fourth subgroup
is integration with service systems. After a natural disaster, the house service system
for the proposed units should be the same as ordinary houses, such as electricity, water
services, and air conditioning required by the residents. The fifth subgroup is building
and ground adaption. It is apparent that prefabricated houses should always be built on
flatlands and topographies, but in exceptional cases, the building and ground on which it
will be erected must be in harmony and balance even when the unit is placed on uneven
places. The sixth and last subgroup is reusability, the most important item in evaluating
post-disaster houses. Reuse of these houses after each disaster is a must. They should
have a good service system for several years and a long period (Félix, Branco, & Feio,
2013).

Table 4. The evaluation of temporary post-earthquake housing typologies according to the construction
performance criteria.

Excellent’ Good ! Moderate l Bad M \Very-bad

Easy to Easy to Building and Integration with

Samples Reusability ] N
set-up transport ground adaption service systems
Hexagon Hex house
New York post-
disaster
Rectangle Ablenock

IKEA

Tentative

Hemi- Abeer seykali

sphere | |ce-age shelter

Cylindrical | O-pad shelter
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8 Structural performance

After the construction phase, evaluating the structural performance of the prefabri-
cated house is significant because examining the durability and resistance of this type
of house to the expected loads, is one of the most important issues. This parameter is
divided into 4 subgroups. The first subgroup is strength against earthquake loads. In
the discussion of evaluating the performance of the unit against earthquakes, one of
the important and basic components is weight. In this manner, lightweight units have
a great effect on contracting with earthquake loads. The second subgroup is strength
and stability against wind loads/ pressures. Note that post-disaster housing units usu-
ally possess lesser weights that may lead to stability problems when wind effects are
not well studied. The third subgroup is performance against snow loads. Increasing the
slope of the roof of this type of houses, results in lesser snow accumulations. In fact,
worse performance would be expected for flat roofs, since resistance against snow
loading is reduced. However, it is prevalent that flat roofs could also be safe when the
roof system is well engineered for snow accumulations. Scoring is done not only ac-
cording to the slope and load of snow but also according to the structural system and
material strength of these types of houses. As such housing units are temporary, lower
safety factors (or higher allowable stresses) could be allowed in structural design since
the expected natural loads may not be that much high when considering the lifetime of
these units.

Table 5. The evaluation of temporary post-earthquake housing typologies according to structural
performance criteria.

Excellent Good " Moderate l Bad M Very-bad

Durability against | Durability against | Durability against
EQ loads wind loads snow loads

Samples

Hexagon Hex house

New York post disaster house
Ablenock
IKEA
Tentative
Abeer seykali

Ice-age shelter

Rectangle

Hemi-sphere

Cylindrical O-pad shelter

9 Conclusions

Post-disaster homes are divided into 4 types, among which temporary housing is the
best choice for long-term and optimal use for earthquake victims being the homeless.
To better understand the design of this type of housing unit, 8 cases from temporary
housing types all around the world are examined with all features such as structural in-
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formation, type of plans, area, country of manufacture, and other physical features. The
results and recommendations obtained in this study are summarized below:

Four general assessments are recognized and listed as user’s expectation, physical per-
formance, construction performance, and structural performance. Each general assess-
ment consists of some sub-assessments that explain and evaluate each case studies.
In the user's expectation part, the New York post-disaster home is the best option than
other case studies since it has a high-performance level in terms of safety, thermal
comfort, security, ergonomics, and identity. In addition, this system also shows rela-
tively good performance in the case of privacy and flexibility.

Considering physical performance, the New York post-disaster home is the optimum
choice among the listed case studies since it has a high-performance level in terms of
thermal, wind, water, sound performance, and fire resistance. Also, the system shows
relatively good performance in the case of moisture and solar performance.

As for the construction performance, Abelnock home displays a better performance
than other case studies since it has high-performance level in terms of easy to trans-
port, building and ground adaption, and integration with service systems.

0-pad home option is the best solution for structural performance since, it has high-
performance level in terms of strength/overall stability against earthquake, wind, and
snow loads.

Evaluation results of the design, physical, construction, and structural properties of the
applied post-earthquake houses are important for the development (or improvement)
of future’s post-earthquake houses. Considering these results in new applications it will
help the designer to use available resources rationally. By this way, comfort and security
of residential users can be guaranteed at the best level.
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