
DESIGN OF REUSABLE EMERGENCY RELIEF HOUSING 
UNITS USING GENERAL-PURPOSE (GP) SHIPPING 

CONTAINERS 
——————————————————————————————————————————————–———— 

José A. Peña, Purdue University Calumet; Kurt Schuzer, Purdue University Calumet 

Abstract  
  

The natural disasters that have occurred during the last 

decade have shown the need for temporary emergency 

housing that could be quickly dispatched and placed. The 

modular designs of the shipping containers make them very 

simple to be transported using ship, rail, air or truck trans-

portation. Temporary housing designed using shipping con-

tainers would be easy to prefabricate at an off-site location 

or factory which could cut costs on traditional construction 

while increasing quality control and consistency. Shipping 

containers are readily available and, since they are built to 

adhere to strict standards, could be utilized for the purpose 

of relief housing. The solution proposed here is to utilize 

shipping containers as a shell to build durable and reusable 

emergency relief units that can be quickly dispatched to 

disaster areas. The use of shipping containers for housing 

would bring the advantage of modularity, ease of transport 

and assembly. These units can be arranged in multiple lay-

outs and built to be self-sufficient in terms of water, power 

and waste disposal. The design includes considerations for 

reinforcement for windows and door openings, connection 

between modules, design of framing and partitions, insula-

tion and flooring, design of foundations and the selection 

and placement of systems of water management and power 

generation and supply. This design considers small clusters 

or camps, each self-sufficient in terms of water and power 

management. 

 

Introduction  

 

The natural disasters that have occurred during the last 

decade have shown the need for temporary emergency 

housing that could be quickly dispatched and placed. The 

Asian tsunamis and earthquake of December, 2004, affected 

twelve countries causing over 150,000 deaths and at least a 

half million injured, and leaving five million homeless or 

without adequate access to safe drinking water, food or 

health service. After this event, the World Health Organiza-

tion (WHO) issued a declaration entitled “focus on life”, 

which states that the response to any disaster has one prima-

ry focus: enabling those who are affected to live, sustain 

their lives and enrich their livelihoods [1]. Sheltering and 

housing are indispensable to meeting this objective. 

Researchers have identified three phases of rebuilding 

after disaster: emergency housing, temporary housing and 

permanent reconstruction [2], [3]. The function of tempo-

rary housing is to provide a covered, healthy living space 

with privacy and dignity during the period between the oc-

currence of a natural disaster and the achievement of tempo-

rary housing [4]. Ideally, this type of housing will be up-

gradeable, reusable and/or re-sellable.  

 

Immediately after a disaster, when houses have been ren-

dered inhabitable by its effect, the initial approach may be 

in the form of large emergency shelters such as gymnasiums 

and other facilities, or through the use of hotels to accom-

modate large numbers of victims [5]. In August, 2005, when 

Hurricane Katrina hit the southern coast of the U.S., the city 

of New Orleans made available a sports stadium as a shel-

ter. The occupancy reached an estimated 12,000 people with 

insufficient water and food supplies, while high winds and 

flooding limited access by road to the stadium during the 

first days to provide additional supplies and management. 

During the weeks following the hurricane, tent cities were 

established in Biloxi, Mississippi, to shelter victims (Figure 

1) [6]. 

Figure 1. Tent City in Biloxi, Mississippi [6] 
 

After the January, 2010, earthquake in Haiti, the office of 

internal migration and its partners delivered more than 
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6,000 tarps, 3,345 items of plastic sheeting and 400 boxes 

containing a 10-person tent, blankets, water purifiers and 

materials for children to 36,000 people (Figure 2) [7], [8]. 

The displacement sites sheltering victims are in danger of 

becoming permanent slums [9]. 

Figure 2. Refugee Camp In Petionville, Haiti [8] 
 

After four months of being sheltered in provisional loca-

tions, an estimated 85,000 victims of the earthquake and 

tsunami that hit Japan in March, 2011, temporary housing 

facilities that required skilled labor to be built started to be 

occupied (Figure 3 ) [10], [11].  

Figure 3. Temporary Housing in Schichigahama, Japan [11]  
 

The term housing indicates more extended help than tem-

porary sheltering. The provisions of temporary housing in 

the form of mobile homes and travel trailers taken after 

Hurricane Katrina were considered inadequate, provoking 

complaints from residents and congressional hearings to 

determine the adequacy of the procedures [5].  

 

The solution proposed in this study is to utilize shipping 

containers as a shell for building durable and reusable emer-

gency relief units that can be quickly dispatched to disaster 

areas. These units can be arranged in multiple layouts and 

built to be self-sufficient in terms of water, power and waste 

disposal. The use of shipping containers for housing would 

bring the advantage of modularity, ease of transport and 

assembly. Each unit is designed from a container as a mod-

ule with most of the major components needed for the emer-

gency housing units pre-assembled off-site before its trans-

portation. Modules can be combined to make up different 

complete housing units offering versatility to the design to 

meet the needs of different family sizes. 

 

Construction of complex foundations would not be typi-

cally required, thus eliminating the need for major ground-

work or excavation processes. Because of its original in-

tended use and unibody design, cargo containers are able to 

carry large loads offering durability in harsh environments 

[12], [13].  

 

The two most common sizes of shipping containers are 20

-foot and 40-foot long containers. These containers are com-

monly referred to as TEUs (twenty-foot equivalent units) 

and FEUs (forty-foot equivalent units). There are less com-

monly available lengths on the market including 10-, 30- 

and 45-foot units. The standard width for shipping contain-

ers is 8 feet, with 8.5 feet and 9.5 feet as standard heights 

[14]. Shipping containers are constructed of weathering or 

Cor-Ten® steel, which is characterized by forming a stable 

layer of oxides on the surface of the metal which provides 

resistance to weather conditions and slow deterioration in 

harsh environments. The steel panels are corrugated with a 

typical depth of one inch to provide extra rigidity and a larg-

er moment of inertia [15].  

 

According to estimates given by the World Shipping 

Council (WSC), as of May, 2011, there were approximately 

28,535,000 TEUs representing roughly 18,605,000 units 

worldwide. The ratio of loaded TEUs to container invento-

ries was reported as ranging from 4.5 to 4.7 between 1990 

and 2002, before rising above 5—except for a dip to 4.97 in 

2009—with a forecasted ratio of 5.52 for the year 2012. The 

average annual container disposal rate during the last dec-

ade has been approximately 5% of the fleet. This rate fell to 

3.8% in 2010 and 4.5% in 2011, only rise to 5.3% in 2012 

[16]. These estimates still represent a large number of con-

tainers to be disposed of. This overabundance of shipping 

containers is due to several factors; e.g., trade imbalances, 

repositioning costs, revenue generation, manufacturing and 
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leasing costs and usage preference. A large number of these 

containers remained stored and unused in ports around the 

world [17]. These unused containers take up valuable space 

at shipping docks while waiting to be loaded, repositioned 

to different locations, resold or disposed of [18]. Given the 

abundance of these unused shipping containers, it seems 

logical to try to solve this issue while addressing the over-

arching issue of emergency relief housing.  

 

The use of shipping containers as housing presents both 

advantages and disadvantages. On the one hand, shipping 

containers are essentially large uninsulated boxes with no 

openings to allow light and air to enter and circulate. Alt-

hough there are some insulated containers called Refers 

used for temperature-controlled product transportation, the 

vast majority of containers has no insulation and is referred 

to as GP containers, or general-purpose containers. Since 

there is no insulation and the walls are relatively thin, these 

containers are not soundproof. GP shipping containers may 

also present other disadvantages, based on their previous 

use, if they encountered cargo spillage or chemicals used to 

paint and seal their plywood floors. However, these set-

backs can be easily overcome. On the other hand, shipping 

containers allow for modular design providing ease of 

transport by ship, rail or trucks. Used shipping containers 

are available anywhere around the world from many distrib-

utors and they are built to adhere to strict rules of the Inter-

national Organization for Standardization (ISO) [19], [20].  

 

Dwellings incorporating shipping containers have been 

considered since as early as the mid-1960s as a result of an 

architectural interest in merging mobility and manufacturing 

into building construction. Attempts in Australia and Eu-

rope have shown how universal and flexible these shipping 

containers can be in creating homes and sometimes offices. 

Even though the history of reusing containers for housing in 

the United States is very short, they have been used in the 

design and construction of homes and offices [21], [22] 

demonstrating that the use of GP shipping containers may 

provide a valuable alternative as longer-term reusable emer-

gency relief housing units.  

 

Philosophy of Design  
 

The Department for International Development of the 

United Nations on its transitional settlement and 

reconstruction after natural disasters report [23] states that 

affected communities should not be displaced or ressetled 

unless it is absolutely essential in order to avoid risks from 

physiscal hazard since displacement is likely to exacerbate 

the impact a disaster has on their livelihood. Planned camps 

are places where disaster victims find accomodations on 

purpose-built sites and a full-service infrastructue is 

provided [23]. It is also reccommended that the size of the 

camps be manageable to facilitate assembly, placement and 

removal in stages or phases.  

 

The use of GP containers and the arragement of units into 

camps that can accommodate different size families is the 

objective of this project. Factors like strategic planning, 

selection of sites, camp management, versatility and options 

for phasing, development and expansion, water, power and 

health management were considered for the design and 

proposed layout. Particular attention was given to minimize 

the disruption of the livelihood of victims.  

 

The unibody construction and the size of the GP 

containers presents various challenges. The design must 

take into account that these structures may be used for 

reasonably long periods, depending on the required amount 

of reconstruction and the time and resources required to 

perform it. The idea of increasing to a maximum the ratio of 

occupancy per unit area cannot be taken lightly, even 

though it may result in a decrease in the costs. Similar 

consideration may be taken when addressing the amount of 

modifications to the initial structure. The importance of 

keeping families together, preventing social conflicts and 

the spreading of disease and crime control are of paramount 

importance and could results in a minimization of the need 

for constant monitoring by emergency personnel which 

could distract them from other important duties [23]. 

 

In this design, different size units are considered in order 

to accommodate different size families consisting of two to 

six people. Each unit incorporates a small kitchen, bathroom 

and common area. The use of public showers was discarded 

due to the presence of minors which would have created the 

need for close monitoring of these areas. Although the 

possibility of using two-story units was initially considered, 

this option was discarded due to several reasons: 1) the area 

required for the placement of stairs; 2) the decreased 

capacity due to alterations would require large 

reinforcements in lower-level units; 3) the need for larger 

equipment for the erection of the top units; and, 4) the 

preference for standarization of the type and size of the 

foundations. 

 

In general, the floor layouts were designed to simplify the 

fabrication and erection stages. The units were designed to 

be modular. The individual modules were designed to be 

put together in different arrangements or layouts and for 

interchangeability. A total of five different modules were 

designed and are presented here, combined in three different 

arrangements for single-family units (see Figure 4). 
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The layout of the camp shown in Figure 5 accommodates up 

to 264 people using a combination of twenty-four duplex 

units and twenty single units; this layout is flexible and can 

be modified on demand. The layout was kept to this 

occupancy—with the single family units arranged in a 

combination of single separated or duplex units—to 

optimize the area and to meet the capacity of the power, 

water supply and waste treatment systems. In extreme 

cases, however, occupancy could be increased to 392 

people—for example on the initial days after the disaster. 

The use of only duplex units without any need for 

modification of the standarized infrastructure is also 

possible. 

 

Researchers have investigated the structural integrity of 

shipping containers [12], [13]. Transmission of loads 

through the walls was considered when openings were 

created for windows and doors as well as openings 

Figure 4. Module Design with Single and Duplex Units Alternative of Combination—Top Views and Elevations 
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inbetween the containers for an open concept making the 

interiors feel less box-like and claustrophobic. Due to the 

size of the openings, and in order to keep the integrity of the 

structure, reinforcement was found to be required. The use 

of steel tubing was selected for this purpose (see Figures 6 

and 7).  

 

Foundations  

 

The floor of the containers is constructed of steel-beam 

boxes, C-channels or I beams, six inches deep, using corru-

gated metal and 1-1/8” thick plywood flooring [19]. The 

great majority of shipping container strength comes from 

their four corner posts, which transmit the loads from the 

corners to the support surface. These posts were kept intact 

to maintain the structural integrity of the container regard-

less of the desired configuration.  

 

The size and style of foundations used in the emergency 

relief units were selected to carry stresses to different types 

of soils. The four corners of each container are designed to 

carry the loads of the container and its cargo. The type of 

foundations chosen were spread footing style shallow 

foundations with piers set on top to keep foundation layout 

simple and reduce time and costs. This type of foundation 

Figure 5. Emergency Relief Camp Layout Proposal with Power/Water Supply and Waste Treatment Systems.  

Figure 6. Doors and Windows Openings Dimensions. 
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provides overall flexibility in different soil conditions, as 

well as ease of placement.  

Figure 7. Detail of Window Reinforcement. 
 

Soil-bearing capacity plays a vital roll in the design of the 

size and shape of the footings. Soil-bearing capacity can 

vary drastically from location to location. Given the 

unknown environmental conditions in which emergency 

relief units will be utilized, the worst possible soil 

conditions were used to design the footings; a soil-bearing 

capacity of two thousand pounds per square foot was used 

for the design.  

 

The possibilty of these foundations being needed in 

regions with frost lines was considered in the design. The 

foundations used in the emergency relief units were 

designed for a frost depth of 48 inches. The total finished 

height of the pier was set at six feet to allow for a distance 

of two feet between the ground and the bottom of the 

modules. Keeping the units off the ground would help in 

preventing pest and insect infiltration, and reduce corrosion 

and deterioration (see Figure 8). The use of precast concrete 

elements will drastically reduce erection time and reduce 

time of installation. The proposed style of precast pier can 

be seen in Figure 9.  

 

Module Connections 
 

The fastening of the modules to the top of the piers needs 

to be strong but removable. The current method of securing 

GP shipping containers, whether on a ship, rail car or truck, 

is by twistlock-type fasteners that lock into each of the four 

corner castings. These fasteners are manufactured in various 

configurations. Steel plates were designed to be inserted in 

the top of the piers to carry and transmit the applied stresses 

and to serve as flat support surfaces for the twistlock 

mounts (see Figure 8). Once in position, the twistlock 

fasteners are locked. This method not only meets the 

requirements of strength and serviciability but also the 

condition of being removable and reusable.  

Figure 8. Foundation Layout—Dimension and Details of Exte-
rior and Interior Foundations 
 

The modules will be fastened to each other near the ad-

joining roof lines’ removable connectors in the form of uni-

versal bridge clamp hooks with a maximum force capacity 

of twenty thousand pounds. This device eliminates the need 

for onsite welding to join the containers and reduces the 

time of assembly and removal. 

  
The openings that had been cut in the sidewalls will be 

sealed using inflatable seals with a capacity of creating 

20,000 pounds of force using air or water as an inflation 

medium. The seals are available in various shapes, sizes and 

materials (see Figure 10) [21]. Various options are also 

available to hold the seals in place such as an aluminum 

extrusion or retention clips. A non-reinforced DR4 foot base 

profile seal was selected for the sealing.  

 

The seals include mitered corners and inflation valves that 

are accessible from the interior of the module. This method 

of sealing the gaps between modules is air and watertight, 

removable and reusable. To decrease assembly time onsite, 
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these seals are attached to all openings of modules two and 

four, chosen because of their interchangeable nature with all 

units. To protect and hide the seals after inflation, a renewa-

ble composite lumber—comprised of 95% recycled and 

natural materials requiring no finishing and which are rot 

and split resistant—was selected. The composite lumber 

spans across adjoining modules to close the openings on the 

sides and the top while an epoxy-coated steel plate covers 

the bottom of the opening.  

 
Figure 9. Precast Concrete Piers [20] 
 

Figure 10. Dynamic Rubber, Inc. Foot Base Profile Seals [21] 
 

Interior Framing and Partitions  
 

The interior framing selected is non-carrying load used 

solely for running mechanical and electrical components as 

well as a fastening point for insulation and drywall. In order 

to frame the interior spaces, 2-1/2”, 20-gauge metal drywall 

studs separated 24 inches on-center were chosen due to their 

recyclable nature as well their reduced weight used with ½” 

thick drywall.  

 

Insulation 

  

Closed-cell polyurethane spray foam was selected as insu-

lation as it provides extra sealing to openings and a high R 

value (R15.75) in the limited 2-1/2” depth, almost 50% 

higher than fiberglass [22-24]. Closed-cell polyurethane 

insulation also provides several other benefits such as being 

waterproof, durable and renewable.  

 

Floor Covering  

 

In an unaltered state, a typical GP shipping-container 

floor is made of 4’x8’ 19-ply plywood, approximately 1-

1/8” thick, secured to the cross members using self-tapping 

screws (see Figure 11) [19]. To decrease fabrication time 

and cost of the emergency units, the plywood floors will be 

sealed and leveled first with a skim coating of thinset, and 

then painted with “green” polyurethane coating to complete-

ly seal them [25]. 

Figure 11. Typical Shipping Container Flooring [19] 
 

Site Infrastructure  

 

In situations where there is no water or power available, 

as is usually the case in disaster areas, these types of infra-

structure are necessary for the operation of society. Typical-

ly, infrastructure refers to roads, water supply, sewers and 
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electrical grids. The basic site layout shown in Figure 5 in-

dicates the proposed locations of the potable water and pow-

er generating systems, and the location of the waste treat-

ment system for the designed camp.  

 

Wastewater Treatment 
 

 Perhaps the most important piece of infrastructure in any 

disaster is waste treatment. Bacteria, viruses and parasites 

are types of pathogens that can be found in wastewater that 

are hazardous to humans. Bacteria are microscopic organ-

isms that are responsible for several wastewater diseases, 

including typhoid, paratyphoid, bacillary dysentery, gastro-

enteritis and cholera. Like bacteria, viruses are found on a 

microscopic level, but they are parasitic and can infect peo-

ple through wastewater. Well-known diseases such as Hepa-

titis A, polio and viral gastroenteritis can be contracted from 

viruses in wastewater [26]. 

 

The options for waste treatment for this type of camp are 

limited, considering the characteristics of the site and the 

conditions of the area. A septic field is an impractical option 

in this type of development since the size of the area re-

quired would be too large and the cost of installation and 

closing too high. The use of composting toilets could be 

selected as a solution for the few days right after the disaster 

strikes, but it can be sustained for longer periods.  

 

A mobile wastewater treatment system was the ideal sys-

tem for the emergency camp shown since it offers the ad-

vantages of being portable, modular and customizable for 

any required demand whether large or small. It was deter-

mined that a system with a capacity of 90,000 gallons per 

day works for the layout shown. This type of mobile 

wastewater treatment system was specifically designed for 

remote camps, disaster relief and temporary events [27]. 

The other major advantage of using the system is its low 

maintenance requirements. The system contains only a few 

pumps, filters and distribution mechanisms that must be 

maintained on a regular basis [27]. The treatment technolo-

gy referred to as AeroCell requires no chemical additions 

for proper operation, and no monitoring of controls testing 

of the AeroCell media has shown effective treatment to sec-

ondary and tertiary wastewater levels. Tertiary treatment 

levels are optimal because the water effluent can be released 

back into the most sensitive and fragile ecosystems.  

 

Potable Water  

 

Besides waste treatment, the second most important piece 

of infrastructure in a disaster is potable water. As previously 

mentioned, in wastewater, parasites can find their way into 

potable drinking water. Two of the typical types of parasites 

found in drinking water are protozoan and helminthes, 

which are more commonly referred to as parasitic worms. If 

ingested, these parasites can cause severe diarrhea and ill-

ness [26]. 

 

The selection of the potable water system could depend 

on the location and type of disaster. Several types of devices 

could be considered to meet specific demands. A container-

ized desalinization plant, which could take water from near-

by sources such as the sea, rivers or lakes and turn it into 

potable water, could be considered. This type of system 

could also meet the calculated demand of 15,477 gallons per 

day, but would be a secondary option in the emergency lay-

out if access by ground or air were not possible. Instead, a 

20,000-gallon hydro-pneumatic storage tank would be used 

with a containerized reverse-osmosis unit. By using a pres-

surized water storage tank, no onsite water towers would 

need to be erected. This system would also eliminate the 

need for pumps to feed the individual units as well as a wa-

ter tower. 

 

In order for this system to function properly, the potable 

water would have to be brought in by ground or air, which 

may cause problems, depending on terrain. The water would 

first be put into a holding tank that would then be piped to a 

containerized reverse-osmosis unit that would feed the hy-

dro-pneumatic tank. If water could not be brought to the site 

due to terrain restrictions, the containerized desalinization 

unit would take the place of the holding tank before the con-

tainerized reverse-osmosis unit.  

 

Power Generation  

 

Electricity is a key element in the layout of the emergency 

subdivision as well as the layout of each individual unit. 

Without electricity the wastewater and potable water sys-

tems would not be able to operate. Several forms of power 

generation such as wind and solar were researched for pos-

sible use in the emergency units, but due to the calculated 

600KW daily demand, they proved to be insufficient.  

 

A layout like the one shown in Figure 3 requires 900 kilo-

watts of power per day (including the standard 1.5 safety 

factor). A 900-kilowatt diesel generator pre-installed in a 40

-foot GP shipping container was selected. The generator 

would also require less specialized maintenance, and be 

easily transportable with the emergency units. The power 

would be distributed to the individual units through over-

head transmission lines similar to traditional homes. 
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Site Grading  

 

Grading the site properly as well as placing provisional 

roadways between the emergency relief units is the last ma-

jor piece of site infrastructure. Without proper grading, the 

site could experience water “pooling” which would be detri-

mental for sanitation. To promote proper runoff, the site will 

be graded at a minimum slope of 1% from the center out-

wards north and south to keep water runoff away from the 

emergency relief units as well as the waste treatment, pota-

ble water and power generation facilities. This also becomes 

a major design consideration if multiple sites are to  be 

placed next to one another. By having the runoffs going in 

only two directions, if multiple sites are placed next to each 

other, only the north and south sides would need a drainage 

ditch to transport the rainwater runoff away from the site(s), 

instead of on each of the four sides.  

  
The pathways between the units are to be compacted ½” 

stone or, if possible, a single layer of asphalt surfacing ma-

terial sloped at minimum 1%. The paths will be a minimum 

of twenty feet in width to promote efficient means of egress 

from the site, whether in a vehicle or on foot. By keeping 

the paths at a minimum of twenty feet in width, vehicles 

will be able to enter when the site is under construction; 

emergency vehicles will also be able to enter if needed dur-

ing the life of the emergency relief unit. 
 

Conclusions  
 

The design of emergency relief housing units using GP 

shipping containers represents a feasible solution for 

housing of victims of natural disasters. The solution 

presented here presents several advantages among which 

are: the versatility of the system to be arranged according to 

the needs of the disaster area; the modularity of the system 

which allows for modification of the units presented here; 

the ability to be built off-site; the ease of transportation to 

the required area; and, the ability to be reusable and/or 

resellable. 
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