A typological analysis of
temporary medical structures
before and during the Covid-19
pandemic.

How can design help us to deal with situations
of crisis and emergency?
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1 Introduction: What is a situation of
crisis and emergency? A historical con-
sideration of the typology of the tempo-
rary medical structure.

1.1 Implementation of temporary medical structures during Covid-19

In situations of crisis, regular hospitals often do not longer suffice the high demand
for medical care. In this case, temporary medical structures become indispensable.
The Covid-19 pandemic has shown how quickly a situation can get out of hand for
the health sector, even in countries with a supposedly stable health system. The
rapid evolution from a local epidemic in China to a global pandemic in the course of
March 2020 suddenly brought alarming problems such as the shortage of intensive
care beds and pushed healthcare systems worldwide to their limits. Additionally,
the safe interaction between staff and patients was often not possible anymore in
existing structures due to the high risk of infection. The nature of the virus brought
architectural challenges like the spatial re-organization of health institutions for high
occupancy levels, the issue of infection control, the integration of new technologies,
and the flexible and sustainable use of space to the forefront. As a result, designers
were urged to think of effort-, material- and cost-efficient structures that could be
built in a very short amount of time. This resulted in innovative solutions, from which
we can learn for future situations of crisis and emergency.

1.2 Scientific approach

The aim of my thesis is to create a “catalogue” of design strategies within the
typology of the temporary medical structure that can be applied to future projects
during the Covid-19 pandemic but also be transferred to different scenarios in which
requirements overlap. Therefore, example projects will be embedded into their
context and examined by means of certain parameters. These parameters revolve
around the topics of hygiene, psychological aspects, program, technology, and the
architectural context. In this way, the reader should be given an overview of how
recurring or specific issues have been addressed in the case studies. The investiga-
tion in this thesis will be based on publications, articles, statements, and interviews
with health professionals. Since the Covid-19 crisis is still ongoing, there are not yet
many historical publications that engage with projects that were realized during the
crisis in detail. This is why the thesis builds upon the academic context of historical
publications which deal with medical crisis situations from the recent past. However,
there is a large body of articles and guidelines referring to the Covid-19 crisis that
provide information about current projects and show important factors to consider
while designing temporary medical structures. The “Guidelines for Covid-19 Qua-
rantine and Treatment Centers in the Ethiopian Context. Spatial and Engineering
Requirements of the Physical Structure.”, produced by the Association of Ethiopian
Architects (AEA) and published by the International Union of Architects (UIA), offers
a clear summary of more fundamental publications like the WHO's standard for Se-
vere Acute Respiratory Infection (SARI) Treatment Facility Design and narrows down
the scope to the requirements for treatment facilities in relation to Covid-19. Further-
more, it textually and graphically presents design approaches that show how these
requirements can be dealt with. This is why the publication will form the basis for the
analysis of the example projects in my thesis.

1.3 Analytical approach

In order to frame the typology of the temporary medical structure and to examine the
ways in which it is commonly implemented in disaster response, three designs for
different emergency situations before the Covid-19 crisis are compared and com-
mon solutions for the most obvious design challenges are highlighted. In addition, |
will explore what leads to the emergence of temporary medical structures. Thereaf-
ter follows an assessment of the specific arising challenges created by the ongoing
Covid-19 pandemic that are posed to health-related architecture. Then a number of
example projects of temporary medical structures that were built in direct response
to the ongoing Covid-19 pandemic are analyzed and compared. In doing so, their
different reactions to the consensus of the emerging challenges are highlighted.

In order to make the example projects comparable for my conclusion, | structured
their analysis with the above-mentioned parameters. | decided to show very distinct
design approaches, to capture a wide range of possibilities of tackling a certain
problem. In this way, the thesis should serve as a source of inspiration for architects
and whom it may concern in the medical field.

1.4 Implementation of temporary medical structures in disaster response

Sudden emergency situations can occur in the form of epidemics, pandemics, wars,
large refugee movements, or natural disasters such as storms, earthquakes, tsuna-
mis, or wildfires. Since some of these emergency situations have a similar kind of
medical demand, they can be categorized into three main groups: illness-related
crises, situations of danger and displacement, and natural disasters. To explore

the requirements each of those situations imposes on the medical sector, specific
examples of situations from the recent past in which temporary medical structures
played an important role will be presented and analyzed. For each of those three
situations, | will show a design of a temporary medical structure and discuss why
there was a need for a temporary solution and what effects the specific situation had
on the design. The chapters also aim to illustrate how crisis situations occur and
what leads to them.
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Fig.1 Medical assistants ac-
company an infected woman
in Monrovia. | © AFP, https://
ichef.bbci.co.uk/news/976/
media/images/75589000/
jpg/_75589471_afp.jpg

2 lliness related crisis — West African
EVD epidemic 2014

2.1 The Ebola Virus Disease and its development into an epidemic

In March 2014, Guineas Ministry of Health reported an alert of an unidentified illness
in its capital Conakry, which was shortly after confirmed as an Ebola Virus Disease
(EVD). Due to the insufficient preparedness, EVD soon spread to the bordering count-
ries Liberia and Sierra Leone and took hold in densely populated urban areas that
facilitated its transmission. The epidemic was declared a Public Health Emergency of
International Concern (PHEIC) by the WHO in August 2014. Soon after, the disease
spread to several other African countries, Europe, and the U.S. The 2014 West Afri-
can EVD epidemic was the most devastating since the discovery of the Ebola Virus
Disease in 1976, claiming more lives than all previous outbreaks together.

In dependence of the availability and quality of medical care and the species of the
virus, case-fatality rates in past EDV outbreaks have varied between 25% to 90%,
with an average of 50%. Thereby it becomes apparent that the Ebola virus is trans-
mitted differently and is more lethal than the SARS-CoV-2 virus.

The disease is transmitted from wild animals to humans and between humans
through blood, secretions, organs, or other bodily fluids. The human-to-human trans-
mission mainly takes place via direct contact or through contaminated surfaces and
materials. Beliefs that are conflicting with contemporary medicine, burial practices
that involve touching the deceased, and the long incubation period of up to 21 days,
have made it difficult to contain the spread of the virus. (WHO, 2014)

2.2 The Chinese Ebola Treatment Center in Monrovia

Liberia’s capital Monrovia was one of the hardest-hit regions and therefore received
aid from international organizations, governments, and UN agencies. This invol-
ved the transformation of the existing Monrovia “Island Clinic” into an Ebola Clinic
through the WHO, the setting up of eight Ebola Treatment Units (ETU’s) and several
field hospitals through USAID and the US military, a tent hospital by MSF, and an
Ebola Treatment Center (ETC) by the Chinese military.

Since the end of the Second Liberian Civil War in 2003, neutral China had been a
peacekeeper and trading partner of Liberia and many Chinese firms won contracts
for post-war reconstruction projects in the country. (Paye-Layleh, J. & Roy-Macau-

lay, C., 2014) According to the Chinese government, by December 2014, 122 million

US$ and around 500 Chinese medical professionals were sent to Ebola-hit countries
in West Africa, including Liberia. (Chinese Government, 2014) The Chinese Ebola
Treatment Center (ETC), established on the parking lot of the SKD Stadium in Mon-
rovia, was opened on the 25th of November 2014. The 5000m? structure was built
within 28 days from prefabricated boards and the functional parts of the ETC inclu-
ded 16 buildings. Inpatient wards were constructed based on a hospital built and
developed in Beijing, China during the Severe Acute Respiratory Syndrome (SARS)
outbreak in 2003. The E-shaped main building included a division in “clear”, “po-
tentially contaminated” and “contaminated” areas that forced staff to move through
the structure in a one-way direction and to use the buffer zones for changing their
personal protective equipment (PPE). In this way, fresh equipment could be trans-
ported through the clean pathway, and used equipment or waste could be safely
transported out of the building through the contaminated pathway. This division took
its inspiration from the simple tent-type structures set up in Monrovia earlier by MSF.

Fig.2-5 The Chinese Ebola
Treatment Center on the 25th
of November 2014. Liberi-
an President Ellen Johnson
Sirleaf attended the opening
ceremony. | © Xinhua,
http://english.www.gov.
cn/news/international_ex-
changes/2014/11/26/con-
tent_281475015514550.html
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Fig.1 Layout and zoning of
the Chinese Ebola Treatment
Center (B) compared with
the layout and zoning of the
simple tent-type structures in
Monrovia such as the ones
used by MSF (A). | © You &
Mao, 2014

hot area

However, the comparably solid construction method that was used in the Chinese
ETC had the advantage of being more resistant to harsh weather conditions such as
direct sunlight or rain. A central monitoring system via video cameras and an inter-
com was used to communicate with patients and to give advice to healthcare wor-
kers, especially during the critical moment of taking off their protective gear in the
buffer zones. The wards were equipped with in-room ultraviolet disinfection lamps
and a bedside alert system that should reduce the anxiety of patients.

According to a report, an additional ventilation system had to be retrofitted because
the chloride emissions from disinfectants irritated the eye and nasal mucosa of he-
althcare workers. This and the remarkably higher costs for the Chinese ETC can be
seen as clear disadvantages in comparison to the open tent-like structures of MSF
and USAID. (You & Mao, 2014)

There have been no large-scale violent clashes in Liberia since the signing of the
final peace agreement in 2003. As a result, the safety precautions for the operation
of hospitals were largely related to hygiene measures such as protective clothing,
spatial separation of infected patients, and keeping the environment clean. (Herbert,
2014) The following example is intended to illustrate the difficulties involved in set-
ting up hospitals in a war situation and how this affects the architecture of temporary
medical structures.
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3 Situation of danger and displacement
— Internally displaced people as a con-
sequence of the South Sudan civil war

3.1 Historical background of the South Sudan civil war from 2013-2018

The East African country of South Sudan achieved its independence in 2011 after
two brutal civil wars and decades of conflict between the north and the south, ma-
king it the youngest country in the world. A complex civil war between government
forces and rebels erupted in December 2013, when President Salva Kiir Mayardit,
an ethnic Dinca, accused the former vice president and opposition leader Riek
Machar, an ethnic Nuer, of a coup attempt. (Abdallah, 2018) The control over ol
fields in the states of Unity and Upper Nile played just as big of a role in the war as
centuries of clashes between the Dinka and Nuer ethnic groups. (Titz, 2019) The
escalation of these tribal conflicts led to targeted attacks on villages and mass Kkil-
lings of civilians by both parties which brought the country to the brink of genocide.
Over the course of 2014, more than 1.3 million citizens had to flee their homes and
by 2017, almost 2 million people were internally displaced and living in camps in
their own country. (United Nations, 2016)

3.2 MSF tent hospitals in South Sudan‘s POC sites
Médecins Sans Frontieres had already been in South Sudan for more than 30 years
to provide medical care to remote regions and to maintain training hospitals for the

education and training of local doctors. When war broke out in late 2013, one of the
services provided was the emergency treatment of victims of violence.

* please contact d.n.m.grunewald@student.tudelft.nl for further information *

Fig.7
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Fig.8-10 Two different types
of medical wards: Timber
frame with corrugated sheet
metal cladding (Fig.8) and
aluminum frame with a skin
from white fabric (Fig.9,10). |
© Dr. Muhl-Benninghaus

Fig. 11 MSF doctors in front
of a surgery tent in South
Sudan. | © Dr. Muhl-Ben-

ninghaus
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Fig.8

For this reason, several of the facilities were attacked in early 2014, including one of
the oldest and strategically most important facilities in Leer. (MSF, 2014) From then
on, MSF was active in the protection zones of the United Nations Mission in South
Sudan (UNMISS), offering medical assistance to Internally Displaced People (IDP).
These Protection of Civilians (POC) sites, although secured by UN soldiers, have
been the target of attacks on several occasions. Therefore, the MSF tent hospitals
include bunkers in addition to medical wards, infirmaries, surgical tents, a variety of
treatment rooms, pharmaceutical and material storage, and staff housing.

The tent-type buildings used by MSF consist of a structural frame from either wood
or metal which is covered in a skin from textile or plastic. The construction of those
structures is executed by all-round logisticians who often have a background in the
construction industry and work together with the local communities. (MSF, 2016)
When materials cannot be sourced locally, MSF’s logistics and supply departments
organize their delivery. This can take up to several weeks in a non-emergency
situation, while in emergency response, supply centers are able to deliver ready-to-
use kits to the field within 48 hours. These kits can contain everything from surgical
equipment to entire field hospitals. (MSF, 2016) According to MSF logistician Raque
Kunz, who was working for MSF in Agok, materials for a 6-month period should be
gathered on-site before the onset of the rainy season, as roads become hardly pas-
sable by then. (MSF, 2016) Since South Sudan can expect half a year of intense heat
and half a year of intense rain, the structures must be able to withstand these ext-
reme weather conditions, which is another major challenge in addition to the fragile
security situation. In order to achieve a constant temperature, especially pharmaceu-
tical storage facilities must have strong insulation in the roof, but also in the walls.

Fig.9

* please contact d.n.m.grunewald@student.tudelft.nl for further information *
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The insulation of the structures includes a multilayer, heavy, and reflective white ou-
ter skin made of textile or plastic. On top of this, reflective foils are applied or black
cloths are placed at a certain distance to the roof to reinforce the natural cooling of
the primary outer skin by back ventilation. Alternatively, hanging cloths can be used
underneath the roof to provide a second shield for the intruding heat. (Willemsen,
2016) The bunkers consist of a somewhat more solid framework and are protected
from gunfire and small detonations by heavy volumes, mainly sandbags, in the walls
and ceilings. The electricity for lighting, air conditioning, and instruments is genera-
ted either by solar fields, fuel-driven generators, or both. MSF logisticians and local
maintenance crews ensure the operability of these devices through daily checks.
According to MSF surgeon Dr. Muhl-Benninghaus, air conditioning in surgical tents
might be a pleasant feature for all involved but it is not mandatory to incorporate

in field hospitals. Contrarily, every surgeon is obligated to have a headlamp within
reach in case of a power failure.

Fig.12 Fig.13

* please contact d.n.m.grunewald@student.tudelft.nl for further information *

Fig.14 Fig.15
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3.3 The MSF mass casualty plan

In the event of a mass casualty incident, the number of seriously injured patients
can exceed the current capacity of the hospital. In this case, a mass casualty plan
is immediately put into effect and sirens inform the hospital staff about the situation.
Hereafter, the hospital is cleared of patients who are well enough to leave and all
entrances except one are closed. The main entrance now serves as a filter where
only one other person per patient is allowed to enter. The staff frequently trains the
scenario and is assigned positions they take when the plan comes into effect. The
hospital building is now divided into 4 zones: green, yellow, red, and black. In order
to save as many lives as possible, a doctor has to perform triage, which means that
those colors are assigned to each casualty. Since this has to happen quickly, the
decision is based on simple criteria that evaluate the patient's condition. Thereafter,
the casualties are dispatched to the 4 zones in the building. The green zone is me-
ant for patients whose treatment can wait, the yellow zone acts as a buffer zone, and
the red zone is for patients who must receive priority treatment. If it is decided that

a patient's life cannot be saved with the available resources, they receive palliative
Fig.16 Zoning of an MSF care in the black zone. (MSF-USA, 2017) Mass casualty plans usually come to use in
hospital during an activated crisis situations such as wars, natural disasters, and infectious diseases. However,
Mass Casualty Plan. the WHO has issued templates for mass casualty plans and most hospitals worldwi-
de have them incorporated into their program. (WHO & CBS&EI, N/A)
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4 Natural disaster - The 2010 Haiti
Earthquake

4.1 Social issues in Haiti and the impact of the 2010 earthquake

The island of Hispaniola was the victim of a devastating earthquake with a magnitu-
de of 7.0 on the Richter Scale on January 12, 2010. Its epicenter was located in the
town of Léogane, 25 kilometers from Haiti‘s capital Port-au-Prince, and the primary
quake lasted less than 30 seconds. According to various sources, between 220.000
and 300.000 people died as a result of the quake and its aftermath in Haiti. (MSF,
2020) USAID estimated the number of displaced people at 1.5 million one year after
the disaster. Although the Dominican Republic was as well affected by the quake,
the impact on Haiti was much greater due to its fragile economic and political situ-
ation, leading the country into a humanitarian crisis. As a result of the widespread
destruction of infrastructure, large parts of the country were still in ruins months after
the quake. In addition, the lack of hygiene in refugee camps led to a cholera ende-
mic that killed 10.000 and lasted into 2019. (Mitchell, 2021)

The main reasons for the unequal impact of the earthquake on Haiti and the Do-
minican Republic were poor political relations and a resulting economic inequality
between the countries. This can be traced directly to the colonial past and to a
complex history of oppression through state debt and institutional racism. Although
the Dominican Republic was one of the countries to send the largest contingents

of disaster relief in the immediate aftermath of the 2010 quake, racism and ethnic
violence against Haitians was fueled when many fled their country for better living
conditions in the D.R.

* please contact d.n.m.grunewald@student.tudelft.nl for further information *

Fig.17
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Fig.18 IFRC ERU deploy-
ments worldwide from 1996
- 2011 | © IFRC, https://www.

ifrc.org/Global/Statistics/
Disasters/ERU-deployments-

map.pdf
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This led to the deportation of Haitians and the revocation of citizenship for Domini-
cans with Haitian roots who were born on Dominican soil after 1929. This political de-
cision rendered 210.000 people stateless refugees, most of whom had lived normal
lives in the Dominican Republic for generations.

4.2 Implementation of the Rapid Deployment Emergency Hospital by the IFRC

In response to the 2010 earthquake, national governments and NGOs undertook
massive disaster relief efforts in the form of funding, the dispatch of humanitarian
supplies, and the deployment of rescue workers, technicians for reconstruction,
security personnel, and medical staff. (The Guardian, 2014) According to MSF, 60%
of Haiti‘s already fragile health system was destroyed through the earthquake, and
10% of the medical staff were killed or left the country. (MSF, 2020) This meant that
international aid was required to set up temporary medical facilities to support the
remaining infrastructure and to cope with the enormous amount of patients.

Besides MSF, who already were in the country and started patient treatment minutes
after the quake, the International Federation of Red Cross and Red Crescent Socie-
ties (IFRC) was one of the first international organizations to respond. Latter mobili-
zed their largest single-country emergency response operation to date.

The global emergency response standby tools of the IFRC consist of Emergency
Response Units (ERU's) which include specially trained IFRC staff and standardized,
pre-positioned equipment that can be deployed to anywhere in the world in a matter
of 24-72 hours. The unit that was mainly used in the Haiti earthquake response was

the Rapid Deployment Emergency Hospital (RDEH), which is one of two health ERU
types.
International Federation of Red Cross and Red Crescent Socielies -
Fédération internationale des Sociéiés de la Craix-Rouge et du Croissani-Rouge ERU deployments 1 998 201 1
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The standard version of the RDEH ERU consists of a tent structure with 20 beds that
forms a medical and surgical facility. It is equipped with water purificators, sanitation
and telecommunication systems, and generators that provide the hospital with elec-
tricity for lighting and electronic devices. Furthermore, it is delivered with vehicles
and a base camp for the 12-14 specially trained personnel. By the end of January
2010, there were 20 ERU's deployed by the IFRC in Haiti. One of the RDEH ERU's
was set up at the main university hospital in Port-au-Prince and later relocated to

the southwest of Haiti. This particular RDEH was flown in from Oslo, Norway, and re-
ceived the first patients on the 16th of January, 4 days after the primary earthquake
happened. The expanded staff of 30 consisted of two surgical teams, one outpatient
team, a midwife, nurses, technicians, administrators, community health specialists,
psychosocial support specialists, and paramedics. The team arrived between the
15th and 19th of January. The IFRC Field Assessment Coordination Team (FACT)
and an advance team of two arrived 24 hours prior to the ERU to identify the site and
to evaluate the situation. Due to the lack of availability, the ERU could not be loaded
to the llyushin 76 cargo plane, for which it was designed, but had to be split up to
two smaller Antonovs and a Boeing 747. The specific Antonov cargo planes are self-
offloading aircraft, which gives them an advantage in emergency situations, where
off-loading equipment is often not available on site. In this way, they were able to
land directly in Port-au-Prince, while the Boeing 747 landed in Santa Domingo, from
where the equipment was trucked to its destination. During the four weeks in which
the RDEH ERU was stationed at the university hospital, the outpatient department re-
ceived an average of 70-80 patients per day, 300 surgeries were performed and the
existing hospital received support in the form of advice and materials by the ex-pats.
(Elsharkawi, Jaeger, Christensen, Rose, Giroux & Ystgaard, 2010)
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Fig.19 Systemic plan of one
of the ERU's which were used
in Haiti.]| © John Alexander,
https://docuri.com/queue/
momtaz-red-cross_59
c1e515f581710b286b88df_
pdf?queue_id=5f2e5dda-
560e9cbc758b458a

admin tent

~ . .kitchen

warehouse
~_— “(temporary)

warehouse

overnight
- staff tent

.morgue

-~ chlorination
(clean)

15



16

5 Implementation of temporary medical
structures in past crisis situations

From the previous case studies, it became clear that temporary medical structures
are usually implemented when the capacity of a regional health care system reaches
its limits due to an unforeseen change in the situation, and when a permanent solu-
tion to the underlying problem appears to be too expensive, protracted or unfeasible.
The reasons for this can be a lack of national economic power, political instability, or
the extensive destruction of infrastructure. Aid then usually comes from governments
of richer countries that maintain political relations with the affected countries, or from
international NGOs with a humanitarian approach. For these kinds of crisis situations,
flexible plans are put into place, which are capable of providing medical aid to a large
number of people and of covering a wide range of scenarios. Professional personnel,
pre-packed materials, and the necessary logistics are constantly kept on standby, and
procedures are rehearsed to facilitate an intervention on a regional level in the event of
a crisis. Usually, the types of temporary medical structures which are implemented in
crisis situations can range from simple tent structures, partly built with regional mate-
rials and flown-in building system kits to individualized structures from prefabricated
elements. The choice about the type of structure always depends on the timeframe of
the mission, climate and terrain, availability of materials, political stability, and internal
security of a region.

In the case of the EVD epidemic in Liberia, aid organizations were dealing with a
situation that, albeit being tragic, took place in a peaceful environment with a functio-
ning infrastructure. This meant that even more complex projects with larger building
components could be transported to the site without having to fear the loss of building

parts through attacks. This reduced the risk of delayed finalization of the building or the
cancelation of the entire project. Although EVD case numbers started to diminish short-

ly after the arrival of the organizations, it was initially expected that the battle with the
illness required a long-term solution. In this way, the decision for a pre-tested full-scale

hospital using pre-fabricated components that were flown in from abroad presented the

fastest way of providing quality medical care to a large number of patients.

In contrast to the EVD epidemic in Liberia, providing aid in the UN POC sites during
the South Sudan civil war from 2013-2018, presented a chaotic situation that requi-
red simple solutions. With basically no infrastructure and extreme levels of violence,
reaching the UN-protected camps with all materials intact, was crucial for the success
of the mission. A hybrid tent-type solution from different frame and cladding materials

that could be sourced either locally, or be delivered as ready-to-use kits, presented the

best way of dealing with this issue. By not relying on a sophisticated and complex buil-
ding system, enough flexibility was gained to adapt to numerous scenarios. Through
the separation of the functions - such as patient wards, surgery, or bunker - to different
tents, it became possible to expand on certain functions over time, or to reduce others,
simply by adding or subtracting tents.

This flexible logic of functional division is also included in the RDEH ERU's that came
to use in the aftermath of the 2010 Haiti earthquake. The main difference between
providing aid to the internally displaced people in South Sudan‘s POC sites and the
treatment of victims of a natural disaster, like the Haiti earthquake, are the intensified
requirements towards time management. While in war zones punctual mass casualty
incidents can lead to a high amount of severe injuries, many of them gunshot wounds
that require specially trained surgeons, an earthquake produces an unexpected mass
casualty incident that can affect large parts of the population of an area. Therefore, in
such situations, action must be taken extremely quick in order to be able to help the
wounded survivors. This demands a compact and pre-packed building system with
medical staff and vehicles on standby, through which the arrival of all components

to the site can be ensured despite the destruction of infrastructure. The RDEH ERU

presents an elaborated solution, that can be deployed to any part of the world within
a matter of days.

6 Design challenges created by the
Covid-19 crisis

On January 30, 2020, the WHO classified the spread of Covid-19 as a ,Public Health
Emergency of International Concern.” The initially location-bound spread subse-
quently developed into a conflagration, which was declared a pandemic by the 11th
of March. Healthcare systems worldwide have been pushed beyond capacity by
the ever-growing number of COVID-19 patients ever since, and the need for hospital
beds, ventilators, PPE, Intensive Care Units (ICUs) and isolation rooms vastly outs-
tripped the available supplies in many places. The Covid 19 pandemic represented
a novel crisis situation that the world had never seen before on this scale. The main
challenge was, and still is, to deal with a highly contagious virus that can be hardly
brought under control due to a globalized world.

As case numbers continued to rise in the first months of 2020, governments were
doing their best to contain the virus by enforcing “lockdowns* and curfews. In many
countries, this resulted in the succumbing of large parts of public life. In desperate
attempts to save the national economies from being ruined, many countries loose-
ned measures, which resulted in a stagnation of case numbers and the recurrence
of “waves". For hospitals, this meant that they always had to calculate with an unex-
pected rise of case numbers, resulting in a scarcity of isolation wards, respiratory
equipment, and intensive care beds.

To increase the capacity and spatial efficiency, the layout of many existing hospitals
was re-arranged to create safe environments for the interaction between healthcare
workers and patients. This required a spatial division and zoning that guaranteed a
low risk of cross-contamination. Especially patients without symptoms, who came to
the hospitals for other reasons, had to be prevented from catching and spreading
the virus. Besides spatial delimination, solutions were found in the implementation

of materials with cleanable surface properties, biocontainment ventilation systems
that met infection control requirements, and loT-ready solutions that facilitated the
monitoring and management of large amounts of patients. The isolation of patients
in critical condition also raised questions about what architecture could do to ensure
their mental health besides the physical health, and how family members could still
make visits.

These new aspirations which were posed to hospital architecture, some of which are
only valid for the duration of the pandemic, could not always be incorporated within
the boundaries of the existing hospital infrastructure, and therefore often required
elaborated supportive temporary structures. In searching for these medium-term
solutions, innovative architectural works have emerged within the typology of tem-
porary medical structures, which can be classified into four categories: Lightweight
construction, container architecture, pneumatic architecture, and the adaptation

of existing structures. While the lightweight construction method is quick to erect,
mobile, and cost-effective, containers can be well insulated, selectively ventilated to
meet biocontainment requirements, and are able to withstand harsh weather conditi-
ons. Pneumatic architecture is quick to set up and highly portable, while adaptation
of existing structure presents a good interim solution for unused spaces that can
generate large-scale hospitals with minimal effort. The following chapters will ad-
dress at least one representative project from each of these categories, and discuss
the advantages and disadvantages, as well as how we can learn from the concepts
for future crisis situations.
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Fig.20-23 The three types of
mobile JUPE Health Units:
Jupe Care (Fig.20), Jupe
Rest (Fig.21), and the mobile
Intensive Care Unit (ICU)
Jupe Plus (Fig.22). Jupe Care
and Plus units are also availa-
ble with a wooden hard shell
(Fig.23). | © JUPE, https://
www.archdaily.com/936378/
jupe-health-designs-mobile-
units-to-address-hospital-
bed-shortage-from-covid-19

Fig.20

Fig.22
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7 Lightweight construction
Series of mobile health units - JUPE Health

The U.S. was one of the countries that were most affected by the pandemic. As of

the mid of April 2020, the number of Covid-related deaths peaked with a mediocre
value of more than 2000 new deaths per day and the U.S. became the country with
the most reported corona deaths worldwide before Italy and Spain. (Shumaker, 2021)
This development was driven by inconsequent countermeasures against the spread

of the virus sides the Trump administration. Federal leadership of the country failed,
and most decisions about the handling of the situation were conceded to the individual
states, which led to inconsistent regulations. The social-distancing measures were only
slowly introduced to the population, tests were delayed and the wearing of masks was
only advised and not made mandatory. (Paz, 2021)

Hospitals were clearly not prepared for this new type of situation and soon faced shor-
tages of PPE, respiratory equipment, and personnel, alongside massive over-occupati-
on. For this reason, temporary medical structures started to pop up across the country
with the U.S. military, national guard, and civilian companies involved in their construc-
tion. Large indoor event spaces such as stadiums and fairgrounds were repurposed,
and outdoor spaces such as parks and parking lots were covered with tent structu-
res. (Singelis, 2021) Even though proven mobile hospital solutions and care tents by
healthcare and military organizations were used as much as possible, large parts of
the structures were rather provisional and set up by companies that had little to no
experience in the health sector. (Brown, 2021) Due to the fact that many of the existing
solutions were transported in shipping containers and were not exactly designed to be
very efficient in quantitative terms, the U.S. start-up Jupe Inc. came up with

Fig.21

Fig.23
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a solution, that was tailored to the specific situation and could be easily and cost-ef-
ficiently produced. The company which previously developed affordable tent-type
housing solutions, teamed up with a multidisciplinary team of experts to create a
set of affordable and highly deployable mobile units that were based on a housing
concept they had developed for displaced people. The team surrounding the com-
pany's co-founders Jeff Wilson and Cameron Blizzard consisted of Chief Medical
Advisor Dr. Esther Choo, Chief Humanitarian Advisor Cameron Sinclair, along with
former employees of Space-X and Tesla, and multiple medical experts who were
experienced in crisis situations. (Price, 2021) The manufacturing techniques of the
units were inspired by common practices from the automotive, space, and software
industries. The flat-packed health units were developed, so 24 of them could fit in a
40-foot shipping container or onto a standardized “40-foot flatbed” trailer pulled by
a pick-up truck. In theory, 500.000 units could therefore fit on a single cargo ship.
This allowed for highly efficient transport of the units to rural as well as urban areas
across America. While the main production site is still located in the El Paso region
at the moment, the company is striving for partnerships with both national and inter-
national manufacturers. (Gibson, 2021)

In order to be able to cover a wide range of requirements posed by the pandemic,
three standalone units were developed: JUPE Rest, JUPE Care, and JUPE Plus.
Medical professionals who are exposed to the virus in their work, have widely stated
that they are afraid to travel back home to their families in between shifts because
they do not want to take the risk of a spread. With overcrowded hospitals and a
general lack of space, this raised the question of where they could recover.

JUPE Rest was developed to serve as a sleeping unit and “micro self-isolation
room” for this purpose. Included are either two single beds, or one “queen size”
bed, storage spaces, waste containers, and batteries for temporary off-grid use. Wi-
Fi and climate control are offered as optional features. It became clear very soon,
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Fig.24-26 24 Jupe Health
units fit into one standardized
40-foot shipping container
(Fig.24).The Units are flat-pa-
cked (Fig.25) and therefore
highly deployable. Moreover,
they are very easy to assem-
be (Fig.26).. © JUPE, https://
www.archdaily.com/936378/
jupe-health-designs-mobile-
units-to-address-hospital-
bed-shortage-from-covid-19
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Fig.27 Technical infrastruc-
ture of the standalone ICU
JUPE Plus | © JUPE, https://
www.archdaily.com/936378/
jupe-health-designs-mobile-
units-to-address-hospital-
bed-shortage-from-covid-19

+ Wi-Fi and climate controlare
offered as optional features and
allow for well ventilated and loT-
ready spaces.

+ Batteries for temporary off-grid

use are included.

+ The unit includes noise
reducing technologies.

+ JUPE Plus is delivered with
PPE and an individual wet cell
with sanitary installations.

Fig.27
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that the course of the illness could vary in severeness from person to person. Also,
different states of the illness require different levels of care and the spatial separation
of infected persons is crucial in the limitation of a further spread. JUPE Care provi-
des a unit for Covid-19 patients who are non-critical, to quarantine and recover. It
includes all features of the JUPE Rest unit in addition to a full bathroom and kitchen.
(Berting, 2021) The most elaborated of the units is JUPE Plus, a stand-alone isolation
and intensive care unit (ICU) for Covid-19 patients who are in need of critical care.
(Guimapang, 2021) This unit was designed to directly relieve hospitals, predominant-
ly in North America’s rural regions. The compact package includes everything from

a bed to respiratory and monitoring equipment, a wet cell, and PPE for healthcare
workers. It is highly deployable, relatively affordable, and capable of forming a micro-
network that takes into account air monitoring, climate control, and noise-reducing
technologies. JUPE Care and Plus units are both available with a soft fabric outer skin
and a wooden hard shell, which are modular, interchangeable upon need and both fit
into the flat-packed chassis format for transportation. (De51gn, 2021)

+ Manufacturing techniques

for the units were inspired by
common practices from the
automotive, space and software
industries.

+ The availability of a soft and
hard shell allow the use of the
same shape in different climate
scenarios.

+ Inside the ICU, respiratory and
monitoring equipment can be
found.
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8 Container architecture
8.1 CURA Pods - Carlo Ratti Associati (CRA)

Italy was the first western country to be affected by the worldwide spread of the
SARS-Cov-2 Virus originating from China’s Wuhan region. In mid-April of 2020,

Italy developed towards being the hardest hit country by the pandemic in Europe.
Despite the nationwide quarantine that was enforced on the 9th of March, 205.463
infections were recorded between the 24th of February and the 30th of April, from
which many cases developed the Severe Acute Respiratory Syndrome and 27.967
died. The majority of cases were concentrated in the northern regions of Lombardy,
Emilia-Romagna, Veneto, and Piedmont. One major reason for the high death toll
was the shortage of ICU space in hospitals. (Mirella Aliberti, De Caro, Boccia and
Capunzo, 2021) As a response to the issue, Italian architecture firm Carlo Ratti As-
sociati teamed up with an international task force to design a module that could add
a fully functioning and mobile ICU to temporary and permanent hospitals. The outer
shell of CURA (Connected Units for Respiratory Ailments) is based on a repurposed
and modified, 20-foot shipping container.

The prior response to the shortage of treatment spaces in Italy was the setting up of
either tent hospitals or prefabricated wards with biocontainment systems. While tents
pose a higher risk of contamination and limit the possibilities of treatment, prefabri-
cated wards are resource-, cost- and time-intensive. In this sense, the idea of modi-
fying a shipping container as ICU incorporates “the best of both worlds*.

L 1
MR

Fig.28 lllustration of one pos-
sible composition of CURA
Intensive Care Pods from the
human perspective.| © CRA

Fig.29 A CURA Intensive
Care Pod installed in a hospi-
tal in Turin, Italy.| © CRA

Fig.30 lllustration of one pos-
sible composition of CURA
Intensive Care Pods from
above.| © CRA

Fig.31 lllustration of the inter-
ior of a CURA Intensive Care
Pod.| © CRA, https://www.
globalconstructionreview.
com/news/carlo-ratti-and-ja-
cobs-team-design-shipping-
contai/
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Fig.32 Technical infrastruc-
ture of the CURA Intensive
Care Pod | © CRA, https://
www.archdaily.com/936247/
carlo-ratti-converts-shipping-
containers-into-intensive-ca-
re-pods-for-the-covid-19-pan-
demic

Fig.32
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CURA can be set up in a very short amount of time with little effort. Through the use of
an extractor, negative interior pressure for biocontainment is generated, which makes
it comply with the standards of Airborne Infection Isolation Rooms (AlIR’s) and there-
fore creates an environment that has the same safety properties as a hospital isolation
ward. Two glass windows implemented in the long sides of the containers are meant
for doctors to always get a sense of the status of patients. It also allows friends and
family of patients to get as close as possible to their beloved ones, without risking an
infection. The pods work autonomously and can be promptly shipped to any location
around the world. Each of the intensive care pods is delivered with medical equip-
ment for two ICU patients, including ventilators, monitors, intravenous fluid stands, and
syringe drivers. The individual modules can be interconnected by inflatable structures
and are capable of forming either an extension of the existing structure or an entirely
self-sufficient field hospital. The project was designed in a matter of four weeks and
configured as an open-source project, which means that everyone can download de-
tailed technical specifications, reproduce the concept, and even take part in its further
development via the website https://curapods.org/open-source-files. (De51gn, 2021)
On the 6th of April 2020, the construction of an 8900 m? field hospital with 92 beds
started on the soil of the former industrial complex Officine Grandi Riparazioni (OGR)
in Turin. Here, the first CURA Pods were installed. The construction was managed by
the ltalian Air Force and Protezione Civile and coordinated by the Crisis Unit of Italy’s
northern region of Piedmont, which had been one of the regions that were hardest hit
by the crisis at that time. The practical test was a success and the project was interna-

tionally recognized and reproduced in several countries such as the UAE and Canada.

(CRA, 2021)
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8.2 RESUS Medical Facility - Spacecube

Although in comparison to other countries, Australia witnessed low case numbers
over the entire course of the Covid-19 crisis, there was a steep rise in cases begin-
ning from the 10th of March 2020. Until this first wave peaked with 348 new cases
per day on the 29th of March, the widespread belief was that case numbers would
continue to rise steadily, as seen in Italy and other countries. As a result, the Aust-
ralian government enforced a long list of preventive measures, which were in large
parts responsible for the successful containment of the virus in the country. This
included travel bans, the shutdown of infrastructure to absolutely indispensable
functions, and strict lockdowns. (Attanasio, 2021) In a statement from the Australian
Health Protection Principal Committee (AHPPC), published on the 22nd of March
2020, it was confirmed that the occurrence of infections mainly took place in the
eastern seaboard cities of Sydney, Melbourne, and Brisbane. In contrast to pre-
vious discussions, the trigger for further interventions, such as the construction of
supportive medical structures, was now "a substantial growth in locally transmitted
cases, which could be predicted to exceed the future capacity of the region’s health
services.” This meant that far-reaching measures were introduced in the above-
mentioned cities with immediate effect. These preventive countermeasures, which
were not refined at this date, were based on the principle of "getting ahead of the
curve”. (Australian Government Department of Health, 2020) As part of this govern-
ment initiative, it was decided to set up a semi-permanent structure at the Monash
Medical Centre in Melbourne. Since the hospital’s Emergency Department under-
went construction works at the time, the supportive facility was supposed to help the
Hospital with the suspected overflow of patients in need of resuscitation beds.

Fig.35
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Fig.35 Picture of the RESUS
Medical Facility in Melbourne,
Australia, shortly after its ope-
ning. | © Spacecube, https://
spacecube.com/wp-content/
uploads/2020/11/SC_Projec-
tOverview_Monash-Health.
pdf
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Fig.36 Aerial view of the RE-
SUS Medical Facility. |
© Spacecube

Fig.37,38 Interior fit-out by
Erilyan Commercial Construc-
tion. | © Spacecube, https://
spacecube.com/wp-content/
uploads/2020/11/SC_Projec-
tOverview_Monash-Health.
pdf

Fig.39 Assembly of the pre-
fabricated modules. |

© Spacecube, https://www.
archdaily.com/943908/
monash-health-resus-facility-
spacecube -photo?next_pro-
ject=no
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The commission for the "Covid-19 RESUS Medical Facility” went to the Melbour-
ne-based company Spacecube. The company had developed a portable modular
building system for events, commercial use, and disaster relief, which they optimi-
zed since their founding in 2012. Spacecube teamed up with Aurecon, a local engi-
neering, design, and advisory company, and Monash Health, to finalize the project
within the given timeframe of 3 weeks. The design phase was concluded after one
week and the project had received all necessary approvals shortly after. The assem-
bly of the main structure took 15 hours and was handed over to Erilyan Commercial
Construction in the following, to complete the internal fit-out together with the com-
missioning of medical equipment. The rapid construction time was achieved through
the off-site pre-assembly of modules in a controlled environment. This also reduced
the time during which the ambulance bay, on which the facility was built, could not
be used by the hospital's vehicles. (Archello, 2020) Other than CRA’s autonomous
CURA Pods, the RESUS Facility forms a compact 360m? supportive hospital structu-
re spreading over two levels, which was based on 25 cubical modules and a pre-
fabricated stair module. The necessary HVAC systems were placed in two central
positions on the roof and the conditions in the rooms could be operated individually.
The layout includes six negative pressure resuscitation rooms, a nurse's station, a
medication room, utilities, and a staff break room. Cubical modules form the base

of the Spacecube building system. The particular modules that were used in the
RESUS Facility, had already been in operation at the Formula 1 Australian Grand Prix
and Melbourne Cup Carnival before, and were reused for the construction of the fa-
cility. (Spacecube, 2021) The sub-framing of the modules is engineered with a high
strength aluminum alloy which, through its positive material properties such as low
weight, non-magnetism, and high corrosion resistance, presents the perfect material
to be reused over and over again.
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Systemical solutions for the aluminum fagade, vinyl flooring, and glass doors, win-
dows, and partitions including frames, were provided by multiple local companies
and tailored to the Spacecube system in advance. (Luco, 2020, Spacecube, 2020)
Great advantages of the modules are that they are prefabricated and that they can
be flat-packed for transportation and set up rapidly on site. Paired with high design
flexibility within the system, this enables the Spacecube to quickly find a solution for
many combinations of challenges and to deploy their modular structures to rural, as
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Fig.40 Exploded axonometry
and floor plans of the RESUS
Medical Facility, showing

the layout and technical
infrastructure on the roof. | ©
Spacecube

Fig.41 Section through the
stair and three of the negative
pressure resuscitation rooms.
| © Spacecube

Fig.42-44 Elevations sho-
wing the structure from all
sides. | © Spacecube,
https://www.archdaily.
com/943908/monash-health-
resus-facility-spacecube?ad_
medium=gallery
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Fig.45 Aerial view on the
inlatable emergency hospital
in Pachuca de Soto, Mexi-
co, by Spanish company
Tecnodimension. | © Idoia
Sota, https://elpais.com/
elpais/2020/03/20/icon_de-
sign/1584698437_069896.
html

9 Pneumatic architecture
Inflatable emergency hospital in Pachuca de Soto - Tecnodimension

In Mexico, the first case of Covid-19 was recorded on the 28th of February 2020.
Since then, case numbers have been continuously rising up until well over 2 million.
In the first week of April 2020, the death toll exceeded 100 and increased twentyfold
in the following month. (Radtke, 2021, Johns Hopkins University, 2021) When Me-
xico declared a "national state of sanitary emergency” on April 30th, an agreement
was issued that revealed tax and employment-related measures, along with an eco-
nomic stimulus plan and a set of regulations regarding the import of health-related
goods to the country. It was decided that a simplified procedure for imports carried
out by the Ministry of Health and Health Sector through decentralized agencies
should be established. The Health Department and decentralized agencies that
were authorized by the Health Sector were allowed from now on to import goods

for medical treatment by foreign entities that sought to provide help in the health
emergency, without having to go through administrative formalities or having to pay
custom duties. (KPMG, 2020) In response to this, Spanish company Tecnodimensi-
on deployed one of their specially designed inflatable hospitals to the city of Pachu-
ca de Soto which is located in the critical region of Hidalgo, and in close distance
to Mexico City. The small company, which is based in Girona and exists since 2001,
focuses on the design and development of numerous types of inflatable and tension
structures, that can be implemented in a wide range of applications.

The 25 co-workers are manufacturing most parts of the structures in-house and have
started to work on their emergency hospitals in full speed since the beginning of the
pandemic. The 1000 m? hospital structure was placed in the center of Pachuca de
Soto, at one of the main squares “Plaza Bicentenario”, and next to the “Monumento
la Victoria del Viento”, which has an integral significance for the city in comme-
morating two hundred years of Mexican Independence. The emergency hospital,
installed in the capital of Hidalgo, has two visiting rooms, 20 individual rooms, and
four operating theatres that are perfectly insulated and prepared for any type of
operation. Once the lighting, heating, ventilation, water, gas, and oxygen ducts have
been installed and the medical equipment and beds have been brought in, this

type of hospital is ready for use. Through its inflatability, the hospital was made fully
functional within 20 hours upon arrival by the means of electric air pressure motors.
Compared to the record-breaking construction time of 10 days for the Huoshenshan
hospital in Wuhan, or the 18 hours that were needed to retrofit a pavillon on the fair-
grounds of Ifema in Madrid, the hospital in Pachuca de Soto sits among the fastest
construction times of fully autonomous emergency hospitals ever to be recorded,
while also being highly deployable. (Xiaowai, 2020) The company’s CEO Jesus
Pallarés pointed out, that the textile structure does not require beams or any types of
metal construction. In this way, their emergency hospitals can be shipped to virtually
any country in the world, are easy to install, and can provide medical infrastructure
for patients in a 50-kilometer radius. This is especially useful in the rural regions of
big countries like Mexico, where this kind of infrastructure does hardly exist. (Cue-
vas Vidal, 2020)

Fig.46,47 Exterior views on
the inflatable emergency
hospital in Pachuca de Soto,
Mexico, by Spanish company
Tecnodimension. | © Tecno-
dimension

Fig.48,49 Patient wards with
standardized interior fit-out
(Fig.48). Corridor connecting
the patient wards and serving
as waiting area for friends
and family (Fig.49). | © Tec-
nodimension, https://www.
tecnodimension.com/en/pro-
ducto/emergency-hospital/

Fig.45
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Fig.50 Operating theatre with
a separate air conditioning
system using HEPA 14 filters.
| © Tecnodimension, https://
www.tecnodimension.com/
en/producto/emergency-ho-
spital/
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By the use of a specially developed 100% recyclable high resistance fabric based
on polyvinyl chloride (PVC), the structures comply with a long list of specialized buil-
ding code requirements for inflatable structures, one of them being fire retardance.
The clear advantage of the material is the low cost, making the price of 300€ per m?
in the emergency hospital possible. Through the merging of dome geometries and
stiffening seams, the building is resistant to strong winds and ultimately becomes
more durable and reusable. The membranes of the operating rooms are separated
from the rest of the structure and their air conditioning system differs from the rest of
the rooms. HEPA14 filters are used to guarantee optimized biocontainment proper-
ties and to reduce the risk of cross-contamination. (Nguyen, 2020)

e =
@ + The inflatable structure is L 3
hly deployable and fast to set
up.The special fabric is recycla-
ble, fire retardant, and comes at «

+ The technical systems,
which are installed after

10 Adaptation of existing structure
Corona Treatment Centre Berlin - Heinle, Wischer und Partner

Like many other European countries, Germany was hit by the crisis from the start.
With a mediocre value of daily new Covid 19 cases rising from 103 on 7 March to
1.114 on 17 March, assessments of the coming crisis development painted a bleak
picture. An exponential increase in case numbers was expected, which is why
contingency plans were drawn up nationwide for the possible event of bottlenecks
in hospital capacity. On 17 March, the Senate of the City of Berlin decided to build a
stand-by facility with up to 1000 beds on the grounds of Messe Berlin. The respon-
sible working group ,Team Jaffé“, named after the address of the Berlin Trade Fair,
decided who should carry out the project. The decision was made in favor of the
Berlin architectural firm Heinle, Wischer und Partner, which already had many years
of experience in hospital construction. The architectural firm was then commissioned
to develop a concept within two days. (Pintos, 2020) Edzard Schultz, a shareholder
of the company, explained that planning continued during construction and pro-
curement. Due to the enormous time pressure, an analysis of the existing structure
could hardly be carried out in advance, so the office had to resort to new means to
avoid complex solutions. The decision was made in favor of a modular solution, that
allowed for a high grade of transformability.

Fig.51 Spatial zoning and
layout of the retrofitted inter-
ior, and novel container exte-
rior infrastructure at the Co-
rona Treatment Centre Berlin
JaféstraBBe by Heinle, Wischer
und Partner. | © Heinle,
Wischer und Partner, https://
www.archdaily.com/940802/
corona-treatment-centre-ber-
lin-heinle-wischer-und-part-
ner?ad_medium=gallery

Heinle, Wischer und Partner
Freie Architekten
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Fig.52 Interior view of one
of the general care clusters
marked by a green flooring
material and numbering
with a closer stance of bed
spaces than in the ventila-
tion clusters. | © Nordsonne
|dentity

Fig.53 View on the supportive
exterior container structure in
the north-western forecourt, |

© Nordsonne Identity

Fig.54 Close-up photograph
of the retrofitted traverses

at the ceiling.| © Nordsonne
|dentity

Fig.55 One of the ventila-
tion clusters for Covid-19
cases with Severe Acute
Respiratory Syndrom..| ©
Nordsonne ldentity, https://
www.archdaily.com/940802/
corona-treatment-centre-ber-
lin-heinle-wischer-und-part-
ner?ad_medium=gallery
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It involves a central service zone and a cluster that consists of general care modu-
les with 24 beds and modules for artificial respiration with 16 beds. The modules
can be adjusted and re-organized easily upon need by the means of mobile beds,
equipment, storage boxes, and disinfectant-resistant folding partitions. To lower the
felt height of the spaces, two-third of the space above each bed is covered with a
translucent fabric. Electrical and data technology supply, as well as 6 kilometers of
oxygen lines, are guided via 3 kilometers of newly mounted traverses at the ceiling
and can be accessed from above the modules. This technique is normally used in
events and has the advantages of being time-efficient during assembly and offering
great amounts of flexibility. It took roughly a week to assemble all of the traverses
and installations in the ceiling, whereas the fitting of the 11.000 m? of flooring took
only a few days. The municipal hospital group Vivantes was designated as the
operator and provider of the medical concept for the facility and set the proportion
of beds with respirators at 20 %. In this way, 111 of the 488 beds were equipped
with respiratory devices. The hospital is accessed via the southeast, from where one
reaches the interior main entrance. The triage, admission, and CT are located there.
The south-western hall section 26 ¢ is designated for artificial respiration, while the
remaining hall sections 26 a and b are designated for general care. Hall 25 could be
equipped with 320 beds if necessary. A temporary container structure was erected
on the north-western forecourt of hall 26. On the one hand, it was not integrated into
the hall because no further space was available in addition to the 500 beds required
for the time being.

oy, Corona-
Behandlungszentrum
Jafféstrafe
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On the other hand, it was possible to ensure the clear spatial separation of patients
and staff, as well as separated supply and disposal flows. In addition to changing
rooms and a dining room, the containers also contain recreation rooms where the
staff can recover from their hard work. The entire hall is designated as an infecti-
ous area and the three entrances in the northwest take over the necessary sluice
function here. Although the hospital was handed over on 11 May 2020 after a record
construction period and was not cheap with a price tag of 55 million euros including
medical equipment, almost no patients have been received yet. Berlin had mana-
ged to cushion the shortage of intensive care places with the existing capacities
and the ,Corona Treatment Centre JafféstraBe” together with the Corona Treatment
Centre at Prenzlauer Berg served as mere backup emergency hospitals. At the mo-
ment, around 90 hospital beds are acutely available but if necessary, this number
could be quickly increased. However, the senate of Berlin has set the end of use

for May and the dismantling for June due to the expected low infection numbers in
summer. Luckily, the circular construction concept allows for 90% of the materials to
be directly reused. (Redecke, 2020)
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Fig.56 Conceptual exploded
axonometry of the retrofitted
ceiling traverses for lines
and cables and the cluster
system. | © Heinle, Wischer
und Partner, https://www.
archdaily.com/940802/co-
rona-treatment-centre-ber-
lin-heinle-wischer-und-part-
ner?ad_medium=gallery
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11 Conclusion: How can design help
us to deal with situations of crisis and
emergency?

11.1 Actuality of temporary and mobile structures

In a constantly changing world, flexibility and adaptability are becoming increasingly
important in architecture. These terms had a firm place in the architectural discourse
since the modern era and experienced a hype in the 1960s and 70s under the col-
lective term of “mobile building.” Architectural groups such as Archigram, Groupe
d'Etudes d‘Architecture Mobile (GEAM), and Superstudio, imagined a world in which
nothing was forever and everything was in motion. The theoretical utopias of these
groups found their way into building practice with the typologies of transportable
and convertible buildings for temporary or permanent use, as well as industrially
pre-manufactured housing solutions. Nevertheless, reinforced concrete still remains
the material of choice for many architects to this day.

However, in recent years “mobile building® has experienced a comeback. With a
growing interest in the discourse on circularity in construction, the concept of the
mobile, flexible and temporary structure is now more relevant than ever - provided
that the used materials can be given another function in their afterlife.

By not viewing this new generation of temporary structures as disposable, and by
making structures easier to configure than ever before through 3D programs, highly
developed building systems, new manufacturing methods, and advancing materials
research, temporary structures will steadily gain in importance in the architecture of
the future.

11.2 How can design help us to deal with situations of crisis and
emergency?

Over the course of the Covid-19 crisis, it became apparent that especially common
practices in hospital architecture were in need of reform, towards greater flexibility
and adaptability. Until then, architectural innovations have been blocked by outda-
ted regulations and a reluctance to experiments on the part of the medical industry
and the market. This was due to the fear of losing investments in projects that would
not pass their practical test. Therefore, at the beginning of the pandemic, many hos-
pitals turned out to be unprepared for the underlying situation and were suddenly
unable to safely treat the high number of infectious patients. The main reason were
rigid floor plans that left no room for the rearrangement of spaces to meet require-
ments regarding infection control. In addition, many buildings could not accommo-
date the necessary technical infrastructure, interior spaces were hard to reconfigure,
and outdated data networks made it difficult to keep track of patients' conditions.
The result were bottlenecks in hospital capacity which often had to be compensated
for with supporting temporary medical structures. These structures functioned either
as a flexible extension of a hospital or as completely independent hospitals to cus-
hion the effect of overcrowded patient wards. The case studies from this thesis have
shown that the use of temporary medical structures was an effective way of dealing
with the situation of the Covid-19 crisis, but also with other types of crisis situations.
As the number of people being vaccinated continues to grow, the curve of Covid-19
case numbers will flatten out in the foreseeable future and at some point, the pande-
mic will be over. However, this does not mean that the Covid-19 pandemic was the
last crisis the international community ever had to face.

As a result of the globalized world and the way we run our businesses, new viruses
can be transmitted from nature to humans at any time, and even known viruses can
spread worldwide at breakneck speeds. Especially in the constantly changing and
growing urban centers, action must then be taken quickly, flexibly, and in an organi-
zed manner.

At the same time, the strong geopolitical power shifts of our time will create new
trouble spots and old trouble spots will generate new wars and war-related crises.
Furthermore, man-made climate change is already presenting us with major chal-
lenges that will become impossible to ignore in the future. In addition to extreme he-
atwaves, which can lead to forest fires that devastate entire regions, cold spells are
a much-underestimated problem. The latter can lead to widespread power outages,
and homeless people, in particular, are in need of emergency shelters during these
periods. Rising sea levels and the sinking of entire groups of islands will also be a
problem that we will have to deal with.

These future crisis situations, many of which we can not predict yet, can only be
overcome by flexible approaches. The architecture that we envision today, can
make a contribution in solving many of the arising problems.

The Covid-19 crisis presented a wake-up call for architects of health facilities and
the entire medical world to reformulate current practices in hospital architecture and
temporary medical structures. The solutions that were developed in the field of tem-
porary medical structures during the pandemic can be valuable precedents from
which we can learn for the future of health architecture.

11.3 Architectural context

With the steep rise of Covid-19 case numbers in countries around the globe, pre-
ventive measures had to be taken by their respective governments. Possible bottle-
necks in the capacity of intensive care beds in regular hospitals and many other
issues created by the pandemic were prevented by the means of temporary medi-
cal structures. The high demand had to be met with deployable solutions that could
be implemented in urban as well as rural areas, and potentially shipped to locations
around the globe or be reproduced easily by local companies.

While architectural firms like Jupe and Spacecube came up with flat-packed solu-
tions that could be shipped in high quantity and at a low cost, CRA developed an
open-source concept using standardized shipping containers, where the idea could
be adapted and optimized by multiple parties. In contrast, Tecnodimension took
advantage of the properties of inflatable structures such as low costs, the absence
of load-bearing frames, the lightweight, and the adaptability to ground properties.
The structures from the case studies can serve as an extension of existing hospital
infrastructure and some of them can even form entirely self-sufficient field hospitals.
Therefore, they present feasible solutions to provide critical medical infrastructure
for the population of remote regions and are flexible enough to deal with the ever-
changing requirements of today's metropolis.

11.4 Program

Like all of the presented projects, Heinle, Wischer und Partner's Corona Treatment
Centre as well follows a modular logic, which adds much flexibility and adaptability
to the internal organization of the structure. Here, the modules can form clusters,
which provide clear zoning and hierarchy of spaces that everyone can understand
at first glance. By separating different functions into clusters or single modules, as
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could also be seen in the projects of CRA and Jupe, different climate scenarios and
levels of biocontainment can be applied to them. This allows for controlled and punc-
tual configuration of the modules to meet specific requirements. In this way, another
level of security is added by the resulting spatial separation of staff and patients.
Spacecube, Jupe and Heinle, Wischer und Partner also created separated spaces
for medical staff to extract activities like management, personnel break activities,

and resting spaces from the functional areas that are dealing with the patients. While
Spacecube achieved this, by separating spaces within their structure, Jupe created
special tents that were designated only as spaces for medical staff to rest, whereas
Heinle, Wischer und Partner built a separate container structure to house all staff-re-
lated functions.

In an increasingly computer-driven world, new ways of hospital management, teleme-
dicine, and improving monitoring software have changed the ways medical professio-
nals work. Jupe created units that are interconnected through an elaborated Internet
of Things (loT) they developed in cooperation with software engineers. This virtual
organization of the physical architecture, although still in its infancy, will become
more and more important in the future.

11.5 Technology

In the physical structure, closed objects that can be well insulated have the clear
advantage that contaminated air can be extracted by the use of negative pressure.
In this way, containers and frame systems with solid cladding materials, like in the
projects of CRA and Spacecube, have superior properties to pneumatic architecture,
tent-like structures, or open clusters. However, biocontainment can also be improved
for partly open structures. Therefore, Jupe offers a hard shell next to the fabric outer
skin of their isolation- and intensive care units and, to optimize the biocontainment
properties, Tecnodimension and Heinle Wischer und Partner include ambitious air
extraction- and filter systems in their hospitals.

The hospital in Berlin incorporates centralized HVAC systems, which can be con-
trolled individually for certain spaces. The HVAC infrastructure was installed at the
ceiling to provide constant airflow and climate control. In the case of the inflatable
hospital, systems are fitted in between membranes, and the air is led into the rooms
through openings in the walls. The RESUS Facility presents a hybrid solution, in
which two central HVAC systems are placed on the roof of the building. In contrast,
the CURA pods and JUPE Health units come with individual HVAC systems, which
makes the modules self-sufficient and easier to re-arrange in an ensemble.

The modular construction system with pre-fabricated parts, which underlies all of the
projects, has the advantages of low construction times on-site and high deployability.
In combination with building systems from selected manufacturers, as could be seen
in the RESUS Facility, or by using off-the-shelf products, like in the Corona Treatment
Centre, powerful building solutions for rapid response missions can emerge.

11.6 Psychological aspects

It is common knowledge that the pandemic not only affects our physical but also our
mental health. Especially patients who are in critical condition and stuck in qua-
rantine wards are affected by this problem. Therefore, it is important to generate a
relationship between the patient and the outside world to prevent the patients from
the effects of loneliness and isolation. This issue was addressed in the CURA pods
by integrating windows in the long sides of the container. In this way, families and
friends could visit their beloved ones without having to risk an infection.

The concept of a visual connection to the outside was also incorporated in the RE-
SUS Facility by using mainly glass walls for the resuscitation rooms.

This was also beneficial for doctors since they could keep track of the patients' condi-
tion more easily.

Jupe and Tecnodimension followed a different principle, by giving the patients more
privacy and providing individual sanitary facilities and, in the case of JUPE Care,
even a fully equipped kitchen. Also, the medical staff was affected by the working
conditions in Covid-19 hospitals. Some of the case study projects acknowledged

this problem by creating special areas where healthcare workers could rest or have
social interaction to recover from their work.

Except for the hospital in Berlin, where the low, open clusters led to a good lighting
situation within the existing structure, and the hospital in Pachuca de Soto, where
artificial lighting was used, the case studies stand out by the extensive use of glassed
surfaces or translucent materials. In this way, natural sunlight was guided into the
interior spaces, which had a positive effect on the users' mental health.

The hospital in Pachuca de Soto, however, had the advantage of high ceilings and
curved forms in the shape, which prevented the patients from feeling incarcerated.
Another important factor for the mental well-being of patients are clearly organized
spaces that make a professional impression.

Through the use of light colors, the labeling of spaces by colored flooring materials,
textual descriptions, and the use of large symbols on the separating walls, especially
the Corona Treatment Centre in Berlin achieved to communicate a feeling of ,being in
good hands®.

11.7 Hygiene

The zoning of a healthcare facility largely contributes to the containment of the
spread of viruses. Most importantly, infectious patients and medical staff have to be
spatially separated. In the project by Heinle, Wischer und Partner, this separation was
accomplished with a system of pathways between the clusters, while the inflatable
building system of Tecnodimension allowed for large spaces to be created at a low
cost, which prevented people from getting too close to each other. In the CURA and
JUPE units, only the individual modules were designated as infectious zones, and
buffer zones could be found outside.

These buffer zones and sluices are important because the medical staff takes off
their PPE there and material flows are controlled by them. It must be ensured, that the
flows of clean and contaminated materials do not interfere, to prevent cross-contami-
nation. The management of these flows needs special attention in temporary medical
structures. As stated before, yet another important factor to prevent cross-contami-
nation are biocontainment measures such as selective ventilation systems and the
extraction of contaminated air from the isolation wards by the means of negative
pressure. Hygiene requirements also have to be met in the interior configuration of
hospitals. Here, the choice falls on robust materials with cleanable surfaces, that
meet hospital standards for infection control.

In the following, the findings from the conclusion are compared according to the
parameters of analysis and presented in a clear table.
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.8 Comparison of the

case studies according

to

the parameters of

analysis

Architectural

Series of mobile
health units -
JUPE Health

+ The project responded to a lack of
beds in U.S. hospitals and the increa-
sing demand for supportive temporary
medical structures with a flat-packed
solution.

+ As the units can be produced in high
volume at a low cost, and deployed
easily to anywhere in the world, they pre-
sent a solution for any type of hospital in

CURA Intensive
Care Pods -
CRA

+ The CURA Intensive Care Pods were a
response to the shortage of ICU spaces
in ltalian hospitals.

+ Through the repurposing of shipping
containers, they are easy to manufacture
and can be deployed to anywhere in the
world, or reproduced.

+ The clusters can be set up on parking
lots in proximity to existing hospitals, or

RESUS Medical
Facility -
Spacecube

+ The Covid-19 RESUS Medical Facility
was set up in response to “ahead of the
curve“ preventive measures by the Aust-
ralian government at the ambulance bay
of the Monash Hospital in Melbourne.

+ It was set up as a supportive structure
for the hospital's Emergency Depart-
ment, which underwent construction
works at the time.

Inflatable hospital in
Pachuca de Soto -
Tecnodimension

+ The structure was set up on a square
in Pachuta de Soto, Mexico, due to the
high infection rates in the area.

+ An economic stimulus plan, issued by
the Mexican government, had previously
facilitated the import of foreign health-
related products and services in the
country.

+ The type of structure can help the

Corona Treatment
Centre Berlin -
Heinle, Wischer und
Partner

+ The Corona Treatment Centre has
been built in the halls of the Berlin Trade
Fair in response to preventive measures
by the German government.

+ Due to the small timeframe of the
project, the existing structure could
hardly be analyzed and therefore it was
decided for a flexible modular building
system using off-the-shelf materials.

COﬂ’[eX’[ rural as well as urban areas. on the open field. + The solution is highly deployable and | population in rural regions of big count-
easy to reconfigure. ries to get access to medical care.

+ Standalone modules create loT-ready + The modules are fully self-sufficient + The facility forms a compact 360m? + The inflatable emergency hospital by + The spaces in the existing structure
solutions. and can be clustered together by the supportive hospital structure spreading | Tecnodimension includes 20 individual are separated by two types of clusters:
+ Different tent types are serving dif- means of an inflatable structure. over two levels. patient wards, four operating theatres, Ventilation clusters with 16 beds, and
ferent functions, such as rest spaces + In this way, the units can form suppor- + The layout includes six negative and two visiting rooms. general care clusters with 24 beds each.
for health professionals, isolation and tive structures for existing hospitals or pressure resuscitation rooms, a nurse's =+ Separate inflatable modules add a + Since the Berlin Trade Fair halls are
recovery of patients, and a fully self-suf- entire field hospitals. station, a medication room, utilities, and | certain amount of flexibility to the layout designated as infectious zones, a sup-
ficient ICU. + Every unit provides space for two a staff break room. of the hospital and make it reconfigura- portive container structure for medical

+ The modules are used as an extension patient beds, both being equipped with ble. staff has been built in the forecourt of the

Prog fam of existing hospitals. respiratory devices. + The structure can serve multiple building.

+ They can be set up in parking lots, as
well as on the open field.

purposes, besides being an emergency
hospital.

+ The modular system allows for a great
amount of flexibility.

Technology

2

Psychological
aspects

+ Manufacturing techniques are inspired
by common practices from the automoti-
ve, space, and software industries.

+ The availability of a soft and hard shell
allows use in different climate scenarios.
+ Batteries for temporary off-grid use are
included.

+ Wi-Fi is offered as optional features
and allows for well-ventilated and loT-
ready spaces.

+ Jupe mobile health units offer a high
amount of privacy for the users, be it a
recovery space for health professionals
in JUPE Rest, a fully equipped quaran-
tine and isolation space for patients in
JUPE Care and Plus.

+ The units use negative pressure to
meet biocontainment requirements.

+ Air is filtered by the means of HEPA-14
filters.

+ Intensive care technology is moun-
ted on rails over the patient beds. This
allows for the flexible use of space.

+ Insulation of the units allows for the
implementation of exact climate control.

+ Through long windows on the sides
of the unit, the patients do not lose the
reference to the outside world.

+ Friends and family can visit patients
and be very near to the under the pro-
tection of the windows.

+ HVAC systems were placed in two central
positions on the roof and the climate could
be controlled individually for each room.

+ Negative air pressure is used to meet bio-
containment requirements.

+ The 6 resuscitation rooms are fitted with all
of the necessary technical infrastructures.

+ The Spacecube building system, paired
with other systemical solutions, is highly
reconfigurable and deployable.

+ The interior is highly organized with
colors pointing out functions and a clear
spatial division.

+ The extensive use of glass creates
views from and into the resuscitation
rooms.

+ Separate areas for staff create private
spaces for rest and social interaction to
recover from the work.

+ Due to the omission of any load-be-
aring structures other than the inflata-
ble membranes, the structure is highly
deployable and fast to set up.

+ The technical systems, which are
installed after inflation, include lighting,
heating, ventilation, water, gas, and
oxygen ducts.

+ The special fabric is recyclable, fire
retardant, and comes at a low cost.

+ The individual patient wards provide
a high level of privacy and the visiting
rooms provide space for friends and
family to be near their beloved ones.

+ High ceilings and the curved forms of
the shape prevent the feeling of being
incarcerated in the hospital.

+ 3 kilometers of traverses at the ceiling
guide the technical infrastructure, name-
ly electrical and data technology supply
and 6 kilometers of oxygen lines, to the
clusters.

+ 20% of the beds are equipped with
respiratory devices.

+ supply and disposal flows are spatially
separated and controlled via sluices in
the north.

+ The spatial division of the structure is
organized clearly. This is communicated
to the users by the use of colors in the
flooring material and the numbering and
textual description of the zones on the
separation walls.

+ Fabrics over the beds prevent the
patients from looking at the building
technology at the ceiling.
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Hygiene

+ Every Unit is delivered with the neces-
sary PPE.

+ JUPE Care and Plus offer an individual
wet cell with the unit so that no cross-
contamination can happen through bad
hygienic conditions of public bathrooms.

+ Buffer zones are created in the corri-
dors formed by the pneumatic structure.
In this way, health professionals can
take off their PPE there.

+ The negative pressure in the modules
facilitates biocontainment.

+ The RESUS Facility meets all of the
hygiene requirements for hospitals.

+ The interior fit-out uses cleanable sur-
faces, and the spatial order guarantees
a low infection risk.

+ Biocontainment of the resuscitation
rooms lowers the risk of cross-contami-
nation.

+ HEPA-14 filters provide optimized bio-
containment conditions in the separated
areas.

+ The polyvinyl chloride fabric is a clea-
nable material.

+ With the building system, large spaces
can be created at a low cost that pre-
vent people from getting too close to
each other.

+ The spatial separation of staff and pa-
tients prevents cross-contamination and
the spread of the virus.

+ Used materials meet hospital stan-
dards for infection control and will be
reused in actual hospitals after the
pandemic.
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