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Introduction

As of the writing of this paper, 6.3 million people are dead around the world as a result of the recent pandemic COVID-
19 (UNCHR). Although the scare is less now, the history has recorded many pandemics that have happened in human
history(Novianto, Nuffida, and Gao 2021) , which means that pandemics are a continuous phenomenon or a crisis (Fasano
et al. 2020), that effects different sectors of life (Novianto, Nuffida, and Gao 2021) and creates a post-pandemic lifestyle
that is reflected in the built environment (Barbarossa, 2020), which became adapted in countries that deal with the
pandemic’s catastrophe (Coccia, 2022), by Professionals in the fields of architecture, urban planning, and the built
environment who are interested to investigate a wide variety of social and spatial consequences in order to produce new
patterns and configurations of usage (Paital, 2020),to confront existing or future emergency health crises (L. Liu, 2020).
The built environment is one the of the most key part in managing pandemics (Hercules et al., 2020), and one of the solutions
to reduce the impact before making any vaccines (Megahed & Ghoneim, 2020). Residential construction as part of and a
core component of human civilization, is critical to any pandemic response strategy. Meanwhile, the COVID-19 epidemic
is influencing people's homes.

The built environment in different disciplines including urbanism and architecture is highly transformed by epidemics
(Wilcox & Colwell, 2005). it always displayed the potential to develop after the crises (Dreessen, 2020), which is observed
in many of the current tendencies in architecture and urbanism, developed from comparable steps taken in the past to protect
the health, cleanliness, and comfort of the dwellers (Hercules et al., 2020). As architecture responds to events in almost any
way, whether via the use of space or ideas, this indicates a change that has taken place in the environment that is around it
(Kadhim & Ubaid, 2021).

Architecture has already provided tangible proof of how humans have redesigned our physical environments in response to
the spread of contagious illnesses (Hercules et al., 2020). Residential architecture with new reality that covid-19 will not be
the last pandemic called to use such a characteristic of architecture (Spennemann, 2021), as the world notice that Due to
worries of spreading the illness, Covid-19 compelled individuals to stay at home most of the time(Maggies, 2020), make
the need of rethinking of the housing design. This paper is to explore the post -pandemic Housings’ designs characteristics
in the literature.

Epidemics Impact on Architecture

Architectural creations are human settlement spaces that filter both the outside world and the actions of the people who live
within(Broadbent, 1975). Architectural creations physically manage microclimate, light, noise, smell, smoke, bugs, vermin,
animals, and radioactive materials (Haddad, 2010)(Schulz & others, 1985) . These roles have changed the architectural
components as well as the new needs of human existence, such as sanitation and contagious illnesses.

2.1 The History of architecture and pandemics.

The concern of deadly illnesses has historically influenced the architecture of buildings and towns (Novianto et al., 2021).
Lazaretto was the name given to quarantine structures at the time (London, 2013), Figure (1) and (2). For fresh immigrants
from plague-infested areas, Lazaretto operates as both a medical treatment center and a quarantine facility (Broadbent,
1975). Not only does cholera introduce the notion of quarantine, but it also promotes a more efficient waste disposal system,
which necessitates straight and broad highways. At the time, there was a protocol in place to avoid congestion (Wainwright,
2020). During the tuberculosis pandemic, the quarantine buildings was known as a Sanatorium (Kyle, 2020). At the time,
one method of treating tuberculosis was to increase airflow and expose oneself to sunshine. This resulted in significant
madifications in building design throughout that time period (Pinheiro & Luis, 2020). Humans create a new environment
because of the artificial environment's findings. The industrial revolution coincided with the tuberculosis epidemic.
Fabricated materials enabled the Sanatorium to be erected with long walls and huge windows that filled the front, allowing
for appropriate sunshine and air flow (Dejtiar, 2020).
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Figure (2) Lazaretto in Malta

2.2 Epidemics Advantages for Better Design quality
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Cholera and typhoid fever affected health reform efforts throughout the industrial revolution (Byrne, 2008). These
pandemics also aided the development of pathogen-resistant water and sanitation systems, resulting in hygienic
advancements that made them more inexpensive, slower, and broader for streets to establish subterranean drainage networks
(Shehzad et al., 2013). Furthermore, many parts of built environment design and planning were altered by the epidemic in
1855, including pipe networks, doorway designs, and foundations (Klaus, 2020). Planners and architects attempted to design
and construct healing environments free of disease and pollution. Apart from their aesthetic appeal, these works mirrored
modernist ideals about the medicinal advantages of the sun, air, and nature. Large walls, balconies, dust-free flat surfaces,
and white paint emphasized cleanliness in the designs (Budds, 2020; Chang, 2020) . To raise safety standards and prevent
illness and infection transmission, planners and architects must build new health models (Megahed & Ghoneim, 2020).

2.3 Covid-19 Reflections

Covid-19 has highlighted how valuable our house is. People need homes that efficiently provide social separation as well
as virus and illness prevention (Dejtiar, 2020). Even after the quarantine period, more individuals are expected to work from
home and the future of house desigh may be (AlKhateeb & Peterson, 2021). Several studies have shown a link between
overcrowding and negative health effects (Bethesda et al., 2007). The World Health Organization (WHO) identified several
features of healthy housing. High population density may result in unsanitary circumstances and the development of several
infectious illnesses (WHO, 1988). The risk of volatile infections and droplet-transmitted diseases rises as a result of
overcrowding (Capolongo et al., 2020). Covid-19, offers a compelling argument for entirely separate dwelling with a great
proportion of surrounding garden space, improving greater capabilities for social separation and food production, as well
as the therapeutic powers of light, air, and nature (Kashdan, 2020). Even in the case of multi-story buildings, quarantine
may be the greatest time to learn more about indoor gardening (Wainwright, 2020)(Makhno, 2020). Contact with other
occupants in common spaces is inevitable in multi-story structures. As a result, the future should concentrate on the
touchless experience from the front entrance to the apartment door (Capolongo et al., 2020).

Because of the fear of spreading the illness, Covid-19 caused individuals to spend most of their time at home. Thus, when
infected, it is necessary to self-isolate for a period (Maggies, 2020). Covid-19 isn't only a health concern; it's also a design
issue. Many things have altered as a result of Covid-19, particularly house design. The mansion is now used as an office, a
school, a restaurant, a playground, a sports facility, a quarantine facility, and many other things (Hizra et al., 2021). Every
time and every day, home is supposed to be a location that supports a variety of activities. Unexpected developments during
the Covid-19 epidemic not only provide individuals with obstacles, but also provide a chance to reconsider every decision
and goal (Caligiuri et al., 2020). Infectious illnesses influence the physical environment. The planning process and design
adjustments are also influenced by human requirements. Technological advancements exacerbate the difficulties in this
process, but they may also bring creative solutions to support new surroundings.

Post-pandemics Housing.

3.1 The Healthy Housing

Housing conditions may have an influence on residents' health and the transmission of illnesses. The transmission of
rhinoviruses, other picornaviruses, and adenoviruses is accelerated by increased humidity and lower temperature, according
to (Karim et al., 1985). The survival and spread of parainfluenza virus and influenza virus A are aided by lower
humidity.(Lowen et al., 2007) came to a same conclusion. Coronavirus is transmitted by droplets and contact transmission,
according to an increasing number of studies (Xu et al., 2020), with droplet transmission being the most common method.
Both broadcasts take place over very small distances (WHO, 2009). Airborne infection features are linked to the ventilation
systems present within buildings because droplet infection depends on small particle aerosols and large-particle droplet
aerosols. Following a comparison of experimental and control groups, (Maggies, 2020) concluded that medical masks do
have a protective impact on the mouth and nose. Furthermore, virus-carrying surfaces are involved in contact transmission.
In general, the surface of hard material is more porous, making it easier for the virus to survive and propagate (Bean et al.,
1982). As a result, the infectiousness of COVID-19 is determined by the contact point, material, and amount of disinfection
and sterilization inside a structure.

COVID-19 may also be transmitted via the feces of patients. The presence of the virus in patient feces has been established
in studies (World Health Organization, 2021). As a result, transmission via wastewater and feces in homes or buildings is a
potential (Liao et al., 2011). The prospect of long-distance droplet or airborne transmission has yet to be established. Similar
infectious illnesses like influenza, SARS, and smallpox, on the other hand, have been proved to be airborne (Pitlik, 2020).
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As a result, buildings' interior ventilation systems should be regularly monitored. Engineering control techniques include,
among others, ventilation and air distribution type, air exchange rate, environmental parameters (humidity and temperature),
and engineering disinfection (filter or UV irradiation) (Aliabadi et al., 2011).

3.2Post-Pandemic Housing Characteristics.

Houses were previously mainly utilized as a place to relax after exhausting activities outdoors, but the epidemic has once
again elevated the home to a particular status and brought it back into the spotlight (wiley, 2020). The larger the home with
all its items and residents, the higher the risk of introducing the virus into the house (Saadat et al., 2020). As a result, the
key elements of a healthy home are required, which include a house with exceptional indoor air, water, and lighting quality,
as well as a house that is energy and resource efficient, affordable, and environmentally responsible (Sarkar & Bardhan,
2020).

3.2.1 Space & Density

According to several housing indicators found in the U.S. housing market, it was observed that that the pandemic had caused
a shift in housing demand from high population density regions to low population density areas (S. Liu & Su, 2021). The
last found that:

1.Dense areas are more likely to be near employment hubs, which have a higher percentage of telework-compatible
occupations.

With the advent of distant arrangements, the necessity for people to live in these areas may dwindle.

2. Consumption amenities are more plentiful in densely populated areas. Because of the decrease in visits to facilities during
the pandemic, the value of residing near high-end destinations may decrease.

3. Because housing supply elasticities are lower in dense communities, housing prices are greater (Baum-Snow & Han,
2019). The benefit of incurring such high housing prices to live in these regions may decline when the demand for living in
these locations decreases.

Although the above research from marketing discipline perspective, it indicates the future development of the residential
projects.

3.2.2 House Layout

The COVID-19 epidemic confined the majority of the people in their houses, forcing them to work hard to change their
rooms to meet several demands at once: leisure, work, physical exercise, study, and soon. Our houses were unintentionally
put to the test in terms of flexibility, pliability, and adaptation(di Lavoro, 2020). High speed internet access is critical in the
design and construction of smart homes, since it provides the required living comfort. It meets a variety of new household
demands, including the capacity to work and study from home while being isolated for a prolonged amount of time
(D’Alessandro & Raffo, 2011).

Staying organized, time management, teamwork, and social contact were the key problems experienced when being locked
down and working from home (Stephens, 2020). The proper layout of workstations in homes will be given greater thought
and care. The way rooms are organized and how dwellings are laid up will alter. Comfortable seats, huge windows, and
blackout curtains will be provided in the work area. Technical equipment and strong sound isolation will be essential
features of a pleasant home office (Allam & Jones, 2020; Capolongo et al., 2020).

The social aspect of design places a premium on intimacy and the ability to locate a private area. In recent years, open plan
living has been popular, providing a single, big open area for multipurpose uses, such as kitchens that are linked to living
rooms. When the entire family was at home, however, many individuals found it difficult to locate some private space
(Hipwood, 2020). Because of their flexibility to change the layout of the home for varied uses, certain flexible construction
systems, such as Woods Bagot's AD-APT system, may acquire popularity. Removable walls and screens, which are part of
such systems, enable the open space to be divided into smaller rooms, such as a home office, entertainment area, exercise
space, or even a bedroom (Bahadursingh, 2020). Furthermore, the housing arrangement, which has modest apartments
linked to the larger area by twisting corridors, will provide residents with some privacy while still allowing them to feel
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connected to the rest of the building's community. Because one sort of layout design cannot please everyone, architectural
designs that enable the space to be changed in a variety of ways might be popular (Tokazhanov et al., 2020). Figure (3) &
(4) post-Pandemic housing.

Figuare (3) Post-Pandemic House (Kate Dehler, 2021)
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Figure (4) Post-Pandemic layout By (Guerra, 2022)
3.2.3 Comfort
Indoor Air Quality

The self-isolation and spending more time indoors, an approach for improving health through strategies such as greater
natural light, improved ventilation, fewer toxic substances, and incorporating plants and other natural materials is necessary
(Abouleish, 2021). In this context, it is critical to design buildings with skylights, large windows, rooftop terraces, balconies,
and courtyards to avoid sick-building syndrome and enhance air quality (Ahmad, 2010).

Along with thermal comfort, lighting, and acoustics, indoor air quality is acknowledged as one of the key factors of indoor
environmental quality (Sullivan et al., 2012). Particulate matter (PM), volatile organic compounds (VOCs), carbon
monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), and formaldehyde are the most prevalent types of pollutants
that are taken into consideration in the context of indoor air quality (Steinemann et al., 2017). the last is differentiated from
indoor chemistry, which is a subfield of chemistry that covers the primary chemical processes that take place in indoor air,
by the fact that one of the primaries focuses of indoor air quality is on the health and comfort of humans (Sundell, 2017).
Several academic fields, including as environmental health and epidemiology, engineering, architecture, environmental and
atmospheric sciences, psychology, and sociology, investigate different elements of indoor air quality, resulting in the
production of a diverse and extensive body of written material (Sundell, 2017).
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Many Indoor air quality problems have been predominantly ascribed to architectural attributes and inadequate construction
standards, particularly among the community of building science and engineering professionals (Steinemann et al., 2017).
For instance, construction that began in the 1970s and placed a higher priority on energy efficiency than fresh air exchange
led to a large population of buildings being diagnosed with sick building syndrome and exposing occupants to toxic black
mold, volatile organic compounds, and excessive ozone. (Straus, 2009) While the trade-off between energy efficiency and
indoor air quality continues to be a challenge for design and operation, more attention is being paid to the relevance of
additional characteristics and factors that affect Indoor air quality. These include outdoor conditions, the properties and
concentrations of ambient pollutants, as well as the behaviors of indoor occupants. (Adamkiewicz et al., 2011) As a
consequence of this, there has been an increase in the number of field studies conducted to disentangle the relative effect of
the different Indoor air quality components and to enhance Indoor air quality in settings that are more representative of the
real world (Sundell, 2017) Figure (6) improvement techniques.
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Figure (6) IAQ Improvement Techniques by (Agarwal et al., 2021).
Ventilation

Humanity is dealing with concerns associated to the continuing pandemic that may have a significant impact on quality of
life, such as the necessity of ventilation in air distribution, assessing comfort and health in interior spaces, and so on (Hamdy
& Mauro, 2019). Contagion is caused by aerosol exposure, which spreads the virus throughout the environment (Zoran et
al., 2020), according to various studies (de Espafia, 2020). It is helpful to one's health to live in a well-ventilated house. The
air circulation provides for oxygenation, which aids in the expulsion of dust particles and mites, maintains the environment's
humidity, and removes foul odors. Furthermore, UV rays may kill certain bacteria, thus allowing sunshine to fill the home
is advantageous if at all feasible. On the other hand, when a home is poorly ventilated, residents may have energy dips,
frequent headaches, sleep problems, and respiratory problems, not to mention the danger of infection during pandemics like
the one we are now experiencing. Furthermore, insufficient ventilation encourages the spread of germs, particularly in
enclosed and humid conditions(de Espafia, 2020). Figure (7) The impact of well-ventilated houses.
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POOR VENTILATION

No open windows, no fans, no portable air cleaner

GOOD VENTILATION

Open windows, ceiling fan, window exhaust fan blowing air outside, portable air cleaner

Figure (7) The impact of well-ventilated houses by (CDC, 2021)

According to the study that has been conducted on the topic of the impact of indoor ventilation on the health of building
occupants in (Sarkar & Bardhan, 2020), it has been shown that smaller buildings with less ventilation tend to fall short of
meeting the necessary standards. These criteria are necessary in order to remove indoor pollutants as quickly as possible.
Existing low-income urban single-family and multipurpose tenements in metropolises of emerging countries lack suitable
internal design and ventilation concerns. The best possible option for the design of the in order to lessen the likelihood of
adverse health effects, it is necessary to use the best possible ventilation system in the building's architectural design.

Thermal comfort

In a study of the thermal comfort founded that, the level of general comfort and thermal comfort, which together provide
the foundation for the health conditions that exist inside an indoor environment, should have a significant impact on how
we should build and remodel homes in the future (Jia et al., 2021).

The state of mind that manifests itself as contentment with one's current thermal surroundings is referred to as thermal
comfort (Standard, 2017). The adaptive model of thermal comfort is based on the principle that, if a change occurs in such
a way as to produce discomfort, occupants will react in ways that try to restore their comfort. This principle underpins the
idea that occupants will try to restore their comfort if a change causes discomfort (Nicol & Humphreys, 2002). The offered
methods are often used by the subjects in order to improve their level of comfort. This range of available adaptive measures
is restricted in a workplace that is restrictive because it creates limits related to dress code, activity level, and the capacity
to move freely from one's work location, such as in the case of institutional buildings or offices (Brager & de Dear, 1998).
However, in the case of residential buildings, subjects frequently use one or all the measures available to them in order to
make themselves more comfortable (Singh et al., 2017). These include adjusting their position, the level of clothing they
are wearing, whether they have access to windows or fresh air, and whether they move to warmer or cooler areas. Previous
studies have shown that, when the weather is cold, people tend to seek out sunny regions in order to sunbathe, but in the
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summertime, when it's scorching outside, they hunt for places to find shade (Gillie, 2006). However, a continued and forced
indoor lockdown can have physiological and psychological impacts (Cavazza et al., 2021), which ultimately affect the
degree of comfort and overall satisfaction of the indoor environment. This is the case even though residential houses may
offer a higher degree of adaptability to the occupants in comparison to offices and institutional buildings. As a result, the
mandatory lockdown that has been imposed by several governments around the world to combat the spread of the COVID-
19 pandemic, as well as the restrictions that have been placed on residents, requiring them to remain inside their homes, can
place limitations on the adaptability of the occupants. The thermal comfort of a person is eventually impacted as a result of
this.

Post-Pandemic-House: Case Study Malaga by (Segura & Jiméne, 2022)

The potential of housing to handle a full program characteristic of the city and its public space was emphasized during the
COVID-19 lockdown period.

Numerous media appraisals of the housing stock's problems mirrored the experience of not just a large portion of the Spanish
population, but also of people all over the globe.

On the one hand, housing units under 60 m2 and without views of green areas, as their households are more prone to
depression, and, on the other hand, those located in community blocks and with aligned facades, due to the difficulty of
carrying out extensions or alterations (Amerio et al., 2020).

Their paper emphasizes three aspects of this type of housing: the importance of considering the orientation of the housing
to improve the quality of the indoor and outdoor space; the need for public housing policies that allow for a greater number
of rooms to allow for remote working; and, finally, the importance of functional terraces overlooking green areas.

In summary, the research found that:

In flats under 60 m2, they used the living room as a pop-up office (Table 1). In residences above 60 m2 or with the same or
more people, bedrooms were utilised as pop-up offices, as previously. In housing units with just 1 bedroom for 2 working
people, the living-dining area had to be shared, limiting its usage for video conferences, leisure (viewing TV), or meals.
Small apartments are best for remote workers who live alone or when just one works from home. Same goes with 2-bed
accommodation, which is better for 2 people. Lack of a large enough patio (A, B, C) required converting a dining room or
bedroom into a gym. Case D users utilized the dining room to exercise if they didn't have a big enough patio.
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Table 1. Objective indicators.

Study case A C D B
riri | ETI T
2, I_| | L - s
. - i
Neighbourhood Haza del Campillo Molinillo Torre del hMar Los Viveros
Height B+4 B+5 B+é& B+2
Orientation North North Northeast East
S (m2)
Indoor surface 40 48 67 70
area
Nu’nbe[r of rooms | 2 > 3
(N)
Sa (M2)
Qutdoor surface - 8 15 2.7
area
Number of i ;
balconies 2 ) .
Number of terraces
Mumber of
residents (R) 2 3 2 2
5/R [m2) 20 16 33 35
N/R 0.50 0.66 1.00 1.50
S:/R Q.00 2.66 7.50 1.35
Resident age 26 =27 49 — 51 - 23 34 - 27 24 -27
Number of .
residents in WFM 2 0 !
Pop-up office Living room Living room - Bedroom
Number of 2 B > 1
residents exercising
Exercise spacs Living room Bedroom Terrace / Bedroom Living room
Table (1)

As for indoor environmental conditions, the results in table 2 indicate a greater need for natural light and less thermal
comfort for north-facing buildings (A, C, D), while there was a greater sense of light in dual-aspect Case B; furthermore,
the users were aware of very little noise due to lack of mobility during the pandemic. Concerning outdoor environmental
conditions, the owners' comments emphasized the need for a functioning terrace, greater than the 6 m2 recommended
by (Bettaieb & Alsabban,2020), and of a design that makes activities simpler, according to (Gupta,2019). Avoiding
captivity is virtually a psychological necessity. Existing balconies are utilized for washing and storage. In Case C, there
are terraces big enough for furniture, but they face north and get little sunshine, therefore they were not utilized. Case
D's spacious patio was utilized to house furnishings. Despite facing north, it boasts sea vistas, making it a nice position.

29
Arab Journal for Scientific Publishing (AJSP) ISSN: 2663-5798



http://www.ajsp.net/

ISSN: 2663-5798

SASP

caalo)lpiull aprellalxoll

Ol g dsad aaal)

#2022 — js&8 — 2 1Y)

www.ajsp.net

Table 2. Subjective indicators.

QUESTIONS A c D B
Positive characteristics of | Indoor All rooms with The large and Good surface and | A great deal of
cumrent home openings outside well-it main distribution light

bedroom
Qutdoor Has terrace Enjoyable outdoor | -
space
Negative characteristics | Indoor Small home: all The temperature Lack of light. Temperature not
of current home activities in one is not very Bathrooms do not very comfortable
single room comfortable, have windows year-round
particularly in the
kitchen
Qutdoor | No outdoor space - - -
What aspects would you | Indoor Would add More natural Bathrooms with
change of your home to another room or light, to avoid natural ventilation.
make lockdown more extend the existing | feeling locked in Combine the
bearable? oneg, to create kitchen and living -
another room to have one
workspace arger room
(curently, both
work in the same
space and it is
very
inconvenient).
A larger kitchen
Qutdoor | Include an Larger outdoor Better distribution More outdoor
outdoor space to space on the of the outdoor space, to be able
avoid feeling terrace oronthe | space for better to get fresh air or
locked in roof of the use exercise outside
building, large
enocugh to
exercise
Table (2)

5. Conclusion

During the Covid-19 People who were forced to remain inside and had restricted access to outside areas for their daily
physical activities, social lives, and recreational pursuits were the ones who were most affected by the repercussions. It
should be mentioned that the circumstances of our interior dwelling played a significant role in our daily lives, as well as
our overall health and our level of contentment. Extensive research was conducted on the circumstances of the living settings
and the effects such factors had on human health. The purpose of this research was to investigate the effect that the epidemic
had on the homes by looking at different aspects of the epidemic’s influence that had been studied in previous academic
research; however, we did not want to duplicate any discourse that has already been presented. but rather crucial for
presenting a comprehensive report that covers every aspect of house design that is affected, which is vital for architects in
the post pandemic housing and any further study that may be done in the future.
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