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ABSTRACT
With global pandemics such as severe acute respiratory syndrome (SARS) and the recent novel
coronavirus disease (COVID-19), awareness of disease prevention and control is increasing. Concern
over the spread of viruses within residential buildings, especially multi-unit apartment and condominium
buildings, is growing. The design of residential buildings in China is often focused on comfort, aesthetics,
appearance, and lifestyle. This is in contrast to Western countries, where physical and mental health
considerations are integrated with the design of residential buildings. Many recent reports and
investigations have focused on infection and cross-infection of diseases and viruses occurring in
residential buildings, especially in countries with high population density such as China. Due to COVID19’s rapid community spread almost everywhere on the globe, including Asia, North American, the
Middle East, and Europe, many local governments have issued lockdown and curfew restrictions to limit
people from traveling or even leaving their residence for anything but essential purposes. Lockdown
restrictions have been proven effective as 78% to 85% of COVID-19 infections have occurred within
families instead of in the community. Thus, lockdown restrictions lower the chances of the virus being
transmitted outside of a family. However, self-isolation can be difficult when living with other family
members, and there is a high risk of household transmission. Accordingly, this thesis makes
recommendations to minimize the risk of household transmission.
This thesis briefly discusses how diseases and viruses can spread in buildings and what steps can
be taken to lower the risk of disease transmission in residential units. The thesis begins by outlining
research on residential building floor plans in main cities in China, namely Beijing. It then discusses how
these designs are insufficient for the prevention and control of disease transmission. Lastly, the thesis
suggests alternative solutions not only to prevent disease transmission but also to improve residents’ daily
hygiene regimens. A novel concept for floor plans can help reduce disease transmission and promote a
healthy living environment.
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CHAPTER 1 INTRODUCTION
1.1 Introduction
Architecture involves designing a system that turns positive and negative space into a place for
various activities and services. Homes, schools, offices, hospitals, train stations, bus terminals, airports,
plants, shops, and churches, just to name a few, are structures created by architects for human occupancy
and to serve certain purposes. There has been growing awareness of health concerns in the architecture
field over the centuries, especially in recent decades.
In Western countries, there are guidelines, regulations, and references to promote physical,
mental, and psychological health and build an organic environment through intelligent design. Yet in
certain developing countries and regions, the basic need for shelter, or having a safe roof over one’s head,
is an ongoing problem. In the past two decades, architects in major cities such as Beijing have mainly
focused on improving comfort and convenience and providing attractive and luxurious lifestyles.
China’s rapid industrialization and urbanization in the past three decades has inflicted a heavy toll
on the environment and health; pollution, illness, and even death rates are strongly related to poor urban
planning and short-sighted architectural design. Sustainable design has become a concern of the utmost
importance to the nation. Architects have begun working with leading global companies, adopting
innovative green features to create healthier, greener, and more comfortable workplaces and residential
buildings. However, there is vast potential for the hazard of infectious diseases and illness spreading
within buildings and infrastructure in older buildings. On average, urban residents spend 90% of their
time indoors, whether for work, study, or daily leisure1. The interior floor plan, construction layout,
airway design, drainage and ventilation, water supply and waste management, building codes, and other
relevant considerations are critical factors that can impact occupants’ health and well-being. The current
COVID-19 outbreak was a wakeup call for health concerns in architecture. Particularly after people were
told to stay home due to the COVID-19 pandemic, this raised many concerns about original floor plans’

1

“Indoor Environment”. Baidu Baike. Baidu. Accessed March 17, 2020. https://baike.baidu.com/item/室内环境.
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special arrangements for specific functions. People find them inconvenient, and they prohibit people from
protecting themselves against the spread of infection in their own homes. Further, those who had to work
from home felt restricted and found this difficult due to limitations of residential design.
Over time, we have learned that diseases rarely disappear. There are always new diseases and
even more dangerous ones approaching. Worldwide, there has been a long series of scourges. A major
plague outbreak in Madagascar in 2017 took more than 2,400 human lives. Severe acute respiratory
syndrome (SARS), which was unheard of before 2003, has affected more than 8,000 people, causing fear
and panic across the world. In 2009, H1N1, a novel influenza virus, began started to spread, creating the
first influenza pandemic of the 21st century2.
Virus outbreaks that include avian flu, SARS, Middle East respiratory syndrome (MERS), Zika
virus, Ebola, H1N1, and, most recently, COVID-19 can kill thousands of people and cause billions of
dollars of economic losses. COVID-19 is a new disease that affects the lungs and airways. It is a type of
coronavirus that can be spread, like the flu, through droplets and by touching the surfaces of objects
infected individuals have also touched3. With COVID-19 spreading in the cities of China, the Chinese
government issued quarantine orders that locked down communities and restricted residents from leaving
their houses unless they were going for groceries. The main reason for such an extreme order was because
of how contagious the virus is and how quickly it can spread within a community. On January 23, 2020,
China’s central government imposed a lockdown for Wuhan city in an effort to quarantine the epicenter
of COVID-19. The following day, lockdown orders were issued for 15 more surrounding cities and the
capital city of Beijing, affecting 57 million people in total. The lockdown meant all public transport was
suspended, and residents were not allowed to leave the city without government authorization. All
commercial and public services were also shut down during lockdown to prevent the spread of the

2

“Managing Epidemics: Key Facts about Major Deadly Diseases”. World Health Organization, 2018.
https://www.who.int/emergencies/diseases/managing-epidemics-interactive.pdf.
3
“COVID-19 Basics”. Harvard Health Publishing. Harvard Medical School, March 2020.
https://www.health.harvard.edu/diseases-and-conditions/covid-19-basics.

2

disease, and residents were told not to leave their houses unless it was necessary, such as shopping for
groceries.
1.2 Problem statement
During the quarantine, people were told to practice physical distancing and to stay home
whenever possible. World Health Organization (WHO)’s investigation of the spread of COVID-19 in
China indicated that 78% to 85% of transmission occurs within families4. One concern related to this is
disinfection when residents return from outside the home. When returning from essential shopping,
people need to take necessary steps to disinfect themselves and articles brought back before entering the
home to reduce the risk of transmitting the virus to other family members; however, modern residential
units are not equipped with disinfection stations. Therefore, if someone in the family has come in contact
with an infected person or recently returned from travel, he or she requires self-isolation. This is
challenging since the person who needs to be self-isolated must have a separate bathroom, with an
independent air ventilation system recommended to lower the risk of other family members becoming
infected. The challenge in self-isolation is that residential units in most urban areas of China often have
only one bathroom. This includes the master bedroom, which also has no dedicated bathroom. Further,
units often lack natural ventilation, which reduces the dilution of polluted air inside the home.
1.3 The aim of the study
Based on research on contemporary apartment buildings in China, changes to current and future
residential buildings in China to reduce disease transmission and increase the possibility of community
containment. The study aims to analyze and address shortcomings in disease prevention and control in
residential buildings, especially in individual units, and suggest changes. A part of this thesis, data were
gathered from Chinese residents through an online survey that asked for feedback from those who had
experienced quarantine firsthand. The survey addressed residents’ primary concerns related to the spread

4

“Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-19)”. World Health
Organization, February 24, 2020. https://www.who.int/docs/default-source/coronaviruse/who-china-joint-missionon-covid-19-final-report.pdf.
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of disease in buildings and the need for change in the floor plans of residential units based on their
experience during the pandemic lockdown.
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CHAPTER 2 LITERATURE REVIEW
2.1 The impact of disease transmission on building development
In the historical development process of global urban architecture, each major infectious disease
epidemic has promoted the renewal and iteration of new ideas, methods, and standards in architecture as
well as urban planning. At the same time, the impacts of disease transmission have inspired architects to
design hygiene-oriented healthier living environments as part of the development of cities.
In 17th-century London, almost 87% of the city was destroyed after the Great Plague of 1665 and
the Great Fire of 1666. All of a sudden, London had tens of thousands of homeless people, extremely
crowded housing, a lack of sanitation, and other difficulties. Housing compounds were very crowded with
narrow streets and buildings were constructed with wood, significantly increasing the possibility of fire 5.
The Great Fire, the worst disaster in the history of London, destroyed a large number of buildings yet
provided opportunities for the reconstruction of the city. Architect Christopher Wren proposed replacing
crowded buildings and narrow streets (once a hotbed of plague and fire) with “wider avenues and richer
Spaces” (Figure 1, Figure 2). Due to a lack of funding from the government, his plan was not carried out.
In the end, private enterprises rebuilt the city based on the ancient layout, mainly because they wanted to
rebuild as quickly as possible. The Rebuilding Act of '67 mentioned restrictions such as the prohibition of
the upper floors of houses jutting out over the floor below and the requirement that houses and buildings
be built of brick or stone6.

5

“Wren's Plans after the Fire”. The British Library. Accessed March 8, 2020.
https://www.bl.uk/learning/timeline/item103694.html.
6
Davies, Sian. “Five Ways the Great Fire Changed London”. BBC News. July 23, 2016.
https://www.bbc.com/news/uk-england-london-36774166.
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Figure 1 Map of London, c.1665.

Figure 2 Christopher Wren’s plan to rebuild London.

Extremely crowded housing, lack of sanitation, and people’s lack of health knowledge were the
main causes of poor living conditions in early European industrial cities. With the development of

6

society, modern architect-designed buildings generally adopted designs dominated by functional subareas, access to daylight and air, and the presence of plants, all of which are important factors to create a
healthy and safe urban living environment. Before the rise of modern architecture in 1882, residents often
believed that living inside confined buildings was destructive to their health and that outdoor activities
were beneficial to their health. It was not until 1882 that tuberculosis bacillus was discovered to be
closely associated with the unhealthy, crowded conditions in which urban working-class people lived. In
the early 20th century, with the emergence of the Garden City and Life Reform movements, the idea of
healthy buildings sprouted in architecture7. Modernism in architecture was influenced by historical factors
such as the need for healthcare to fight diseases like tuberculosis, and the success of modernism is
inseparable from its close relationship with health.
In many ways, the tuberculosis epidemic influenced architecture styles on a global scale. Paimio
Sanatorium is a former tuberculosis sanatorium in Paimio, Finland designed by Finnish architect Alvar
Aalto in 1929. It is a typical work that reflects the humanization of Aalto’s designs. This building is
designed around the feelings of patients, and every detail is handled from the perspective of patients’
lives. In a speech in Italy in 1956, Aalto described the Paimio Sanatorium as follows: “the main purpose
of the building is to be used as a medical instrument.” Daylight and natural ventilation are an integral part
of a healthy building. The design of the Paimio Sanatorium fully achieves harmony between light, nature,
architecture, and people8. It is through light, ventilation, movement, roof terraces, and sanitation that
modern architecture is built to prevent and even cure tuberculosis. Publicity campaigns for modern
architecture revolved around the public’s fear of tuberculosis. In 1935, in the Ville Radieuse (Radiant
City) project, Le Corbusier stated he believed that the “natural ground” is the “dispenser of rheumatism
and tuberculosis”. He subsequently proposed features of modern architecture, namely the Five Points of

7

Campbell, M., 2005. What Tuberculosis Did for Modernism: The Influence of a Curative Environment on
Modernist Design and Architecture. Medical History, [online] 49(4), p.463. Available at:
<https://ezproxy.rit.edu/login?url=https://search-proquest-com.ezproxy.rit.edu/docview/229708133?accountid=108>
[Accessed 9 March 2020].
8
Treemode, 2017. Paimio Sanatorium - Alvar Aalto. Available at: <https://www.51tbtx.com/21phc2/couex3.html>
[Accessed 9 March 2020].
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Architecture, which include pilotis, roof gardens, free ground plans, horizontal windows, and open
façades, all of which were considered medical devices. Even the walls of buildings should be white to
show that they are not contaminated9. After World War II, the artificial indoor environment became a
symbol of “modernization”. Lever House, one of the first full-glass International style office buildings in
the United States, was built in 1952 in New York.
The construction of urban sanitation facilities, and water supply and sewage systems, as well as
the construction of necessary space to cope with sudden disasters, were of vital importance and have
formed the core of modern urban planning and design concepts since the Industrial Revolution. In 1976,
there was a Legionnaires’ disease outbreak in Philadelphia, Pennsylvania. The disease spreads due to the
contamination of cooling water in air conditioning systems. The tiny water droplets blown into rooms by
these systems contain Legionella bacteria, which can make many people sick. Sources of infection have
been reported in hotel shower water supplies, central air conditioning, and humidification and cooling
systems in hospitals and offices10. By the late 1970s, the term sick building syndrome (SBS) appeared.
WHO reported in 1984 that more than 30% of new and existing buildings had significant indoor air
quality problems11, with between 10% and 20% of people experiencing frequent headaches or other
adverse reactions from SBS12. This greatly reduces the working or learning efficiency of people in a
building and may even present symptoms of disease or cause suffering from chronic diseases. Since SBS
is becoming a global health concern, architecture is beginning to have standard requirements for the
indoor environment, equipment, and materials. In the 2003 SARS outbreak in China, the virus spread in
many buildings due to poor building design, including pumping, ventilation, construction layout, and
floor planning.

9

Beatriz, C., 2019. X-Ray Architecture: Illness As Metaphor. 1st ed. Baden, Switzerland: Lars Müller, p.32.
Kotulak, R., “Legionnaires` Disease Less Mysterious, Still Deadly.” Chicagotribune.com, September 4, 2018.
https://www.chicagotribune.com/news/ct-xpm-1986-08-31-8603050199-story.html.
11
US EPA, 1991. Indoor Air Facts No. 4 Sick Building SyndromeUS EPA. Available at:
<https://www.epa.gov/indoor-air-quality-iaq/indoor-air-facts-no-4-sick-building-syndrome> [Accessed 10 March
2020].
12
Stolwijk, J., 1991. Sick-building Syndrome. Environmental Health Perspectives, 95, pp.99-100. Available at:
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1568418/?page=1> [Accessed 10 March 2020].
10
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2.2 Global health-related building standards and associated policies in China
In the past few decades, the emergence of various diseases has led to the death of countless
people, and health became an important evaluation factor in architectural design. Regardless of whether it
is a residential building, office, shopping mall, school, hospital, or some other type, each building type
should apply healthy standards and be integrated with outdoor space to constitute a healthy living
environment. In the 1990s, WHO put forward the concept of "healthy housing", which means "housing
that enables the occupant to be in a completely good condition physically, mentally and socially." 13
Architecture is closely related to people's lives and its health performance directly affects people's
physical and mental health; therefore, a focus on healthy buildings is the inevitable direction of
development. In 2014, the United States issued the WELL Building Standard ®, the first standard for
healthy buildings and the world's first people-oriented building certification standard focused on living
conditions. The WELL Building Standard® is a performance-based assessment system that measures,
certifies, and monitors the characteristics of the built environment that affect human health and wellbeing, such as air, water, nourishment, light, fitness, comfort, and mind14. In January 2017, China issued
and implemented the 《Assessment standard for healthy building T/ASC 02-2016》, which proposes six
health elements: air, water, comfort, fitness, humanity, and service15.
On March 11, 2020, WHO declared a global pandemic16, and countries around the world
immediately took corresponding protection measures. Millions of people around the world were told to
stay home if possible and practice physical distancing. The dual concept of "health + epidemic
prevention" for healthy buildings and communities has become a focus of social concern. Healthy

13

Baike.baidu.com. n.d. “Jian kang jian zhu_bai du bai ke” 健康建筑_百度百科 [Health building _ baidu baike].
[online] Available at:
<https://baike.baidu.com/item/%E5%81%A5%E5%BA%B7%E5%BB%BA%E7%AD%91#4> [Accessed 12 March
2020].
14
U.S. Green Building Council, 2015. What Is WELL? Available at: <https://www.usgbc.org/articles/what-well>
[Accessed 12 March 2020].
15
“Assessment Standard for Healthy Building T/ASC 02-2016.” Zhaojianzhu. Architectural Society of China,
January 6, 2017. http://archfind.com/guojiaguifan/80635.html.
16
“Coronavirus Disease (COVID-19): Outbreak Update.” Government of Canada. https://www.canada.ca/en/publichealth/services/diseases/2019-novel-coronavirus-infection.html?topic=tilelink [Accessed March 18, 2020].
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buildings utilize four architectural means—space, facilities, equipment, and services—to ensure basic
health while encouraging people to pay attention to their own health. During the COVID-19 pandemic,
the advantageous function of healthy buildings could promote protection from daily prevention efforts
and epidemic response. Relevant regulations are also mentioned in the 《Assessment standard for healthy
building T/ASC 02-2016》, such as isolating pollution sources, diluting pollutants through the air
conditioning system, reducing leakage of the pipe network, creating a comfortable indoor environment to
reduce anxiety, reducing the risk of respiratory tract infection through comfortable interior temperatures
and humidity, and sterilizing sports arenas and other public places 15. Based on the report of the WHOChina Joint Mission on Coronavirus Disease 2019 (COVID-19), household transmission is the main route
of transmission. In Guangdong and Sichuan Provinces, 78% to 85% of cluster cases occurred in families 2.
All people returning from outside their home, as well as those who have tested positive for the disease but
have mild symptoms, have been asked to self-quarantine for 14 days. The U.S. Centers for Disease
Control and Prevention also recommends that patients stay in their own rooms and isolate from other
people in their home whenever possible. In addition, patients should use a separate bathroom if possible 17.
During the quarantine period in residential units, people have begun to recognize how methods of
personal protection and infection control measures are directly connected to building design.

17

“Preventing 2019-NCoV from Spreading to Others.” Centers for Disease Control and Prevention, February 14,
2020. https://www.cdc.gov/coronavirus/2019-ncov/hcp/guidance-prevent-spread.html.
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2.3 Background and current situation of living spaces in China
2.3.1 Common residential building forms
According to the United Nations, China and India are the world's most populous countries 18.
According to the National Bureau of Statistics, China's population reached 1.39 billion in 2018. Rapid
economic growth since the 1980s has modernized the whole society, and thousands of people have
migrated from the countryside to cities seeking a better life. Over the last decades, urbanization in India
has increased by almost 4%. The degree of urbanization in Russia over the last decade was 0.83%, and
the urbanization rate in China was 12.59% from 2008 to 201819. At present, China is seeing the fastest
urbanization, with the urbanization rate increasing by nearly 2% each year20. The Chinese government
expects that 60% of the country’s population will live in cities by 202021. According to United Nations
data, China's urban population will increase by 255 million by 205022, with an urbanization rate of
72.9%23. The agglomeration of the urban population has had a crucial influence on urban housing forms.
After the 1950s, with the development of urban transformation, many traditional houses such as those
with courtyards (SiHeYuan) were demolished and replaced with high-rise tower blocks or low-rise slab
buildings24. Apartments have become the most common type of family home in cities. Real estate
developers have built thousands of high-rise apartment buildings since the late 1980s in urban areas.
Apartment buildings allow more inhabitants per unit of land and are very popular because they are

18

“Population.” United Nations. https://www.un.org/en/sections/issues-depth/population/index.html [Accessed
February 26, 2020].
19
Textor, C. “China: Urbanization 2018.” Statista, October 2019.
https://www.statista.com/statistics/270162/urbanization-in-china/.
20
“Urbanization in the People's Republic of China.” Wikipedia. Wikimedia Foundation.
https://zh.wikipedia.org/wiki/中华人民共和国城市化 [Accessed March 15, 2020].
21
“OECD: 2015 China Urbanization Level Development Report.” 199IT, April 23, 2015.
http://www.199it.com/archives/342308.html.
22
“Around 2.5 Billion More People Will Be Living in Cities by 2050, Projects New UN Report.” UN Department
of Economic and Social Affairs.” United Nations, May 16, 2018.
https://www.un.org/development/desa/en/news/population/2018-world-urbanization-prospects.html.
23
“Cheng shi hua lv.” 城市化率 [Urbanization Rate]. Baidu baike. https://baike.baidu.com/item/城市化率
[Accessed March 24, 2020].
24
Courtyard (Chinese traditional courtyard),
http://baike.baidu.com/item/%E5%9B%9B%E5%90%88%E9%99%A2/2930995?fr=aladdin
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considered a viable solution to accommodate the great influx of people in cities25. Apartment styles are
more or less the same, but their layout depends on the building design. Typically, there are three main
apartment building design styles in China: slab-type apartment buildings, tower block buildings, and
combined slab-type and tower block buildings26.
The structure of the slab-type apartment building extends horizontally, and each apartment unit is
lined up in a row from the east to the west (Figure 3). Most building developers prefer to position the
entire building on a north-south orientation, which follows traditional feng shui style. Based on the
movement of the sun, the south-facing windows get more sunlight and the south side of the building can
absorb more heat. Slab-type buildings are usually equipped with one elevator for every two or four units.
These apartment buildings are commonly under 12 stories (Figure 4 ). This design enables maximum
natural lighting and living spaces that are usually larger than in other types of buildings. Slab-type
apartments are limited in the number of residential units that can fit on each floor, so the total number of
residents is far less than in tower-type apartment buildings27.

25

Khidia, M., The Rise of the High-rise in China. https://uclaluskinabroad.wordpress.com/2015/08/14/the-rise-ofthe-high-rise-in-china/ [Accessed August14, 2015].
26
Jiang, Y., “Slab-Type Apartment Building, Tower Block Building... What Are the Common Residential Building
Form?” Lianjia, June 4, 2016. https://news.lianjia.com/qd/baike/08774.html.
27
“Tutu's Insight into House - Slab-Type Apartment Building VS Tower Building.” Ifeng. 2020.
https://house.ifeng.com/column/tutushuofan/ttsf26 [Accessed March 17].
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Figure 3 Slab-type apartment building. Source: https://www.sohu.com/a/333187355_100231706

Figure 4 Slab-type apartment building layout. Source: https://www.zhihu.com/question/21916111

The second type of apartment building plan is one of the most common apartment building designs in
cities (Figure 5). Tower block buildings are high-rise buildings and are also known as multi-dwelling
units. Tower block buildings are usually 15-35 stories high, and there are often several elevators installed.
They are formed in various shapes, including square, “T”, “X”, and ”V” shapes (Figure 6). This building
type is popular due to its high capacity of dwelling units and purchase price, which is usually lower than
other types since the land area can accommodate a tower building with a high number of dwelling units.
Another feature of tower block buildings is that they are reinforced with concrete and steel. Steel-frame
construction allows big open spaces, making it easy to renovate individual units with floor plans that meet
residents’ needs. In contrast, low-rise buildings are usually constructed of concrete 24. In some cases,
buyers purchase two adjacent units and merge them by removing dividing walls that are not load-bearing.
This shows the flexibility possible for renovations in tower block buildings supported by a steel frame.
However, some units may have insufficient windows and thus lack sunlight exposure and airflow.

13

Figure 5 Tower block building.

Figure 6 Tower block building layout. Source: https://www.zhihu.com/question/21916111

With advancements in architecture and technology, architects have developed a new building
structure that combines the slab-type building with the tower block building (Figure 7). This type of
building usually offers both large three-bedroom units and smaller one-bedroom or two-bedroom units to
meet individual buyers’ needs. It combines the benefits of both types of design in terms of building
material selection, unit layout, and multiple floor-plan choices. Tower block buildings are mostly
supported by steel frames, allowing large, open interiors that offer flexible renovation options while slab-

14

type buildings have more weight-bearing cement walls that cannot be removed during the renovation of
individual units.

Figure 7 Slab-type and tower block combined building. Source: https://new.qq.com/omn/20191027/20191027A0J8GO00.html

Figure 8 Slab-type and tower block combined building layout. Source: https://house.ifeng.com/column/tutushuofan/ttsf26

2.3.2 Change in unit types
Based on a thesis published by a McGill University student28, the following summarizes the
progression of characteristics of Chinese housing during the history of New China from 1949 until the
present. Planning housing in China is a complicated process; it is extremely regulated and controlled by
the government. Because China is a socialist/communist country, the national government sets policies

28

Broudehoux, A., 1994. “Neighborhood Regeneration in Beijing: An Overview of Projects Implemented in the
Inner City since 1990.” McGill University. https://www.mcgill.ca/mchg/student/neighborhood/contents.

15

for the direction of the country's development and allocating the budget for urban planning. After the
revolution, New China (People's Republic of China) took power, and huge changes occurred in the
Chinese socio-political arena. The national development focus shifted between agriculture and industrial
advancement, and urban development was heavily influenced by the political atmosphere.
Reconstruction Period (1949–1952): The new communist party government of the People’s
Republic of China nationalized housing policy and began the equalization process in the early 1950s.
People who owned properties or land such as courtyards were required to share and give a portion to the
poor or new migrants to a city. The owners were allowed to keep a portion of their property for their own
families. The authorities confiscated private houses by force or order and then distributed them among the
population. The priority during this period was reconstructing or restoring the significant amount of
infrastructure damaged during the war must. The second priority was housing construction, which needed
immediate action and results, so architects and planners were required to be pragmatic for the rapid
production of housing. The concentration was on functionality and economy, so there was little attention
to aesthetic concerns. The simplest and fastest way of building was to construct single-story, continuousrow housing. Most housing during this period could hardly be called a structure and had no design
elements. Not long after, to save space, two-story structures based on the same simple model were
introduced.
First Five-Year Plan (1953–1959): During this period, the Soviet Union (USSR) was China’s
big brother, and the entire country was under tremendous influence from the country. The Chinese
government was on the journey to recovery and needed to stabilize national development and strengthen
the country. Soviet officials advised on plans to strengthen urbanization and the development of suburbs.
The Chinese used the Soviet prototype of three- to five-story apartment buildings arranged on large open
spaces with a symmetrical, regular design. The aspect of comfortable living was recognized, and essential
needs such as warmth and convenience were reflected in building designs. Residential units were
equipped with kitchens, bathrooms, and central heating, and designs facilitated sufficient sunlight.
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The Great Leap Forward (1958–1961): This period represents a turning point in modern China.
In 1959, 1960, and 1961, the Chinese people experienced an awful succession of natural disasters,
including drought and cold winters. The central government led the country to concentrate on increasing
industrial production, yet neglected agriculture and farming. Peasants moved to the cities, and the urban
population grew quickly because farmers could not make a living in the countryside. Most housing
projects built during this period were some kind of modification of Soviet building styles and types. A
square lobby became a new building component, as well as balconies and storage closets. These types of
apartment buildings became very popular throughout China. As the country was going through a hard
time with the economy and the financial situation was poor, the strategy was to construct buildings to
house the maximum number of people in the minimum amount of space at minimum cost. Cost
reductions led to a major decrease in quality. The new apartments were built according to mediocre
building standards with low-quality materials, poor workmanship, thin walls, low, narrow doorways, no
bathrooms, no heating, shared toilets, and/or shared kitchens.
Recovery and Adjustment (1961–1966): China’s economy was becoming stable and slowly
moving forward in the early 1960s. The industrialization of construction allowed for mass housing
production, and housing development struck a balance between overly high and overly low standards.
After 1964, a new cost-lowering policy was implemented and thus many low-standard plans surfaced and
adopted. Apartments had thinner walls with no insulation, no central heating, limited water supply, and
only minimal plumbing and drainage systems.
The Cultural Revolution (1966–1976): During this period, great importance was placed upon
political ideology and cultural conformity. The focus was on production-oriented, industry-related
buildings, and efforts were concentrated on the development of appropriate technologies and progress in
rural areas. During this time, housing design and production were almost forgotten, and public
construction was reduced to a minimum. City planning or urban development no longer existed.
Post-Cultural Revolution Years (1976–1979): After the 10-year, man-made disaster the
Cultural revolution created for Chinese society, the situation was reassessed, and efforts were made to
17

carry out policies of reform, consolidation, and improvement. Western concepts were reintroduced. Due
to land shortages, the few apartment buildings that were constructed were new 12- to 14-story buildings.
The Open Door Policy (1979–1990): The central government had new leaders in this period.
The new goal for the country was to achieve modernization in four fields—industry, agriculture, science,
and national defense–by 2000. The traditional Chinese political systems and socio-economic structure
were very stiff and rigid, and with the open-door policy, new ideas and technologies were brought in from
the West, leading the authorities to become more flexible and liberal. The production of housing was a
top priority. State-owned sectors and other companies/enterprises were asked to contribute to housing
construction and use their own funds to build housing despite all land belonging to the state. Public
funding for housing increased tremendously through all investment venues after a few years.
Refrigerators, washing machines, televisions, and furniture were widely found in common people’s
homes. There were demands for more space, bigger houses/apartments, and more rooms, which led
housing builders and developers to change existing designs and adopt new ones. During this period, the
population grew, and, with higher demand for housing, architectural designers were forced to consider
how to build residential communities faster and better. The Ministry of Construction encouraged planners
to create low- and medium-rise buildings to achieve high densities with integrated designs. Some new
techniques and building materials were introduced, and the use of concrete instead of traditional bricks
became widespread. The most common style of low-cost housing in Beijing during this period was sixstory apartment buildings with walk-up stairs (no elevators). Typically, these blocks of buildings
consisted of units with a north-south orientation and two multi-purpose rooms. Services were usually
grouped on the north side while the main rooms faced south, and a small central hall was used as a dining
or living room. Entry stairs were generally placed on the north façade and provided access to two or three
units on each floor. Between 1980 and 1990, most apartment buildings were low- or medium-rise
buildings.
Economic Reform Period–from a developing country to a developed country (1990–
present): A focus during this period was providing economical housing to middle- and lower-middle18

income households. The government forcefully pushed forward the development of economic housing by
granting land, reducing taxes and administration fees, and freely approving loans. The commercialization
of Housing Reform Policy stimulated China’s construction industry, activating the markets. China’s real
estate market was reborn in the late 1990s, and the central government began allowing people to sell, buy,
or rent their homes. As economic reform made the country more prosperous, there was rapid and massive
construction of commercial and residential buildings to supply the critical demand from rapid
urbanization. The speed of the construction could not keep up with continually increasing demand.
During this period, the majority of housing in major cities was high-rise towers. Meanwhile, developers
began to study and explore the improvement of the space utilization rate, aesthetics, energy-saving
techniques, anti-wind and anti-earthquake measures, sustainability, and other concepts that have been
reflected in housing design. Residential buildings have developed in diverse directions.
In the last two decades in China, prompted by a better understanding of how people’s demands
change as their lifestyles improve, developers and architects have been creating better floor plans with
more efficient functional designs. However, for a long time in history, to overcome the crisis of extreme
housing shortage, a uniform floor plan was often repeated in urgent large-scale construction. From the
1960s to the 1970s, China was in the primary stage of economic development, and residential design
mainly involved multiple-story, low-rise buildings. In 1979, a national urban housing design competition
was held, and the requirements of housing design were put forward for the first time: each household
should have a complete living space, including an independent bathroom and kitchen, and the housing
structure must be stable. Since then, compact forms have begun to emerge in design patterns, such as two
or three units on each floor29. The structure of buildings mainly comprises a load-bearing brick exterior
wall and precast, reinforced concrete floors. Housing in this period was primarily designed according to
the national policies, with people’s individual housing needs considered second.
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Floor plans of the 1960s to 1970s
(1) Each floor has two or three units, and each unit is about 635 square feet. Each unit has one or two
bedrooms, and each bedroom is about 108 square feet. The kitchen is 39 to 43 square feet, and
there a small bathroom but no living room (Figure 9)30.

Figure 9 1960s to 1970s floor plan type 1.

(2) Each floor has three units, and each unit is about 725 square feet, including a small dining room,
small balcony, and a small bathroom. Sometimes, one unit has no balcony (Figure 10) 23.

Figure 10 1960s to 1970s floor plan type 2.
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Floor plans of the 1980s to 1990s
In 1987, a code containing residential design specifications was published and stipulated that each
unit must have a bedroom, kitchen, bathroom, and storage space. As a result, floor plans from the 1980s
to 1990s branched off in two directions. One design type focused on bedrooms, with each unit generally
having one to two large bedrooms but a small or no living room (Figure 11) 28. The other design type
emphasized living room space, and often there was an open space with limited square footage after
entering the unit (Figure 12). In reality, this open space was frequently utilized as a common area for
multiple functions such as dining, entertaining, and studying28. The buildings were usually constructed
with brick and concrete, which makes them difficult to modify if the homeowner wished to do
renovations.

Figures 11 and 12 1980s to 1990s floor plans. Source:
https://www.shejijia.com/huxing/?cityId=cityId_110100&cityName=%E5%8C%97%E4%BA%AC%E5%9F%8E%E5%8C%BA

Floor plans of the 21st century
In the 21st century, China entered an economic boom and has become one of the world’s fastest
growing economies. The number of high-rise apartment buildings has increased rapidly. Most units have
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two to three bedrooms and a balcony. Architects are seeking to improve residential function and the
quality of the living environment and are adapting complex, sophisticated floor plans from Western
design28. A larger space for living and dining has become a common feature.

Figures 13 and 14 Examples of 21st-century floor plans. Source:
https://www.shejijia.com/huxing/?cityId=cityId_110100&cityName=%E5%8C%97%E4%BA%AC%E5%9F%8E%E5%8C%BA
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2.4 How disease spreads in buildings
Compared with natural disasters such as floods, earthquakes, and tornadoes, the coronavirus
pandemic has resulted in the worst tragedy in terms of human lives globally. People are living through
tough, unprecedented times, and COVID-19 has affected everyone from workers and children to business
owners and homemakers. COVID-19 is a respiratory virus and is primarily transmitted by droplets, saliva,
or discharge spread by coughing, sneezing, or wheezing and through person-to-person contact. It also can
be transmitted by fomites (self-inoculation after touching contaminated surfaces). It is clear that many
factors affect infection transmission31. Restriction on the physical distance among people can be an
effective behavioral measure while hygiene improvements in living spaces and better infection control
procedures in buildings are also good actions for reducing the spread of the virus.

2.4.1 Airborne transmission
Respiratory viruses are spread primarily by body fluids in the air, mainly through sneezing,
coughing, speaking, or even breathing. Small aerosol particles less than 10µm (mass median diameter,
1micrometer = 1×10−6 meter32) are projected when an infected person coughs or sneezes, and particles
can travel as far as 1.8 meters (5’11”) if the person does not cover their nose or mouth when doing so.
With a travel distance as far as 1.8 meters, transmission can occur without close or direct contact between
infected and healthy individuals. Even without coughing or sneezing, speaking or even just breathing can
generate particles that are less than 1µm in size. According to a study by Edwards et al. (2004), people
can generate large numbers of particles through quiet breathing. The study also shows that there are socalled high producers who can generate more than 10 times the amount of particles through quiet
breathing compared to other people29. These small particles quickly disperse in the air without settling on
surfaces; however, small droplets evaporate quickly, which results in droplet nuclei. Droplet nuclei are
31
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small and light, which allows them to remain suspended in the air for several hours33. Any movement
such as walking or opening a door can create air movement and allow air with droplet nuclei into other
areas.
Furthermore, differences in the air temperature created from body heat can create air currents that
can entrain infectious air into higher-temperature air above the body. These air currents easily travel
through ventilation systems34. Thus, any space in which an infected person has been in is unsafe for at
least a few hours. Viruses that can be transmitted by small droplets are often quick to spread, including
chickenpox, mumps, measles, influenza, tuberculosis, and even the common cold. Rapid outbreaks of
some respiratory viruses, including SARS, MERS, influenza, and COVID-19, can occur.
Figure 15 shows how air movement created by activity can bring infectious air into an adjacent
area. Figure 16 shows how air can be exchanged when opening doors. This is important because the
exchange of air means infectious air in one area can be diluted to reduce the potential for contamination.

Figures 15 and 16 Air movement and evaporation-falling curve of droplets. Source:
https://www.ncbi.nlm.nih.gov/books/NBK143281/
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2.4.2 Direct or indirect person-to-person contact
Transmission through person-to-person indirect contact can occur within about 6 feet through
respiratory droplets produced when an infected person coughs or sneezes, especially when contaminated
droplets land directly in a person’s eyes, nose, or mouth. Direct contact is defined as physical contact
between people, allowing microorganisms to pass from an infected person to a healthy person. The spread
of a virus from person to person varies on how sick the infected person is, as people are often the most
contagious when they are symptomatic. However, this does not mean spread is not possible when there
are no symptoms of illness. Transmission also depends on the disease itself, as some diseases are highly
contagious while others are not35. Person-to-person contact is avoidable if people take precautions to
avoid handshakes, hugging, kissing, fist bumps, and any other physical contact and cover their mouths
when sneezing or coughing. Unlike airborne viruses, which are difficult to detect, there is a lower
possibility of transmission of non-airborne viruses if people are cautious during an epidemic.

2.4.3 Contaminated surfaces
Artificially produced aerosols can contain droplets in a range of sizes. As previously mentioned,
small droplets can evaporate and turn into droplet nuclei, which can remain in the air for a long period
and be transmitted over a long distance through air movement. However, larger droplets over 10µm but
less than 100µm are projected shorter distances by coughing or sneezing, which means closer person-toperson contact is required for transmission. These large droplets can also settle on the surfaces on which
they land, including clothing and other objects commonly found in buildings, such as doorknobs, elevator
buttons, counters, lobby furniture, and even indoor plants. Under normal conditions, droplets less than
100µm but more than evaporate before falling to the ground, but they can still land on the surface of
objects36.
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Aside from large droplets landing on the surface of objects, when infected individuals touch an
object, the virus remains on the surface between hours and days depending on the concentration of the
virus, the humidity and temperature, and the object. The virus is then transferred to the skin of people
who touch it. Droplets remain infectious on the skin for an even longer time compared to droplets on
objects. When a virus is on the skin, especially the hands, it can be easily transferred into the body
through the eyes, nose, and mouth37.

2.4.4 Faulty plumbing system transmission
Due to a lack of proper maintenance and the age of buildings, faulty plumbing systems have become a
major problem for residents. Issues include foul smells, blockages, and even disease transmission. In
crowded cities and regions such as Beijing and Hong Kong, most buildings are older and have had very
limited maintenance and are thus at high risk of having faulty plumbing systems. According to WHO,
during the SARS outbreak in 2003, the virus was very likely transmitted through faulty plumbing in Hong
Kong38. At Amoy Gardens, a Hong Kong apartment building, 321 people were infected in a single
building, which ruled out person-to-person transmission. An investigation found problems with the
drainage pipes39 that occurred when an infected person’s feces drained into raw sewage, which was
usually separated from people but became exposed due to a leak in the pipes. This allowed feces to
become aerosolized and travel into the surrounding air. Bathroom drains have a U-shaped trap that
prevents fluids, odors, and insects from coming back up the pipes. However, to work, the U-shaped trap
must be filled with water, which is often not the case because most residents mop the floor instead of
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flush it with water40. Without the water to form a liquid plug, nothing stopped the virus droplets from
entering the bathrooms. When a bathroom is in use, the ceiling exhaust fan is switched on, causing
negative pressure to extract contaminated droplets into the bathroom from the drain on the floor. Figure
17 shows how the plumbing system malfunctioned at Amoy Gardens.

Figure 17 Amoy Gardens’ faulty plumbing system caused reverse airflow due to exhaust fans.
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CHAPTER 3 METHODOLOGY
This chapter discusses the methodology and research approach that were used to assess the
impact of epidemics in terms of design changes to residential buildings in China. The methodology used
in this research includes document analysis for historical facts and data; case studies of existing modern
floor plans that analyze their lack of disease prevention and hindrances to maintaining daily hygiene; onsite observations of existing floor plans, including shortcomings when facing an epidemic; and lastly,
questionnaires administered to people who experienced the recent lockdown. This allowed collection of a
mix of qualitative and quantitative data on the demand for changes to residential living conditions and the
design of living spaces.

3.1 Document analysis
The methodology begins with document analysis to address how historical epidemics and recent
outbreaks brought or will bring change to how buildings are designed in the future. Then, building
standards and policies in China, which will face major changes due to the recent COVID-19 outbreak and
lockdown, are analyzed. To predict what changes will likely be made to future residential buildings,
background information on residential building types is compared and analyzed. By analyzing historical
changes that have been made due to the needs at the time of change, the impacts of epidemics and the
magnitude of change that recent outbreaks will bring are determined. This is done because residents’
demands for new building and residential unit designs are becoming a higher priority compared to the last
few decades.
Lastly, document analysis helps with an understanding of how infectious diseases and viruses are
transmitted, which is critical to determine what changes need to be made. Considering scientific facts and
knowledge of infectious viruses and how they spread, it is easy to visualize and understand the
mechanism of a virus spreading within a residential building. By including an actual case in Hong Kong
investigated by WHO, this shows that epidemic outbreaks are not individual problems but rather
community problems, which requires all residents to work together to contain it.
28

3.2 Case study
This thesis considers a modern floor plan found in China that was developed by Vanke, a real estate
developer, as a case study. Vanke is one of the three largest real estate developers in China. The firm
produces nationally renowned buildings with distinctive designs and collaborates with engineers from
Tishman Speyer, an American company. Analyzing the case study floor plan helps develop a good
understanding of recent residential-unit floor plans and the functionalities of their layouts. The case study
is a two-bedroom floor plan as this is currently the most common unit size in China. First, the building
structures that enable the possibility of implementing such floor plans are analyzed, followed by the floor
plan itself, which is distinguished from the floor plans available 10 to 20 years ago. The floor plan is very
practical and functional and meets common requirements. However, there is a lack of consideration in
regard to disease prevention based on the current pandemic situation. This case study focuses on
infection control and related health concerns using the particular floor plan as an example.

3.3 On-site observation
On-site observation was done for five actual floor plans in existing buildings in Beijing (the
fourth largest city in China by population) corresponding to the building types and floor plans discussed
in the literature review. Each example selected reflects design characteristics and flaws due to social and
economic influences at the period in which it was constructed. Residential-unit floor plans in the 1980s to
1990s were basically cookie-cutter designs and were almost identical throughout blocks of apartment
buildings. After 2000, newer open concepts were adopted. On-site observation provides the opportunity
to experience the reality of living in an actual apartment with its original floor plan. Findings include a
lack of storage and dining areas, the absence of sanitization processes, a lack of separation of polluted
items from clean objects, wasted space, and limited lighting. Although there has been improvement over
the past 50 years, health-related elements in layouts and design were commonly neglected. With the new
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pandemic that has developed in the past few months, people have realized certain elements that were
sacrificed have become a priority out of necessity.

3.4 Questionnaire
A questionnaire was administered to individuals who experienced the recent lockdown in China.
Only those who experienced the lockdown can understand what changes must be made to prevent future
epidemics and promote a healthy living environment. Often, residents spend most of their waking time
outside the home, but people who were quarantined stayed home nearly 24 hours a day during the
lockdown. By spending this much time at home, people realize what changes should be made for better
infection control. Prevention of other health hazard issues such as mold, bacteria, and dust also needs to
be a part of design. The questionnaires collected both qualitative and quantitative data.
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CHAPTER 4 CASE STUDY
There is a national standard and building code with requirements for health and safety that is
implemented across the country. According to China’s official inspection data, the compliance rate for
design and construction has improved from 53% (design) and 21% (construction) in 2005 to 100% and
95% in 2011, respectively41. However, health factors are not considered important in design compared to
the Western world. This chapter analyzes a newer residential unit floor plan in China created by Vanke, a
large residential real estate developer in the country. Analyzing the floor plan and design of current
residential units helps with anticipating future trends in residential real estate development in China.
Modification to the current design of apartment layouts is the next step to healthier living.

4.1 Modern floor plan by Vanke
Vanke is a leading real estate investment firm and developer of urban projects in China. The firm
has constructed many nationally renowned buildings with distinctive designs and collaborates with
engineers from Tishman Speyer American company. Vanke is one of the top-three residential housing
developers in China. Statistics show 84.9% of the company’s total sales in 2018 were from residential
property projects. Vanke housing development has spread out to 83 major cities in China, including 1,971
residential projects serving 4.8 million households42. Vanke’s housing design focuses on meeting
customer demands, and medium and small family units are their main products. In the residential products
sold by Vanke in 2018, small and medium-sized apartments under 1,150 ft 2 (144 m2) accounted for a
91.4% share. Over the past six years, this proportion has consistently exceeded 90% 36. Based on statistics
from the National Bureau of Statistics of China, in 2017, Chinese households had an average of 3.03
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people per household43, and the urban per capita residential floor area was about 397 ft2 44 (36.9 m2).
Thus, it can be deduced that the average household floor area was about 1206 ft 2 (112M2 ).
Figure 18 is a modern floor plan for apartments built by Vanke in 2016 in Tianjin, China.
Traditional apartments have load-bearing columns and bearing walls in the interior space, resulting in a
restricted space with low variability, which is hard to modify to suit the tenant's needs. In contrast to
traditionally constructed buildings, apartment buildings designed by Vanke have no load-bearing walls
inside units and only one load-bearing column. The floor slab is reinforced and combined with the loadbearing wall structure as an exterior wall to meet mechanical requirements. Each floor has two units, and
each unit is 1,238 ft2. The floor plan illustrated in Figure 18 is a two-bedroom unit designed for a family
with one child45. The main style is an open concept, allowing the front foyer, living room, dining room,
and kitchen to be combined in one open space. Traditionally, residential units have had no designated
zone for dinning or no dining room included in the floor plan. With Chinese cooking, an enclosed kitchen
makes more sense for its functionality. A sliding door is often added to divide the area for the kitchen into
a separate room. An important element in this particular floor plan is the window in the bathroom. It helps
with air circulation and airflow to reduce excessive moisture accumulation and prevent mold and mildew
buildup, which can be health hazards. Including a window in the washroom was rarely considered in older
apartment buildings. In older apartments, due to limited space, people stepped into the living room
immediately after entering the front door. The example below presents a full foyer equipped with a coat
closet and shoe rack or bag hanger, allowing people to remove dirty outdoor clothing immediately after
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entering. Another feature of this design is the multifunctionality of the second bedroom. The second
bedroom can serve as a walk-in closet, which fits a young couple’s lifestyle. When they have a child in
the future, the room can be converted into a nursery. Another advantage of this floor plan is the presence
of a study, which provides a separate area for computers, books, and home office equipment that facilitate
work and study.
A shortcoming of this design is that there is no consideration of the division of hygiene areas.
The only way to access the front toilet is by passing through the kitchen. In addition, while having a space
for laundry is a good idea, it is not located in the best spot selected in this particular design. Carrying
dirty (soiled, contaminated) clothing through the kitchen may be a hazard due to virus spreading.

Figure 18 Floor plan design by Vanke.
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Figures 19 to 21 Interior renderings.
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CHAPTER 5 ON-SITE OBSERVATION
Based on the literature review, it is clear that residential unit design has gone through changes,
from standardized government housing to real estate developer’s designs to satisfy residents' desires
regarding housing. This chapter further examines residential unit design in Chinese urban areas through
on-site observation. This section covers residential-unit floor plans from the 1970s to 2010s. On-site
observation allows examining the living conditions in a building’s units and considering them when
proposing a new design. On-site observation is an appropriate tool to obtain reliable evidence without
information from residents.

5.1 Jinsong community - Beijing, China (1970s)

Figure 22 Jinsong floor plan. Source: author
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Figures 23 to 26 Jinsong interior. Source: author’s photos

Jinsong community, built in the late 1970s, is located in the center of Beijing. Each unit has a
total area of 313.9 ft². In 1978, the average living space of urban residents in China was 3.6 m 2 (39ft2) per
person, making it difficult to meet people’s physiological needs with housing 46. The six-story, walk-up
buildings are slab-type apartments constructed of brick and concrete with three units on each floor. The
floor plans are much like those of a studio condominium in North America, but the apartments are
intended for a family rather than a single person. The wall between the bedroom and dining room is loadbearing, which makes it impossible to change the floor plan. It is clear that the rooms can only meet the
basic housing and living needs of residents, as some functionalities are integrated in one space instead of
being separated by rooms. The apartment does not have a foyer or sufficient storage space and contains
only necessary rooms such as a bedroom, bathroom, kitchen, living room, and dining room, with one
small storage area located next to the entrance. As a result, most items are placed in the dining room. In
the 1970s, the lack of appliances such as refrigerators and washing machines meant buildings were not
built with these in mind. The cramped kitchen was used for basic cooking, and refrigerators and washing
machines were placed in the dining room (Figures 23 and 24). Because of the lack of a foyer area in
apartments, during an outbreak, residents returning home can only do simple disinfection at the door and
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Liu, Z., 2005. “Study on Plan Mode of Typical Chinese Housing.” China National Knowledge Infrastructure.
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36

then step into the kitchen to wash their hands. There is no space available to install a sink in the bathroom.
All of these factors increase the risk of virus transmission during an outbreak. In addition, a single open
space is used for both a bedroom and a living room, which means family members cannot take part in
activities like watching TV or playing board games while someone is sleeping.

5.2 Anzhenli community - Beijing, China (1980s)

Figure 27 Anzhenli floor plan. Source: author
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Figures 28 to 31 Anzhenli interior. Source: author’s photos

The Anzhenli community in central Beijing was built in the 1980s. The units have a total area of
602 ft2. The structure is a tower block building and is constructed of concrete and steel. The building is 17
stories, and each floor has eight units. The floor plan in Figure 27 and the interior pictures indicate there
is no foyer at the entrance. Immediately after entering the unit, there is a combined living room and dining
room area. The living space should be clean, which requires frequent cleaning and disinfection. Due to a
lack of storage space, many items are exposed on the dining table and in the living area. The space can
become easily cluttered and is difficult to clean. The living/dining room has little natural ventilation or
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lighting as it is an enclosed area at the entrance. Behind the living/dining room are the bedroom and
kitchen. There is one small window above the front door for air circulation, but the air comes from a
shared hallway. To create a crosswind, the door to the kitchen and the window in the kitchen must remain
open. There is a risk of bringing airborne virus particles from the hallway into the kitchen. The unit has
one small bathroom in a confined space without a window, so an exhaust fan pulls humid air from a builtin duct running through the building. The ventilation duct connects the vertically stacked units on every
floor, which bears a significant risk of airborne virus transmission. The lack of windows and natural light
can also cause other health hazards such as mold, mildew, moisture, and odor.

5.3 Shaoyaoju community - Beijing, China (1990s)

Figure 32 Shaoyaoju floor plan. Source: author
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Figure 33 Interior courtyard window (top left). Source:
https://realsee.com/ke/wP6A03eaYJG3oqLj/o4L7dBlTYh13KZqrNl92UZT3EOepfr8M/#lianjia
Figures 34 to 37 Shaoyaoju interior. Source: author’s photos

The Shaoyaoju community, built in the 1990s, is located in Chaoyang District, Beijing. The total
square footage of each unit is 585 ft2. In 1993, the average living space of urban residents in China
reached 7.3 m2 per person47. Similar to the Jinsong and Anzhenli communities, the units in Shaoyaoju
have no foyer space and the living and dining area are entered immediately after stepping into the unit.
The narrow corridor-like space is limited and offers no space for a dining table without the risk of
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contamination brought in via the front door. The kitchen and living room windows face a 2 x 2 meter
(6’7” x 6’7”) interior vertical air well (Figure 33). To solve the problem of insufficient light and
ventilation in the living room and kitchen area, the developer designed a built-in vertical air well to bring
light and outside air into the building from the top of the roof. However, due to the failure to clean up
garbage that has fallen into the bottom of the vertical passage over the years, there is bacteria growth
inside. Furthermore, the narrow built-in vertical air well creates a chimney effect that draws air from the
lower to higher levels. Especially during an epidemic, polluted air carrying pathogens suspended in the air
can enter units through the window, which can have negative health effects on the indoor environment of
the household. The Chinese Ministry of Housing and Urban-Rural Construction’s Residential
Industrialization Promotion Center expert Kefang Sun mentioned in an interview after SARS, “the
minimum opening width of the built-in vertical air well should not be less than 3 meters (9’11”)” 48.
In 2003, the number of infections and deaths in the Amoy Garden community in Hong Kong
accounted for one-fifth and one-seventh of the total number of confirmed cases and deaths in Hong Kong,
respectively. The drainage pipes and vertical air well are important reasons for the rapid spread of the
SARS virus in the community. According to one report, Amoy Gardens vertical air well is 1.5 meters
(4’11”) wide, and the lack of air circulation caused the updraft to carry the virus to every unit on the
upper floors49. Therefore, residential designs should avoid built-in vertical air well that are less than 3
meters wide. However, units have a rectangular floor plan, with two bedrooms located on each end of the
house and a living/dining area in the center. When the bedroom windows are open, this allows natural air
circulation throughout the unit.
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设计与卫生防疫息息相关_景观中国. [Experts comment on residential design and health and epidemic prevention
is closely related_Landscape China]. www.landscape.cn, May 3, 2003. http://www.landscape.cn/news/9917.html.
49
“Kong qi dong li xue zai zhan bing du zhi shi nei qi rong jiao chuan bo” 空气动力学再战病毒之室内气溶胶传
播. [Aerodynamics Refights Indoor Aerosol Transmission of the Virus.] Hi-Key Technology, February 13, 2020.
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5.4 Shoukai Suhuo community - Beijing, China (2000s)

Figure 38 Shoukai suhuo floor plan. Source: author
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Figures 39 to 44 Shoukai suhuo interior. Source: author’s photos

After 2000, with the commercialization of housing development, real estate developers began to
build homes providing features suitable for the new generation’s lifestyles. Modern floor plans
considered buyer’s demands and preferences. Shoukai Suhuo community is one example of such a
building. It was built in the late 2000s in Beijing and has units with a total area of 1,249 ft². Shoukai
Suhuo has excellent natural air ventilation, natural lighting in the bedrooms, kitchen, living room, and
master bathroom. The master bedroom has an ensuite bathroom, which was uncommon in the past. Units
in Shoukai Suhuo have a narrow foyer, which is also seldom seen in older buildings.
The foyer is very narrow and small, and the kitchen and dining area are located right beside it.
With the kitchen and dining area close to the entrance and foyer, this makes disinfection relatively
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difficult for a person returning home after shopping for essentials. The person, along with the germs they
bring back, will come into close contact with the food preparation workspace and the dining table. With a
narrow foyer, there is no space to hang an outdoor jacket or clothes and thus jackets worn outdoors are
brought into the bedroom or living room, which increases the risk of virus transmission. The second
bathroom is located in the rear of the unit and, to reach it, a person must pass by the kitchen, living/dining
room, and both bedrooms.

5.5 FLYTOWN community - Beijing, China (2010s)

Figure 45 FLYTOWN floor plan. Source: author
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Figures 46 to 48 FLYTOWN. Source: author’s photos

FLYTOWN, built in 2013, is located in Beijing. The units have a total area of 1,249 ft². The units
are relatively new, two-story loft condominiums. The units have a clear functional division of areas,
where the first floor is the entertainment area, including the foyer, bathroom, kitchen, living room, and
dining room and the second floor is a quiet zone with bedrooms and a bathroom. FLYTOWN foyer is 47
ft2 and have a closet and shoe cabinet. Each floor has its own bathroom for convenience. During an
outbreak, the washroom on the first floor beside the foyer makes it easy to wash hands and disinfect
before entering the unit.
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CHAPTER 6 QUESTIONNAIRE
The purpose of the questionnaire was to gather information on people’s opinions of their own
residential unit. The survey was designed with closed questions with multiple answer choices.
Questionnaires were distributed via the online Tencent WenJuan platform to individuals who experienced
the recent lockdown in China due to the COVID-19 pandemic. Only people who experienced the
lockdown first-hand can understand the importance of residential design in disease prevention. Further,
only people with real experience of disease prevention during a pandemic know what needs to be done to
improve prevention measures in their residence. A majority of respondents are from Beijing, the capital
city of China. All participants volunteered to answer the survey online without receiving financial reward
or any benefits in exchange. Residential unit floor plans in Beijing are representative because it was one
of the first cities to experience lockdown during the outbreak; it will also be one of the first cities to face
major changes in floor plans, the building code, and policies due to its important status in China.
The survey included questions to gather information about respondents’ residential units and
their design as well as their perceptions about things that need to be changed in their existing residence or
their desired future residence. The questions were designed to help residents fully understand how floor
plans can be a major factor in disease prevention. Respondents’ feedback on each room and their entire
unit contributed ideas on the design and design concepts proposed in later chapters. The survey also asked
respondents what aspects they would like to improve their daily lifestyle, especially in terms of physical
and mental health.
Data were collected from 301 families in 23 Chinese provinces and municipalities. Among the
301 completed questionnaires, 202 families from Beijing accounted for 67.1% of the total. Hunan,
Hainan, Taiwan, Macau, and other provinces each had less than 2% of respondents and accounted for
14.2% of the total.
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Figure 49 Distribution of questionnaire respondents.

There are five major family structures in China—single, couple, family with one child, family
with multiple children and a pet, and family with children and grandparents. As socioeconomic
development has advanced over the past 40 years, the family structure has changed from the traditional
living pattern of three generations under one roof to the current single-family household.
Table 1 shows the counts and percentages of family structure types. According to Figure 50, the
largest share of respondents had a family structure comprising a family with one child, accounting for
45.5% of the total. Single people and a family with children and grandparents each accounted for 15.3%
of the total, followed by a family with multiple children and a pet, with 12.6% of the total. The couple
family structure accounted for the smallest percentage, with 11.3% of the total. As shown in Figure 50,
families with one child accounted for nearly half of the total participants. The conclusions drawn from
this survey most likely reflect the current living conditions of a young family of three in China.

Participant Family Structure

Count

Percentage

Single

46

15.3%

Couple

34

11.3%

Family with one child

137

45.5%
47

family with multiple children
and a pet

38

12.6%

Family with children and
grandparents

46

15.3%

Table 1 Family structure counts and percentages of the total.

Figure 50 Distribution of family structures.
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6.1 Findings from the questionnaire
Data collected from the questionnaire show respondents’ dissatisfaction with several aspects that
require improvement to be made for future residential floor plans.
Based on the pie chart in Figure 51, the majority of residents were dissatisfied with their current
floor plan and living conditions. Overall, 46.3% of residents wanted to improve their indoor living
environment by adjusting the unit layout or spatial function arrangement, and 26.7% of people chose
purchasing a new home with the desired layout as the top option to improve their quality of life.

Figure 51 Distribution of answers to Question 3.

According to Figure 52, respondents’ top-three concerns about residential units are natural
ventilation, natural lighting, and foyer space. Natural ventilation in a building directly affects air quality
and can contribute to the spread of respiratory disease. A well-designed natural ventilation system in an
apartment building can be effective for infection control. Natural airflow and fresh-air exchange can
reduce the risk of the transmission of airborne diseases. Moreover, sunlight has always been a factor for
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controlling infections in healthcare environments such as hospitals. Sunlight boosts resistance to
infections and, according to traditional Chinese beliefs, can decontaminate certain objects or surfaces.
Due to recent experiences with the COVID-19 pandemic, respondents further confirmed the importance
of natural ventilation and natural sunlight. Besides these two elements, respondents also indicated that
when purchasing their next apartment, they would like to have a foyer or a more spacious foyer. A zone
divided by a foyer at the front entrance can safeguard against germs, bacteria, and infectious viruses.

Figure 52 Distribution of Question 4.

Figure 53 shows that, from the perspective of space layout, the three items that residents were
least satisfied with their apartments during the outbreak are the foyer, dining room, and bathroom.
Residents were the most dissatisfied with the foyer area, with 51.2% of respondents reporting that their
unit has no foyer or a foyer that is too small. The second area is the dining room, with 41.9% of
respondents indicating they are unhappy with their dining area. The third area is the bathroom, with
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41.5% of respondents indicating their bathroom conditions are unsatisfactory. Dissatisfaction with the
living room and kitchen was indicated by 38.5% and 29.2% of respondents, respectively.

Figure 53 Distribution of Question 5.

Foyer
Starting with the most unsatisfactory part of the foyer, Figure 54 shows that during the epidemic
period, 44% of people returning from the outside would disinfect their clothes, hats, and shoes at the
entrance to their unit and then wash their hands in the bathroom. However, 49.2% of people indicated
their homes lack a disinfection area at the foyer, and 39.9% of respondents indicated that they have no
foyer at all and enter the living room from the front entrance (Figure 55). Foyer areas in future residences
will be indispensable, after the pandemic. The foyer is an essential zone for personal hygiene and the
sanitization of personal belongings. A shown in Figure 56, 66.3% of people think it is very necessary to
have a washstand or disinfection station in the foyer. If the foyer can serve the purpose of an area for
cleaning and disinfection, it can be a shield to stops viruses from spreading to other family members. In
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addition, as more and more people receive home deliveries from online shopping, completing the package
opening process and disposing of the delivery packages by the front entrance/foyer is also an important
step to avoid virus infection.

Figure 54 Distribution of Question 7.
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Figure 55 Distribution of Question 6.

Figure 56 Distribution of Question 9.
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Dining room
From previous on-site observation, many apartments in Beijing are designed without a defined
dining room or with a tiny dining area. The units usually have an open concept, in which the dining and
living areas are joined in a single large area or the hallway, living room, and dining room are joined
together due to limited square footage of the unit. As shown in Figure 57, more than half (53.5%) of the
respondents reported that their home has no independent dining area, and 35.2% of people stated there is
no other place to put mugs, glasses, and napkins aside from the dining table. Among the respondents, 119
people from Beijing selected the response “no dining room available”. After the lockdown, residents'
demand for a family dining area is an even more important necessity.

Figure 57 Distribution of Question 13.
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Figure 58 Distribution of dissatisfaction about the dining room among respondents in Beijing.

Bathroom
Overall, 87% of respondents reported that washing their hands after returning home from
shopping was the first step of sanitizing during the pandemic (Figure 59). Further, 61.3% of respondents
reported that their only bathroom is by a bedroom and is situated down a hallway. As a result, people
need to walk by the living room or kitchen to reach the sink in the bathroom (Figure 60), thus creating
many possibilities of touching and physical contact with objects and family members that could spread
germs and viruses.
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Figure 59 Distribution of Question 8.

Figure 60 Distribution of Question 14.
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According to Figure 61, 46.2% of respondents indicated they are unsatisfied that there are no
windows in their bathroom, resulting in a lack of natural light and ventilation. Further, 45.5% of
respondents indicated they are discontent with the lack of separation of wet and dry areas. Both of these
situations can have adverse effects on residents' health.

Figure 61 Distribution of Question 15.

Living room
Figure 62 shows that 48.5% of respondents indicated they are unhappy with the limited storage
space in their living room. Further, 47.2% of respondents indicated there was not enough space for family
activities and entertainment during the lockdown. The living room has evolved in a multifunctional
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direction, as TV watching gradually decreases and interactive entertainment gradually increases in
families.

Figure 62 Distribution of Question 10.

Kitchen
As shown in the pie chart in Figure 63, 55.3% of respondents reported that their kitchen is located
by the entrance, and the door to the kitchen opens into the front foyer. This means that viruses brought
from outside can be transported into work areas for food processing. In terms of the design concept, such
a layout ignores the rule of separating clean zones from semi-polluted zones.
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Figure 63 Distribution of Question 11.

Bedroom
As shown in Figure 64, more than half (57.8%) of respondents indicated they think the master bedroom
should have an ensuite bathroom. Having an independent bathroom is essential for self-isolation.
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Figure 64 Distribution of Question 16.

It is very difficult to work and study from home while surrounded by family without a home
office. As such, family members often work and study at the dining table at the same time. A large
percentage of respondents to the questionnaire indicated the functional area they hope to add is a home
office, as shown in Figure 65. Overall, 44.3% of people wanted to have a separate workspace. Further,
41.7% of people wanted to add smart appliances to their home, for example, a disinfection unit in the
closet or shoe cabinets (42.2%), a dish sanitizer machine (41.9%), a kitchen waste disposal unit (39.2%),
or a smart ventilation system and/or air purifier (39.2%) (Figure 66).
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Figure 65 Distribution of Question 17.

Figure 66 Distribution of Question 18.
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Feedback from the respondents indicates increases expectations from new technologies such as
artificial intelligence and smart devices. Overall, 69.8% of respondents expressed interest in a touchless
sensor for the entrance door, and 59.1% of respondents expressed interest in a voice-command elevator.

Figure 67 Distribution of Question 19.

62

6.2 Conclusion
Modified floor plans are required to improve people’s satisfaction with regard to the layout of apartment
units. Certain essential areas such as sufficient storage space, a dining room, a home office, and a foyer
are considered mandatory since the recent pandemic. Functionally versatile spaces are preferred to allow
customization. The floor plans in apartment buildings constructed prior to the 1990s have shortcomings
but are difficult to remodel. Structures often have load-bearing walls that cannot be removed for
renovations. Plumbing and venting are parts of the original fixed construction, and partial replacement or
expansion is not feasible. In addition, new wireless technology can be integrated in future apartment
building design.
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CHAPTER 7 PROPOSED DESIGN AND ALTERNATIVE DESIGN FOR EXISTING
RESIDENTIAL UNITS
This chapter proposes a floor plan design concept for residential units in future apartment
buildings. The proposed concept is based on existing buildings in China in terms of square footage and
residents’ housing preferences based on the survey results, with additional ideas for disease prevention
and healthy buildings. It is essential to understand the importance of a distinct spatial plan that allows for
sanitation in the limited area of apartments.

7.1 Proposed design
7.1.1 Purpose of the new design
At the beginning of 2020, the COVID-19 outbreak caused people to rethink their living
environments, and there were new functional demands on housing. Based on the analysis of current
residential-unit floor plans through on-site observation and case study, there is clear evidence that in
recent years, real estate developers in China have been paying more attention to homebuyers' demands for
more functional layouts and better interior space distribution. Data were collected on residents’ current
demands for housing changes based on their experience during quarantine through questionnaires, and the
results indicate the need for modifications and changes to residential-unit floor plans.
Architects should consider health concerns when designing future residential buildings. Indoor air
quality and moisture management in residential buildings are critical to human health. The purpose of the
proposed design is to strengthen preventive measures that can be taken against the spread of viruses and
other diseases within an apartment unit. It is also intended to encourage healthy lifestyles. The design
concept can provide residents with a more comfortable, safe, and pleasant living environment.
This study proposes a new floor plan concept for the average apartment in urban areas in terms of
square footage (urban per capita residential floor area is about 397 ft 2)36. Certain elements in the proposed
design were inspired by the disappointment experienced by the people in quarantine. However, the
improvements made to the floor layout are applicable to future residential-unit plans.
64

7.1.2 Proposed design and important factors to consider
In future residential designs, the floor plan will be based on the traditional rule of quiet and
activity zone division; moreover, the design concept of healthy housing is critical in improving residents’
quality of life. Infection control, disease prevention, and regular disinfection in residential buildings must
be a fundamental principle. Housing should be comfortable to live in, versatile for customization, secure
and suitable for working from home, and safe for all residents, including pets. Circulation diagrams
presented in propose design can help residents form healthier habits and lifestyles. Separating clean and
semi-polluted zones and dividing quiet and activity zones will help isolate pollutants from clean areas, as
this is an important part of epidemic prevention and daily hygiene.
The traditional apartment unit is divided by the functionality of rooms into a quiet zone and an
activity zone. The quiet zone includes resting areas that require minimal noise, including bedrooms,
bathrooms, and the home office. The activity zone includes family gathering areas such as the kitchen,
living room, and dining room (Table 2). Because the space is divided by functionality, residents can carry
out their business in specific areas without affecting others. For example, the husband can watch TV in
the living room while the kids are doing homework in the home office.
Quiet Zone

Activity Zone

Master Bedroom

Foyer

Master Bathroom

Kitchen

Bedroom

Dining Room

Home Office

Living Room
Second Bathroom

Table 2 Traditional residential building functional division in each unit.

Moreover, rooms should also be divided by a clean zone and a semi-polluted zone. The clean
zone includes the kitchen, dining room, bedrooms, and living room. The semi-polluted zone includes the
foyer, home office, and washroom (Table 3). Under special circumstances, the master bedroom and its
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bathroom can be used for isolating the infected and will thus be counted as a semi-polluted zone. Dividing
spaces an apartment into clean and semi-polluted zones reduces virus and bacteria transmission. People
returning from outside carry germs, dust, and virus. If they sanitize or disinfect themselves in the semipolluted zone, this stops further transmission of infection before entering the clean zone.
Quiet Zone

Activity Zone

Clean Zone

Master bedroom, Master
Bathroom, Bedroom,

Kitchen, Dining Room, Living
Room

Semi-Polluted Zone

Home Office

Second Bathroom, Foyer

Table 3 Functional division of space in future residential units.

The proposed design began with a bubble diagram. The living room and dining room are at the
center of the apartment and are surrounded by the kitchen, foyer, home office, bathroom, and bedrooms.
Each functional area is grouped based on the quiet zone and activity zone and then divided into clean and
semi-polluted zones (Figures 68 and 69).

Figures 68 and 69 Bubble diagram for proposed apartment unit space planning.
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Natural ventilation
In the proposed floor plan, multiple windows on both the north and south sides can create a cross
breeze (Figure 72). The two main purposes of windows are air circulation and natural lighting. Having
more windows can increase the ventilation flow rate. An airborne-infection isolation room requires 12 air
changes per hour (ACH) to improve the air quality by reducing the airborne pollutant concentration. The
air change rate relative to the volume of a space is measured in cubic meters per second. This is basically
the number of times that the total air volume in a room or space is completely removed and replaced in an
hour50.
Figure 70 shows the decay of droplet nuclei concentration in an isolation room for different
ventilation rates and durations of time. Based on the table, it would take a minimum of 50 minutes to
dilute the airborne pollutant concentration to 0% with a minimum of 12 air changes. Figure 71 illustrates
the infection risk with 15 minutes exposure when an infector enters an enclosed room measuring 19’8” x
21’11” x 8’10” with different ventilation rates and quanta generations. With 12 ACH, the risk of infection
is 4% in 15 minutes of exposure in a room with the above size 47.

Figure 70 Decay of droplet nuclei concentration in an isolation room for different ventilation rates and durations of time.
Figure 71 Infection risk with 15 minutes of exposure with different ventilation rates and quanta generation for an infector
entering an enclosed space measuring 19’8” x 21’11” x 8’10”
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Atkinson J., Chartier Y., Pessoa-Silva C.L. et al., (Eds.), 2009. Natural Ventilation for Infection Control in HealthCare Settings. Geneva: World Health Organization. Available from
https://www.ncbi.nlm.nih.gov/books/NBK143284/.
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These statistics show the importance of the ventilation rate in lowering the risk of airborne
transmission by diluting airborne droplet nuclei. Natural air ventilation can be accomplished with bigger
windows and is especially in a master bedroom where an infected person can stay for self-quarantine.
Natural ventilation through the windows is preferable to ventilation systems installed in a unit for
two main reasons. First, air ventilation systems are only triggered by the detection of pressure,
temperature, or a toxic gas such as carbon monoxide; however, there is no detection for airborne
pollutants. During a global pandemic, households require as much fresh air as possible by natural or
system-driven ventilation. The ideal air ventilation system is expected to exhaust or dilute contaminants
promptly and efficiently supply fresh air to people indoors. Second, windows allow adequate sunlight and
reduce the probability of mold accumulation, as sunlight is the strongest anti-mold tool.
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Figure 72 Natural ventilation in the proposed floor plan.

The proposed floor plan (Figure 73) is based on the average size of residential units in Chinese
urban areas, which is about 117 m2 (1259 ft2). Figure 74 shows the division of quiet and activity zones,
and Figure 75 shows the division of clean and semi-polluted zones. The foyer, home office, and second
bathroom are located at the unit’s entrance and these three areas are divided into the semi-polluted zone.
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Figure 73 Proposed floor plan.
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Figure 74 Quiet and activity zones.
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Figure 75 Clean and semi-polluted zones.
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The circulation pattern for a person returning home is disinfection, then taking off outerwear and
storing in the foyer cabinet, and, last, hand washing in the washroom, all of which are done in the semipolluted zone. After all necessary disinfection and cleaning, residents may then move on to rooms in the
clean zone, such as the living room, kitchen, and bedroom (Figure 76). Figure 77 is a circulation diagram
for the existing floor plan. In this pattern, a person comes back from outside and, after removing
outerwear, needs to walk through the dining room and kitchen to wash hands in the laundry room.
Alternately, the person must travel through the dining room and living room to arrive at the ensuite
bathroom. The floor plan is missing the division of clean and semi-polluted zones as well as front foyer
defense. Thus, viruses or infectious pollutants can travel through the entire unit.

Figure 76 Circulation diagram for the proposed floor plan.
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Figure 77 Circulation diagram for the existing floor plan.

Foyer
The foyer serves as the first barrier space after entering an apartment unit as it separates indoor
conditions from outdoor germs. With the proper sanitization procedures, residents can stop the
transmission of epidemic diseases at the doorway and avoid possible further cross-infection. In
conventional design, the foyer is a space for shoes, clothing, and other outdoor items. Due to the
possibility of an outbreak, the design should include a cleaning and disinfection zone. In the proposed
floor plan, the foyer has a disinfection station and cabinet for outerwear.
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Figures 78 and 79 Foyer detail. Source: https://zhuanlan.zhihu.com/p/110376524

Home office
Due to square footage limitations and residents’ demands, traditional small and medium-sized
apartments do not usually have an independent home office. Due to limited space, main living spaces
such as the living room, dining room, and bedrooms are the primary consideration. During the pandemic
quarantine period, many people were working from home, yet struggled because they did not have a
private study and ended up working on the dining table or the couch. These people were easily disturbed
by other family members, and their work was interrupted by any noise in the house. The survey results
show that 44.3% of respondents want an independent office space in their home. As social and economic
development advances and the workforce structure changes, a growing population of freelancers, selfemployed individuals, contractors, and influencers are forming another social fiber, and demand for
independent workspaces continues to increase. In the proposed design, the home office is located
immediately after the foyer so residents can drop off the briefcases and work-related materials after
disinfection in the foyer. The home office should have sufficient distance from the living room or family
common area to keel the noise level to a minimum and avoid unnecessary disturbances. Balcony access
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via the home office can offer an escape from work and provide a moment for stress relief by allowing a
break with some fresh air and a change of view.

Figures 80 and 81 Home office detail. Source: http://www.3dkk.com/2018/1007/16601.html

Bathroom
After preliminary disinfection in the foyer, residents enter the bathroom to wash their hands and
complete a further thorough sanitizing procedure. The second bathroom is located near the entrance to
avoid spreading the virus to other areas. Based on the survey, 61.3% of the respondents reported their
bathroom is located down a hall. For someone returning home, they would have to go through the living
room and dining area to reach the bathroom. There is a high possibility that the person will touch
furniture, family members, or their pet before reaching the bathroom and thus any germs or virus particles
carried from outside could be passed onto indoor objects. Having a second bathroom by the foyer and
having a complete foyer can help stop possible infectious agents from being brought in from outdoors
provides a much more controlled environment for disinfection. Having an ensuite bathroom in the master
bedroom can also offer a separate space for individuals during isolation.
Another major problem with Chinese bathrooms is the construction of the entire washroom,
which is nothing like Western bathrooms. Many homes did not have a real toilet bowl, just an in-ground
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pan/basin, up to the late 1980s (Figure 82), when flush toilets were installed in multi-story apartment
buildings. However, there is often not a real shower stall or bathtub. People take showers under a
showerhead, and the water from the shower runs onto the bathroom floor. Laundry areas are often in the
bathroom as well, and water from the washing machine goes down the same floor drain (see Figures 31,
37, and 44). Further, trapped moisture cannot escape from an enclosed bathroom without a window or an
exhaust fan, so poor ventilation, mold, mildew, and odor are common health hazards.

Figure 82 Bathroom before the 1990s.

Figure 83 Trap primer floor drain.

Thus, another crucial proposed modification for healthy living is to renovate bathrooms following
a wet and dry separation rule. A bathtub or a shower stall with glass panels or a door should be installed
to keep water in the enclosure. Original floor drains should be replaced with a trap primer valve to stop
odors (Figure 83).
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Figure 84 Bathroom detail.

Isolation of infected individuals in the master bedroom
There is an independent bathroom in the master bedroom, and other family members can use the
bathroom near the foyer during isolation to avoid cross-infection. The bay window in the master bedroom
can assure sufficient daylight is received, and infected residents can use the sitting area beside the
window to enjoy the direct sunshine for quicker recovery. When the windows in both the bathroom and
bedroom are open at the same time, the crosswind creates airflow through the contaminated rooms, which
is important because fresh air may help the infected person recover. Without an epidemic outbreak, this
design of an independent bedroom and bathroom can provide convenience and privacy.
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7.2 Recommendations to improve existing residential units for disease prevention
Referring back to the two-bedroom residential unit from the case study (Chapter 4), this section
provides recommendations on how to improve disease prevention for the above floor plan (Figure 85).
The proposed modifications are inspired by the concept of separating clean and semi-polluted zones. The
following outlines the details.
The existing foyer should be remodeled as a sanitizing area. First, on the right-hand side, after the
front entrance, the hallway storage should be knocked out and the original toilet should be expanded into
a half bathroom. The washroom door should be relocated onto the opposite side to provide access from
the foyer. Second, on the left-hand side of the entrance, a portion of the tea room should be remodeled
into a built-in closet for outerwear, garments, and shoes, with a small section to store cleaning tools and
products.
The remaining part of the tea room will be used in conjunction with the home office, including
building a cabinet in this space for storing office supplies, books, and other stationery items.
Further, the laundry area should be separated with a sliding door. It is necessary to have a barrier
between the laundry area and the kitchen to keep the kitchen as a clean zone and the laundry area as a
semi-polluted zone, with the aim of avoiding or lessening the chance of contamination.

79

Figure 85 Floor plans before and after modification.
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7.3 Building and home appliances and automation
There are three ways that respiratory diseases are spread: droplet transmission, contact
transmission, and fecal-oral transmission. To minimize transmission within a condominium or a single
house unit, this requires more than just modifications to the floor plan. Adopting the newest technologies
such as smart appliances and automation systems should be combined with these modifications to
minimize the risk of transmission and maximize the health of a building and its residents. Based on the
survey results, 41.7% of respondents considered adding home automation systems after the outbreak. This
indicates that the outbreak will play a major role in promoting the development of home automation.
●

Entrance door recognition device
At the front entrance to a residential compound, an automated car license recognition robot or
infrared remote signal can automatically open and close the gate for easy entrance and exit.
Setting up a device for fingerprint, password, or iris identification with an automatic on and off
lock can allow residents to be hands-free when arriving or leaving their home.

●

Automatic ventilation system with air-purifying filters
Setting up indoor air-quality monitors, window automation, and an automatic indoor
ventilation/air purifier system can improve indoor air quality and reduce airborne transmission.
New technology is letting designers do more in less space to improve air quality. Smart vent
systems can provide room-by-room temperature and moisture control. When integrated with an
air purification system, fresh air can be delivered and monitored in a given living space. Current
air purifiers available on the market can remove 99.9% of germs, dust, and allergens. Some units
are equipped with a filter treated with an anti-microbial coating, and product specifications claim
that such devices can kill mold, mildew, fungus, bacteria, and viruses on contact (Figure 86).
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Figure 86 Functioning of an air purifier. Source: https://www.alibaba.com/product-detail/Personal-Smoke-Sensor-Air-PurifierCarbon_60306413826.html

●

Smart home automation systems
Adopting automatic sensing applications such as wireless infrared light control, voice activation,
and remote control for elevators, garages, and household gadgets will provide convenience and
improve residents’ quality of life. It can also reduce unnecessary contact with home appliances,
thus reducing the chance of infection.

●

Preventive sanitizing
Among the modifications that can be made to enable preventive sanitizing are adding a
disinfection cabinet and installing a UV light disinfection unit for daily disinfection and hygiene.
Further, a smart shoe cabinet can be installed, which is an innovative cabinet designed with a
circulation system and filters that can keep shoes dry and odor-free as well as disinfect them by
sensing humidity and temperature. Smartphone software can be used to take measurement and
control levels. Another modification is a smart wardrobe.
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Figure 87 Schematic diagram of home appliances and automation in the proposed floor plan.
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CHAPTER 8: DIRECTIONS FOR FURTHER RESEARCH AND CONCLUSION
This thesis summarized Chinese urban residents' concerns and expectations regarding their living
space during the pandemic quarantine period. Further, the paper outlined the history of Chinese urban
residential building types and unit layouts and their impacts on daily life. The thesis also analyzed recent
functional floor plans designed by local modern real-estate developers. Through on-site observation,
information was collected on current living conditions in Beijing and the possibility of infection
transmission among family members due to faulty original designs. More data collected from
questionnaires further proved the need for changes to residential apartments. A total of 301 respondents
reported what they experienced during the lockdown due to the COVID-19 pandemic and what they
expected or wished to have. The results indicate that architecture professionals should start focusing on
health and hygiene elements while also designing living spaces for comfort and leisure. In conclusion,
this thesis proposed a residential-unit floor plan based on the concept of sectional zoning. This research
paper did not consider luxury apartments larger than 12,992 ft 2 (120 m2). The recommended design
concept is most applicable to small and medium-sized apartment units, and suggestions made in this
research paper can be implemented in construction. The hope is that a floor layout with the proposed
zones becomes a future design guideline. Furthermore, health-related design components for residential
subdivisions such as water supply, sewage treatment, public safety, landscape, and property maintenance
require further research.
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APPENDIX 1
Investigation of Current Residential Units and Residents’ Intent to Change during and after
Epidemic Lockdown
COVID-19 is affecting everyone's daily life ҅making everyone rethink about their living environment,
especially their residentials. This survey contains 19 questions҅ mainly consisting of single choice and
multiple-choice questions. Purpose of the survey is to find out what people demand in change of their
residence after the epidemic. All data gathers are used for this research and analysis intent only҅ all privacy
data will be protected. For the purpose of bringing a better residential living space, please consider
disease prevention throughout the survey. Hope to obtain your sincere feedback and thank you for your
time and cooperation!
Q1: Which province are you currently living in? (or municipal)
Please select
Q2: What is your current family structure
●

Single

●

Married

●

Married with one child

●

Married with children and pet

●

Married with children and parents

Q3: Please select the best method you can improve your residential unit in your opinion
●

Better interior layout

●

Home improvement with partial renovation

●

Home improvement with complete renovation

●

Purchasing a new residential unit
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Q4: If you will be buying a new residential unit after the lockdown, what are some important
factors you would consider then? (Multiple choices)
●

Natural Ventilation

●

Natural lighting

●

Windows in Kitchen and Bathroom

●

Ventilation system that filter PM 2.5

●

With foyer or wider foyer space

Q5: Select functions or rooms that you are dissatisfied in your current residential unit during the
epidemic. (Multiple choices)
●

Foyer is too small or none at all

●

Limited functionality in living room

●

Narrow and small dining space

●

Limited functionality in kitchen

●

Limited storage space in bedroom

●

Limited functionality in bathroom

Q6: What does your residential unit, specifically the foyer, lack of during this epidemic and
lockdown?
●

Lack of disinfection station

●

Lack of place for hangers for jackets, hats, and protective gears

●

Limited space and functionality in shoe cabinet

●

Without a foyer, living room is right after entrance

Q7: Where do you disinfect yourself when returning home from shopping during lockdown?
●

No disinfection procedure at all

●

Disinfect outdoor before entering to residential unit
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●

Disinfect indoor in the foyer

●

Disinfect clothes, hats and shoes at the entrance then wash hands in the bathroom

Q8: How do you disinfect yourself when returning home from supply shopping during lockdown?
(Multiple choices)
●

No disinfection procedure at all

●

Spray disinfection liquid, rubbing alcohol, sanitizer all over clothes and protective gears

●

Washing hands in the washroom

●

Take a shower

Q9: After the epidemic, how important do you think it is to install a washstand or disinfection
station in the foyer?
●

Not necessary at all

●

Does not matter to me

●

Very necessary

Q10: If any, what is your dissatisfaction about your living room? (Multiple choices)
●

Limited space for family activities and entertainment

●

Limited storages or shelves

●

No balcony for clothesline to hang dry laundry

●

Lack of natural ventilation and natural lighting

Q11: Is your kitchen located near the entrance?
●

Yes

●

No

Q12: If any, what is your dissatisfaction about your kitchen room? (Multiple choices)
●

Narrow small area, limited workspace
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●

Lack of sanitation appliance for kitchenware

●

Lack of kitchen waste disposal unit/food waste processor

●

Limited rooms for storage of food supply

Q13: If any, what is your dissatisfaction about your dining room? (Multiple choices)
●

Nowhere else to place mugs, glasses or napkin aside from dining table

●

Narrow space, difficult to walk by when seated

●

No dining room available

Q14: Where is your bathroom located (aside from the bathroom in the master bedroom)?
●

Near the entrance, right after entering the unit, reachable without passing by other rooms

●

Must bypass other rooms (living room or kitchen) before reaching the bathroom

Q15: If any, what is your dissatisfaction about your bathroom? (Multiple choices)
●

Lack of wet and dry separation (which causes mold)

●

Poor plumbing design, unsealed drainage no odor control.

●

No windows, lack of natural lighting and ventilation

●

The whole family shares one bathroom, the master bedroom does not have an independent
bathroom

Q16: If any, what is your dissatisfaction about your bedroom during the epidemic?
●

Limited wardrobe & cabinet space

●

Master bedroom without ensuite bathroom

Q17: What would you like to add to your unit the most?
●

A separate home office to avoid working on dining table or in living room

●

A separate room for laundry and convertible for other uses

●

Upgrade all appliances to smart appliances
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Q18: What smart appliances are you looking forward to adding to your unit after the lockdown is
over? (Multiple choices)
●

Dish Sanitizer Machine

●

Dish Washer

●

Robot Vacuum

●

Kitchen waste disposal unit

●

Disinfection unit in closet, or shoe cabinet

●

Smart ventilation system and/or air purifier

Q19: What are some improvements in your building that you are expecting or hoping to have after
the lockdown is over? (Multiple choices)
●

Touchless, sensor entrance door

●

Sanitization station in the front lobby

●

Touchless elevator
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