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Abstract The outbreak of COVID-19 has brought new challenges to architectural
design: how to reduce the impact of epidemic disasters through architectural design.
The paper compared the number of casualties caused by epidemics and geological
and meteorological disasters in history, and analyzed the ways of transmission of
novel coronavirus and the building response strategies, concluding the necessity and
importance of compiling epidemic prevention standards, and suggesting building
epidemic prevention standards be taken as one of the basic standards for urban and
building disaster prevention, to provide a safe barrier against epidemic disasters for a
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higher living environment in the future. And the paper introduced the starting point,
positioning and thinking of compiling Epidemic Prevention Design Standard Of Resi-
dential Building (T/ASC27-2022), including the general principles, chapter division,
epidemic prevention level of building and epidemic prevention design measures of
different specialties providing a safe barrier against epidemic disasters when the next
epidemic strikes. Finally, the specific case application of the epidemic prevention
design of the Qianxihui project in Putian, Fujian Province is elaborated in detail.

Keywords SARS-CoV-2 - COVID-19 - Disease Disaster + Building Regulation -
Design Standard - Epidemic Prevention Level

1 Introduction

It has been three years since the outbreak of novel coronavirus pneumonia (COVID-
19) at the end of 2019, but with the constant variation of COVID-19, the epidemic
situation is still grim. By the end of September 2022, the global cumulative infection
has exceeded 600 million cases and death has exceeded 6.5 million cases (WHO,
2021).

According to the Classification and specifications for natural disasters (GB/
T28921-2012), natural disasters can be divided into five categories, including meteo-
rological and hydrological disasters, geological and seismic disasters, marine disas-
ters, biological disasters and ecological environmental disasters and the COVID-
19 belongs to epidemic disasters in the category of biological disasters (NDRCC,
2012). According to the reference (Meng & Helang, 2009; Jeremy, 2020; Barry,
2021; Joshua, 2021; William, 2010; Nathan, 2014; M’ikanatha, 2020; Ahmed, 2013;
Frank, 2019), the number of deaths caused by ten highly influential epidemic infec-
tious disease disasters in human society in the past 250 years is shown in Table 1.
According to rough statistics, more than 250 million people have died from epidemic
disasters in the past 250 years.

According to the death toll statistics, as shown in Table 2, the death toll caused
by 10 major geological earthquake disasters and meteorological and hydrological
disasters is about 3.5 million (Meng & Helang, 2009).

Compared with Tables 1 and 2, the number of deaths caused by epidemic disasters
in history is much higher than that caused by other natural disasters, such as geological
earthquake disasters and meteorological and hydrological disasters.

Earthquakes, tsunamis, floods, fires, etc. can cause direct damage to the physical
environment, while the physical interface and spatial correlation caused by epidemic
disasters are vague, and their propagation paths are hidden, lasting for a long time,
affecting a wide range of space, causing many casualties, and making prevention
difficult, so that it is very easy to form a social- economic-environmental super
disaster chain. However, there is no consensus between the global scientific commu-
nity and the government on the specific measures to deal with such a huge disaster
as COVID-19.
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Table 1 Death toll of global epidemic disasters in recent 250 years
Number | Epidemic disaster Outbreak time Death toll
(10,000
persons)
1 Smallpox seventeenth and eighteenth centuries 15,000
2 The third pestis 1800-1950 1500
3 Cholera in the nineteenth | 1817-1823, 1827-1837, 1846-1863, | 5000-10,000
century 1863-1875, 1881-1896, 1899-1926
4 Influenza | Influenza 1918-1919 2500-4000
in Spanish
Influenza 1957-1958 100-200
in Asiatic
Influenza | 1889-1890 100
in Russian
Influenza 1968— 100
in Hong
Kong
5 Yellow fever in 1793 0.5
Philadelphia in 1793
6 West Nile fever virus 1937- 0.1884
7 Poliomyelitis twentieth centuries 100
8 Ebola 2014 1.1
9 SARS 2003 0.0908
10 COVID-19 2019-2022.6 650

Source Data from Meng and Helang (2009); Jeremy (2020), Barry (2021), Joshua (2021), William
(2010), Nathan (2014), M’ikanatha (2020); Ahmed (2013); Frank (2019)

People spend 90% of their time inside buildings (Mohamad, 2021). The outbreak
of the epidemic has changed people’s production and lifestyle, raised new demands
and challenges for the construction industry. The construction industry began to
think: What natural disasters are more serious than the “COVID-19” epidemic?
More than 85% of COVID-19 infection occurs in construction, and how does
the construction industry respond? Is building epidemic prevention technology a
healthy building or environmental sanitation or building disaster prevention? How
can the construction epidemic prevention technology become the consensus of the
engineering community and be effectively implemented?

With the emergence and evolution of architectural space changes caused by the
COVID-19 pandemic, more and more scholars began to combine architectural design
to achieve epidemic prevention by improving the architectural environment. Flexible
(Bettaieb & Alsabban, 2020) and healthy, safe and sustainable architectural design
application principles (D’Alessandro et al., 2020; Putra, 2021) have become the
key qualities of anti-virus buildings. In addition, the design standards for building
epidemic prevention are also constantly being explored (Gong et al., 2021; The
IMMUNE Building Standard, 2021), providing building epidemic prevention design
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Table 2 Death toll of 10 major geological earthquake disasters and meteorological and hydrological
disasters in history (Meng & Helang, 2009)

Number | Geoseismic disasters and Outbreak time | Death toll (10,000 persons)
meteorological and hydrological
disasters
Byzantine Antia Earthquake 526 25
2 Eastern Mediterranean earthquake | 1201 110
3 Rainstorms and floods on the 1887 90
Yellow River in Zhengzhou
4 Kanto Earthquake in Japan 1923 10
5 Drought in sub Saharan Africa 1968-1974 20
6 Tropical Storm Bora 1970 30
7 Tangshan Earthquake 1976 24
8 Indian Ocean tsunami 2004 20
9 Earthquake in northern Pakistan | 2005 8.6
10 WenChuan Earthquake 2008 8.7

Source Data from Meng and Helang (2009)

(Fawwaz et al., 2021) by improving the layout of entrances and exits, space division
and internal design, so as to reduce the virus transmission area. The influence of
the contact distance between residents on the diffusion of respiratory droplets has
been studied, improving the efficiency of ventilation strategies of existing buildings
(Villafruela et al., 2016; Liu et al., 2017; Cortellessa et al., 2021) to effectively dilute
and/or remove pollutants in the air (Li et al., 2007; Nielsen, 2009; Morawska et al.,
2020; Kissler, 2020). Or the improvement of ventilation could effectively control
the spread of viruses and other pollutants and reduce the risk of infection (Li, 2005;
Bin et al., 2003; Jiang et al., 2009). Howeyver, in a bad outdoor air environment, the
use of natural ventilation would cause outdoor virus carrying air to enter the room,
increasing the risk of infection. When mechanical ventilation is used, viruses and
bacteria attached to the filter screen will be brought into the room, further polluting.
Ventilation is the main means to optimize the air environment inside the building,
but it still has potential health risks (Wen et al., 2020; Ding et al., 2015).

Therefore, a “epidemic prevention” space simultaneously meeting the needs of
preventing epidemic outbreaks now and in the future is designed, and accurate design
indicators and space standards are established to enhance the building’s resistance to
potential epidemics, becoming a key challenge for the current architectural design.

Based on such thinking, at the beginning of the COVID-19 in March 2020, the
Guidelines for Epidemic prevention design of residential building was approved by
the China Architectural Society. After 18 months of preparation and four expert
reviews within 8 months, the standard are released in September 2022 (http:/
www.chinaasc.org.cn/news/128931.html). Due to no ready-made design standard
for building epidemic prevention at home and abroad for reference, the standard
preparation process is also a process of exploration. This paper introduces the ideas
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and main contents in the standard preparation process for reference in the future
standard compilation and revision.

2 Challenges and Plans for Epidemic Prevention
of Building

2.1 Challenges

The development history of architecture is the history of resisting natural disasters
and constantly creating a safer and more comfortable living environment for human
beings. Buildings are constantly developing in response to natural disasters such
as earthquake, flood, lightning, fire, high temperature, and cold. With the gradual
formation of industry consensus, national and industry standards have been estab-
lished, including the Specification for Seismic Design of Buildings (GB50011-2010),
the Specification for Fire Protection Design of Buildings (GB 50016-2014), the Spec-
ification for Design of Urban Flood Control Engineering (GB/T 50805-2012), and
the Design specification for protection of structures against lightning (GB50057-
2010), to effectively reduce losses caused by natural disasters. But how to deal with
natural disasters such as the COVID-19, the construction industry is facing enormous
challenges, triggered profound and extensive thinking in the industry.

The Diagnosis and Treatment Plan for Pneumonia Caused by novel coronavirus
(Tentative Ninth Edition) issued by the National Health Commission of the People’s
Republic of China has identified three ways of novel coronavirus transmission
(Gonhc, Osatcm, 2022):

(1) Respiratory droplets and close contact transmission are the main transmission
routes;

(2) Aerosol propagation in a relatively closed environment;

(3) Contact transmission. People could also be infected after contacting with items
contaminated by viruses.

The building is a relatively closed space environment, and is the place with the
highest frequency of droplet propagation and close contact with personnel. Therefore,
buildings have all three ways to transmit COVID-19. As shown in Fig. 1, according
to the analysis of the survey data of 816 people infected with COVID-19 in Shenzhen
from January to June 2022 (SMHC, 2022), 693 of them were infected in buildings,
accounting for 85%, which indirectly indicates that buildings are related to the spread
of the epidemic, and buildings have become an important link in epidemic prevention.
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Fig. 1 Statistics of infection sites of confirmed cases in Shenzhen from January to June 2022. Source
The data comes from the Shenzhen Municipal Health and Health Commission, and is compiled by
the author.

2.2 Overall Solution for Epidemic Prevention of Building

Since the SARS epidemic in 2003, effective exploration has been made in the theo-
retical research of building epidemic prevention at home and abroad, including some
feasible schemes, isolation wards, module hospital and other engineering practices
(Wang et al., 2020; Tang, 2021), especially through the analysis of actual cases of
infection transmitted by buildings (Kai, 2003; SCIHSARSOGHA (2003), providing
a certain theoretical research for building epidemic prevention. However, these
research papers, cases, lessons learned and technical measures are too scattered
and lack the media of design standards, so they are difficult to be applied to other
practical projects.

In addition, the design and construction of construction projects must be based
on government regulations and industry standards, specifications and manuals, but
research papers or reports are difficult to be used as the basis for design and construc-
tion. At the same time, the construction project is a systematic project, involving
planning, architecture, structure, water supply and drainage, HVAC, electrical intel-
ligence and other disciplines, and the coordination between disciplines has its own
logic. While research papers or reports are mostly made by one person or several
people based on one problem, they seldom consider the coordination with other
majors. Building epidemic prevention involves basic medicine, clinical medicine,
public health and preventive medicine, architecture, civil engineering and other disci-
plines. The research perspectives of different disciplines are relatively independent
and single, resulting in a large number of research papers, but the research directions
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are scattered, the quality is uneven, and the information is mixed, making front-line
engineering and technical personnel at a loss.

Therefore, the technical standards for the design of building epidemic prevention
need to be prepared. By gathering the wisdom and opinions of experts from multiple
disciplines, the research results at home and abroad involving various disciplines
of building epidemic prevention will be summarized, refined and screened, and the
contradictions between disciplines will be unified and coordinated to form an industry
standard that can be applied and implemented by engineering technicians.

2.3 Domestic and Foreign Standards Related to Building
Epidemic Prevention

There are few standards related to building epidemic prevention at home and abroad.
IMMUNE Building Standard issued by Belgium Health by Design Building Institute
(HDBI) in June 2021. During the epidemic, China issued two epidemic prevention
related standards, including Guidelines for office buildings to deal with “new coro-
navirus” operational management emergency measures (T/ASC 08-2020)(CADG,
2020) and Operational Guide for Epidemic Prevention Design of Office, Residen-
tial and Medical Environment and Environmental Protection during the Epidemic
Period (MHURDPRC, 2020), as well as other epidemic prevention standards related
to buildings led by the National Health Commission of the People’s Republic of
China. However, its government functions decide that these standards can only focus
on the requirements of health indicators and the protection and disinfection in the
construction operation and maintenance stage. However, from the perspective of the
whole process of the construction project, the front-end planning and design epidemic
prevention standards are missing. Therefore, the compilation of the design standards
for building epidemic prevention is an important and urgent work to improve the
standard system for building epidemic resistance.

3 Compilation Idea of Building Epidemic Prevention
Design Standard

3.1 Components of Disaster Prevention Standards

Is building epidemic prevention an integral part of building health or building disaster
prevention? This involves the division of functions among government departments
and the centralized management and positioning of standards.

As for the standards for healthy buildings, there are Assessment Standards for
Healthy Buildings (T/ASC 02-2021) and Evaluating Standard for Healthy Housing
(T/CECS 462-2017), etc. in China. As for the standards of sanitation in buildings,
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there are Hygienic Management specification for Public Places (GB 37487-2019),
Hygienic Standard for Hotel (GB 9663-1996) and Hygienic Standards for Dining
(GB16153-1996), etc.

Is it necessary to revise the existing health building standards and hygienic
standards to add epidemic prevention content, or to prepare the building epidemic
prevention standards separately? The following aspects can be analyzed:

(1) Epidemic disasters are both public health events and natural disasters. A sepa-
rate standard system should be established to deal with major natural disasters. (2)
Epidemic disasters are emergencies, the same as earthquake and fire, while health
building technology and hygiene requirements are normal routine requirements,
different in practice and requirements. (3) Building epidemic prevention involves
many disciplines and contents, difficult to be covered in healthy building technology
and sanitation technology. (4) The existing health standards focus on the require-
ments of health indicators and health services after the construction, while the health
building standards are the evaluation standards. Therefore, the construction industry
lacks the standards to guide engineering technicians in the technical link of building
epidemic prevention design, so the health indicators and requirements related to
epidemic prevention cannot be implemented. (5) As previously analyzed, the damage
caused by epidemic disasters is huge, and its importance is far greater than the general
health and hygiene requirements.

Therefore, the design standards for building epidemic prevention should be
prepared separately by referring to the practices of buildings in dealing with natural
disasters, from the aspects of harmfulness, nature of use, convenience, and collec-
tion of research results and experience on building epidemic prevention, and together
with the existing disaster prevention specifications, form the basic standard system for
building and urban disaster prevention, to protect the health and safety of residents.

In order to reduce technical risks, the design standards for building epidemic
prevention are divided into two parts: Standards for Epidemic Prevention Design
of Residential Building and Standards for Epidemic Prevention Design of Public
Building. First, the standard of residential buildings with fewer building types and
more people involved was compiled. Then, the research results of epidemic preven-
tion were continuously absorbed in the process of use. After several years of use,
the standard was finally combined into a Design Standard for Epidemic Preven-
tion of Building. Based on the epidemic prevention design standards, the planning,
design, construction, installation, acceptance, testing, evaluation, product, opera-
tion and maintenance and other standards of building epidemic prevention will be
gradually completed, so as to establish a relatively complete standard system of
building epidemic prevention, and minimize the threat of pandemic diseases mainly
transmitted through air to cities and human beings.
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3.2 Compilation Idea and Technical Measures of Standards

Different from the temporary documents such as management regulations issued
during the epidemic, the Standards for Epidemic Prevention Design of Residential
Building does not rely solely on administrative management, but uses a systematic
approach to control the epidemic through the combination of construction technology
and management. The control of epidemic situation should start from the architec-
tural design, and then continue to improve. Therefore, epidemic prevention design
standards can be used as the carrier for accumulating epidemic prevention research
results and become the basis for epidemic prevention design of front-line engineering
technicians.

3.2.1 General Rules for Preparation

There are many types of infectious diseases with different transmission routes. This
standard focuses on COVID-19 and similar respiratory infectious diseases to guide
and standardize the design of various architectural design disciplines and prop-
erty services after completion, aiming to use architectural technology to block the
transmission of viruses through droplets, aerosols and contacts, but it is not appli-
cable to infectious diseases such as cholera transmitted through water bodies, AIDS
transmitted through body fluids and blood.

On the one hand, the design of building epidemic prevention can reduce the risk
of infection of people in the building; on the other hand, if people are infected, they
can get relevant medical and health services nearby, quickly diagnose, isolate and
treat, and reduce the probability of infecting others. Therefore, supporting medical
and health care and services are also considered in the standard.

3.2.2 Division of Standard Sections

Building epidemic prevention technology involves many disciplines such as
Building, general Plan, HVAC, water supply and drainage, electrical intelligence,
as well as medical and health services, operation and maintenance after the building
is completed. Therefore, in chapter division, in addition to an independent chapter
for each discipline of architectural design, a separate chapter for medical and health
services, operation and maintenance, plus general principles, terminology and basic
provisions, a total of 10 chapters are set up.

In the process of standard preparation and standard review, whether the chapter
of operation and maintenance is set in the design standard is controversial. The
review expert group finally thinks it is necessary to retain it after many discussions.
The reasons are as follows: (1) The operation and maintenance of buildings are
really important. During the epidemic, every person isolated at home deeply felt
that property services were indispensable and an important part of the epidemic
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prevention work; (2) The requirements related to epidemic prevention design are
not completely expressed in the design chapter, and need to be implemented in the
operation and maintenance chapter; (3) Design is a phased work, while operation
and maintenance is a continuous work. The design only needs to meet the current
standards. After completion and delivery, the main work of the design is basically
completed. The construction operation period will face a series of uncertainties such
as the revision of standards and specifications, the decoration and change of buildings,
so the operation and maintenance is the continuity of design services.

3.2.3 Design Level of Building Epidemic Prevention

During the epidemic, due to the complexity of building types, the risk of infection
of personnel in different buildings is different, and the consequences of infection are
also different, resulting in different losses. Therefore, the design level of building
epidemic prevention is proposed to deal with different building infection risks.

Level I: for buildings with dense population, more close contact and weak immu-
nity, once some people are infected, the consequences are relatively serious. There-
fore, this type of building is defined as Level I epidemic prevention design level.
Other places with special needs for epidemic prevention, such as infectious disease
hospitals, barracks and command posts of chemical prevention forces, could also
refer to the requirements of Level I. Kindergartens, nurseries and nursing homes are
typical Level I epidemic prevention design buildings.

The reason why kindergartens and nurseries belong to Level I epidemic prevention
design buildings is: (1) crowded: children’s study and life are basically limited to one
activity room, with an average student area of only 1.5-3 m?. If a child is infected
with an epidemic disease, the probability of transmission to other children is high.
(2) More close contact and long time: children in a class spend 8-10 h playing,
studying and living together. (3) Weak immunity: children have not yet completed
all the vaccinations required by the state and have not established a complete immu-
nity. Therefore, the kindergarten requires morning check every day when going to
school, and the children’s activity room requires daily disinfection. The existing
norms and management systems have already taken some measures for building
epidemic prevention.

Once the epidemic situation breaks out in nursing homes, it will have serious
consequences. There are many elderly people, and their physical functions are
degraded and their immune capacity is weak. Once they are infected with COVID-
19 or other epidemic diseases, they may cause other complications. Therefore, the
nursing home is a first-class epidemic prevention design building. In fact, in the early
stage of the pandemic, infection in nursing homes would spread rapidly, with a high
mortality rate (14-33%), and up to half of COVID-19 patients died in nursing homes
(Ochi et al., 2021; Lau-Ng et al., 2020; White et al., 2020). In November 2020, 99 of
114 residents of Little Mountain Place Nursing Home in Vancouver tested positive
for COVID-19, and at least 41 died (Amy, 2021).



7 How to Deal with Epidemic Disaster in Buildings: Introduction ... 111

‘ Standard system of building epidemic prevention ‘

|
| | | |

|

General o . Ilea.tlng, ) Water Electricity Health Operation

Pl Building Ventilation and Air supply and and NS, and

an T . . . Facilities .

Conditioning System drainage Intelligence Maintenance

Route of transmission through Route of transmission through . - .
B R . Route of transmission by contacting

respiratory droplets and close aerosols in a relatively closed N . . N
. with articles contaminated by virus

contact environment

| |

‘ Three transmission routes of COVID-19 ‘

Fig. 2 Correspondence between epidemic transmission route and standard system. Source
Epidemic Prevention Design Standard of Residential Building (T/ASC27-2022)

Level II: Ordinary houses, apartments, dormitories, etc., with low population
density and relatively strong overall immunity, are classified as Level II for epidemic
prevention design of building.

In consideration of practicability, economy and applicability, corresponding
epidemic prevention design measures should be taken for buildings with different
epidemic prevention design levels.

3.24 Technical Measures for Building Epidemic Prevention Design

The construction epidemic prevention measures in this standard aim at three trans-
mission routes of COVID-19 and other epidemics, including respiratory droplets,
aerosols and contact. Each construction discipline takes different design technical
measures, as shown in Fig. 2 and Epidemic Prevention Design Standard of Residential
Building (T/ASC27-2022) for details.

3.2.5 Safety of Epidemic Prevention Technology

The construction epidemic prevention measures must be safe to avoid other damage
to the health of personnel due to epidemic prevention technology. From the perspec-
tive of the whole life cycle of the building, the epidemic situation is short, and the
combination of epidemic prevention and control must be considered. The function
and use of the building cannot be affected by the epidemic prevention measures,
and the health performance of the building can be effectively improved through the
epidemic prevention measures, such as improving the secondary pollution of the air
conditioning and ventilation system during normal operation.
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(1) Avoiding Ozone Generation

Different environmental disinfection technologies would be used in hospitals, kinder-
gartens and some special places, but these technologies should avoid generating
ozone. At the beginning of 2015, the American Society of Heating, Refrigeration
and Air Conditioning Engineers (ASHRAE) released the Position Paper on Filters
and Air Purification Technologies (ASHRAE, 2015), comprehensively reviewed the
effectiveness of eight purification and disinfection technologies, including media
filtration, electrostatic filtration, adsorption, ultraviolet light, photo catalysis, air
purifier, ozone and ventilation, as well as their impact on indoor personnel’s health,
long-term effects and limitations, clear that: (1) mechanical filtration or porous media
filtration has a very obvious filtering effect on particles, beneficial to human health;
(2) The indoor environment should not use ozone for air purification. If the purifi-
cation device generates a large amount of ozone during operation, it must be highly
vigilant. In addition, ultraviolet ray has certain effect on inhibiting the activity or
killing of viral microorganisms, but the possible ozone must be alert.

This standard adopts the viewpoint of ASHRAE and adopts more filtration purifi-
cation methods. Although environmental disinfection measures have been designed
for some functional rooms in the buildings of the first level epidemic prevention
design level, the mode of "coexistence of human and machine" should be avoided
for disinfection measures that may produce ozone.

(2) Improving Air Conditioning and Ventilation System

The actual use of the ventilation and air conditioning system in residential buildings
exposed the problem of excessive microorganisms. The fresh air system designed
for some residences is installed in the ceiling of the toilet or kitchen to save space,
but these places are narrow and humid, and the filter is difficult to replace, often
causing mildew and becoming a health hazard. And the experiment shows that the
air conditioning system would have an aggravating effect on indoor air microbial
pollution. The dynamic changes of microorganisms in the indoor air before and after
the operation of the air conditioning system. Within 5 min after the operation of the
air conditioning system, the number of indoor bacterial colonies rises sharply, which
is 3 times that when the air conditioning is not running. After the operation is stable,
the number of indoor bacterial colonies is stable at about 2 times that when the air
conditioning is not running (Ding et al., 2015).

The pipes and filters of air conditioning and fresh air systems are suitable places
for microorganisms to breed. Therefore, the standard proposes to adopt mold proof
filter screen or other mold proof measures in the filter screen of the fresh air system to
reduce the secondary pollution of the fresh air system. At the same time, according to
the current national standards such as Antibacterial and cleaning function for house-
hold and similar electrical appliances—Particular requirements of air cleaner (GB
21551.3-2010) and Antibacterial and cleaning function for household and similar
electrical appliances-Particular requirements of air conditioner (GB 21551.6-2010),
filter products with antibacterial and mildew resistant functions shall be selected, or
fixed air purification function sections shall be set in the fresh air system to inhibit
the breeding and transmission of germs in the air conditioning and fresh air system.
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4 Design Case of Building Epidemic Prevention

Qianxihui Project, as shown in Fig. 3, is located in Xiuyu District, Putian City, Fujian
Province, China, with Xiuyu Avenue in the east, planned road in the south, Houjing
Road and planned land in the west, and planned road and Central Avenue green
control belt in the north. The project covers an area of 154,359.07 m?, with a total
building area of 473,504.54 m2. It belongs to the land for commercial, urban resi-
dential, education and service facilities, and is divided into three plots. Plot 1 is a
commercial street, plot 2 is a residential area, and plot 3 is a residential area and
a kindergarten. The project is designed in June 2021 and constructed in 2022. It is
currently under construction. After the outbreak of COVID-19, the project devel-
opment company Ligao Group issued the enterprise standard Design Standards for
Epidemic Prevention of Healthy Building in March 2020. This project is designed
according to this standard. Therefore, this project is selected as a case study of the
design of building epidemic prevention.

Fig. 3 Aerial View of Qianxihui Square Project. Source Provided by Ligao Group
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4.1 Design Principles and Measures for Epidemic Prevention

During the epidemic prevention design of the project, the following three principles
shall be strictly followed: (1) The epidemic prevention design measures shall not
conflict with the current design specifications; (2) It has little impact on the construc-
tion cost; (3) Optimize and improve the epidemic prevention function of the building,
so that residents can feel the sense of security brought by epidemic prevention tech-
nology. Therefore, the following measures shall be taken in general plan design,
building unit and house type design, electromechanical supporting technology and
supporting services.

4.1.1 Epidemic Prevention Design of General Plan

(1) The natural ventilation of the site is optimized. Quanzhou is a hot summer and
warm winter area, so the natural ventilation of buildings is particularly impor-
tant for improving the living environment. The general layout design focuses on
simulating and optimizing the natural ventilation of the building site, ensuring
smooth ventilation in the areas where people walk and move in the residen-
tial area, avoiding vortex areas or windless areas, and providing reference for
landscape design and activity site layout, as shown in Fig. 4.

(2) Suitable building density. The average building density is 26.38%, and the
average floor area ratio is 2.49. The distance between high-rise residential build-
ings is large. The average distance between high-rise buildings in the dominant
wind direction in spring is 30m, and the average distance between other buildings
is 17m.

(3) Building blocks. The total building area of the project is large. In order to
facilitate the control and service during the epidemic, four building blocks are
divided from the south to the north, with an average land area of 35,000 m? for
each block. As shown in Fig. 5.

(4) Non-contact community system. The main entrances and exits are designed
with face recognition systems and intelligent infrared temperature measuring
devices. Through the entrance-road-lobby-elevator-vestibule, you can enter the
building non-contact throughout the whole journey home, which is convenient
for owners and avoids cross contact of crowds, as shown in Fig. 6.

(5) Residential roads and communication and activity spaces are designed to reduce
cross infection. The width of the road in the residential area is 2.5—4m, ensuring a
safe distance of more than 1m when walking. Within 50m of the communication
and activity space, there are public toilets and hand cleaning facilities.

(6) Reservation of epidemic prevention and service space. The entrance and the
block are designed in combination with the landscape, and the collection and
release places for non-contact takeout and express delivery are reserved to
meet the requirements of nucleic acid detection and other services during the
epidemic.
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Fig. 4 Ventilation Simulation Diagram of Overall Building Layout in the Community. Source The
picture is exported by the author according to the software simulation

4.1.2 Epidemic Prevention Design of Building Unit

(1

@

3

“)

Combined with the natural ventilation simulation results of the general plan,
the indoor ventilation of building unit is optimized to ensure good natural
ventilation, as shown in Fig. 7.

The entrance lobby and elevator on the first floor of each building are densely
populated places. Therefore, the lobby on the first floor is designed with external
windows for natural ventilation, and the elevator shaft is designed with louvers
on the top floor that directly lead to the outside to ensure that the air supply in the
elevator car is outdoor fresh air. Then the elevator car is equipped with a double
speed fan, increasing the air supply volume in the car during the epidemic
situation, and an epidemic prevention purifier, be opened for use during the
epidemic situation. Finally, the elevator adopts touch free floor selection to
reduce the chance of contact and infection.

The three bedroom apartment has two bathrooms, one of which forms an inde-
pendent suite with the bedroom. The external windows of the toilet are directly
outward, and the distance between the external windows or exhaust outlets of
the adjacent toilet is greater than 1m and they do not look at each other.

The exhaust fan in the toilet is equipped with a check valve to prevent the outdoor
air from back filling. The sanitary ware and floor drain in the toilet are all deep
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Fig. 5 Block division
diagram. Source Provided by
Ligao Group
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Automatic
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Fig. 6 Non-contact community system. Source Provided by Ligao Group

water sealed traps, and the water seal height is greater than 50mm. The toilet
drainage riser is set in the tube well and separated from the water supply riser to
prevent pollution caused by leakage. The roof vent pipe is 2m higher than the
floor of the accessible roof to prevent the pollution in the drainage from being
inhaled by personnel.
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Fig. 7 Natural ventilation simulation of typical house type. Source The picture is exported by the
author according to the software simulation

o)

The garbage room is equipped with disinfection, sterilization and deodorization
devices, and the garbage point is equipped with a garbage container overflow
monitoring and alarm system.

4.1.3 Health Supporting Facilities and Community Operation Services

ey

2

3

The project is equipped with a 150 m? community health service station and a
750 m? home care service station. Health management center, children’s health
insurance center, elderly care center, national health care center, sports rehabil-
itation center, neighborhood activity center and lifelong growth center are set
up, and a telemedicine system is set up to provide medical security and home
health care services for residents.

Supporting fitness room. Provide fitness conditions to improve the immunity
of community residents. The indoor sports and fitness space is well ventilated.
The total area of the indoor fitness room is 510 m?, and the total area of indoor
and outdoor sports and fitness space is 5107 m?, accounting for 1.08% of the
project building area. The outdoor sports ground covers an area of 4195 m?,
accounting for 2.72% of the total land area. The bicycle parking space is set and
the electric bicycle charging system is matched.

The community has a smart health management platform. Various sensing
equipment for environmental monitoring shall be set in the residential area
to monitor the environmental quality of air, water, soil, CO, microorganism,
etc. in the community, and integrate with the community digital operation plat-
form to achieve linkage control with property stewards and health stewards, and
maintain the healthy living environment of the community in real time.
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5 Summary of Technical Measures for Epidemic
Prevention of Project Buildings

The epidemic prevention design measures and technology of the Project are
summarized in Table 7.

Since March 2020, Ligao Group has implemented healthy building and building
epidemic prevention technology in more than 20 projects. From the application prac-
tice, the construction cost of building epidemic prevention technology is low, and
the epidemic prevention design does not conflict with the existing building and resi-
dential design specifications. Market research shows that customers are sensitive to
building epidemic prevention technology and have high acceptance.

6 Concluding Remarks

The epidemic has brought disasters to human beings and promoted the development
of architectural design. Looking back on the epidemic situation in the past 100 years,
the only certainty is that there will be new plagues and epidemics in the future. Plagues
may not be predictable, but we should know that they will come again (Nathan, 2014).

Based on the research results and experience of building epidemic prevention,
referring to the practice of building response to natural disasters, the design standards
of building epidemic prevention were compiled, including the general principles,
chapter division, epidemic prevention design level division, and epidemic preven-
tion design measures of different specialties. Together with the existing disaster
prevention specifications such as the Specification for Seismic Design of Buildings
(GB50011-2010), the Specification for Fire Protection Design of Buildings (GB
50016-2014), the Specification for Design of Urban Flood Control Engineering
(GB/T 50805-2012), and the Design specification for protection of structures against
lightning (GB50057-2010), it forms the basic standard system for building and urban
disaster prevention, protecting the health and safety of residents.

The Standards for Epidemic Prevention Design of Residential Building is a start,
providing a guarantee for higher residential environment requirements of the future
city through building epidemic prevention technology, and a safety barrier against
epidemic disasters when the next epidemic strikes.
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Table 7 Technical measures for building epidemic prevention of Quanzhou Yulongzhuang Project

Number | Specialty
classification

Examples of epidemic prevention measures

1 General plan

(1) Carry out special analysis on natural ventilation in the general
layout design to optimize the building layout;

(2) The building density design of the project is appropriate, the
average building density is controlled at 20%, and the
building floor area ratio is 1.8;

(3) The project is divided into 4 building blocks according to the
site, high-rise and multi-storey building types;

(4) The main pedestrian road in the residential area is 2.5m—4m
wide, and there are public toilets and hand cleaning facilities
within 50m of the communication and activity space;

(5) The entrance and the neighborhood are designed in
combination with the landscape, and non-contact takeout and
express delivery places are reserved;

(6) The main entrances and exits of the residential area are
equipped with personnel information verification system and
infrared temperature detection device

2 Building unit

(1) Special analysis on indoor natural ventilation;

(2) The entrance lobby on the first floor of each building is
designed with natural ventilation; The elevator shaft is
connected to the atmosphere, and the elevator car ventilator is
set with high and low gears, equipped with a car specific
purification sterilizer;

(3) The three bedroom house is equipped with two bathrooms,
one of which forms an independent suite with the bedroom;

(4) The sanitary ware and floor drain in the toilet are all equipped
with deep water sealed traps, and the water seal height is
greater than 50mm;

(5) The toilet drainage riser is set in the tube well, separated from
the water supply riser;

(6) The roof vent pipe of the accessible roof is 2m higher than the
floor to prevent the pollution in the drainage from being
inhaled by personnel;

(7) The garbage room is equipped with disinfection, sterilization
and deodorization devices

3 Operation and
maintenance

(1) The Internet platform for remote diagnosis and property
services has been set up to reduce contact and facilitate
medical treatment;

(2) During the epidemic, the nucleic acid testing site was
naturally ventilated;

(3) The outdoor landscape water body and tap water are equipped
with an online water quality monitoring system;

(4) The outdoor air environment microorganism monitoring
system is set;

(5) The garbage container overflow monitoring alarm system is
set at the garbage point

Source Prepared by the author
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