
COVID 19: Impact, 
Mitigation, Opportunities 
and Building Resilience

From Adversity to Serendipity

Editors:
Prof. Ranjith Senaratne
Prof. Dilanthi Amaratunga
Prof. Shanthi Mendis
Prof. Prema-chandra Athukorala

Perspectives of global relevance based on 
research, experience and successes in 
combating COVID-19 in Sri Lanka
Volume 01



1

National Science Foundation, Sri Lanka

COVID 19: Impact, Mitigation, 
Opportunities and Building Resilience

From Adversity to Serendipity

Perspectives of global relevance based on
research, experience and successes 

in combating COVID-19 in Sri Lanka

Volume 01

Editors:
Prof. Ranjith Senaratne
Prof. Dilanthi Amaratunga
Prof. Shanthi Mendis
Prof. Prema-chandra Athukorala



COVID-19: Impact, Mitigation, Opportunities and Building Resilience

2

Professor Ranjith Senaratne, Professor Dilanthi Amaratunga, Professor Shanthi Mendis and 
Professor Prema-chandra Athukorala
(edited by)

COVID 19: Impact, Mitigation, Opportunities and Building Resilience
“From Adversity to Serendipity”
Perspectives of global relevance based on research, experience and successes in combating COVID-19 
in Sri Lanka

ISBN 978-624-5896-00-4
© 2021 National Science Foundation, Sri Lanka

The book is published under the Creative Commons license: CC BY-NC-ND (Attribution-
NonCommercial-NoDerivs). 
CC BY-NC-ND includes the following elements: BY – Credit must be given to the creator; NC – 
Only non-commercial uses of the work are permitted; ND – No derivatives or adaptations of the 
work are permitted. Under this license, others may download this work and share it as long as they 
credit the creators, but they can’t change it in any way or use it commercially. The license also allows 
for text- and data-mining. 
Suggested citation: 
Senaratne, R., Amaratunga, D., Mendis, S. & Athukorala, P (eds) (2021), COVID 19: Impact, 
Mitigation, Opportunities and Building Resilience “From Adversity to Serendipity”, Perspectives 
of global relevance based on research, experience and successes in combating COVID-19 in Sri 
Lanka, Vol. 1, National science Foundation, Sri Lanka: ISBN 978-624-5896-00-4
The views expressed in the papers are of the individual authors. The editors are not liable to anyone 
for any loss or damage caused by any error or omission in the papers, whether such error or 
omission is the result of negligence or any other cause. All and such liability is disclaimed. 
The reader should verify the applicability of the information to particular situations and check 
the references prior to any reliance thereupon. Since the information contained in the book is 
multidisciplinary, international and professional in nature, the reader is urged to consult with an 
appropriate licensed professional prior to taking any action or making any interpretation that is 
within the realm of a licensed professional practice. 
The published book chapters will be made available open access on the National Science Foundation 
web site: Home (nsf.gov.lk)
Hard copies of the book may be ordered by contacting:
Director General, 
National Science Foundation,  
47/5, Maitland Place, Colombo 07, Sri Lanka

Contact TP: +94-11-2696771

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.nsf.gov.lk/


621

National Science Foundation, Sri Lanka

Chapter 7. 

Health resilient cities in a post Covid world
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ABSTRACT

Since the World Health Organization (WHO) declared the coronavirus infectious disease 2019 
(COVID-19) outbreak a pandemic on 11 March 2020, the everyday lives of the whole global 
population have been drastically changed. Lockdown shortened many of the physical worlds to 
homes and immediate neighbourhoods. Since the beginning of the COVID-19 pandemic, multi-
unit residential buildings/apartments/condominiums have been of particular concern to both 
public health practitioners and the occupants due to the enhanced risk they faced. There is an 
immense trend in constructing condominiums. Sri Lanka is particularly investing in condominium 
development for luxury housing as well as to resettle low-income communities. Given the 
circumstances, it was required to investigate what are the additional risks/exposures that inhabitants 
of the condominium developments faced during the CoVID19 and how that can be overcome in 
a future pandemic scenario to support creating health resilient cities. This study is as reported in 
this chapter is based on a detailed literature critique. It is also framed as a  preliminary study that 
is aimed at supporting the development of an in-depth future study. Accordingly, an exploratory 
literature review was carried out with 41 published literature which included journal papers, books, 
online research reports and news articles.     
Results of the study indicated the need to rethink how we design, develop and construct 
condominiums that can massively support to enhance the social, economic, physical lives of 
people and thereby support to create health resilient future cities. Sri Lanka is heavily investing 
in condominium developments should consider these factors in constructing condominium 
developments to ensure that future cities are health resilient.

Key words: Condominium development, Health resilience cities, Pandemic

1. INtRODuCtION

1.1. Cities, high rises and Covid 19  

Today, 55% of the world’s population live 
in urban areas, a proportion that is expected 
to increase to 68% by 2050 (UN DESA, 2018). 
Condominium living near to the city center is 
very popular and demanding as people intend 
to find a residential space close to the city center 
(Rosen & Walks, 2013). Growth of white-collar 
office employment, mainly that in the finance, 

insurance and real estate sectors, but, also 
in government institutions which tend to be 
located close to the urban cores has increased 
the demand for a residential place close to the 
city centre (Ley, 1996; Walks & Maaranen, 
2008). Multi-unit apartment buildings are no 
longer for social housing, but, a demanding 
residential living space for the middle and upper 
classes (Ford, 1994). Gottmann, (1966) informs 
that high-rise buildings reflect the landscape 
of the modern era, expressing the social, 
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economic and intellectual evolution of urban 
society. Young adults and families, typically 
without kids tend to live in higher-density 
settings in condominium developments as 
Condo-living offers a low maintenance burden 
and the possibility to reside at central locations 
near work (Rosen & Walks, 2013). Further, 
condominium living offers a ‘bundle’ of other 
attributes, such as  amenities, security, image, 
social opportunities, a range of transportation 
options and living close to cultural attractions 
(Rosen & Walks, 2013). 

Currently,  under different forms of 
lockdown millions of people staying inside and 
working at home. Since the beginning of the 
COVID-19 pandemic, multi-unit residential 
buildings/apartments/condominiums have 
been of particular concern to both public health 
practitioners and the occupants (Eykelbosh, 
2021). In the UK, as average house sizes fall, 
and there is a headlong rush to fill London and 
core cities with micro-apartments aimed at 
young professionals and students, many living 
under the government’s COVID-19 lockdown 
are trying to home-work, not in well-appointed 
homes, but, in apartments where living, 
sleeping and eating spaces are often combined 
(Hubbard, 2020). Dwellers who work from 
home in small apartments sharing space with 
others, face multiple problems of interruption 
and noise disturbance and have to compete 
with others to secure a suitable workstation. 
Recent social media accounts have revealed 
some of London’s workers resorting to working 
on fire escapes or in hallways just to escape from 
their roommates (Hubbard, 2020). Further, 
apartment dwellers face a host of additional 
risks, because, those living in apartments are 
exposed to shared facilities such as elevators, 
common rooms, and mailboxes (RentSeeker 
Team, 2020). 

Accordingly, it is evident that COVID19  
has profoundly impacted our condominium 
living in cities and it highlights the large 
influence that our housing has on our lives and 
wellbeing. Therefore, COVID19 has provided 
us with a platform to rethink our cities and 
housing policies in a post-covid world.  

1.2. The concept of health Resilient city 
within the context of COVID19

The terms, Health resilient cities, Healthy 
cities, Resilient cities, Sustainable cities are 
interchangeably used in the literature, yet 
ill-defined and sometimes used with an 
incongruity to the context. Therefore, it is vital 
to understand ‘What is a Health Resilient City?’ 
and what elements need to be considered under 
the concept of ‘Health Resilient City’ within the 
concept of COVID19.  

The term ‘resilient city’ became popular 
with the challenges posed by global climate 
change and the increase of the severity and 
intensity of the disasters and conflicts around 
the world. Accordingly, the ‘Resilient cities’ 
are cities that can absorb, recover and prepare 
for future shocks of economic, environmental, 
social & institutional challenges (OECD, 2021). 
A Resilient city should always promote the 
enhancements of sustainable development. 
With this idea, the ‘Healthy cities’ concept came 
promoting the idea that cities can produce 
cleaner air; sustainable modes of transportation 
and the introduction of the exploitation of 
the water cycle, greywater recycling, storage, 
design to rainwater harvesting and so on. 

However, the challenges that emerged 
from the COVID-19 global pandemic, made us 
rethink and revisit these concepts. Moreover, 
placing public health at the priority, the 
COVID-19 outbreak demands the necessity of 
a ‘health resilient city’. 

Resilience does not imply a return to 
dysfunctional or unsustainable community 
conditions, but adaptation to dynamic social 
and ecological conditions in ways that protect 
and enhance the quality of life, long term 
ecological productivity and public and personal 
health (Beatley & Newman, 2013). Two factors 
that can be extended to the city context is that 
cities should not return to dysfunctional or 
unsustainable community conditions, instead, 
they should protect and enhance the quality 
of life and public health. The coronavirus 
pandemic has at least temporarily significantly 
reconfigured city life the relation of work and 
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residence, and leisure, use of public space, safety 
and security of transportation, both public and 
private and posed fundamental equity of access 
to resources (Banai, 2020). Therefore, each of 
these elements of the city has a role to play in 
resisting, absorbing, and recovering from the 
effects of pandemic and public health issue. 
Health Resilience also needs to be created 
by strengthening health systems, meeting 
the needs of vulnerable populations, and 
promoting organizational competence, social 
connectedness, and psychological health, 
community resilience encourages actions that 
build preparedness, promote strong day-to-
day systems, and address the underlying social 
determinants of health (Wulff et al., 2015).

Combining the above with the UNDRR 
definition for resilience (UNDRR, 2021), Health 
Resilient City can be defined as the ability of 
a city exposed to public Health crisis to resist, 
absorb, accommodate, adapt to, transform and 
recover from the effects of a health crisis in a 
timely and efficient manner, including through 
the preservation and restoration of its essential 
basic structures and functions to protect and 
enhance the quality of life and public health. 

Accordingly, the focus of this study is 
to evaluate the COVID risk associated with 
the condominium developments and how 
condominium developments could potentially 
support the creation of a health resilient city by 
enhancing the social, physical, psychological, 
environmental and economic lives of the 
inhabitants of condominium developments in 
a post-covid world.

1.3. Sri Lanka and Condominium 
developments 

In Sri Lanka, condominiums are now 
a popular solution to the growing housing 
demand, mainly due to the prevailing scarcity 
and the cost of land (LBO, 2020). According to 
the certifications issued by the Condominium 
Management Authority (CMA), the absolute 
rate of growth of condominiums during the 
past decade is 34%, while it has increased by an 
unprecedented 64% in 2017 alone, compared 
to 2016(LBO, 2020). There are three types of 

condominium housing schemes in Sri Lanka, 
luxury multi-storey housing schemes, semi 
luxury middle class housing schemes and multi-
storey housing schemes for low-income earners 
(DailyFT, 2021). 

In 2003 there were around 48 luxury 
apartments and in 2016 there are 96 luxury 
apartments in Colombo and there are about 24 
luxury apartments available for commencement 
(Bandara et al., 2020). The Urban Development 
Authority (UDA) states that over fifty percent 
of the Colombo city population lives in 
shanties, slums or dilapidated old housing 
schemes, which occupy nine percent of the 
total land extent of the city. Accordingly, UDA 
aimed to make the city free of shanty dwellers 
by 2020 by relocating them into low-income 
condominium developments (JLL Lanka, 
2017). One of the key examples for low-income 
condominium development is the Sahaspura 
development project which was the biggest 
high-rise relocation programme undertaken in 
Sri Lanka, housing 671 households in 671 units 
over 14 floors (Samaratunga & O’Hare, 2014). 

Despite the type of the condominium 
development, DailyFT, (2021) summarises 
the following reasons as the key reasons for 
the rapid trend in condominium living in Sri 
Lanka,

•	 The population shift from rural to urban 
areas 

•	 Limited availability of lands in urban areas 
required for housing purposes.

•	 Possibility of constructing a large number 
of houses in a relatively small area

•	 People looking for houses in urban areas 
to admit their children to popular urban 
schools

•	 An extremely busy lifestyle compels 
people to live in an environment where all 
amenities are available 

•	 Preference of increasing number of tourists 
visiting Sri Lanka to stay in condominium 
housing units at more concessionary 
prices rather than staying in hotels

•	 Better protection offered by condominium 
living as compared to living in a separate 
house. 
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1.4. The gap 

Currently, a large number of dwellers 
in high rise apartments in Sri Lanka are 
in lockdown. Therefore, in this context, it 
is important to assess how condominium 
living in Sri Lanka have affected the lives of 
people during the lockdown. Accordingly, 
section 3.1 describes the gaps associated with 
condominium living during the pandemic, 
at the general scale and then how they are 
associated with the Sri Lankan context. 
Finally, the learning points identified from this 
literature review are explained with reference 
to Sri Lanka in creating a health resilient city in 
a future pandemic scenario.    

2. MethODOLOgy

This is a desk-based study that employed 
an exploratory literature review. Based on the 
background and the research problem, the 
following initial questions were posed for the 
exploratory literature review. 

1. What were the development trends and 
patterns of the condominiums prior to 
Covid19?

2. What are the risks/problems condominium 
dwellers face during Covid19?

3. What is a health resilient city?

4. What are the possible solutions to make 
cities health resilient with reference to 
condominium development?

Unlike a narrative literature review, the 
purpose here was to provide a broad approach 
to the topic area and to get an initial idea 
about the problem. The aim of this study was 
preliminary breadth rather than investigative 
depth. Accordingly, grey literature including 
government reports, news articles and online 
research reports have been reviewed in this 
study. In addition to that available academic 
papers were also referred to in this study. Table 
1 provides a summary of the types of articles 
that have been reviewed for this study. 

2.1. Limitations and Prospects of the 
Study     

As mentioned above, the purpose of 
this study was mainly to provide a brief 
outline of the research problem, therefore, 
the review is more general than an in-depth 
literature review. Consequently, the findings 
of this study need to be further investigated 
through a comprehensive literature review, 
supported via fieldwork,  before arriving at 
more detailed conclusions. However, this study 
provides a foundation for the researchers to 
conduct similar research in this area. Further, 
the research team here intends to conduct a 
comprehensive study on this area and this 
study acted as the preliminary point to begin 
the study.  

3. ReSuLtS AND DISCuSSION

3.1. Risks/Problems Condominium 
Dwellers Face during Covid19

Lockdown restricted many of our physical 
worlds to our homes and their immediate 
neighbourhoods. However, the roles we needed 
to perform there expanded. Homes became 
offices, classrooms and gyms. Technology filled 
gaps and allowed homes to become remote 
social spaces (Carmona, 2020). While lockdown 
rules affected all people, the literature indicates 
people in condominium developments faced 
extra risks and problems due to the living 
arrangements in condominiums.   

3.1.1. Limited Living Space, Lack of Greenery 
and Mental Health-related Issues 

Globally, during the lockdown, individuals 
who lived in small apartments without habitable 
balconies, with a poor housing quality such as 
a little natural lighting and acoustic comfort, a 

Table 1. Summary of the sources

Type of publication No.
Journal papers 11
News articles  10
Research reports and online databases 15
Government reports 2
Books 3
Total 41
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low thermo-hygrometric comfort, the absence 
of soft qualities in the living quarters (e.g., art 
objects, green plants), and living spaces, that do 
not guarantee adequate privacy during phone 
calls for work or personal reasons suffered from 
moderate to severe depressive symptoms. Views 
through a window of a condominium dweller 
have played a significant role in enhancing 
mental health. People with a greenery view had 
a better mental status compared to the others 
who had a view of another building (Amerio 
et al., 2020). Further, households with a private 
garden or terrace space, a balcony or a shared 
garden were comfortable during the lockdown. 
Households with no access to any sort of private 
open space were considerably less comfortable 
during the lockdown (Carmona, 2020). People 
living within a five-minute walk of a park 
or significant green space was the strongest 
predictor of satisfaction with neighbourhoods 
during lockdown (Carmona, 2020). As a result 
of impacts on mental health, domestic violence 
is reported to have increased 25% since the 
onset of the UK lockdown, some no doubt due 
to the pressures of sharing restrictive domestic 
spaces (Hubbard, 2020). Homeworking in 
small homes adds to the stress of everyday life, 
and the impossibility of separating home and 
professional life can exacerbate existing work-
related anxieties and depression (Hubbard, 
2020). 

In Sri Lanka, many areas with low-
income condominium developments were in a 
prolonged lockdown. Methsanda Sewana and 
Mihijaya Sewana in Modara, Randiya Uyana in 
Mattakuliya, Muwadora Uyana and Samagipura 
in Grandpass and Mihindu Sethpura in 

Dematagod are all low-income apartments that 
were in a lockdown where residents were asked 
to remain indoors (Warakapitiya, 2020). The 
average plot size of these condominiums is 442 
square foot which consists of two bedrooms, 
an attached bathroom, kitchen, living room 
and a balcony (MirorCitizen.lk, 2018). Figure 
1 is the outlook of the ‘Sahaspura’ low-income 
settlement in Sri Lanka. 

With prolonged isolation living in an 
apartment with only 442 square foot has put 
dwellers under extreme stress which resulted in 
protests against isolation orders. For example, 
Residents of the ‘Methsanda Sevana’ housing 
scheme in Henamulla, Modara, launched a 
protest on 06th of December 2020 against the 
isolation orders (Udayanga, 2020).

Further, in Sri Lanka, 90% of small 
condominium developments (number of 
units ranging from 15 to 65) and 50% of 
large condominium developments (over 65 
units) have less than 1% of green space on 
site (Rajapaksha & Jayaweera, 2018). A report 
published by UNDP Sri Lanka (2020) with 
reference to their staff living in lockdown 
informs that having at least some small green 
spaces along the balcony in an apartment 
helped to reduce the stress and anxiety during 
the lockdown. Cultivating green plants such 
as chillies, ginger, onions have given a better 
mental satisfaction during the lockdown in 
living in an apartment  (UNDP, 2020).

People living in apartments in a small 
space and less view or access to green space had 
created a chaotic situation, therefore, Police in 

Figure 1. Outlook of ‘Sahaspura’ low income settlement in Sri Lanka (USDA, 2020) 
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Sri Lanka was using music to help people in 
apartments in coronavirus-hit areas to stay 
calm (IANS, 2020). 

Accordingly, the above literature suggests 
that we need to reverse the recent trend of 
creating smaller apartments and change the 
way we design urban spaces in the future 
in order to tackle the existing issues and to 
support the creation of a health resilient city.

3.1.2. Common Space Use and Exposure to 
Risks 

Since the beginning of the COVID-19 
pandemic, multi-unit residential buildings 
(MURBs) have been of particular concern to 
both public health practitioners and MURB 
occupants (Eykelbosh, 2021). People who 
live in multi-unit residential buildings have 
a higher risk of getting COVID-19 due to 
extensive use of common or shared spaces, 
such as handrails, lifts, door nobs. Apartment 
complexes have closed and/or put heavy 
restrictions on common areas like gyms, pools 
and clubhouses, but it’s hard to avoid places such 
as mail and laundry rooms (Bagenda, 2020). 
Transmission from high-touch surfaces is 
considered a ‘fomite’ transmission (Eykelbosh, 
2021). Unfortunately, it was very difficult to 
investigate/track the fomite transmission, 
because people are unlikely to remember 
their movements in minute detail. In addition, 
common areas are regularly cleaned, especially 
if an outbreak is declared (Eykelbosh, 2021). 
Further, Eykelbosh (2021) indicates that riding 
in an elevator masked or unmasked longer 
with each other increases the opportunities for 
transmission of the virus. 

In Sri Lanka, several regulatory reforms 
have been implemented in recent years to 
relocate 66,000 low-income people from 
underserved settlements into high-rise 
housing (Karunanayake, 2020). This indicates 
people with a low educational background are 
highly exposed to the use of shared facilities 
in condominium developments.  Accordingly, 
the Urban Settlement Development Authority 
(USDA) conducted an awareness programme 
on ‘COVID 19 Prevention and Control’ in 

July 2020 to the residents of the ‘Shahaspura’ 
low-income settlement to control the spread 
of the disease due to extensive use of shared 
spaces such as receptions rooms, stairways 
and elevators (USDA, 2020). In addition, 
sanitary measures such as having washbasins 
and sanitisers outside the common spaces 
have been made compulsory as a precaution to 
control the spread of the virus (Erandi et al., 
2020). 

This indicates that there is a need to have 
special measures in using shared spaces to 
reduce the exposure of condominium dwellers 
in a future pandemic scenario.      

3.1.3. Airflow in Apartments and Potential 
COVID risk  

Heating, ventilation and air conditioning 
(HVAC) systems have been considered as 
potential source of contamination. There are 
two key concerns around HVAC systems. The 
first is the use of re-circulated air, which is a 
necessary feature of some HVAC systems, as 
continuously heating/cooling 100% outdoor 
air can be cost-prohibitive or simply beyond 
design specifications. The concern is that stale 
air carrying a viral aerosol could be collected 
from one room and delivered to other rooms 
connected to the same air handling unit, 
spreading the virus if not removed through 
filtration or some other air cleaning device. To 
date, there is no evidence of HVAC systems 
facilitating transmission in this way. There 
have been instances in which the SARS-CoV-2 
virus has been detected in filters and in ducts, 
which is exactly where one would expect the 
virus to end up after having been drawn out 
of the room. However, there is (currently) no 
evidence of transmission occurring across 
different rooms or zones of a building through 
the HVAC ductwork (Eykelbosh, 2021). HVAC 
systems in large residential buildings are not 
spreading COVID-19 by moving the virus 
from one dwelling to another, but, multiple 
studies have shown that large air-handling 
systems can filter out viral particles from the air 
and knock down the spread of the virus (Tate, 
2020).  Several scientific studies conducted by 
various leading scientists, informs, if someone 
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is infected in an inside environment,  others are 
much more likely to inhale the virus in those 
smaller microscopic particles, because they 
float around in the air longer and can travel 
more than 3 to 6 feet (Tate, 2020). Accordingly, 
in that circumstances, large ventilation 
systems such as HVAC are “highly effective” at 
capturing and filtering out those tiny particles 
in the air. Accordingly, there is no evidence 
that HVAC systems in large facilities can suck 
in, store, and spread the coronavirus from one 
apartment or condo to another. But if viral 
particles are already in the air inside a room, 
the venting from HVAC units can spread it 
around, as in the case of the Chinese restaurant 
in Guangzhou (Tate, 2020).  

The above evidence confirms that 
corridors, reception areas of apartments with 
HVAC systems can spread the virus from one 
to another. Most of the luxury apartments in 
Sri Lanka are fully air-conditioned including 
the corridors, reception areas and other shared 
facilities. The Chief Epidemiologist of the 
Epidemiology Unit, of Sri Lanka, informs, a 
person in a small room with closed doors and 
windows, especially in an air-conditioned area 
is at a high risk to spread the virus to another 
person (Perera, 2021). Further, considering 
the risk in air-conditioned enclosed areas, 
the Epidemiology Unit, Ministry of Health & 
Indigenous Medical Services, (2020) Sri Lanka, 
suggested keeping the doors open wherever 
possible to reduce the circulation of the same 
air. Further, the Ministry of Health (2020) 
issued general guidance to the public on the 
prevention of COIVD 19, it specifically posed 
the threat that airconditioners could spread 
the disease and advised that Air filters should 
be cleaned weekly and AC drain water should 
be discharged properly to the drain system. 
These evidence indicators that enclosed 
air-conditioned spaces in condominium 
developments pose an additional risk to spread 
the virus and therefore, it is required to find 
additional measures to overcome this situation 
in a future pandemic scenario.        

3.1.4. Air Duct, Sewer pipe, U bends and 
COVID Risk 

Some condominiums especially older 
buildings are connected through communal 
ducts that allow aerosol exchanges. It is more 
than likely that the ventilation system allows air 
to flow from one apartment to another with only 
a grille by way of a barrier. In these buildings, 
opening a door or a window, using the kitchen 
exhaust fan, and temperature changes between 
two apartments all create a constant movement 
of air that seeks to occupy any free space. In 
just five minutes, all the air from one bathroom 
can pass to another through the air ducts if 
they are not fitted with filters or other devices 
to prevent the air from making its way in. The 
suction caused by the kitchen exhaust fan can 
renew 100% of the air in a 100-square-meter 
apartment in 100 minutes. If the windows are 
closed in buildings with old air ducts, this “new” 
air will come from one or more neighbouring 
apartments (Galloway, 2021). Accordingly, it is 
assumed that transmission may occur in these 
circumstances. See Figure 2.

An epidemiological study in a building 
in Seoul, South Korea where there were eight 
Covid-19 infections in five apartments sharing 
bathroom ventilation, concluded that there 
was “no other possible contact” between those 
infected other than their communal air duct 
(Galloway, 2021). Figure 3 further explains the 
aerosol transmission in Seoul South Korea.   

Eykelbosh (2021) identifies, a “plumbing 
stack” refers to the interconnected drainage 
and ventilation pipes that run vertically down 
the interior of the building that can also 
transfer the virus in cases where the plumbing 
has been altered or if drain traps are allowed to 
dry out. A typical configuration of a plumbing 
stack involves one or two “soil” or “drain” 
stacks that collect blackwater and/or greywater, 
respectively, which are then cross-connected 
to an air-filled ventilation stack or “vent stack.” 
The purpose of the vent stack is to exhaust 
odours and to also equalize pressure between 
the plumbing and the outdoor environment 
so that the soil and drain stacks can flow freely 
and noiselessly. Although plumbing stacks 
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vertically connect all the units built over top 
of one another, the stacks and associated 
plumbing are designed to ensure that gas/
odours cannot flow back into the individual 
units (e.g., through water-filled drain traps or 
other mechanisms). However, as Eykelbosh 
(2021) explains, cross-contamination is 
possible where the plumbing has been altered 
or if drain traps are allowed to dry out.

During the current COVID-19 
pandemic, (Kang et al., 2020; Lin et al., 
2021) did a combination of airflow analyses, 
meteorological analysis, tracer gas studies, 
and CFD (Computational fluid dynamics 

modelling) modelling to separately examine 
the same outbreak in a 29-floor block of a large 
MURB in Guangzhou, China. Together, the 
two studies indicated that the virus deposited 
into the toilet was aerosolised into the soil stack 
(due to agitation while flushing) and was then 
borne upward through the soil stack or cross-
connections into the ventilation stack. The viral 
aerosol was then drawn into the connected 
upper-floor washrooms through unsealed 
drain traps, which survey data suggested were 
typically left dry. Movement through drain 
traps was facilitated by both the negative 
pressure in the bathrooms created by wind 
effects, as well as impeded egress of air through 

Figure 2. Air duct transmission of air floor from one bathroom to another(Galloway, 2021)

Figure 3. Air duct transmission, Seoul, example (Galloway, 2021)
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an inappropriately modified ventilation stack 
opening at the top of the building. Although 
the studies did not isolate the viable virus in 
aerosol form moving through the pipes (which 
is extremely unlikely after infected cases have 
been removed), the published studies provide 
fair evidence that air was able to move between 
bathrooms. Sequencing of the SARS-CoV-2 
S gene indicated that all three affected units 
were infected with the same strain (Eykelbosh, 
2021).  

Adding to this argument, Gormley (2020) 
indicates when U-bends are dry, contaminated 
air can move freely in and out of the living 
space in question. Such buildings are also more 
prone to large pressure surges from overuse 
when lots of people are at home, which can 
force water out of U-bends and break their 
“seal”. During the lockdown, the U-bends in 
the plumbing in large buildings are particularly 
vulnerable to water seals being blown out from 
the added pressure of more people using these 
systems at the same time than usual. The same 
risks, incidentally, can come from the water 
in U-bends evaporating because of plumbing 
being underused – even in a lockdown there 
will be old sinks or bathroom floor drains 
in flats that don’t get used. Figure 4, below 
demonstrates how a dry U bend can transfer 
contaminated air to another apartment.  

The above literature evidence clearly 
indicates that air ducts, sewer pipes and U 
bends can bring additional risk in a pandemic 
and actions to be taken in the future to be 
resilient in a future pandemic. 

In Sri Lanka, there is no direct evidence 
to determine that Air Ducts, Sewer pipes 
and U bend carried an additional COVID 
risk for the condominium dwellers. But, 
there is strong evidence to justify that several 
COVID outbreaks occurred in low-income 
condominium developments even people were 
asked to remain inside their houses without 
any other contact. In November 2020, multiple 
low  income housing complexes have been 
designated as high-risk zones and all occupants 
had to remain indoors which completely 
restricted their movements and having contacts 
with their neighbours (Farzan, 2020). Even in 
this condition, outbreaks occurred in more than 
13 low-income condominiums where most 
of these areas were in complete isolation for 
more than 51 days (Borham, 2020). However, 
there is no single report to demonstrate that 
luxury apartments areas in Colombo have been 
identified as high-risk areas. In this context, 
there is evidence which states that building 
maintenance and management of low-income 
condominiums are poor in Sri Lanka. As 
Fernando (2017) states, most of the state-led 
public housing projects especially carried 

Figure 4. Dried U bend and transfer of contaminated air (Galloway, 2021)
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out for urban under-served settlers, have 
suffered severe deterioration due to the poor 
maintenance and management of the building 
structures and their infrastructure, including 
solid waste systems, sewerage and drainage. 
This indicates that there could be a very strong 
relationship with the extensive virus spread in 
low income apartments and the condition of 
the air ducts, sewer pipes and u bends. This 
emerges as a research problem which needs 
further investigation.  

3.2. Learning points to tackle these issues     

One would argue severe trend in 
condominium development should be scaled 
down or one would argue measures should be 
taken while facing the reality of persisting trend 
in a condominium development. Following are 
some of the learning points that are identified 
from the literature review to tackle the issues 
identified above. These learning points are 
relevant to the condominium development 
context of the Sri Lanka as well. 

3.2.1. Condominiums with more spacious 
living space, with access to private space, 
public open space,  green view, and 
greenery    

Hubbard (2020) argues dense urban living 
may be more environmentally-friendly, and 
energy-efficient. But, if the price to pay is people 
living in smaller homes that preclude flexible 
working and home lives, and also encourage 
the transmission of COVID-19, or other yet-
to-be-known viruses, perhaps the answer is 
not to continue the rush towards vertical living 
and micro-apartments. Instead, Hubbard 
(2020)  suggests thinking about using urban 
space better to provide meaningful personal 
space and the opportunity to spend at least 
some time apart from one another. A home 
comfort survey conducted by the UCL with 
the responses of 2,500 households across the 
UK during the early summer of 2020 indicates 
people with private open space from the home 
was extremely important. Households with 
a private garden or terrace space were very 
comfortable during the lockdown, followed 
by those with a private balcony or shared 

garden. Households with no access to any sort 
of private open space were considerably less 
comfortable (Carmona, 2020). Further, Good 
environmental conditions in the home, notably 
fresh air, daylight and good noise insulation, 
were widely seen as fundamental (Carmona, 
2020). Accordingly, Carmona (2020) stresses 
that we need to learn from the stress test that 
lockdown has given our homes to build better 
living environments and to retrospectively 
adapt to those we are living in today. This means 
decent space and environmental standards 
in the home and access to private open space 
is required – even if just a balcony. Further, 
neighbourhoods should be walkable and 
cyclable, with convenient access to parks and 
local facilities, high-quality streets and public 
spaces. Particular care is required to balance 
all these needs when building neighbourhoods 
that are dense and high. 

Further, there is a strong association 
between poor housing and moderate-severe and 
severe depressive symptoms, with particular 
reference to living in apartments that are small 
and have a poor-quality view and indoor area. 
Accordingly, the built environment is a key 
determinant of health, the quality of which 
depends on the availability of resources, site 
location planning, and green spaces. Housing 
design strategies should be focused on larger 
and more livable living spaces facing green 
areas. An interdisciplinary approach involving 
urban planning, public mental health, 
environmental health, epidemiology, and 
sociology is needed to investigate the effects 
of the built environment on a mental health 
outcome (Amerio et al., 2020). 

3.2.2. Awareness Programs on the Risk 
Associated with the Use of Shared Spaces

If we are to continue with condominium 
living, even with more access to green and 
public open spaces, the high exposure to a 
pandemic due to the use of shared spaces 
persists.  Therefore, research suggests providing 
more awareness on the risk associated with the 
use of shared spaces should be increased and 
continued even after the Covid19 as then people 
will be well trained to face a future pandemic. 
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Condominium management must maintain 
enhanced cleaning programs and continue 
engaging occupants on other standard public 
health measures, like hand hygiene and mask 
use. Further, Eykelbosh (2021) suggests due 
to “pandemic fatigue,” it may be necessary to 
periodically refresh communications strategies 
to sustain occupant engagement. Liu et al. 
(2021) explain people lacked the awareness 
of correct transmission routes during the 
outbreak of COVID 19.  In that regards, it 
suggested that local agencies should provide 
information in simple languages to support 
those with no college education during an 
outbreak. An informative presentation in the 
form of a workshop will also help to increase 
the awareness of people to enhance resilience 
for a future pandemic. For example, the USDA 
of Sri Lanka, conducted a workshop in July 
2020 which provided awareness on prevention 
and control measures, demonstrations on 
proper handwashing techniques and the use 
of masks for the low-income condominium 
dwellers in Colombo, Sri Lanka (USDA, 2020). 

3.2.3. Solving Airflow and Aerosol related 
issues 

It is important that Heating, ventilation 
and air conditioning (HVAC) equipment 
that is installed in common areas of 
condominium developments are fitted 
with air filters. Eykelbosh (2021) suggests a 
properly maintained HVAC system is critical 
for supplying fresh air and removing stale or 
contaminated air. In older buildings dependent 
on corridor pressurization, HVAC is also 
critical for maintaining airflow and pressure 
differentials such that contaminated air from a 
suite does not leak into the corridor. 

Condominiums that are recently built may 
not have an Air duct that could transfer a virus 
from one apartment to another. For example, 
In Spain, the bathrooms of older buildings 
are connected through communal ducts that 
allow aerosol exchanges. In 1975, building 
regulations were passed in Spain changing this 
system, but in older buildings – 37.7% of those 
existing today (Galloway, 2021). Accordingly, 
it is required to take actions to install modern 

methods in all buildings to stop the aerosol 
transfer from one apartment to another. Sri 
Lanka, as a developing country may need to 
look into this issue in particular and ensure 
correct measures are taken to stop the spread of 
a virus through toilet aerosols. Particularly, this 
might be the case in low-income condominium 
settlements in Sri Lanka. In addition to that 
Eykelbosh (2021) informs plumbing stacks 
need regular cleaning to ensure that wastewater 
can flow and that neither wastewater nor air 
can inadvertently backflow into bathroom or 
kitchen fixtures. 

Also, in future,  it is extremely important 
to make sure that all sinks and toilets have 
a functioning U-bend (Gormley, 2020). 
This should be included in condominium 
development guidelines and further, facilities 
managers should continually monitor the 
whole system performance of their buildings, 
looking out for things such as drainage 
problems and bad smells. Condominium 
dwellers should also be prepared to keep an 
eye on wastewater pipework from a toilet, sink 
or other household appliance as a practice in a 
COVID free world, but to be resilient for future 
pandemic scenarios.     

Based on the above findings, following 
measures can be summarised as key learning 
points (Table 2)  to improve the health resilience 
of Condominium developments and thereby to 
support the creation of health resilient cities in 
a future pandemic.   

4. CONCLuSION

The global pandemic COVID 19 has 
changed the everyday lives of the whole global 
population. The way we work, study, shop, 
hang out, and play is drastically changed 
which certainly triggered new patterns 
in urban life. Since the beginning of the 
COVID-19 pandemic, multi-unit residential 
buildings or apartments/condominiums have 
been of particular concern to both public 
health practitioners and the occupants due 
to the enhanced risk they faced. There is no 
certain guarantee that our cities will not face 
a pandemic in the near future again or in the 
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distant future. On the other hand, the immense 
trend of constructing condominiums does not 
seem to be scaled down. Especially, Sri Lanka 
is particularly investing in condominium 
development for luxury housing as well as to 
resettle low-income communities. Therefore, 
it was required to investigate the additional 
risk that condominium dwellers faced during 
Covid-19 and how that can be overcome to 
reduce the risk in a future pandemic scenario 
to support creating health resilient cities.

Results of the study indicate creating 
a health resilient city involves many social, 
economic, environmental and physical factors, 
but, rethinking how we design, develop and 
construct condominiums can massively support 
to enhance the social, economic, physical lives 
of people and thereby support to create health 
resilient future cities. Large living spaces, access 
to a personal space (at least a balcony), view to 
greenery from an apartment window, access to 

public open spaces are some of the key factors 
which need to be reconsidered in constructing 
apartments in the future to enhance the mental 
health of people. Awareness of using common 
or shared spaces during a pandemic should be 
enhanced in a form of public education. Airflow 
and aerosol flow should be monitored in the 
existing condominiums and where required 
new aerosol and airflow methods should be 
introduced, especially for novel condominium 
developments. Facility managers have a key 
role in ensuring that these new methods are 
used in condominium developments and to 
support the practical implementation, building 
regulations should be updated in line with 
the requirements to create health resilient 
condominium developments. Sri Lanka as a 
country heavily investing in condominium 
developments should consider these indicators 
in constructing condominium developments.          

Table 2. Summary of learning points

Issue Possible measures  

Lack of living space •	 Revisit current condominium development guidelines and 
introduce new standards to increase the floor area

Access to a private space and 
access to fresh air 

•	 Balcony  to be included in condominium housing especially for 
low income condominium developments   

Noise from room to room or 
apartment to apaprtment 

•	 Intorduce proper noise filteration methods 
•	 Use appropriate noise filtering building construction materials 

View to greenery 

•	 Windows with views to greenery
•	 Condominium layout with a view to a green not to another 

apartment    
•	 Increase the greenspace ratio 

Access to greenery and open 
spaces  

•	 Increase the green space ratio of condominium developments 
•	 Open outdoor spaces should be provided within the 

condominium development premises   
Limited access to Parks and 
playgrounds  

•	 Convenient access to parks  and playgrounds from the 
condominium 

Use of shared spaces and high 
exposure  

•	 Condominium managements to introduce enhanced cleaning 
programs

•	 Periodic awareness programs on the use of shared spaces and 
correct transmission routes 

Airflow and Aerosol related issues

•	 Fitting and regular maintenance of air filters 
•	 Proper disposal of AC drain 
•	 Avoid air ducts in new condominums and install modern sewer 

systems for older condominium buildings 
•	 Regular cleaning of plumbing stacks 
•	 Functional U bends and install U bends 
•	 Regular checks on the whole drainage and sewer system 

performance
•	 Introduce new condominium management guidelines for 

condominium management authorities on regular maintainence  
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