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ABSTRACT

The construction industry creates 1.3 trillion revenue each year in the United States. After Coronavirus
(COVID-19) becoming a pandemic virus, many industries are shutting down and being on lockdown. This
situation can lead to millions of people becoming
unemployed and eventually causing a financial recession. Although the government and health organizations have issued guidelines to prevent the spread
of the virus in the jobsites, there have not been any
specific guidelines for construction industry workers. The contribution of this research is to develop
a preliminary model and indicator of coronavirus
(COVID-19) spread in the construction industry. This
paper investigates the preliminary indexes, which can
affect the spread of coronavirus in the construction
industry. The developed model would act as a guide
for stakeholders to take the most appropriate precautions in the jobsite with the available equipment and
facilities.
Key words: construction industry, pandemic virus,
simulation, Coronavirus, COVID-19

changed to online platforms. Social events have been
canceled, and significant leagues suspended their
activities until further notice.3 This results in a massive loss in revenue and has negative consequences
on the economy and may lead to a recession or even
financial depression.4,5
Construction plays a crucial role in the United
States’ economy. This industry has over 680,000
employers and more than 7 million employees. The
services done in construction have entitled this industry to revenue of nearly $1.3 trillion each year.6
COVID-19 has affected the construction industry in
other countries, by the end of February, 50,000 construction workers in Hong Kong had been laid off as
a consequence of the coronavirus. Another 80,000 had
their hours significantly reduced.7
However, currently, the construction business is
operating as usual, while officials are vigilant on the
spread of the virus.8 Amid this outbreak, the Center
for Disease Control (CDC) has created an interim for
business and employers as following9:
nn
encourage

sick employees to stay home;

INTRODUCTION

Pandemic outbreaks are considered significant challenges to societies. The new coronavirus
(COVID-19) is the latest pandemic outbreak that
has disrupted life around the globe in many ways.
Italy has been on total lockdown and quarantine.
The United States declared a national emergency
on March 13, 2020, after 1,588 confirmed cases were
reported as a result of the new virus.1,2 As a result of
this outbreak, many schools, universities, and workplaces around the country have been shut down and
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nn
separate

sick employees;

nn
emphasize

staying home when sick, respiratory etiquette, and hand hygiene by
all employees;

nn
perform

routine environmental cleaning;

nn
advise

employees before traveling to take
specific steps; and
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nn
notify

the supervisor if the worker or a
relative in the family has been diagnosed
with the virus.

In addition to the above-mentioned measurements,
the Occupational Safety and Health Administration
(OSHA) has also issued a safety precaution for the
jobsite, which are mostly the same as the CDC guidelines. OSHA also recommends creating safety training sessions by employers for workers and employees.10 Many businesses can be performed remotely
and can offer employees the work-from-home option.11
However, the nature of construction jobs requires
workers to be on-site, and staying home when sick is
not always a viable option, especially for hourly workers or anyone without paid sick days. To the best of
our knowledge, there is no specific guideline for construction workers on how to deal with the COVID-19
on the workspace.
This research develops a preliminary model and
indicator of coronavirus (COVID-19) spread in the
construction industry. This paper investigates the
preliminary indexes, which can affect the spread of
coronavirus in the construction industry.

RISKS OF CORONAVIRUS IN CONSTRUCTION

Construction sites especially residential and commercial projects, are mostly inside a currently built
and occupied environment, surrounded by neighborhoods. Therefore, if the jobsite is not protected
adequately, the infectious can easily spread, either
from a contaminated jobsite to the neighborhood or
vice versa.
Figure 1, developed by NYTimes, shows the exposure to the disease for each profession.12 Each bubble
on this chart represents an occupation, and the size
of the bubble represents the number of employees
in the job. The Y-axis shows how often workers in a
given profession are exposed to disease and infection.
The X-axis defines the proximity of employees working together. As seen in this figure, the construction
laborer, while their exposure to the virus is at the 25
percentiles, is at significant risk of spreading the virus
as they work closely with each other moderately close
(at arm’s length). In addition to the factors defined
by the World Health Organization (WHO), CDC, and
OSHA, the type of work environments plays a crucial
factor in accelerating the rate of the COVID-19 virus
spread.

Figure 1. Workers who face the highest coronavirus risk.2
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Region
The first positive case diagnosed with the virus
in the United States was confirmed on January 15 in
Washington state, and the virus has been spreading
throughout the country ever since.9 The chart below
shows the trend of the cases growth in the top five
states of most construction activities. This chart shows
the temporal visualization of confirmed cases from
January 15 to March 13 data that was extracted from
the department of public health for each state.13-17 The
top states with the most construction activities were
selected based on the average amount of construction
spending they had in the last 5 years.
Based on Figure 2, the spread rate of the virus
follows an exponential curve and can increase significantly in the following days, weeks, or even months.
This will make the chance and probability of construction workers and the crew being infected extremely
higher in these areas.
Climate
While there has not been any verified evidence,
the COVID-19 virus has shown a seasonal pattern
on its spread, and it is more rapid in mild and humid

temperatures.18,19 Based on the climate region map of
the United States, as shown in Figure 3, this type of
climate is in Zone 4.20
As shown in Figure 3, this type of climate exists
around the country. A strap of mild humid-temperature weather stretches from west to east of the country. This type of weather will raise the severe impact
and accelerate the effect of the virus on people living
in these areas. Like so many dense, high rise buildings such as Seattle, Nashville, Philadelphia, and
New Jersey being in the region, the risk of construction workers becoming infected in these areas are
higher than the rest of the places.
Construction site features
Construction sites area is limited, finite spaces
that are home to materials, equipment, temporary
facilities, and numerous workers.21 Depending on
the type and size of the project, the number of crew
for each jobsite may vary. The chart below is a representation of construction occupation based on their
number. The data are a representation of the Bureau
of Labor Statistics by type of job in the construction
industry.22

Figure 2. Number of confirmed cases for the top five cities with the most construction activity.
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As depicted in Figure 4, the top six professions in
the construction industry are as follows:

5. Electricians
6. Painters and Paper Hangers

1. Laborers
7. Plumbers
2. Carpenters
There are numerous tools and software available
to make project management more efficient (RS means,
Procore, Insight, etc.). However, the characteristics of
professions in the construction industry require them to

3. Supervisors
4. Managers

Figure 3. The United States climate zone map.

Figure 4. Percentage of workers in jobsite by profession.22
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be performed on the jobsite. This increases the chance of
getting infected as laborers, supervisors, carpenters, and
the rest will be working in a workspace at the same time.
Compared to other industries, construction has a
low rate of labor productivity,23 which means that in
order to complete a specific task, either more laborers
have to be assigned or they need to allocate more time
to it. In order to reach optimum productivity, project
managers and supervisors assign different teams of
workers and laborers to the workspace. This will lead
to a crowded area of people in close contact, increasing
the risk of contracting any disease.

of construction professions in the United States in
2019. The data were driven from the Bureau of Labor
and Statistics.26 There is a high number of elder workforces in the construction industry. In the case of any
pandemic disease or injuries, especially respiratory
causes, the aging workforce is more susceptible to
being infected.27
Based on Figure 5, the age range of workers who
are 45 years old and higher is 66 percent. This is
alarming as these people are more prone to pandemic
diseases and can be easily compromised by respiratory viruses such as COVID-19.

Age

Materials and equipment
From preconstruction activities such as preparing
jobsites all the way to the completion of the project,
lots of materials are going in, and out of the construction site.28 Depending on the type and size of the
project, the amount of used material will vary. While
the virus does not last for a long time in the air, it can

The risk of illness increases with age.24 Researchers
reported, based on the cases, that around 90 percent
of the cases which have been infected are between 30
and 79 years old.25 Therefore, it is essential to protect
this range of employees and workers with even higher
measures. The chart below shows the age distribution

Figure 5. Age distribution of construction employees in the United States based on their profession.
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live on surfaces for an extended amount of time, even
days.29
DEVELOP INDICATOR AND MODEL

The spread of a directly transmitted virus in space
can be calculated using the effective per capita transmission rate of the disease or β.30 The spread rate is
a function of infection probability p, and individual
contact rate C, therefore β = pc.31 The contact rate is
a nonlinear function of density and tends to increase
with the increase of density. Assume that there is N
number of people in the jobsite, an infected individual
comes into contact with βN other individuals per unit
time. As discussed in the “Construction site features,”
the number of crew for each workspace depends on
the type and size of the project. In order to calculate
the number of crew for each section of the project, the
project supervisor first divides the quantity of the
work by production rate in order to achieve the hours
need to do the specific job.32-36
In the construction industry, the contact rate (C)
is a function of the area and type of the project. The
authors have used a mathematical simulation to show
the spread of a disease in a population, also known as
the susceptible infected recovered (SIR) model. This
model simulates the spread of a disease in a specific
population. In a population with N people, this model
consists of infected people (I), susceptible but not
infected (S), and recovered people (R),37 as shown in
the following equation:
N = S(t) + I(t) +R(t)

(1)

As the total population is considered constant,
each of these three parameters is a function of time
(t), and their value changes through periods. In the
beginning, everyone is susceptible, a minute number
of people are infected, and there are no recovered
people. As time progress, some become infected and
leave the susceptible pool and start affecting other
susceptible. After a period of time, members from
the infected group will join the recovery bin. Figure
6 shows the connection between the three categories.
Equations (2)–(4) show the rate of change for these
parameters with respect to time. As people come in contact with each other, there is a probability of passing on

Figure 6. The process of susceptible (S), infected (I),
and recovered (R) transactions in a population.

the virus. The higher the number of people and interaction, the higher are the chances of becoming infected
dS
SI
=−
dt
N

(2)

dI SI
=
− I
dt N

(3)

dR
= I
dt

(4)

As people recover, they are no longer capable
of infecting others. The time period that takes for a
person to recover is known as the mean recovery rate,
shown here by γ.38
In this research, the researchers have used the
existing Hill code39 and modified it to show how
the spread happens through time in a construction
jobsite. In the Hill’s model, the spread of the virus
is a function of Contact rate, β, and mean recovery
rate, γ. The developed model, as shown in Figure 7,
is based on the assumption that a construction jobsite of 150 workers in total. The initial number of
infected people is one person. The contact rate is a
function of the quantity of the work that needs to be
done, labor productivity, and the area of the jobsite.
In order to be in conjunction with the RS Means
standard, the researchers have used daily output in
lieu of productivity. Daily output is the number of
units that a specific crew can produce in a job in an
8-hour work shift. The relation between the factors
is shown in the following equation:
C=

n× A
D.O

(5)

where n is the quantity of the work that needs to be
performed, A is the area of the jobsite, and DO is the
daily output of the work crew.
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Figure 7. Simulation of how the virus will spread through time if one person is infected: (a) the quantity is
10 units, daily output is 3, and the square footage of the jobsite is 2,000 square feet and (b) the quantity is 4 units,
daily output is 1.5, and the square footage of the jobsite is 5,000 square feet.

Figure 8. Number of workers for each state per the state density and the construction spending.

In order to show the risk of the COVID-19 spread
in construction, the researchers modeled the number
of construction workers for each state while comparing the state density and population, which is

shown in Figure 8. The horizontal line represents the
population of each state. The vertical axis represents
the density of each state. Each bubble on this chart
represents a state. The bigger the bubble, the more
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worker do that job. The data are collected from the
2019 archive of Bureau of Labor Statistics and the
United States Census Bureau.26,40,41
Higher density means more high-rise and/or
numerous building projects being built close to each
other. Denser places also have higher chances of having big construction projects inside busy, urban areas.
The amount of construction spending indicates the
level and frequency of construction activities being
operating. The average with a 95 percent confidence
interval is shown with the ribbons on the figure. Any
state outside the average belt is of interest and needs
to proceed with caution. In this scenario, Florida, New
York, California, Texas, and Ohio are the states which
have been founded as outliers.
CONCLUSION

This research develops a preliminary model and
indicator of coronavirus (COVID-19) spread in the construction industry. This paper investigates the preliminary indexes, which can affect the spread of coronavirus in the construction industry. The developed model
is based on construction spending, the number of
workers, and the density of the regions. Moreover, the
paper shows the risk for workers and which regions/
states are at higher risks. Factors such as the quantity
of the work that needs to be performed, the area of the
jobsite, and the daily output of the work crew affect the
speed of the spread of the virus. Research also shows
that because of the age distribution of the construction workers, they are considered at more risk. Future
research can contribute toward solutions to control the
spread of the virus into the construction site and workers. The authors recommend exploring the use of robotics in the construction field in order to reduce human
interaction. Moreover, investigating the use of off-site
construction methods such as prefabrication and how
they can reduce the spread of any pandemic virus in
the workforce. After that, a model can be created by
real-time data monitoring of labors’ vital signs using
the Internet of things IoT-based sensors.
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