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Abstract: The COVID-19 pandemic, with more than 49.7 million reported cases and over 1.2 million
deaths globally confirmed deaths at the time of writing, demands global action to counteract this
virus. It is widely accepted that COVID-19 is a long-term pandemic that will require a constant and
innovative range of mitigation approaches to protect public health. This paper provides infrastructure
facility management (FM) systems based on Building Information Modeling (BIM) to reduce the
likelihood of COVID-19 infections indoors. Although there are several factors for dealing with
COVID-19, the sole focus of this project is to reduce crowding and facilitate social distancing
between occupants. The significance of this research relies on the use of mathematical methods, BIM,
programming as well as FM tools and databases to achieve safer management of large and populated
public buildings during the COVID-19 pandemic. The infrastructure management example refers to
the Civil Engineering School at the Universidad Politécnica de Madrid. It is based on mathematical
applications to find the paths of people paths inside the infrastructure and is synchronized with
in-house developed software and the Internet domain as source and input data.

Keywords: BIM; infrastructure management; COVID-19 management; smart building

1. Introduction

The COVID-19 crisis has become a worldwide challenge, with a total accumulated 49.7 million
confirmed cases at the time of writing. Around the world, this pandemic has resulted in one of the
biggest crises in human history. The most affected nations are far from the end of the struggle, and a
return to normality in countries with harsh self-isolation policies faces the potential risk of a resurgence
in the number of infectious cases. It is necessary to begin thinking of a long-term strategy and attempt
to apply technology to overcome this situation. In this paper, some measures are described based
on the Building Information Modeling (BIM) facility management (FM) methodology to face the
spread of COVID-19 in complex buildings, such as educational, airport or hospital infrastructures.
This paper describes some measures based on the campus of Universidad Politécnica de Madrid
(UPM), specifically at the Civil Engineering School (ETSICCP). The main objective of this study
was to apply mathematical tools combined with synchronized BIM-based FM technologies for the
management of COVID-19 safety measures in large public buildings such as ETSICCP. To achieve
this goal, a tridimensional infrastructure model of the ETSICCP was used [1]. With this framework,
this paper aimed to implement an internal management system in complex buildings under pandemic
situations. This target houses a global technological process where new technologies, such as BIM, FM,
IoT or Big Data, were considered to develop a new infrastructure management system.
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COVID-19 arose from the SARS-CoV-2 virus, and the first cases were identified in the Chinese
city of Wuhan in December of 2019. Its expansion across the world is reminiscent of the so-called
Spanish Flu epidemic of 1918–1919, the “deadliest plague in history” [2], which was classified as the
third leading probable cause of death [3].

The spread of COVID-19 has resulted in a loss of production in many companies and affected
consumer patterns. The International Monetary Fund expects China’s Gross National Product (GNP)
to slow down by 0.4 percentage points compared to its initial growth target of 5.6%, causing a global
growth drop of 0.1 percentage points [2].

2. COVID-19 Crisis

2.1. Situation in the World

2.1.1. First Semester of 2020

The COVID-19 pandemic is studied daily and controlled by official institutions. This paper uses
the official data of Situation Report 111 of the World Health Organization (WHO) from May 10, 2020 [4]
as a source of information for the evolution of the pandemic in the first semester of 2020, and the
situation report of the WHO as a source of information for the second semester of 2020 to identify the
evolution of COVID-19.

The fight against COVID-19 is far from being over. Many cases are currently appearing daily
worldwide, predominantly in Europe and the Americas, as has been the case since May and June
2020. After this date, as pandemic response measures in many European countries were introduced,
this tendency reversed, and the Americas became the region with the highest number of new daily
cases worldwide. The official situation report by the WHO [4] is presented in Table 1.

Table 1. Situation Report 111, 10 May, II. [4].

Location Total Cases New Daily Cases Total Deaths New Daily Deaths

Globally 3,917,366 61,578 27,4361 8499
Africa 42,626 2082 1369 47

Americas 1,655,378 18,537 98,723 6830
Eastern Mediterranean 255,728 9706 8878 130

Europe 1,707,946 25,608 155,552 1319
South-East Asia 95,314 4506 3356 152
Western Pacific 159,662 1139 6470 21

As can be seen, in just 24 h, the deaths in Europe increased by 1319 cases, with 25,608 more
infections than on 9 May, 2020. Table 2 collects the total number of cases and the total new cases from 9
to 10 May in some European countries.

Table 2. Situation Report 111, 10 May, I. [4].

Reporting
Country

Total Confirmed
Cases

Total Confirmed
New Cases Total Deaths Total New

Deaths

Spain 223,578 721 26,478 227

Italy 218,268 1083 30,395 194

United Kingdom 215,264 3896 31,587 346

Russian Federation 209,688 11,012 1915 88

Germany 169,218 667 7395 26

Turkey 137,115 1546 3739 50

France 137,008 430 26,268 80
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Spain has risen to the top of the table in Europe, above Italy, with more than five thousand total
confirmed cases. However, Spain shows one of the lowest rates in terms of daily cases, only below
countries such as France and Germany.

2.1.2. Second Semester of 2020

Concerning the evolution of the pandemic from June to November 2020, the curves, as expected,
show analogous trends than those shown for May. Tables 3 and 4 show the situation at the time of
writing according to the situation report of the WHO on 11 November.

Table 3. Situation Report 111, 11 November [5].

Location Total Confirmed
Cases

New Cases in the
Last 7 Days Total Deaths New Deaths in the

Last 7 Days

Globally 49,727,316 3,690,495 1,248,373 54,835

Americas 21,509,104 1,031,573 656,629 17,289

Europe 13,144,973 1,989,636 311,542 25,531

South-East Asia 9,641,945 390,157 149,326 5132

Eastern Mediterranean 3,307,411 214,072 84,305 5675

Africa 1,357,945 33,687 30,616 831

Western Pacific 765,197 31,370 15,942 377

Table 4. Situation Report 111, 11f November [5].

Reporting Country Total Confirmed
Cases

New Cases in Last
the 7 Days Total Deaths New Deaths in the

Last 7 Days

Russian Federation 1,774,334 137,553 30,537 2302

France 1,714,361 382,553 39,849 551

Spain 1,328,832 95,732 38,833 2584

United Kingdom 1,171,445 159,781 48,888 2333

Italy 902,490 223,060 41,063 2445

Germany 658,505 125,575 11,289 808

Turkey 391,739 16,372 10,803 3376

Global cases have increased by more than 45 million. In terms of deaths, over one million deaths
have been confirmed. In Spain, total cases have increased by more than one million, and total deaths
have increased by more than 12,000. With this context, the management of educational buildings,
such as ETSICCP, is of great relevance to provide services with the highest quality possible in accordance
with health and safety measures.

2.2. Spain Situation

At the time of writing, the situation in Spain and some of the measures taken are being reported
by a number of official publications and in research articles. An example is “The Resilience of the
Spanish Health System against the COVID-19 Pandemic,” which summarizes the initial situation in
Spain and the considered measures divided into application blocks [6].

With more than 7000 new daily COVID-19 infection cases, the Spanish government used a royal
decree (463/2020) to declare a 15-day national emergency, starting on 15 March, 2020 [6]. The national
emergency was extended until June. During this period, there was the establishment by decree of the
Health Alert and Emergency Coordination Spanish Center as a mechanism for coordination between
national and regional governments for hiring graduates without qualified specialization. New phases
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to gradually de-escalate the current measures are being considered. As the aim of this paper is to
provide a BIM model to assist in the COVID-19 crisis. The most relevant information about the
abovementioned phases is presented in Figure 1 [7].
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The first case in Spain was discovered on 24 February, and nearly one month later, on 14 March,
approximately 8000 new daily cases were reached. By 18 March, just four days later, the country
augmented its daily rate of new cases from 8000 to 9000. This trend continued until 20 March,
when more than new 10,000 daily cases were registered, which was precisely the turning point and the
peak of the daily cases curve in Spain. Thereafter, the curve started to decrease, with fewer than 6000,
4000 and 2000 new daily cases reported on 7 April, 11 April and 25 April, respectively, as can be seen
in Figure 2.
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The state of emergency was implemented on 15 March when there were more than 2000 new daily
cases. However, the curve did not change its tendency until six days after its implementation on 21
March. The Spanish new daily cases curve is very similar to other European countries such as Italy,
which was proclaimed after China as the greatest source of infection.

Although the threshold of 2000 new daily cases was exceeded by Italy on 13 May, Spain broke
that figure just four days later, on 17 March. A big difference is observed in the highest peaks: whereas
Italy presents two days, 20 and 26 March, with more than 6000 new daily cases, Spain only shows one
peak, albeit with more than 8000 new daily cases. From those peaks, both countries showed a decrease
until reaching the current situation, with fewer than 800 new daily cases.

Figure 3 shows the daily new cases from May to November. The maximum rate of new daily
cases was reached on October 27, with more than 20,000 new daily cases. The maximum rate in the
previous semester was approximately 10,000 new daily cases confirmed.
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It is said that the COVID-19 status is far from over, and the prospect of living with this pandemic
for a long time is becoming more likely. In order to control COVID-19 in the future, this paper develops
useful tools of infrastructure management based on BIM methodology.

3. Methodology

3.1. BIM Introduction

The term Building Information Modeling has many definitions, such as that provided by the
International Standards ISO, which define BIM as the “digital representation of functionalities and
characteristics of any built element.” Additional definitions refer to BIM as a virtual representation of the
infrastructure in the whole life of the building or BIM as a centralized repository of information [9–12].

The origin of BIM is related to product models [13,14] of motoring, petrochemistry and naval
sectors. BIM has evolved throughout the years and expanded to other sectors such as civil construction,
where the application of this new methodology houses different implementation grades. BIM has been
very much developed in terms of new construction infrastructures [11,14–18], whereas the utilization
of BIM in existing buildings is not yet fully developed [19,20]. However, in Europe, 80% of residential
buildings were built before 1990 with no BIM documentation [19,21–23]. This converts BIM into a
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big application environment related to infrastructure management, which could be a potential tool in
situations like the COVID-19 crisis in complex infrastructure management in countries like Spain with
a total of more than 200,000 cases of infection. BIM has shown to be suitable even for civil engineering
and transportation infrastructure projects [24], such as roads or bridges.

3.2. BIM-Based Infrastructure Management. Literature Review

This project encompasses the use of techniques and research developed under the denomination
of BIM-based FM applied to special infrastructure facilities [25,26]. The setup of the 3D model was
considered as the database element in which the FM tools were built [27].

Various tools referred to infrastructure management databases and multiple research on this field
have been developed. Initial challenges of BIM application to FM were detailed by Kassem et al. [28].
A case study on the Northumbria University Campus was used to empirically obtain the challenges and
values of a BIM-based FM application. Marmo et al. [29] applied an open standard approach to BIM and
FM system integration. Several case studies were developed in this research and performed various
procedures that entailed mapping relational databases with management tasks. Using the Python
programming language and Dynamo, IFC parameters were linked from databases to tridimensional
model elements. In addition, case studies related to BIM and FM implementation in healthcare
buildings, linking maintenance works, organizational and environmental requirements through the
use of Dynamo programming, have also been reported [30].

Automated monitoring of the infrastructure operation phase grounded on BIM methodology
was developed by Bonci et al. [31]. The monitoring was supported by a BIM-based cyberphysical
system. This provides the user with performance indicators based on the metric denominated as
overall throughput effectiveness (OTE), making it possible to manage multiple objectives in real time.

ETSICCP is a large public building. In such a sense, several publications have studied the
management of important public institutions focusing on FM and highlighting its importance. It should
be highlighted that the exploitation and maintenance of this type of facility are considered to be the
second-largest cost of universities, ranging between 5 and 15% in Europe [32–35].

Achieving a Smart Campus is the main goal of modern universities. This process comprises three
stages: traditional campus, e-campus and digital campus as the final phase [36]. The ETSICCP is
located in the beginning stages of the Smart Campus path. With this study, the campus expects an
important step to achieve the total digitalization on the infrastructure, considering COVID-19 measures
in public buildings.

3.3. Model for COVID-19 Management

This paper summarizes some useful applications of the BIM methodology in infrastructure
management for complex buildings. The application focuses on educational frameworks using the BIM
model of the ETSICCP at the UPM. The previously mentioned infrastructure has either geometrically
or occupationally complex characteristics. The construction object referred to herein has a total gross
area of 38,970.84 m2, of which the useful area is 32,631.23 m2, with both Classrooms 26 and 27 standing
out, as shown in Table 3. The school is used by more than 4000 students of different degree levels:
Graduate, Master and PhD. These numbers provide an idea of the magnitude of the school’s facilities
model and the excellent opportunity for implementing the latest advances and new management
approaches for spaces, equipment maintenance and the relationship with the staff responsible for it.
These staff members are aware of the impact that can be generated by a BIM methodology, which is
quite different from the present traditional management approach.

In order to show the amplitude of the useful area of the ETSICCP, Table 5 presents the area values
of all classrooms with a total floor area of 5289.329 m2. The table originated in the BIM model by
creating a constant relationship between the model and the database so that any information in the
model could be reflected in a matter of seconds in the database and vice-versa.
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Table 5. Floor area of teaching spaces.

Name Floor Area Name Floor Area

José Echegaray Room 69.61 m2 Room 24 101.16 m2

Room 1 238.88 m2 Room 26 329.94 m2

Room 2 115.08 m2 Room 27 330.64 m2

Room 3 117.68 m2 Room 28 57.82 m2

Room 4 238.87 m2 Room 29 59.52 m2

Room 5 57.82 m2 Room 30 58.78 m2

Room 6 59.52 m2 Room 31 58.78 m2

Room 7 58.78 m2 Room 32 57.22 m2

Room 8 58.78 m2 Room 38 100.10 m2

Room 9 57.22 m2 Room 39 100.02 m2

Room 11 54.90 m2 Room 40 58.67 m2

Room 12 56.39 m2 Languages Room 57.26 m2

Room 13 56.39 m2 Room 45 103.25 m2

Room 14 56.39 m2 Room 46 101.16 m2

Room 15 56.39 m2 Ag. Betancourt Room 56.70 m2

Room 16 56.39 m2 CAD Room 55.67 m2

Room 17 56.39 m2 Exam room 1652.12 m2

Room 18 56.39 m2 Informatic room 90.56 m2

Room 22 113.49 m2 Turing Room 121.18 m2

Room 23 103.25 m2 Total 5289.32 m2

A BIM project based on the management of this infrastructure is already under development,
creating access via Internet login through www.biminfrastructure.com and enabling the user to access
all BIM parameters through the big data Structured Query Language (SQL) database programming
language and database connection. Live parameters, such as ambient temperature or humidity,
are measured and saved into the SQL database. All these environment-synchronizing live parameters
and BIM information data provide a powerful tool for infrastructure management in any situation.

The BIM model is presented in Figure 4. With a one-year modeling time span, this model houses
perfect geometric parameters, detailed textures, the quantification of materials, total students by degree,
total room occupation and educational equipment for maintenance, such as blackboards, projectors
or desks. Moreover, the BIM model houses all codes assigned by the UPM to locate all spaces under
its ownership.Sustainability 2020, 12, x FOR PEER REVIEW 8 of 22 
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The BIM model proposed here for COVID Infrastructure Management works as one element,
with total coordination from the same BIM model to the SQL database. The model provides either
internal BIM data, i.e., maximum occupation for each room, or external BIM data, i.e., registered users
of the platform, differentiating between management staff, students or professors, thereby establishing
a filter for each kind of user.

4. Results: BIM and Infrastructure COVID-19 Management

This chapter comprises different infrastructure management alternatives based on the BIM model
presented previously.

4.1. Mathematical Model for Internal Infrastructure Movements

One of the key factors against the current resurgence of COVID-19 is the minimum safety distance
between people. This factor is complex to comply with in special infrastructures such as campus
areas, airports or hospitals, where many people are involved. To comply with this measure, it is
necessary to know the busiest zones inside the building, taking into account the different hours and
days and providing live information to users about occupation rates and the busiest zones throughout
the building, as well as with live information and the best route for their destination, thereby avoiding
hot spots.

For this practical purpose, this paper established a mathematical model based on the
origin–destination matrix related to the movements in the internal part of the infrastructure. For this
example, 13 of the most visited rooms in the infrastructure were selected: six educational rooms,
the restaurant, library, secretary, break zone and three types of arriving transport systems, including
the subway and bus. Five time intervals were chosen, from 8:00 to 9:00, 9:00 to 12:00, 12:00 to 15:00,
15:00 to 18:00 and 18:00 to 21:00.

The main goal of this mathematical model is to detect crowd hot spots and transfer information
from the database to the BIM model, using it as a visualizer by means of the Internet, regarding the
best time to move around the campus.

The basic formula is as follows:

λ = “Sconteo”/“ET,d”, (1)

Aj =
i = 13∑
i = 1

Xij Gi =

j = 13∑
j = 1,

Xij Xti j =
t = 5∑
t = 1

Xij (2)

Xij’ = Xij x λ, (3)

where:
ET,d: Total registered surveys for all day;
Sconteo: BIM count system;
λ: Expansion factor;
Gi: Generated tracks by zone i;
Ai: Attracted tracks by zone i;
Xij: i, j term in the origin–destination matrix;
Xij’: i, j term in the amplified origin–destination matrix;
Xtij: i, j term in the total daily origin–destination matrix;
Equation (1) is related to the obtention of the matrix elements. In terms of arrivals to a particular

space, the element Aj is established, similarly for departures, and the elements Gi and Xtij are the final
total elements of the daily origin–destination matrix result.

In Equation (2), the expansion factor is defined and created for special cases when the collected
data from the surveys are less than 25% of the BIM count system, which is based on a person-counting
camera installed in all access spots of the infrastructure providing the database with the real number of
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persons inside the building. As a result of this counting, it is possible to verify the number of surveys
and assume if they are a good enough representation of users.

In the case of a very small participation in surveys against the real occupation of the infrastructure
provided by the BIM counting system, it is necessary to obtain a new origin-destination matrix,
applying the expansion factor for all the elements as described in Equation (3). In the test described
below, the application factor is not considered.

The origin–destination matrices (O-DM) for each time interval are presented below. Table 4
collects the internal movements inside the campus from 8:00 to 9:00. The number of movements is
simulated to verify the total functionality of the system. As can be seen in Table 4, all departures come
from the transport systems, and there is no arrival. To verify the correct functionality of the O-DM,
the sum of all total departures must be equal to total arrivals, in this case 984, which coincides with the
total registered surveys.

The structures of all O-DMs are the same and reflect the internal movements for each time step.
Table 6 collects typical movements from houses to campus by public or private transport. Table 7
collects the main room changes. In Table 8, the outstanding restaurant zone is because of lunchtime.
Tables 9 and 10 compare a high level of arrivals to means of transport. Table 11 collects the total
movements throughout the day. It is important to highlight that in Table 11, no movements are
considered from and to the same place, whereas in other tables, they are considered.

Table 6. Daily internal journeys from 8:00 to 9:00.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Room 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Secretary 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Break Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bus Stop 50 40 54 12 65 45 45 25 1 3 0 0 0 340
Subway 10 20 40 54 45 65 23 12 4 1 0 0 0 274
Parking 20 30 40 50 50 40 30 20 50 40 0 0 0 370

Tot. Arrivals 80 90 134 116 160 150 98 57 55 44 0 0 0 984

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4,
I = Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.

Table 7. Daily internal journeys from 9:00 to 12:00.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 20 8 9 2 8 6 5 2 3 1 5 6 8 83
Room 27 3 90 8 3 8 9 0 8 5 9 9 1 6 159
Room 26 1 2 100 0 4 6 2 7 6 6 2 6 4 146
Room 25 7 0 2 100 5 0 2 5 6 5 4 1 2 139
Room 1 1 9 6 7 90 8 8 1 5 6 3 4 1 149
Room 2 1 7 6 0 6 50 8 5 3 9 9 0 8 112
Room 3 4 4 9 4 5 7 40 8 7 0 6 4 4 102
Room 4 1 3 4 8 6 6 1 50 1 0 7 5 7 99

Secretary 2 8 2 3 1 1 5 2 54 0 6 2 7 93
Break Zone 3 4 2 3 9 4 0 7 4 40 7 7 5 95

Bus Stop 1 9 6 9 8 1 5 4 7 8 0 9 2 69
Subway 9 7 8 1 0 3 6 5 8 0 6 0 6 59
Parking 5 8 2 9 7 0 8 6 0 4 8 5 0 62

Tot. Arrivals 58 159 164 149 157 101 90 110 109 88 72 50 60 1367

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4,
I = Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.
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Table 8. Daily internal journeys from 12:00 to 15:00.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 40 7 0 3 9 3 7 9 6 5 0 8 3 100
Room 27 9 0 4 6 5 3 6 3 8 4 1 1 2 52
Room 26 8 9 0 5 6 6 8 3 3 0 8 9 0 65
Room 25 1 0 5 0 6 2 1 0 3 7 2 2 4 33
Room 1 2 1 8 7 0 1 2 6 5 1 6 6 4 49
Room 2 6 1 3 4 6 0 0 8 7 8 2 0 0 45
Room 3 8 5 5 4 3 0 0 2 1 6 8 7 7 56
Room 4 4 3 1 5 0 8 8 0 6 7 9 1 9 61

Secretary 8 3 0 7 3 0 8 2 0 9 3 0 7 50
Break Zone 3 9 6 8 0 1 5 5 2 20 5 8 1 73

Bus Stop 2 2 9 0 1 6 3 5 5 0 40 3 1 77
Subway 1 5 6 4 4 4 3 4 4 6 3 50 6 100
Parking 9 5 3 9 4 9 5 0 4 0 5 8 80 141

Tot. Arrivals 101 50 50 62 47 43 56 47 54 73 92 103 124 902

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4,
I = Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.

Table 9. Daily internal journeys from 15:00 to 18:00.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 4 9 2 2 4 3 4 3 0 2 3 9 9 54
Room 27 5 20 0 1 1 5 4 4 8 5 8 1 2 64
Room 26 4 2 40 5 0 8 9 3 8 4 8 1 1 93
Room 25 1 3 6 30 7 5 5 9 3 5 4 7 7 92
Room 1 3 9 5 5 40 1 1 6 4 1 4 8 1 88
Room 2 0 3 2 1 5 20 2 3 6 1 7 7 1 58
Room 3 1 4 5 6 1 3 20 6 6 5 7 9 5 78
Room 4 7 4 9 1 7 0 4 30 5 8 7 9 4 95

Secretary 3 0 7 9 8 4 3 9 40 9 3 7 4 106
Break Zone 8 9 9 1 8 2 1 4 5 40 8 4 3 102

Bus Stop 3 6 1 4 3 8 7 2 7 1 50 4 1 97
Subway 5 6 1 7 0 6 1 7 5 2 2 20 3 65
Parking 5 4 3 8 0 4 3 9 6 1 0 3 100 146

Tot. Arrivals 49 79 90 80 84 69 64 95 103 84 111 89 141 1138

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4,
I = Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.

Table 10. Daily internal journeys from 18:00 to 21:00.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 4 7 6 8 2 5 3 2 0 0 5 2 0 44
Room 27 3 20 7 4 0 2 2 6 6 2 7 8 6 73
Room 26 3 8 40 4 9 1 8 3 9 9 2 4 7 107
Room 25 3 1 0 30 6 0 7 1 0 1 4 3 1 57
Room 1 4 5 8 9 40 8 7 5 5 8 1 0 0 100
Room 2 1 0 7 8 1 20 9 0 8 4 0 3 5 66
Room 3 1 7 8 2 8 3 20 7 1 1 5 0 0 63
Room 4 0 1 9 1 6 2 1 30 7 0 1 3 9 70

Secretary 3 1 1 2 8 1 5 8 40 2 7 8 0 86
Break Zone 2 0 5 6 8 9 3 8 5 40 5 1 1 93

Bus Stop 8 0 4 5 6 2 9 3 4 4 50 3 6 104
Subway 2 8 6 2 0 5 8 4 1 5 5 20 8 74
Parking 7 0 1 7 7 5 2 3 0 0 9 2 100 143

Tot. Arrivals 41 58 102 88 101 63 84 80 86 76 101 57 143 1080

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4,
I = Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.
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Table 11. Total daily internal journeys.

Origin↓/Destination→ A B C D E F G H I J K L M Tot. Departures

Cafeteria 0 31 17 15 23 17 19 16 9 8 13 25 20 213
Room 27 20 0 19 14 14 19 12 21 27 20 25 11 16 218
Room 26 16 21 0 14 19 21 27 16 26 19 20 20 12 231
Room 25 12 4 13 0 24 7 15 15 12 18 14 13 14 161
Room 1 10 24 27 28 0 18 18 18 19 16 14 18 6 216
Room 2 8 11 18 13 18 0 19 16 24 22 18 10 14 191
Room 3 14 20 27 16 17 13 0 23 15 12 26 20 16 219
Room 4 12 11 23 15 19 16 14 0 19 15 24 18 29 215

Secretary 16 12 10 21 20 6 21 21 0 20 19 17 18 201
Break Zone 16 22 22 18 25 16 9 24 16 0 25 20 10 223

Bus Stop 64 57 74 30 83 62 69 39 24 16 0 19 10 547
Subway 27 46 61 68 49 83 41 32 22 14 16 0 23 482
Parking 46 47 49 83 68 58 48 38 60 45 22 18 0 582

Tot. Arrivals 261 306 360 335 379 336 312 279 273 225 236 209 188 3699

Note: A = Cafeteria, B = Room 27, C = Room 26, D = Room 25, E = Room 1, F = Room 2, G = Room 3, H = Room 4, I
= Secretary, J = Break Zone, K = Bus Stop, L = Subway, M = Parking.

As a result of the O-DMs, it is possible to collect all data in Tables 12 and 13 and transform the
numerical data into graphical information.

Table 12. Total daily journeys generated by the space and time step.

Total Generated A B C D E

Cafeteria 0 83 100 54 44
Room 27 0 159 52 64 73
Room 26 0 146 65 93 107
Library 0 139 33 92 57
Room 1 0 149 49 88 100
Room 2 0 112 45 58 66
Room 3 0 102 56 78 63
Room 4 0 99 61 95 70

Secretary 0 93 50 106 86
Break Zone 0 95 73 102 93

Bus Stop 340 69 77 97 104
Subway 274 59 100 65 74
Parking 370 62 141 146 143

Note: A = From 8:00 to 9:00 h, B = From 9:00 to 12:00 h, C = From 12:00 to 15:00 h, D = From 15:00 to 18:00 h,
E = From 18:00 to 21:00 h.

Table 13. Total daily journeys attracted by the space and time step.

Total Attracted A B C D E

Cafeteria 80 58 101 49 41
Room 27 90 159 50 79 58
Room 26 134 164 50 90 102
Library 116 149 62 80 88
Room 1 160 157 47 84 101
Room 2 150 101 43 69 63
Room 3 98 90 56 64 84
Room 4 57 110 47 95 80

Secretary 55 109 54 103 86
Break Zone 44 88 73 84 76

Bus Stop 0 72 92 111 101
Subway 0 50 103 89 57
Parking 0 60 124 141 143

Note: A = From 8:00 to 9:00 h, B = From 9:00 to 12:00 h, C = From 12:00 to 15:00 h, D = From 15:00 to 18:00 h,
E = From 18:00 to 21:00 h.
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Graphical data allow the detection of the busiest points per hour. This information is provided to
students, teaching staff or management by an Internet protocol previously saved in the SQL database.
Thus, it is possible to record all data and make an official registration.

Figures 5 and 6 allow showing hotspots by time steps. From 8:00 to 9:00, most people leave from
Rooms 27 and 26, whereas that tendency decreases throughout the day. A new hotspot is detected in
the restaurant, where most people quit this space from 12:00 to 15:00. Focusing on Figure 5, it is obvious
that means of transports are the busiest departure zones from 8:00 to 9:00, although graphical data in
Figure 6 show that there is new growth from 12:00 to 15:00 h, especially in private transport systems.Sustainability 2020, 12, x FOR PEER REVIEW 13 of 22 
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In the same way, it is possible to analyze hot spots in terms of arrivals. Figures 7 and 8 show that
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the working day, this position is occupied by parking. At midday, arrivals to the restaurant increase,
and the trend diminishes from that period to the end of the day.Sustainability 2020, 12, x FOR PEER REVIEW 14 of 22 
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Thanks to BIM, it is possible to assign all these data to a virtual environment and make them
accessible through the Internet. This gives all users a visualization of the best routes for movements
inside the building and keeps the minimum safety distance to reduce the likelihood of the spread
of COVID-19.

This Internet platform synchronized with BIM allows many possibilities. Starting with the
beginning of this model application, it is necessary to collect many surveys. To solve this problem,
the Internet platform http://www.biminfrastructure.com allows all users, previously registered, to fill
in surveys by the presented form in Figure 9.

http://www.biminfrastructure.com
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The collected information is inserted into a SQL database, articulated with the O-DM tables,
which creates a daily basis graphical information that is represented inside the BIM model by a
specifically developed program based on different programming languages. The information flows
from the website to the final BIM model following the number sequence presented in Figure 10.
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Figure 10. Data flow from the Internet user to the BIM model.

The final step identified by “4” in Figure 10 provides a visualization of hot spots in the infrastructure
and the best way to avoid them. This process was performed by the BIM DATA software, which connects
SQL databases with the BIM model through the use of Dynamo and Python programming languages.
Thanks to the BIM model as a visualizer, it is possible to provide records of the best internal
movement option, depending on the hour or a general visualization of hot spots located throughout
the infrastructure. A color legend in the function of occupation of different zones (Figure 11) totally
synchronized with the SQL database.
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4.2. Restructuring of Students’ Placement

One of the possible measures in the educational sector to be implemented by the Spanish
government is aimed at reducing the maximum number of students per room. In infrastructures
such as the campus of ETSICCP, many degrees are imparted, and synchronization of all elements,
schedules, teaching staff and new student locations is quite complicated. Only a global visualization
of the teaching schedules can provide the required information to the management staff of the total
occupied rooms and the free spaces available to redistribute the students. An example of internal
infrastructure visualization is provided in Figure 12.
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The process starts with a database (Figure 13) that collects all the degree schedules for every group
and every subject throughout the whole academic year. The information is then assigned to the BIM
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model due to the specifically developed BIM DATA software. The visualization is totally filterable.
Due to the BIM methodology, it is possible to export all the information to single tables related to any
period of time, providing useful data such as room availability, real-time occupation, the size of the
room, available positions for normal or evaluation classes or even the special equipment located in
those rooms, such as air conditioning or the quality of the projector.
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4.3. Temperature Camera Detector Synchronized with BIM

The use of the latest technology for capturing individual temperature information has been
implemented in official locations in Spain because of the COVID-19 crisis. This solution is becoming
more popular in the private sector, although the first installation of this kind of technology is related
to the “IFEMA” building in Madrid, where a provisional emergency hospital was installed, and all
temperatures for each person entering the area were measured. Taking one more step, it is possible to
synchronize the information collected by Thermic Camera Detection (TCD) to a developed BIM model.

Modeling a TCD inside the BIM model allows the infrastructure management staff to expand the
information related to this camera. Working with TCD without BIM synchronization provides thermic
information and the capacity to register it. However, by implementing the BIM platform, it is possible
to easily locate the source of information, synchronize the modeled TCD to official documentation
or maintenance requirements or assign thermal information to BIM information directly, such as
occupation, schedules, and so on.

4.4. Seat Reservation for Students

As mentioned in previous sections of this paper, one of the possible future measures for educational
buildings to fight against COVID-19 is the limitation of the number of students per room. One of the
solutions provided by BIM is the restructuring of student placement. However, another useful tool
that could be provided by BIM methodology is seat reservation for students. This tool is crucial to
keeping the normal scheduling and to avoid crowds of people. In this way, by previously checking the
available rooms in the infrastructure with the tool described in 4.2, it is possible to obtain information
of all seats and the respective rooms available and allocated to a certain class via the Internet.
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As shown in Figure 14, all students could have access to all database BIM information through
the Internet, providing them the available seat in the desired destination room and the possibility
to view their seats in a totally detailed environment, as shown in Figure 15, with the BIM model
visualization tools.
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5. Discussion

The key point of the methodology proposed in this study was the three-dimensional model of the
building. The BIM model was considered as a central information repository. Due to such a model,
it was possible to provide the user with a total visual environment. Thus, the model allowed a much
more intuitive and user-friendly interface.

BIM-based FM applications are currently part of developing technology. One of the main
advantages is that the BIM model enables hosting information that can be associated with any phase of
the project [11,12,15,20]. Even with this developing technology, not all information can be linked with
the BIM model due to the different data nature or origin. As an example, in a traditional management
methodology, energy consumption and room occupancies are not operated through the same system,
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allowing linking those parameters between them. This project sought the use of the BIM model as the
neural center of management [18], where all the infrastructure parameters could be associated.

Having such a model as a host, algorithms based on origin–destination matrices have been
employed. Such algorithms are used in transport engineering projects, usually applying to traffic
simulations. The application of such matrices in this study was performed by dividing the building
into different zones. Each zone was analyzed as a departure or attraction point for each time period.
The results extracted from the matrices were linked to the BIM model, providing the user with a simple
and visual tool based on color fills for a better understanding.

The organization and the rooms’ occupancy levels for the academic year 2020/2021 of the ETSICCP
of UPM have been developed through the BIM-based FM methodology. Implementing the Spanish
regulations and measures to mitigate against COVID-19 resurgence [7], especially referring to occupancy
criteria, has been possible due to the BIM model. This mostly comprises social distancing of 1.5 m
between students and an occupancy rate of all rooms reduced to 30% of normal. This led to the
conclusion that a face-to-face teaching methodology was not possible. However, an alternative was
studied with 1 m of social distancing between students and a protection helmet screen for each one.
Applying this restriction in the model, the rooms’ capacity was reduced to 50%. Thus, under these
requirements, the model showed that face-to-face teaching methodology for the 2020–2021 academic
year was possible, and it is taking place at the time of writing. This was studied in a one-week process,
only possible with the BIM-based FM methodology shown in this study.

The BIM-FM system was designed to permit synchronization to book a seat for a specific hour.
It also permits checking any parameter of the infrastructure, such as lockers or parking space availability.
The challenge was to manage such facilities by a single accessible system, avoiding the initial rejection
of the users to manage more than one system for each parameter [10]. That is to say, the system
developed in this study permitted hosting tasks with data coming from quite a different structure and
origin. To do so, the software developed links the BIM model with the most relevant management
tasks that were traditionally managed from separated formats. Moreover, this was achieved through a
user-friendly Internet page.

Hence, the main advantages of this project could be divided into two main groups: FM and
BIM. Regarding FM, the application of origin–destination matrices had always been related to
transport projects with no practical cases associated with the management of buildings. In this study,
an infrastructure with 40,000 m2 was considered as a transportation zone, with a capacity for more
than 4000 students per day. Regarding BIM, several authors have mentioned common barriers, such as
extra training for personnel to use the BIM software, extra costs for powerful hardware to run the
methodology or the fact that only management staff benefits from the BIM tools [11,12,14,15,20].
With this development, BIM benefits can be used by all infrastructure users and through an intuitive
and accessible Internet website from any smart device. Users do not need to have specific training to
check or manage the information. Moreover, it should be mentioned that the main target achieved
was the real-time link of the management databases with the BIM model. For this purpose, Python
software was developed to interact with external databases and BIM model parameters, running on an
Internet-accessible website.

The developments and findings of this study entailed going one step beyond regarding BIM
and FM previous published research. Significant advances in the synchronization of databases with
large BIM models have been achieved [29–31]. Python has been used as the main programming
language. The computer programming uses HTML code to provide user access through the Internet,
which permits the use of these tools without any previous education on BIM. With this complete
implementation, users would provide occupancy information and make possible the O-DM application
in all the infrastructure spaces. This study has helped the management of COVID-19 and nears
the ETSICCP closer to the Smart Campus concept [36]. The significance of this research relies on
the advanced use and combination of mathematical methods, BIM, computer codes, FM tools and
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databases to achieve safer management of a large and populated public building, such as ETSICCP,
in use during the pandemic context provoked by COVID-19.

6. Conclusions

The current worldwide situation demands global action to take action against the current
resurgence of COVID-19. With information relative to the 11 November of 2020, globally, there are
49,727,316 cases of infection and a total of 1,248,373 deaths according to the official situation report of
the World Health Organization. With over 25,531 new deaths in the last seven days in Europe and
17,289 in the Americas, the end of this situation is not in sight. New technological developments and
applications could provide useful tools against the spread of COVID-19. A BIM management system
for educational infrastructure is detailed in this paper, providing new infrastructure information to
monitor and control the safety of all zones in the building during the regular educational activities.

BIM methodology has demonstrated multiple benefits either in all project phases or in many
kinds of infrastructure, such as bridges, tunnels, or buildings. With the clear advantage detailed by
many researchers of improving the flow of information through all the entities related to the project,
especially in complex infrastructures such hospitals, University Campuses and Airports, this feature
links directly with the current pandemic situation, where data flow for all the persons involved in a
building requires fast and detailed information. In this way, the BIM DATA software project developed
in this research provides real data information for room occupancy and areas with a high confluence of
people. Moreover, Spanish regulations for the new academic year 2020–2021 promotes semi on-site
teaching classes that could be managed by BIM system software so that students could reserve seats
for daily classes while maintaining the safety distance between them.

The highlight of this research is the capability of the developed BIM DATA software to provide
access to all BIM information through the Internet, improving its accessibility when, traditionally,
only people with BIM skills or commercial software were able to access such information. This capability
would make it possible for either students, teachers, maintenance or management staff to access all
detailed information related to infrastructure management through any device.

BIM-based tools have been developed associated with seat reservation, internal infrastructure
paths tracking, reconfiguring room capacity and temperature control linking with a three-dimensional
BIM model. Such tools entailed processing information from different origins. With the previous
management methodologies, multiple systems had to be installed. The developed tools provide all
management needs in an integral way and totally accessible through the Internet. Several authors [14,18]
cited the need for new information standards linking BIM with different management tasks as the main
barrier to implementing BIM management methodology. Moreover, the exclusive software training
needed to use BIM methodology makes it more difficult to apply this methodology to all entities
involved in the infrastructure lifecycle. As a result of the research project, a total digital infrastructure
environment could be used by all building users. The outstanding results of this system’s applications
are the occupation and capacity criteria for the academic year 2020–2021. All rooms of the infrastructure
were analyzed by different occupation criteria according to Spanish national rules for COVID-19
management in public buildings. Results and graphical information were ready in a one-week period.
This analysis would have been unfeasible in that time with no BIM management system. Moreover,
the application of the O-DM in all the infrastructure may provide the users with the best movement
alternatives through the website.
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