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Preface 

 

"There was a very ingenious architect who had devised a new method of building houses, starting 

with the roof, and working down to the foundations." 

JONATHAN SWIFT 

 

 

 

 

Man has never stopped coming up with new ways to make his design more efficient, effective and 

immediate. During this pandemic, even the construction world had to adapt to find new solutions 

to continue production in the best and safest way, albeit with changes and a few more constraints. 

As it can be inferred from the title, the theme of the thesis is very topical and touches on one of the 

areas that is most affected by this global pandemic: the construction sites. This thesis does not 

presume to be able to analyse all the economic burdens caused by the Covid-19 in a building 

environment, as it would be a job full of uncertainties and with too many variables to take into 

account. Therefore, keeping in mind not to be in any way exhaustive, given the complexity of the 

subject, the continuous variations in relation to DPCM and the varying health situations, the intent 

is to provide a research base to show how significant the economic burdens are, especially for small 

businesses, and how the costs and reference percentages vary. Also, the aim is to highlight and 

praise the interoperability of software belonging to the BuildingSMART family. 
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1.0 State of the construction sector: from the economic recession of 2008 to the global 

pandemic 

 

The current crisis is set in a context of global crisis initially of financial matrix, which, compared to 

the economic crisis of the early 90s, has had consequences on several areas, especially in the 

construction sector. A crisis came after a period of regrowth from 1999 to 2007 thanks to some 

favorable conditions. In support of the construction sector in those years had also contributed the 

strong public commitment that saw an increase in resources for new infrastructure. Starting in 2008, 

therefore, following the crisis that started in the United States, the national economy also began to 

falter, producing a GDP that in the two-year period 2008-2009 will be characterized by a drop of 

6.6%. This downturn will be partially and only partially recovered between 2010 and 2011 but will 

be short-lived as in the second half of 2011 there will again be an increase in the downturn caused 

by the monetary crisis, rising commodity prices and the global economic slowdown. 

 

1 Construction Investment, Ance, Report 2020 

 
1http://www.ance.it/docs/docDownload.aspx?id=53355#:~:text=Date%20queste%20premesse%2C%20la%20previsio

ne,%2C7%25%20in%20termini%20reali.&text=In%20merito%20al%20comparto%20delle,nel%20confronto%20con

%20il%202019. seen on 24/04/2020 
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One of the scourges of this sector is also the presence of undeclared work and all this only further 

kills a sector already on its knees because of the crisis and taxes. In addition to undeclared work, 

there are also the phenomena of grey labour, only partially insured, and contractual dumping with 

the aim of obtaining tax relief. The investigations carried out by ISTAT, the Revenue Agency and INL 

(National Labour Inspectorate), have calculated that in 2018 there are about 4 billion evaded in 

construction out of a total of more than 77.2 billion euros of irregular GDP per year, with more than 

400 thousand workers involved. Another problem related to the crisis in the sector was 

characterized by the increase in casual work related to the use of vouchers, vouchers, which had 

the function of regulating "casual" work. These vouchers also contained insurance coverage without 

entering into a contract, but always in full legality. However, these vouchers were considered a 

problem because, as Tito Boeri, Italian economist and academic, president of the National Institute 

of Social Security from December 24, 2014 to February 16, 2019, also states, they were dragging 

more and more towards the degradation of economic and social conditions. In addition, the sector 

with the highest rate of use of vouchers has always been that of construction for a total of about 

250 thousand precarious workers. It is estimated, moreover, that most of the workforce paid with 

vouchers, were none other than those who had lost their jobs due to the crisis. Today the mode of 

delivery and the contents of these vouchers have changed and the new regulations of 2020 provides 

for access to occasional services you must first register on the site of INPS and then fulfill all 

obligations under the law, both to pay and to receive compensation. 

As mentioned above, the situation in recent decades has not improved, in fact the growth rate 

recorded in 2019 by the Italian economy was close to zero and even the prospects at the dawn of 

the new decade, unfortunately, are far from exciting. This situation is caused not only by problems 

within our country, but also by an uncertain global situation. According to ANCE, in the 2020 report, 
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with such low rates of development we would be facing a decade characterized by "a physiological 

stagnation, up to a new recession"2. 

 In this catastrophic vision continues to be missing, even the fundamental help of construction, 

characterized by deep crisis that could not support the economy as it had happened in the decade 

1998-2008 with +28.4% investment in construction and +16.1% GDP. According to the report, the 

construction sector would be able to make the country recover almost half a point of GDP per year, 

reaching the level of other European countries. The minimal positive variations in various production 

sectors are not, according to the ANCE, sufficient to guarantee a recovery in either the sector or the 

country. 

What were the forecasts for 2020? Again, according to the ANCE report of early January 2020, the 

idea was that of stagnation with heavy levels of uncertainty that would have weighed especially on 

citizens and businesses. Internal factors such as, for example, the implementation of the public 

finance maneuver with no apparent possibility of an increase in wealth and external factors such as 

the crisis in Germany, the contrasts of the United States with China and Iran, etc., would weigh 

heavily. 

The projected reality, however, is very slight compared to how this 2020 really opens up. On March 

9, 2020 Italy freezes, and with it most of the economic and productive sectors. The impact of the 

COVID-19 hit the Italian and international production system in a sudden, destructive and 

widespread way. The effect of the coronavirus emergency sunk production in March (-16.6) and in 

the first quarter (-5.4). And the outlook is clearly deteriorating. The COVID-19 has a terrible impact 

on the entire globe.  

 
2http://www.ance.it/docs/docDownload.aspx?id=53355#:~:text=Date%20queste%20premesse%2C%20la%20previsio

ne,%2C7%25%20in%20termini%20reali.&text=In%20merito%20al%20comparto%20delle,nel%20confronto%20con

%20il%202019. Seen on 24/04/2020 
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3 Seasonally adjusted monthly index, base 2015=100. 

 

The greatest impact was also had in the construction sector, perhaps one of the most complex 

areas of the entire industrial world: construction sites, fragmentation of companies and 

professionals, unsuitable regulations and twelve years of crisis behind. It is therefore a very 

vulnerable sector and affected in the front line of the pandemic, the lockdown has in fact shifted the 

start or completion of the works in progress by at least two or three months. In the second section 

of the thesis I will analyze, taking as a case study the classrooms R of the university citadel of the 

Polytechnic of Turin, what were the reliefs at site level brought by COVID, how they have slowed 

down the execution of the project and what were the price increases after the pandemic also due 

to the new mandatory supplies of PPE, personal protective equipment, dictated by the shared 

regulatory protocol for the containment of the spread of Covid-19 in the construction sites of 

27/04/2020. 

 
3 https://www.ilsole24ore.com/art/csc-l-effetto-covid-19-affonda-produzione-marzo-166-e-primo-trimestre-54--ADQU7gH 

seen on 03/11/2020 
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2.0 The construction site 

 

The term yard derives from the Greek canthélios "pack donkey", and from the Latin cantherius, "beast 

of burden" metaphorically supporting structure. The construction site represents a temporary 

production unit organized by one or more contractors for the execution of construction or civil 

engineering works, at a place, room or environment assigned by a client.  

In its more general meaning, the term is characteristic of those works that cannot be carried out 

within closed buildings. It can therefore be defined as a laboratory that, unlike the factory, the 

workshop, is outdoors and therefore subject to atmospheric variability. Each site is characterized by 

its own design process and organization in terms of workers, technologies, materials, means and 

equipment used, depending on the category and type, the size and complexity of the work to be 

carried out and the characteristics of the area where it will be built.  

At the normative level, on the other hand, temporary or mobile construction sites are workplaces 

regulated by the Titolo IV del Decreto Legislativo 81/08 e ss. mm. e ii. (ex D.Lgs. 494/96). The 

TITOLO IV, art. 89 provides the definition according to which with "temporary or mobile construction 

site, hereinafter referred to as: "construction site" means “qualunque luogo in cui si effettuano lavori 

edili o di ingegneria civile il cui elenco è riportato nell’ ALLEGATO X    […]”.4  The latter contains the 

list of building or civil engineering works referred to in Article 89 paragraph 1, letter a) 

“1. I lavori di costruzione, manutenzione, riparazione, demolizione, conservazione, risanamento, 

ristrutturazione o equipaggiamento, la trasformazione, il rinnovamento o lo smantellamento di opere 

fisse, permanenti o temporanee, in muratura, in cemento armato, in metallo, in legno o in altri 

materiali, comprese le parti strutturali delle linee elettriche e le parti strutturali degli impianti elettrici, 

 
4 Capo I Titolo IV D.Lsg. n. 81/2008 art.89 
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le opere stradali, ferroviarie, idrauliche, marittime, idroelettriche e, solo per la parte che comporta 

lavori edili o di ingegneria civile, le opere di bonifica, di sistemazione forestale e di sterro.”5 

 

“2. Sono, inoltre, lavori di costruzione edile o di ingegneria civile gli scavi, ed il montaggio e lo 

smontaggio di elementi prefabbricati utilizzati per la realizzazione di lavori edili o di ingegneria civile.”6 

 

 

2.1 History and evolution of the process  

 

The site, an area occupied by a building during the construction phase, was born and developed in 

the Egyptian era. At this civilization, in fact, projects and construction techniques that would have 

allowed the construction of pyramids and obelisks were developed and perfected for the first time. 

In classical times, more specifically Roman, techniques were perfected and the "rational 

organization" of construction sites began to take shape, based on the division of labor and 

specialization of labor, no longer limited to simple slaves giving life to the workers. For many 

centuries, the vision of respecting the triad of Vitruvius, firmitas, utilitas, venustas, defined the 

features of the factory bodies, considerably limiting the techniques used until then for the realization 

of the latter. In his "De Architectura" he illustrates, in fact, the techniques for the correct 

construction, lifting and transportation of raw materials. This current of thought, however, went 

downward as it began to leave room for a vision that preferred the interest in composition, its 

aesthetics, although, later on, a diametrically opposed thought based instead on a purely 

technological concern. The construction sites of gothic cathedrals and the advancement of 

techniques in the Middle Ages opened the way to the Renaissance, a period marked by the rise of 

 
5 http://www.sistemieditoriali.it/usb/epc/testo_unico_salute_e_sicurezza/html/05_Titolo4.htm seen on 05/05/2020 
6 http://www.sistemieditoriali.it/usb/epc/testo_unico_salute_e_sicurezza/html/05_Titolo4.htm seen 05/05/2020 
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the figure of the architect and the realization of great building works. The layout of the building site, 

however, remained almost unchanged, both socially and organizationally, until the industrial 

revolutions that brought radical changes in the use of materials and consequently in construction 

techniques. 

These innovations lead to the advent, in the last century, of prefabrication and building 

industrialization although the technological development is still in progress. It is possible to divide 

the evolution of the construction site into three historical phases: 

1) Historical building site; 

2) Modern Shipyard; 

3) Future Shipyard. 

 

2.2 Historical building site 

 

The Historical site was based on the experimentation and definition in situ of possible solutions: 

typological, technological and constructive. The tools were also made in situ, as were the materials 

and components, most of the time coming from some quarry near the site or that could be found 

nearby. The manpower used was low cost and rarely specialized, also forced to work for a quantity 

of inadmissible hours per day in an environment without any kind of safety system or compensation 

in case of accident. 

Only, in the modern period, with the principles of optimization of work (Taylorism) in the thirties 

there is a change of this system because it counteracts the normal tendency of workers not to tire 

themselves, they start to be careful not to exceed their resistance threshold in order not to 

compromise completely the performance with a consequent greater exploitation of the machines, 
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and an increase in wages for workers according to the work done rather than the time taken to do 

it. 

2.3 The Modern Construction Site 

 

A radical change in the construction sector occurred immediately after the outbreak of the Industrial 

Revolution which, thanks to new discoveries, triggered a strong impulse for change in the 

construction sector. The introduction of the steam engine in a first phase, and the use of the AC 

then, mark the radical and definitive change of the building site. Suffice it to say that some of the 

construction machines still used today in the construction sector were already used in an 

experimental way from the second half of the nineteenth century. In the modern age we see the 

multiplication, by the same architects designers, of machinery and means of work to give greater 

slimness to the operations. Until the second half of the nineteenth century, however, despite the 

development of machines, the construction site was still linked to Roman and medieval practices. 

It was only with the advent of the construction of large infrastructural works that the mechanization 

of the yard began. From this moment on, there was a remarkable transformation of the construction 

site, at European level. An important change will invest in this sector thanks to the continuous 

improvement of production technologies, iron and production characteristics, which will determine 

an important transformation of the construction systems of the yard. Moreover, as mentioned 

before, the first laws concerning the protection of the worker (Taylorism) will spread. 

The first industrial revolution basically involves two innovations: the mechanization of production 

processes and the transfer of the same production phases from the construction site to other 

places, in fact, the production takes place in places dedicated to this task and the finished or semi-

finished products are then transported to the construction site, where they are assembled and 

assembled. Summarizing therefore the modern construction site provides: 

- Pushed mechanization; 
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- Correct programming; 

- Rational supply of materials; 

- Availability of a construction project that reduces the possibility of "variations" and variants in   

progress; 

- Precise definition of the processing responsibilities at the various stages; 

- Fellowship and motivation of human resources; 

- Guarantee of safety during processing. 

 

 

2.4 The Future Construction Site 

 

Nowadays the first step that gives life to the design in the construction site is the organization of 

the latter. It must be done according to the principles of accident prevention and cost management, 

keeping under control not only the costs of materials and labor used to build or renovate, but also 

the costs of routine maintenance of the factory, its subsequent demolition and disposal at the end 

of the structure's cycle. The new hype is, instead, the constant need to deal with lower costs while 

maintaining an environmentally sustainable approach that produces as little waste and waste as 

possible, all thanks to new discoveries in the IT and technological field. The spread of these new 

technologies in recent decades has led to a radical change in the way of conceiving the building and 

construction world. Moreover, the new technologies developed allow to generate a parametric 

design that allows to have under control an interrelation of various disciplines that before seemed 

to travel on parallel tracks. This will also lead to the exemplary management of two very important 

aspects: time and costs. Thanks to the technologies 4D (for the management of the time) and 5D 
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(for the management of the costs) it is possible to obtain an estimative computation of every single 

material employed and the chrono program of the works.  

In this way, the construction site of the future will remember more and more a mechanical 

workshop, because: 

- Times and costs will be more and more under control; 

- The building structures will be more and more mechanized and automated so that their realization 

will always be more assimilated to that of a machine; 

- The labor more and more trained on the principles of mechanics and informatics. 

 

 

2.5 The construction process 

 

With reference to the UNI 10838 standard, the building process is composed of a “Sequenza 

organizzata di fasi che portano dal rilevamento delle esigenze della committenza-utenza di un bene 

edilizio al loro soddisfacimento attraverso la progettazione, la produzione, la costruzione e la gestione 

del bene stesso”7. The process begins with the planning followed by the design and execution, up 

to the use of a building work and its management throughout its useful life cycle.  

Summarizing, therefore, in the building process we can distinguish four operational phases: 

 

- Preliminary step           →     1. Programming 

- Design phase               →     2. Design 

 
7 UNI 10838 
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- Executive phase           →    3. Realization 

- Management phase     →    4. Management 

 

The Programming can be divided into different phases, more or less complex depending on the 

nature and type of intervention, such as: needs analysis; general programming; financial 

programming and technical programming. In this first phase the objectives to be achieved are 

analyzed with the client. The procedure, therefore, foresees a preliminary planning, during which 

the construction method is chosen according to the available financial sources. 

The Design corresponds to the moment of synthesis of the needs to be satisfied. The design phase 

is divided into the following points:  

- Design, i.e. prefiguration, form, operation and realization of the work: 

- Planning of the works and forecasting of the different works on site; 

- Economic planning and administrative economic analysis. 

During this phase, therefore, the needs required by the client are expressed in terms of design, 

specifying the form of the project to be realized and what will be the technique adopted for the 

realization. In addition to the design of the shape, operation and execution of the manufactured 

product, in this phase, an economic planning is carried out, together with a time schedule of the 

works. 

The Realization provides for the realization of the work, which is awarded by a contractor who has 

the task of giving life to the project while maintaining the conformity and verifying the suitability of 

the work through testing.  
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The Management is the last phase of the process and concerns the maintenance of the work. 

The objective of this phase is to protect both the formal and functional integrity of the structure in 

order not to compromise its performance. The maintenance of the work is carried out thanks to 

small precautions that keep the structure intact and efficient, such as regular ordinary and 

extraordinary maintenance and programming. This phase also includes the management of the end 

of cycle of the structure: disposal. The latter is a very important aspect because it is also analyzed 

what could be the possible recovery of the structure through actions aimed at the reuse of the work 

with change of destination, or with the demolition with subsequent recycling of the elements. 
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3.0 BIM as technological resource 

 

The term BIM, Building Information Modeling or Modeling, also translates as modeling or modeling 

parametric information of a building.  

 

 

8 Definition of BIM 

Over the years it has been the subject of study, but also of interpretation, since its first appearances, 

in fact, in the late 80s there was an important debate from the point of view of technological 

innovations in the construction industry. The first concrete realization in the construction industry 

took place in 1987 with the software ArchiCAD by Graphisoft, precursor of the idea of building not 

only virtual but also intelligent.  The first to popularize the term through his publications was Jerry 

Laiserin in 2002. It can be said that there is no standardized definition of BIM, but in a broader 

perspective it can be defined as a constantly changing innovation. The National Institute of Building 

 
8 https://www.youbuildweb.it/2017/09/29/bim-progettazione-integrata/ seen on 25/10/2020 
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Sciences states that BIM represents "a radically different way of creating, using, and exchanging 

building life-cycle information”. The definition it provides is the following: A BIM is a digital 

representation of physical and functional characteristics of a facility. As such it serves as a shared 

knowledge resource for information about a facility forming a reliable basis for decisions during its 

lifecycle from inception onward. A basic premise of BIM is collaboration by different stakeholders 

at different phases of the lifecycle of a facility to insert, extract, update, or modify information in the 

BIM to support and reflect the roles of that stakeholder. The BIM is a shared digital representation 

founded on open standards for interoperability.”9 

According to Autodesk softwarehouse of the REVIT ARCHITECTURE program, Building Modeling 

Information (BIM) is a process that supports document management, coordination and simulation 

during the entire life cycle of a project (planning, design, construction, management and 

maintenance) starting from the creation of an intelligent 3D model.10 

The National Building Information Modeling Standards (NBIMS) provides a concrete and concise 

explanation of what the main features of the software are: “Imagine for a moment all of the 

individual actors in all of the phases of a facility's lifecycle. Imagine that all of the actor, working in 

familiar ways within their own speciality area, are able to gather information, explore option, 

assemble, test, and perfect the elements of their work within a computer-based model before 

committing their work to be shared with or passed on to others, to be built, or to he operated. 

Imagine further that when it becomes necessary la share or pass a bundle of information to another 

organization, which may or may not be using the same tools, or to move it onto another phase of 

work it is possible to safely and almost instantaneously (through a computer-to-computer 

communication) share or move just the right bundle of information without loss or error and without 

 
9 https://www.wbdg.org/building-information-modeling-bim seen on 03/05/2020 
10 https://www.autodesk.it/solutions/bim/benefits-of-bim  seen on 06/05/2020 
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giving up appropriate control. In this imaginary world the exchange is standardized across the entire 

industry such that each item is recognized and understood without the parties having to create their 

own set of standards for that project team or for their individual organizations. Finally, imagine that 

for the life of the facility every important aspect, regardless of how, when, or by whom it wry created 

or revised could be readily captured stored researched, and recalled as needed to support real 

property acquisition and management, occupancy, operations, remodeling new construction, and 

analytics.”11 

From the previous definitions, then, it can be said that BIM, an acronym for Building Information 

Modeling, (although it could also be translated as Building Information Management), is a method 

for the design, construction, and management of a building. It was created to respond to the need 

for greater collaboration between the various stakeholders of the project, for effective 

interoperability at the software level, but also for effective sustainability. BIM is in fact defined as a 

method of "collaborative design" as it allows to integrate in a single model information of different 

phases of design, from architectural to structural, from energy to management and plant 

engineering. 

The characteristic of Building Information Modeling is therefore that of being able to recreate a 

virtual model of a building, but this is not a mere three-dimensional representation, but rather an 

informative model - dynamic, interdisciplinary and above all parametric, that is, a design software in 

which each object represented is characterized by parameters, that is, numbers and mathematical 

formulas. These parameters, by doing so, give rise to constraints, which connect the parts between 

them and set restrictions: by doing so, even changing just one of these parameters, this will be 

changed throughout the entire project. 

 
11 BuildingSMART, National Building Information Modeling Standard (NBIMS) 3 Version 1.0 – Part 1: Overview, Principles, 

and Methodology, National Institute of Buildind Sciences, 2007, Pag. 11. 
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3.1 The evolutionary path of BIM 

 

Since its advent the design has always been carried out through the use of paper and pencil. This 

procedure, even if precise and reliable, had one drawback, that is time, because to represent an 

elaborate graphic, it took a long time and there was also the problem that any change made, involved 

the reworking of all documents. Nowadays time is at the basis of competitiveness between 

companies, and this was therefore seen as an obstacle to the representative method. In 1955, in 

fact, at the Lincoln Laboratory of the Massachusetts Institute of Technology (MIT), was developed 

the first graphic system that had the task of collecting data then reproducing them on a computer 

screen. What we can define as the forerunner of CAD systems, in fact, was born at MIT in 1963 

thanks to Ivan Sutherland, who developed the Sketchpad system. Sketchpad was nothing more 

than a Man - machine graphic communication system, which allowed the designer to draw on the 

monitor through the use of an optical pen. With this tool it was possible to create very accurate 

drawings, also thanks to the ability to enlarge and reduce the image. 

 

“The ability to represent a fixed set of polyhedral forms — shapes defined by a volume enclosing a 

set of surfaces — for viewing purposes was developed in the late 1960s and later led to the first 

computer - graphics film, Tron (in 1987). These early polyhedral forms could be used for composing 

an image but not for designing more complex shapes” (BIM Handbook. A Guide to Building 

Information Modeling for Owners, Managers, Designers, Engineers and Contractors ,2008).12 

 

Since Eastman and al. wrote the previous definition many advances have been made such as the 

birth of solid modeling, simple creation and modification of 3D figures, thanks to the schools of 

 
12 Chuck Eastman,Paul Teicholz,Rafael Sacks, Kathleen Liston: BIM Handbook. A Guide to Building Information Modeling 

for Owners, Managers, Designers, Engineers and Contractors, chap. 2 pag.33, 2008  
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thought of Cambridge, Stanford and Rochester in 1973. Between 1970 and 1980 there was also an 

increase in the skills of CAD software, which made it possible to create building models through 

solid modeling. The software was initially very expensive, but from the very first moment it was 

highly appreciated by the manufacturing and aerospace industries, which decided to invest in the 

software to implement its potential. However, these were not immediately recognized by the 

construction industry, which decided to start adopting the CAD tool for 2D documents. A sudden 

change was seen in 1980 as parametric modeling was developed in the mechanical field, but in the 

meantime changes were also taking place in the design sector. If in CAD modeling every single 

element has to be edited manually by the designer, in a parametric model the geometrical 

components are automatically corrected according to context changes. The advantages were 

considerable: the possibility of making mistakes was limited and an integrated fluidity of analysis 

was achieved. This can be seen as the first step towards the origin of the current generation of BIM 

software. In 1986 Graphisoft introduced the first Virtual Building Solution, later known as ArchiCAD, 

which allowed the creation of a three-dimensional virtual model. The software, in conclusion, gave 

a real turning point in the field of the representation, allowing the modeling of a three-dimensional 

model in which every single element was represented and identified according to parameters and 

rules that determined its rational organization. From this moment numerous progresses have been 

made in this field. In 2002, only after the purchase of the company Revit Technology Corporation, 

the acronym BIM was coined for the first time to describe simultaneously virtual design, 

construction and FM (Facility Management). In 2003, however, the expression BIM gained 

popularity when Jerry Laiserin organized a debate between Autodesk and Bentley, two of the 

world's leading manufacturers of design software for the built environment, on BIM. 
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13 Evolution of computer systems to support the design 

 

 

Nowadays, many states have chosen to use BIM for the design of public works contracts. Norway, 

Finland, Great Britain and the United States have been using it for some time now, taking advantage 

of its interoperability. This methodology is currently offered by several software houses such as 

Autodesk (Revit), Graphisoft (ArchiCAD), Nemetschek (Allplan), Tekla y Bentley System. 

 

 

 
13 Anna Osello, Il futuro del disegno con il BIM per architetti e ingegneri, Dario Flaccovio Editore, 2012 
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3.2 BIM VS CAD 

 

If CAD has changed the way the drawing was represented, it can be said that the BIM is changing 

the way the design is realized. So, even though BIM tools today represent a revolution almost 

comparable to the one that introduced CAD methodology in the 1980s, these proposals are very 

different, both in terms of the way they are represented and in terms of documentation. The CAD 

system emulates what was the traditional process of drawing with pencil and paper, all in two 

dimensions. The objective of using the software was in fact related to the 2D representation of 

geometries using simple elements such as lines, arcs, so that a wall, for example, was represented 

with lines parallel to each other with patterns inside them. The problem with CAD, however, lies in 

the fact that the drawings are composed of elements that are independent of each other, so every 

modification of the file must be reviewed and modified manually in each project; for example, if we 

modify an element in the plan, we will have to modify it also in the other views (elevations and 

sections). All this, however, causes a waste of time and especially in the case of errors, repetitions 

of them for all the views of the project. In addition, there is also the problem that in the case of a 

request to update the documentation already after it has been completed, all the documents such 

as the metric calculation, the chronoprogram, the calculation model and the specifications will have 

to be revised and modified at the expense of working hours by the project team. 

The BIM, on the other hand, is like reproducing the actual construction process. In fact, instead of 

creating drawings with 2D lines that are not connected to each other by constraints, the application 

conceives the virtual building made up of building elements such as walls, windows, floors, 

columns, roofs, which, in turn, contain additional information intrinsic to the elements themselves, 

such as materials, technical characteristics, manufacturers, prices. The use of BIM allows project 

stakeholders to enter all the information into a single database. This is nothing more than a full 

description of the building itself and also of the place where it stands, with a detailed description of 



BIM to evaluate the increasing cost for the management of construction sites with restrictions due to COVID-19 

 

 
30 

 

the relationships between the various objects that make up the project itself. The MacLeamy curve 

summarizes the validity and impact that BIM has in the construction industry. 

 

 

14 Mac Leamy Curve 

 

These curves underline how the design effort conveyed in the early stages of the design process is 

serious in terms of costs (reduction), compared to what we commonly associate with reality, where 

the traditional process sees the completion and refinement of the project in more advanced stages 

with significantly higher costs. It is not a question of reducing the design "efforts", as the 

commitment can only be adequate to the quality of what is intended to be achieved, but to anticipate 

these efforts over time. On the contrary, with the traditional method, design changes that were not 

previously defined will occur during the construction phases, resulting in a significant increase in 

cost and effort. 

 
14  https://slideplayer.it/slide/16967657/ seen on 06/06/2020 
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15 Differences between CAD and BIM 

 

From this you can deduce how BIM with its digital modeling has an important impact on professional practice. 

This technology still allows you to draw traditional designs, but it is also able to produce other information 

for other purposes in automated processes. 

In summary, it can be said that the biggest difference between CAD and BIM lies in the use of the intelligent 

content of BIM, where the elements of the design are described as terms of a more complex system (walls, 

beams, doors...), where there is no problem of data loss due to interoperability. 

 

 

 

 

 
15  https://projektowaniebim.pl/bim-vs-cad/  seen on 20/11/2020 
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3.3 Advantages of bim 

 

Using BIM in all phases of the project means producing a model that reduces the creation of new 

variants in progress, as you can produce a database to manage all the information in the project. 

Although this technology is still in its infancy, it has made important improvements over 2D CAD 

because it cannot meet the needs of BIM. In the following chapters you can also see what strategies 

are appropriate to use to improve the performance of the various step-builders (Chapter 2.5). 

However, we continue to address the general advantages of using the software: 

 

 

 

 

16 Advantages of BIM 

 

 

 

 
16  https://www.letitbim.it/i-vantaggi-del-bim/ seen on 30/06/2020 
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- Reducing the costs of the entire project lifecycle 

A striking example could be the United Kingdom where the government has expressly requested 

the use of BIM as of April 4, 2016 in a National Mandate in which it establishes the mandatory use 

of Level 2 BIM for all public procurement because it has provided for a 20-30% reduction in the life 

cycle cost of public real estate.  

 

- Minimization of errors during the design phase 

Another good example is in the USA where 57% of designers using BIM say that the use of BIM 

significantly reduces the number of omissions and errors during the design phase. 

 

- Communication of the information contained in the project 

Within the European organizations that use Building Information Modeling there are those who claim 

that it improves the collective understanding of the project and there are those who claim that the 

use of BIM improves communication and understanding between the stakeholders involved in the 

project by also allowing them to visualize the information in 3D. 

 

- Management Optimization 

In 2009 it turned out from foreign reports that the duration of BIM projects is significantly shorter 

than the traditional one, about 27% shorter. 

 

- Reduction of unplanned work 

According to an Australian analysis in 2010 the use of BIM makes it possible to identify and avoid 

problems before the project is completed, thus reducing unplanned construction changes by 40%. 

Similar results are also found in the States, as 65% of contractors say that the use of BIM reduces 

the number of revisions required, delays and extra costs. 
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- Return on investment (ROI) 

The use of BIM also allows the increase in ROI in fact almost two thirds of companies in the States, 

about 62%, and three quarters of companies in Europe, about 74%, use the software to buy and 

manage real estate for a higher return on investment. 

 

- Support for sustainable design 

By creating and managing a large amount of information, BIM ensures the sustainability of the 

design and project lifecycle. 

 

3.3.1 Software limitations 
 

Although there are many advantages in the use of Building Information Modeling, in a broader 

perspective it is also right to analyze what are the critical issues that the software presents. To 

underline the fact that these are not unsolvable limitations but that they can be solved in future 

updates of the software itself. The first problem lies in the change of mentality, since many 

specialists in the field are very attached to traditional technologies and it is a huge effort for them 

to approach the BIM methodology. In order to come into contact with this new technology, it is 

therefore necessary to employ important resources not only economically but also in terms of time 

to invest in training professionals and buying licenses. Moreover, as it will be possible to observe in 

Chapter 3.5, interoperability, although defined as the workhorse of BIM, still creates 

incompatibilities with other software, forcing the professional to change different programs. These 

problems, however, concern small businesses, since they are also those more tied to the traditional 

methodology. 
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3.4 Dimensions of BIM 

 

The dimensions in a BIM project serve to summarize the "potentials" that are contained within the 

project itself. The heterogeneity of these potentialities, technological, economic, temporal, confers 

inside the model of the different dimensions from the traditional ones. In reference to the Italian 

norm UNI 11337-6, there are seven dimensions (7D). Each of these dimensions is independent and 

developed in a different way from the others in function of what it is necessary to analyze from the 

model. The UNI 11337-6 therefore maintains that the seven dimensions correspond to: 

- 1D: Concept design 

- 2D: Production processed 2D (plans, elevations and sections); 

- 3D: Three-dimensional return of the artifact; 

- 4D: Duration analysis (programming); 

- 5D: Cost analysis (calculations, estimates and evaluations); 

- 6D: Management phase of what has been realized; 

- 7D: Evaluation of sustainability (sustainability)  

 

A similar classification is also present in the UNI 11337 standards in parts 5 and 6 when they speak 

of the Management Section of the Information Specifications as they require to specify: what are 

the methods of programming management (4D-Programming), what are the methods of economic 

information management (5D-Computations, estimates and evaluations), what are the methods of 

information management of the work (6D-Use, management, maintenance and decommissioning) 

and what are the methods of management of externalities (7D-Social, economic and environmental 

sustainability). 
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17 Dimensions of BIM 

Entering into the specifics of the various dimensions, the 1D and 2D are connected to the traditional 

design with the use of CAD, in fact it is possible to observe how these are now standard in design 

practice. The first of the innovations brought by BIM is linked to the third dimension (3D) because 

the use of BIM has completely revolutionized the way it has always been conceived, thanks to the 

introduction of parametric constraints that made possible the analysis of interference between 

elements. This is done through two procedures that are Code Checking and Clash Detection. These 

activities are defined by the UNI 11337-5:2017 standard, Italian standard to support the information 

processes of the constructions in which in the clash detection the geometrical interferences 

between objects, models and processes coming from different disciplines (structures with plants 

for example) are checked, while in the code checking, the parameters (geometric and alphanumeric) 

implemented in the BIM models are analyzed through appropriate sets of parametric rules (rule-set) 

 
17  https://biblus.accasoftware.com/en/7-dimensions-of-the-bim-methodology/ seen on 10/07/2020 
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referring for example to specific standards. However, even with these innovations, BIM is often 

used only as a visual rendering software and does not exploit its full potential. The fourth dimension, 

4D, is characterized by the time factor, very often linked to the fifth dimension, 5D, linked to costs. 

These two dimensions are of fundamental importance for the strategies of Project Management, in 

fact, the fourth dimension is used for activities related to the construction site, the progress of work, 

the time schedule and the study of possible interferences, while the fifth dimension is used to 

calculate the costs of labor, raw materials, means. The BIM with these dimensions also allows to 

associate to every item, to every information, a price, so doing it is possible to obtain as elaborated 

also lists prices, metric calculations, ect. The sixth dimension, 6D, is tied to the Life Cycle Building, 

as well as the useful life cycle of the building in which the processes of maintenance, 

decommissioning, regeneration of the building are considered. This dimension is also linked to 

Facility Management (FM) through which it is possible to extrapolate data relating to the 

management, maintenance, replacement and dismantling of the components of the project itself. 

The seventh dimension, 7D, is instead connected to sustainable development, in fact thanks to the 

latter it is possible to carry out consumption analysis still in the project phases leading to economic 

savings. In addition to economic sustainability we can also talk about environmental sustainability 

because with these energy simulations we can achieve a significant reduction in consumption.  

Today, however, in addition to the standard dimensions mentioned above, there is a heated debate 

about the new dimensions of BIM that correspond to the eighth, ninth and tenth dimensions. In the 

eighth, 8D, there is a clear link to Zero Accident, linked to safety on site and the health of workers 

during construction and maintenance. The ninth, 9D, is linked to the Lean Management Philosophy 

or Lean Construction, while the tenth dimension, 10D, is linked to the industrialization of the 

construction world with new technological integrations. 
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To summarize: 

 

 

18 The 8 Dimensions  

 

 

 

 

 

 

 

 

 
18 https://blog.drawbotics.com/2018/11/07/the-bim-revolution-in-building-management/ 31/05/2020 
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3.5 Interoperability 

 

 

19 Example of interoperability 

Interoperability is a very important aspect of BIM. Again, there is no unambiguous definition of the 

term. However, there are several definitions that describe it:  

According to Eastman et al.1, “interoperability depicts the need to pass data between applications, 

allowing multiple types of experts and applications to contribute to the work at hand.”20 

For the National Institute of Building Science 5 Software,” interoperability is seamless data 

exchange at the software level among diverse applications, each of which may have its own internal 

 
19 https://biblus.accasoftware.com/en/bim-in-europe-france-announces-the-k seen on 15/09/2020 
20 Chuck Eastman,Paul Teicholz,Rafael Sacks, Kathleen Liston: BIM Handbook. A Guide to Building Information 

Modeling for Owners, Managers, Designers, Engineers and Contractors, pag.65, 2008 
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data structure. Interoperability is achieved by mapping parts of each participating application’s 

internal data structure to a universal data model and vice versa.”21 

Although similar, these two definitions have very different meanings. In any case, interoperability 

represents the essential requirement for the B.I.M. to be used as an activity to support the various 

design facets. 

Among the most important problems there is the fact that traditional design software such as.dwg,. 

dwf, .pdf are not able to transfer adequate levels of knowledge of different objects from one model 

to another. At the moment, data exchange between different applications is done in four ways: 

directly, through proprietary links between different BIM tools, through proprietary geometry-based 

exchange formats, and through public exchange formats such as IFC or XML-based. You can 

therefore understand how there is a need for an open model that can make every application used 

for the project communicate. From this, therefore, it can be understood how the BIM methodology 

still needs new technological and normative discoveries with consequent work of research and 

development. 

 

 

 

 

 

 

 

 

 

 

 
21 https://buildinginformationmanagement.files.wordpress.com/2011/06/nbimsv1_p1.pdf pag.7 
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3.5.1 What is the IFC standard? 

 

Before continuing the excursus on the world of BIM, it is important to clarify what is meant by IFC, 

its advantages and its importance. This is because the presence of this format will be of fundamental 

importance for the second section of the thesis, when after the Revit modeling of the thesis case 

study, we will move on to the computation on another software using just like the IFC format. The 

IFC (Industry Foundation Classes) is an open data format, not controlled by a single operator, created 

to facilitate interoperability between the various operators. Its purpose is to allow the interchange 

of an information model without loss or distortion of data or information. The IFC was created so 

that it could contain and process all the information of the project in all phases of its life, starting 

from the feasibility analysis up to its realization with annexed maintenance, passing also between 

the design and planning phases. 

 

 

22 An illustrative representation of interoperability 

 
22 https://buildingsmart.pt/com-quem/ seen on 08/08/2020 
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The IFC project was born in 1994, when an industrial consortium, which took the name of "Industry 

Alliance for Interoperability", formed by 12 companies, decided to create a special computer code 

(set of C++ classes) able to support the development of integrated applications. In September 1995 

the Alliance opened to anyone interested and in 1997 it changed its name to "International Alliance 

for Interoperability", which was established as a non-profit organization, with the aim of developing 

and promoting the Industry Foundation Classes (IFC) as a neutral data model, useful to collect 

information related to the entire life cycle of a building and its facilities. Since 2005, the Alliance has 

been conducting its activities through buildingSMART. 

 

 

 

23 BuildingSMART  

 

 

BuildingSMART is today a worldwide alliance that leads the development of an international 

standard as a supporting technology for the use of BIM. The standard to refer to is UNI EN ISO 

16739:2016 Industry Foundation Classes (IFC) for data sharing in the construction and plant sector 

(ISO 16739:2013). 

 

 
23  http://www.buildingsmart-tech.org/ifc/IFC2x3/TC1/html/index.htm 
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24 Example of interoperable model  

Summarizing, therefore, the main advantage offered by the IFC format is the possibility to allow 

collaboration between the various stakeholders involved in the construction process, allowing them 

to exchange information through a standard format with consequent reduction of errors, higher 

quality, reduction of costs and time and formal consistency from the design phase to the 

construction and maintenance. 

A fundamental characteristic for a software is therefore to be able to read, write and exchange 

information with other programs. To date there are 16 ACCA software that have IFC certification as 

Edificius - import / export, EdiLus, TerMus, CerTus PN, PriMus-IFC, CerTus-IFC, ManTus-IFC, 

usBIM.clash, usBIM.gantt, usBIM.platform ,usBIM.viewer+, usBIM.editor ,usBIM.code, Solarius-

PV, Edificius-MEP, CerTus-HSBIM. ACCA software is also an official member of buildingSMART 

International since October 2018. 

 

 
24  https://damassets.autodesk.net/content/dam/autodesk/www/campaigns/emea/docs/livre-blanc-ifc-it.pdf 
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3.6 Market diffusion, current and future trends 

 

“In 2010, a little over a third (36%) of the Western European industry participants in this research 

reported having adopted BIM. This can be compared to the 49% adoption rate in North America 

(2009). Architects are the primary adopters (47%) followed by engineers (38%) and contractors 

(24%). However, this is just the beginning of the story. Of the BIM users in Western Europe, 45% 

consider themselves experts or advanced, which is higher than the 2009 North American findings 

of 42%. In terms of how long they have been using BIM, however, the markets are dramatically 

different: 

 ■ Over a third of Western European BIM users (34%) have over 5 years of experience using BIM 

vs. only 18% in North America.” 

(The Business Value of BIM in Europe. Getting Building Information Modeling to the Bottom Line in 

the United Kingdom, France and Germany)25 

Today, the adoption of BIM is increasingly widespread in the world. This is mainly due to the fact 

that its performance in terms of modeling, analysis and simulation is a technology that will 

revolutionize much of the construction industry. Larger companies are increasingly demanding 

greater use of BIM and are also developing contractual conditions and guidelines for its 

implementation. For example, the GSA, General Services Administration, of the US Federal 

Government, requires the use of BIM to ensure that the project meets the requirements. While 

large sums of money have been invested in the deployment of BIM systems, the market is still too 

immature and unprepared, due in part to the fact that most of the staff in the industry are still tied 

to those traditional methods, not expanding their horizons into the new world of BIM. Another 

problem of the nondiffusion of the software is surely tied to the lack of ad hoc regulations. In Italy, 

 
25 The Business Value of BIM in Europe. Getting Building Information Modeling to the Bottom Line in the United 

Kingdom, France and Germany, pag. 4. 
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in terms of regulations, we find the BIM Decree and the UNI 11337 Building and civil engineering 

works - Digital management of construction information processes. This is a document divided into 

ten parts, seven of which have already been published, which deal with the digital management of 

processes in the construction world and, specifically, deals with processes and developments of 

models, processes and objects, information flows in digitized processes. 

Therefore, as mentioned above, one of the problems lies in the lack of regulatory standards and 

guidelines that first of all allow interoperability. This constitutes an important obstacle to the 

adoption of software. Although the IFC standards were born precisely to improve interoperability 

between different systems, few people actually know the BIM potential. In addition, the lack of 

standards makes it unsafe to enter data from different users. Although these problems are present, 

the use of BIM is growing, which leads to a sudden improvement in cost, quality, risk and punctuality 

of order delivery. However, the use of the software requires qualified people, including customers, 

project managers, and architects. 

 

 

26 An example of an information model according to the UNI 11337-1 standard 

 
26 https://www.01building.it/bim/bim-normativa-uni-11337/ 26/09/2020 
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According to the manual, BIM from Eastman et al., BIM technology will be constantly evolving and 

it is necessary to have "an updated vision of the future of construction in which BIM focuses on 

workflows and construction practices" (Eastman et al. p. 362). To conclude the chapter, then, we 

can emphasize how we should understand not only current trends, but also future trends in BIM 

software and its potential impact on the construction world. 

 

 

3.6.1 Maturity of BIM 

 

But what level of maturity is BIM actually at today? To answer this question, the British government 

has developed the concept of BIM maturity. To do this, four different levels have been created, 

which are of fundamental importance for understanding the state of progress in the use of BIM in 

the construction industry. The benefits increase with increasing maturity, but this is not related to 

quality change, in the sense that although the process becomes more complex, it does not mean 

that it is less optimal. In 2011, this maturity scale was published by the English BIM task group in 

the following bands: 

- Level 0 which corresponds to the 2D CAD drawing; 

- Level 1 which corresponds to the 2D/3D CAD drawing: 

- Level 2 which corresponds to the Collaborative BIM; 

- Level 3 which corresponds to the Shared BIM. 
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27 Maturity of BIM 

 

In Italy, the national standard UNI 11337-1 has used the English maturity standards, however, 

implementing changes and additions. In the national legislation, for example, the levels of maturity 

are four and no longer three. 

- Level "0": not digital; 

- Level "1": basic; 

- Level "2": elementary; 

- Level "3": advanced; 

 
27 https://www.ingenio-web.it/4713-bim-livello-1-2-o-3--cosa-significano-questi-numeri 28/08/2020 
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- Level "4": optimal. 

Comparing the two standards, it can be seen that the levels of maturity focus on different topics. If 

in the English regulations we focus on the methodological approach, in the Italian one we focus on 

the creation of the works and the contractual constraints of delivery of the order. Nevertheless, the 

levels of the two regulations are equivalent if one considers the working methodology used to obtain 

the required papers. However, the comparison between the various levels of the two regulations 

must be made in a scalar way because level 0 of the Italian regulations does not fall within the levels 

of the English regulations. 
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3.7 LOD 

 

LODs have the role of precisely defining the level of various types of information contained within 

the model. The Level Of Development allow to specify and articulate the construction of a Bim 

model with a high degree of clarity about its contents. The definition of the characteristics of every 

single Level Of Development in relation to the type of considered element is faced in two important 

norms, one of American origin and one Italian. In the American context, the American Institute of 

Architects (AIA) has published a Level Of Detail framework for the AIA G202-2013 Building 

Information Modeling Protocol. Here it was established that the term LOD refers to the level of 

development in relation to the contents of the elements of the model; the choice to use the 

definition "level of development" instead of "level of detail" was widely discussed and motivated by 

the fact that an element, although it may appear visually detailed, could actually be generic. In 2011 

an intermediate development level LoD 350 was defined. 

 

 

28 Different types of LOD 

 
28 https://www.01building.it/bim/lod-progettazione-bim/ seen on 09/09/2020 
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According to this American standard, the degree of development achievable in a building is divided 

into five levels: 

 

- In LoD 100 the model is represented with symbols and generic representations, through which 

we can see the presence of an object in a certain position, but not its true shape, size and location. 

These representations for these reasons are to be considered approximate. 

 

- In LoD 200 the model is always defined with generic elements, but it is possible to make a 

calculation of the quantities, it is possible to understand the dimensions and the position. In this 

level it is possible to carry out design simulations. Compared to LoD 100 the model is associated 

with more precise data and information that allow for example to calculate the cost of an object per 

square meter. 

 

- In LoD 300 the elements that make up the project begin to take on more and more details useful 

for the final design. Objects now have information and precise geometry. You can calculate 

quantities, dimensions, location. The metadata present in this phase can be for example the cost of 

the different elements and its energy characteristics. 

 

- In LoD 350 the elements are not only well defined, but can also be analyzed and their quantities, 

dimensions, location within the project can be represented. The model in this style of visualization 

allows you to make precise cost estimates. 

 

- In LoD 400 it is possible to make preliminary plans for the realization of the building, i.e. it is 

possible to verify its final appearance. The information at this step is very precise and allows you to 

build the building as a whole. 
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- In LoD 500, as-built, the representation of the project is how it was built. The model becomes a 

container of useful information also for Facility Management. The model becomes from this 

moment the basis for subsequent changes such as extensions, demolitions, renovations, ect. 

 

 

 

29 Examples of LOD, in terms of constructive details 

 

In the UK, it is PAS 1192-2 that in 2013 defined the standards of both the LoD, definition level, and 

the LoI, information level. The legislation provides seven levels of detail. For LoDs it consists of: 

1.Preparation & Brief 

2.Concept stage; 

3.Developed design; 

 
29 https://www.01building.it/bim/lod-progettazione-bim/ seen on 25/11/2020 
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4.Technical design; 

5.Construction. 

 

For LoI the phases are those of: 

2. Concept stage; 

3. Developed design; 

4. Technical design; 

5. Construction; 

6. Operation and maintenance.  

 

 

30 LOD= LOD+LOI 

 
30 https://evolve-consultancy.com/lod-lod-loi/  seen 18/09/2020 
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As far as the Italian regulations are concerned, the topic of LoD is contained in UNI 11337-4 of 2017. 

The object level is divided into LoG (level of geometry) and LoI (level of information). The Italian 

regulations also adhere to a LoD scale from letter A to G. 

 

- LOD A: The quantitative and qualitative characteristics are indicative, the objects are represented 

through symbols or through representation without geometric constraints; 

 

- LOD B: The qualitative and quantitative characteristics are approximate, the objects are 

represented with very generic geometries or through representation of overall dimensions; 

 

 

- LOD C: Qualitative and quantitative characteristics are defined generically in compliance with the 

limits of the regulations in force and the technical reference standards and the objects begin to be 

represented with precise geometries; 

 

- LOD D: The elements are characterized by a lot of details with specific geometries; 

 

 

- LOD E: Elements are represented with a precise geometric system. The level of detail related to 

manufacturing, assembly and installation is defined; 

 

- LOD F: The objects are virtually verified and the management, maintenance and/or repair and 

replacement interventions to be carried out throughout the life cycle of the work are defined for 

each single product; 
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- LOD G: the objects express the updated virtualization of the project and are also defined for each 

product the management, maintenance and/or repair and replacement interventions to be carried 

out throughout the life cycle of the work. 

 

 

 

 

31 LOD ITA, USA, UK 

 

 

 
31 https://rebim.io/level-of-detail-or-development-lod-in-bim/ seen on 17/08/2020 



BIM to evaluate the increasing cost for the management of construction sites with restrictions due to COVID-19 

 

 
55 

 

3.7.1 ISO 19650-1: Level of Information Need 

 

 

Cover Guida parte 1 della ISO 19650 

“Level of information need framework which defines the extent and granularity of information”32 

 

The ISO 19650-1 of 2019 introduced a new concept, in the great panorama of BIM, that of Level of 

Information Need, which should replace the concept of Level of Development. Therefore, 19650 

abandoned the use of the terms Level of Development and Level of Definition and, since chapter 1, 

introduced this new concept. One of the objectives in defining the Level of Information Need is to 

prevent the delivery of too much information. In addition, what is the demand for too much 

information that exceeds what is necessary is defined as waste. 

 

 
32 Guidance Part 1 : Concepts, pag. 26 
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33 The logical scheme proposed by ISO 19650 

 

The above scheme, although not very accurate from a terminological point of view, tries to 

summarize what is meant, and more specifically what is contained in the Level of Information Need. 

The definition contains three essential points: 

- Quality; 

- Quantity; 

- Granularity. 

This last term is not defined in the standard, but it is a term specific to Data Sciences, but little used 

in the world of BIM. 

What is meant by granularity? An information is defined more or less granular depending on the 

level of detail into which it is divided. A very clear example is quoted from the Shelidon site 34and 

brought in this thesis, in a personalized way, to make this apparently abstruse concept even clearer. 

So, to define the concept of granularity of the data can be used the subdivision of a field "name" 

 
33 https://www.shelidon.it/?p=7716 seen on 05/05/2020 
34 https://www.shelidon.it/?p=7828 seen on 05/05/2020 
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within a database: it is possible to have a unique field (name: "Arianna Falzone") or the same field 

can be divided into several subfields (name: "Arianna"; middle name: "noname"; surname: "Falzone"). 

In the first case, the information has low granularity, while in the second case, it has high granularity. 

So, from this we can deduce that a high granularity corresponds to the presence of more 

parameters, otherwise a low granularity, a lot of information aggregated in a single field.  

The Level of Information Need is not defined by model, but rather by each single elaboration 

extracted from the model, for example we can have a Level of Information Need on 1:500 scale 

elevations and a Level of Information Need on 1:50 scale elevations. Even if it seems strange this 

specification is present inside the information specification, even if in terms of graphic elaboration 

we have always applied this "rule", now normalized in BIM. The only deficiency is that there is no 

unique reference scale; in fact, Chapter 1 indicates that there are several reference scales, ranges 

of metrics, that you can refer to with the Level of Information Need. 
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3.8 BIM in the world and reference standards 

 

In addition to the advantages of the BIM methodology, it is also important to analyze the state of 

diffusion of this methodology and also its application in different states of the world. At the end of 

this excursus the condition of the European diffusion with reference to the Italian regulations will 

also be analyzed. The BIM, although as we have seen previously, was conceived more than twenty 

years ago, it is in continuous updating in fact the regulations and standards continue to be updated 

to the present day. If in Europe we can talk about regulations, abroad it is different and the path that 

is performed can be enclosed in 5 steps that correspond to: 

- A creation of the digital platform 

- The creation of the task group 

- Analysis and study of examples located in other parts of the world 

- Creation of a pilot project 

- Identification and creation of best practices with particular attention to guidelines and standards 

with legal meanings. 

 

35 Use of BIM in the world 

 
35 https://bim.acca.it/bim-nel-mondo/ seen on 1/08/2020 
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Today the countries where the BIM methodology is most developed are: United States, Canada, 

Australia, Denmark, Finland, Norway, United Kingdom, Singapore. Among these, some countries, 

as can be seen from the image above, such as Finland, Singapore and Norway require the use of 

BIM for all public contracts, with no restrictions on the manner and amount of the work. Afterwards, 

the BIM development processes of some of the above mentioned countries will be studied in depth: 

this is a brief summary intentionally intended to try to give an overview of the various existing 

regulations, apologizing in advance for the omission of other countries that are also important for 

the development of software guidelines. 

 

3.8.1 USA 

 

In this context, the first step to highlight is the fact that the United States can be defined as the 

cradle of the BIM phenomenon, used since the early 2000s, reaching the peak of its greatest 

development between 2009 and 2010. The guidelines that describe the methodology of work in 

the construction sector were generated in 2003 by the GSA, General Service Administration, thus 

establishing the national program for the implementation of BIM 3D and 4D. The NBIMS-US 

Committee, a working group of the buildingSMART Alliance, formerly known as the International 

Alliance for Interoperability (IAI), published the first version of the National BIM Standard in 

December 2007. Also, in 2007, the GSA requested the use of the BIM for the management of the 

"spatial program validation"36 before any submission during tenders. This will not only make this 

method more precise and faster than the traditional method but will also encourage designers to 

use 3D and 4D BIM in all phases of the project. 

 

 

 
36 Chuck Eastman,Paul Teicholz,Rafael Sacks, Kathleen Liston: BIM Handbook. A Guide to Building Information Modeling 

for Owners, Managers, Designers, Engineers and Contractors, Ch. 5, pag.209, 2008 
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3.8.2 CANADA 

 

In 2011 the IBC published for the first time a program on BIM software and tools under the name 

Environmental Scan of BIM Tools and Standards. In this report, 79 possible software options 

available and usable in the AEC, Architecture, Engineering and Construction sector were identified. 

This also included the distinction of the project lifecycle into three parts: planning/designing, 

implementation, and management. In 2011, the Canada BIM Council (CanBIM) began a 

collaboration with the AEC (UK) to create its own protocol based on the English one as we 

remember that the use of BIM technology is independent of the country in which it is used. 

 

 

3.8.3 AUSTRALIA 
 

In 2010, Australia saw the creation of the Built Environment Industry Innovation Council (BEIIC) and 

the Information Technology Industry Innovation Council (ITIIC). This gave birth to Issues Paper: 

Digital Modelling and Built, which emphasized "the issues related to the implementation of digital 

modelling in the Australian construction industry”37 which covered several aspects such as the 

design, planning, construction and management of public and private buildings, transport and 

infrastructure in general. In 2012, the publication of the National BIM Guide and the BIM 

Management Plan Template (BMP) led to the drafting of a guide on how to run a project through 

BIM, with the aim of reducing errors and disruption by clients and consultants. Also in 2012, the 

Australasian buildingSMART introduced the obligation to draft a BIM model based on open 

standards for the exchange of information. 

 

 
37https://www.researchgate.net/publication/316374905_Building_Information_Modelling_BIM_Australian_Perspectives_a

nd_Adoption_Trends seen on 10/08/2020 
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3.8.4 UNITED KINGDOM 

 

The AEC (UK) CAD Standards Initiative determined in the 2000s the beginning of the search for a 

BIM standard to improve the exchange of design, management and exchange information. In 2001 

the AEC (UK) CAD Standard Basic Layer Code was published as the definitive guideline. This will 

then be implemented in 2002 by the Advanced Code, and in 2009 by the AEC (UK) BIM Standard. 

The guidelines have, however, maintained the already active international standards including BS 

1192:2007, the National BIM Standard (NBIMS) and other practices. In 2001, however, the National 

Building Specification (NBS), spread the creation of a free online library accessible to all stakeholders 

in the construction industry. The BIM Library remains one of the richest free databases in existence 

today. The goal of these libraries was to create a basic place where engineers, architects and all 

other project stakeholders could provide free BIM objects with different formats including IFC, thus 

creating a common standard to facilitate the exchange of information. In 2011, the UK Government 

Construction Strategy, through the BIM Task Group, published a document indicating BIM as a 

practice to be applied to all public procurement processes. 

The British Standards Institution (BSI), whose role is to standardize and certify products, services 

and training worldwide, has established the BSI B/555 Committee, which in June 2013 published 

the new version of the B/555 Roadmap, which is nothing more than a guide for the industry 

specialized in the construction and management of built goods. Within it there are two important 

documents: the Maturity model, which proposes the BIM maturity standard, and the PAS 1192, an 

operational standard for companies that decide to switch from CAD methodology to BIM. 

The standards mentioned in the document are: 

 

- BS 7000-4:2013: Design Management System. Guide to design management under construction; 

- BS 8541-1:2012: Library objects for architecture, engineering and construction - Identification and 

classification; 
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- BS 8541-2:2011: Library objects for architecture, engineering and construction - Recommended 

2D symbols of construction elements for use in building information modeling; 

- BS 8541-3:2012: Library objects for architecture, engineering and construction - Form and 

measurement; 

- BS 8541-4:2012: Library objects for architecture, engineering and construction - Attributes for 

specification and evaluation; 

- BS 1192:2007: Collaborative information production for architecture, engineering and construction; 

- PAS 1192-2:2013: Specification for information management for the capital/delivery phase of 

construction projects using Building Information Modelling; 

- PAS.3:2014: Specification for information management for the operational phase of assets using 

Building Information Modelling; 

- BS 1192-4:2014: Collaborative information production - Fulfilment of requirements for information 

exchange with employers using COBie - Code of Conduct. 

 

3.8.5 ITALY 

 

The use of BIM in Italy is not yet very widespread and is very often seen as software for the 

realization of an element rather than for its methodology. It is possible to notice that the percentage 

of specialists in the field, although they recognize the potential of using Building Information 

Modeling, is low although it is growing. Building Smart also has an Italian understanding called 

Building Smart Italia, and has the task of developing and disseminating in Italy what are the 

objectives of this institution, which are also summarized in the BIM Handbook by Eastman et al and 

correspond to: 

- To develop an interoperability for the building sectors in an entirely Italian context; 
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- To develop and administer what are the Italian certification procedures; 

- Coordinate the classification and standardization for the building sector in relation to what are the 

IAI-IFC international standards. 

- Ensure that the development of IFCs takes into account standards that already exist or are being 

developed both nationally and internationally.Nel 2008, l’Ente Nazionale di Unificazione Italiana UNI, 

insieme all’International Alliance for Interoperability (IAI), ha diffuso un manuale contenente le best 

practices at European level for sustainable projects in order to improve the sustainability of the 

construction sector. 

Another important step has been the INNOVance project, born thanks to the collaboration between 

private and public companies, universities and research centers in the "Industry 2015" initiative. 

Thanks to this it was possible to create a national library accessible to all using unique coding and 

standards for products, activities, resources used and technical data sheets in the construction 

sector. 

In Italy there are currently four documents that serve as support for the correct use and application 

of the BIM methodology: Il Decreto legislativo 24 Aprile 2016 n. 50 (Nuovo Codice dei Contratti 

Pubblici);  

- Il Decreto del Ministero delle Infrastrutture e dei trasporti n. 560 del 1° Dicembre 2017;  

- La norma UNI 11337 del 2017 

- La UNI EN ISO 19650:2019. 
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38 Forecast dates for the use of mandatory BIM in tenders 

 

 

3.8.6 UNI EN ISO STANDARD 19650:2019 

 

With the release of ISO 19650 (part 1 and 2) at the end of 2018, new regulatory scenarios are 

emerging at international, EU and national level. 

 

 

39 Application scheme of Standards in the world 

 
38 DM 560/2017 
39 https://www.ingenio-web.it/26765-standard-bim-il-mondo-dopo-la-iso-19650 seen on 1/09/2020 
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Thanks to recognition agreements between ISO and CEN, it has been possible to activate the Vienna 

Agreement which has led to the creation of a joint publication of a standard that has dual 

significance, both nationally and internationally. The acronym that refers to Italy would be UNI EN 

ISO and to make it more accessible to all, UNI has translated the main standards in Italian. At the 

same time, the Italian national standards that are presented for European and international works 

have been translated into English. 

 

40Equivalent terms between PAS 1192 and UNI EN ISO 1960 

 

UNI EN ISO 19650-1: 2020 - Organization and digitization of information about building and civil 

engineering works. Including Building Information Modeling (BIM) - Information Management using 

Building Information Modeling.  

The standard is composed of two parts already approved: 

ISO 19650 - Organization of information about construction works - Information management using 

building information modelling - Part 1: Concepts and Principles. 

 
40 https://www.shelidon.it/?p=7828 seen on 11/09/2020 
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ISO 19650 - Organization of information about construction works - Information management using 

building information modelling - Part 2: Delivery phase of the assets 

Both standards address the general aspects of the BIM process and the information flow of the 

project development phase. 

Specifically, it can be said that the first part frames the information flow of the building process in 

the field of Project Management, indicating schematically the framework standards. 

 

41 Generic project and asset information management life cycle 

 

The second part, on the other hand, concerns the heart of the information process, dealing with the 

individual elements, specifying their location within the process chain and their roles and functions. 

 
41 ISO 19650-1 
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42 Interface between parties and teams for the purpose of information management 

 

The standard then enters into the description of the various evolutionary phases of the information 

process, detailing the path. 

 

43 Information management process during the delivery phase of assets 

 
42 https://bim.acca.it/uni-en-iso-19650-2019-pubblicate-in-italiano-le-norme-internazionali-sul-bim/ seen on 15/10/2020 
43 https://bim.acca.it/uni-en-iso-19650-2019-pubblicate-in-italiano-le-norme-internazionali-sul-bim/ seen on 15/10/2020 
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4.0 Case study presentation 

 

Framework for intervention 

The case study in the thesis concerns the building site for the renovation of the TO-CIT06 building 

that housed the R premises owned by the Politecnico di Torino. The project foresees the partial 

demolition of the building, of which the preservation of the historical facade on Via Borsellino, and 

the reconstruction with subsequent extensions of the project. The new building will be named TO-

CIT06X. 

The case study is located in the City of Turin and is located in the citadel of the Polytechnic of 

Turin. 

 

Source: Google Maps 

 



BIM to evaluate the increasing cost for the management of construction sites with restrictions due to COVID-19 

 

 
71 

 

 

Google Earth 

 

    

Google Earth 
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4.1 Project area 

 

The area, subject to analysis, is inserted inside the university citadel with a front on Via P. Borsellino. 

To geolocate the area optimally, it can be said that the west side is identified by the stone and brick 

wall about three meters high.  To the south is the current pedestrian entrance of Via Borsellino 53. 

The border to the west is emphasized by a green area, while to the north the area extends to the 

border of the university. 

As mentioned above, the construction site is inside the cittadella universitaria del Politecnico that is 

located between Corso Peschiera, Corso Ferrucci, via Boggio  and the Central Spina where the 

Officine Grandi Riparazioni delle Ferrovie were previously present. The building under study 

corresponded to the changing rooms of the Officine and thanks to its size and positioning it has 

been identified as suitable for the installation of university classrooms of which there is an extreme 

shortage given the large number of students present at the Polytechnic. 

 

Google Earth 
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4.2 The project 

 

The elements that were taken as the basis for the design solution were the context and the insertion 

area. In fact, every effort was made to make the preservation of the historic industrial façade 

dialogue with the shed profile with a new construction that guaranteed the presence of different 

types of classrooms and new spaces for students. The number of users of the spaces is about 1800 

and this has also allowed to create separate volumes to facilitate the outflow of people. The 

proposed scheme is characterized by independent volumes that are recognizable only from the inner 

side of the citadel and connected on Via Borsellino by a connective volume. This was taken from 

the façade and shed scan of the roof. The roof will also be modified as I will also be raised through 

the presence of large back windows. The presence of this construction mode has been made to 

keep visible the difference between the preserved historic building and the new volume that 

contains inside the connective and aggregation spaces of this new volume intended for students. 

 

 

44Politecnico di Torino Archive 

 
44 https://www.masterplan.polito.it/progetti/aule_r seen on 15/10/2020 
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4.3 The distribution scheme 

 

 

45Politecnico di Torino Archive 

 

The distribution scheme provides for the creation of four blocks for classrooms for teaching and 

conferences. There is a connection space for internal, horizontal, and vertical distribution. The 

distribution is divided according to an irregular scheme to allow greater usability and livability of the 

spaces. This also allows to create optical cones that cross the building and flow into the complex of 

the ex Fucine’s factory. The overall volume of the building is characterized by the presence of 

educational and connection spaces developed on various heights. Each block has dimensions of 

about 15x25 and a height of about 13.6m. 

It is also important to carry out a material analysis of the building as this will be of fundamental 

importance for the elaboration of the calculation with the implications of Covid-19. The blocks, 

 
45 https://www.masterplan.polito.it/progetti/aule_r seen on 15/10/2020 
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therefore, are configured as full, monolithic volumes and covered with plaster with color variations 

that create a full/empty visual effect. The connective, on the other hand, is characterized by glass 

making everything very bright. 

With regard to the functions, on the other hand, the four blocks will contain two study rooms, two 

blocks with toilets, technical rooms, four conference rooms with 300 seats and four of 150 seats. 

In addition to these spaces in the connective there will be free areas, vertical and horizontal 

connections. 

 

4.4 Accesses 

 

The main entrances are located on the ground floor: the first from a main entrance on Via Borsellino, 

which was obtained through the extension of the window of the central span on the historical front 

(see image below),the others are located on the sides and back and are accessible from the citadel. 

 

46Politecnico di Torino Archive 

 
46 https://www.masterplan.polito.it/progetti/aule_r seen on 15/10/2020  
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The project also has between two blocks an external staircase from which you can directly access 

the first floor. The four blocks that make up the project have been named block 1, block 2, block 3, 

and block 4, respectively. These blocks are connected to each other via a two-story connective 

space. 

 

47Politecnico di Torino Archive 

 

 

 

 

 

 

 
47 https://www.masterplan.polito.it/progetti/aule_r seen on 15/10/2020 
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5.0 Health And Safety Management In The Construction Site: Indications for the 

reorganization of prevention and protection measures at the time of the pandemic by 

COVID-19 (Legislative Decree 81/08 s.m.i.). 

 

Following the spread of the global pandemic by Covid-19, the DPCM of May 17, 2020, Annex 13, 

provided the "Shared Protocol to regulate measures to counter and contain the spread of the Covid-

19 virus on construction sites". The contents do not only concern the Safety Coordinators during the 

design and execution phases, but also the project managers and contractors. The content of this 

chapter is to be defined as dynamic, summarizing and not exhaustive, as among other things it may 

be subject to changes due to the constant updates and evolutions of the regulations in question. 

The scope of application of the protocol corresponds to the temporary or mobile worksites defined 

by art. 89 letter a of Legislative Decree 81/08 s.m.i. 

 

 

5.0.1 Site coordination measures 

 

These are coordination measures that must be applied only for the emergency period due to Covid-

19. According to the provisions of DPCM of March 17, 2020, Annex 13, point 7 " […] le imprese 

potranno [...] disporre la riorganizzazione del cantiere e del cronoprogramma delle lavorazioni anche 

attraverso la turnazione dei lavoratori con l’obiettivo di diminuire i contatti, di creare gruppi autonomi, 

distinti e riconoscibili e di consentire una diversa articolazione degli orari del cantiere sia per quanto 

attiene all’apertura, alla sosta e all’uscita...” 48 ref. Protocol. 

 
48https://www.gazzettaufficiale.it/atto/serie_generale/caricaArticolo?art.versione=1&art.idGruppo=0&art.flagTipoArticolo

=13&art.codiceRedazionale=20A06109&art.idArticolo=1&art.idSottoArticolo=1&art.idSottoArticolo1=10&art.dataPubblic

azioneGazzetta=2020-11-04&art.progressivo=0 seen on 08/10/2020 
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a) Information management inside the construction site 

 

As far as the information is concerned, it is necessary that at the entrances to the construction sites, 

an additional signboard be posted indicating the measures of prevention and anti-accounting 

behaviour. The task of informing workers about the obligations of the provisions contained in the 

Safety and Coordination Plan drawn up by the Coordinator during the Design phase of the work and 

the Security Operating Plan drawn up by the executing companies is the responsibility of individual 

employers. The Coordinator during the execution of the work instead will have the role of verifying 

that the information has been given by the employer on the "Shared Protocol for the regulation of 

measures to combat and contain the spread of the Covid-19 virus in construction sites" of April 24, 

2020 and subsequent amendments and additions through appropriate documentation. 
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b) Site access 

 

“… In riferimento al DPCM 17 marzo 2020, allegato 13 punto 7, limitatamente al periodo della 

emergenza dovuta al COVID-19, le imprese potranno [...] disporre la riorganizzazione del cantiere e 

del cronoprogramma delle lavorazioni anche attraverso la turnazione dei lavoratori con l’obiettivo di 

diminuire i contatti, di creare gruppi autonomi, distinti e riconoscibili e di consentire una diversa 

articolazione degli orari del cantiere sia per quanto attiene all’apertura, alla sosta e all’uscita...”49 rif. 

Protocol. 

There are two different ways to access the site depending on the presence or absence of a guard.  

If the latter is present, the guardian will have the role, after having been informed of the procedure 

agreed with the Coordinator during the execution of the work, to measure the temperature at, all 

those who will access the site. If the temperature exceeds 37.5 °C, the person will not have access 

to the construction site and the caretaker will be responsible for implementing the procedure for 

"cases of suspicion of Covid-19". 

In the absence of a guard, employers may choose two different options: the first option is to have 

the temperature measured on site by trained personnel. The employee will therefore have to verify 

that the temperature is below 37.5 °C and will fill in a table, in respect of privacy according to 

Legislative Decree 196/2003 and subsequent amendments and integrations, in which he will 

indicate the date of the measurement, name and surname of the person, company name and body 

temperature, as in the table below as an example. 

DATA NOME COGNOME IMPRESA T < 37,5 °C T > 37,5 °C 

XX/XX/XXXX Mario Rossi X 
  

 
49https://www.gazzettaufficiale.it/atto/serie_generale/caricaArticolo?art.versione=1&art.idGruppo=0&art.flagTipoArticolo

=13&art.codiceRedazionale=20A06109&art.idArticolo=1&art.idSottoArticolo=1&art.idSottoArticolo1=10&art.dataPubblic

azioneGazzetta=2020-11-04&art.progressivo=0 08/10/2020 
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The second way is for the employer to carry out the measurements, then delivering the table at the 

site offices a signed declaration. This modality can be taken in the absence of space on site to avoid 

gatherings. 

In any case, the temperature measurement is to be considered mandatory before entering the site 

and will be verified by a supervisory body. 

 

c) Suppliers' access to the site and on-site inspections 

 

The implementation of safety measures is also recommended for suppliers, in fact, once they arrive 

at the entrance of the construction site they will have to contact the person in charge of the goods 

and suppliers. Subsequently, a separate area with direct access from the outside should be 

identified at the site in order to avoid access to other areas of the site. The company will agree with 

the suppliers days or times compared to the ordinary ones of the site for the procurement of 

materials, and the same will do to carry out inspections in presence. 

Moreover, just for the presence of external suppliers, in order to limit a possible contagion, the yard 

can be equipped with an additional toilet block dedicated to these figures placed at the entrances 

dedicated to suppliers. 

 

d) Cleaning and sanitation activities 

 

Cleaning and sanitizing activities are the employer's responsibility as they are considered routine 

activities provided for by Legislative Decree 81/08-Annex IV point 1.13.4.1. The Safety and 

Coordination Plan drawn up by the Coordinator during the Design phase of the work shall also 

provide in the Safety and Coordination Plan drawn up by the Coordinator during the Design phase 

of the work the daily sanitization according to the protocol of the toilets, canteen and changing 
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rooms, but also sanitization activities of vehicles and equipment on site. These, however, instead 

of being charges, can be calculated as safety costs. All these activities must be recorded in a special 

cleaning and sanitation register that must be given to the Coordinator during the execution of the 

work. 

 

e) PPE  

 

The Coordinator in the Design phase of the work must take charge of foreseeing in the Safety and 

Coordination Plan drawn up by the Coordinator in the Design phase what are the measures of 

distance between workers and prevention measures. It must also take care of the supply and 

provision of personal protective equipment to avoid the risk of spread of COVID-19. 

 

FFP and surgical masks 

Given the emergency situation, as provided for by Decree Law no. 18 issued on 17 March 2020, 

and until the end of the state of emergency, the surgical masks available on the market, whose use 

is regulated by art. 34, para. 3, of Decree Law no. 9/2020, are considered PPE as per art. 74 para. 1 

of Legislative Decree no. 81/08 as amended and supplemented. All devices should be CE marked 

and comply with specific standards. The only exceptions for the use of Personal Protective 

Equipment without CE marking refer to contexts of imminent shortage of masks. It was expected 

at the beginning of the pandemic, given the lack of knowledge of the virus, a supply of n.3 surgical 

masks per day per worker, up to a supply of n.1 mask per day (for 8 working hours) in recent months. 

The masks are not defined as extra costs because they were used a priori. In all other normal cases, 

the supply of masks is considered as a burden of the employer if the work is performed by a single 

company. In the case of two or more companies, these costs are defined as mandatory standard 

equipment for all. 
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Disposable latex gloves 

In addition to masks, disposable latex gloves are also provided as PPE. Even if the virus is 

transmitted by air, it is advisable to protect the hands as they could be an indirect vehicle of diffusion 

in case of contact with mouth, nose and eyes. 

 

f) Management of common areas 

 

For the management of common spaces it is necessary to always maintain the interpersonal 

distance of at least one meter. You can also take into account the rostering with rules of entry, stay 

and exit. A continuous mechanical ventilation must also be provided, which can be omitted if there 

is natural ventilation for outdoor spaces. According to the "Conference of Regions and Autonomous 

Provinces - Guidelines for health and safety requirements of base camps built for the construction 

of large infrastructure works" of December 2013, a minimum area of 1.2sqm per person must be 

considered for the sizing. With the implementation of preventive measures for the Covid-19, the 

minimum distance is increased compared to 1.2 square meters equal to the square limited to a 

circle of radius 1 m, ie: (1*2)2 = 4 m2. 
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50 Example sizing without Covid-19 and with Covid-19 

 

 
50 GESTIONE SALUTE E SICUREZZA NEI CANTIERI. Indicazioni per la riorganizzazione delle misure di prevenzione e 

protezione all’epoca della pandemia da COVID-19 (D.Lgs 81/08 s.m.i.), pag.14 



BIM to evaluate the increasing cost for the management of construction sites with restrictions due to COVID-19 

 

 
84 

 

 

51 Example sizing without Covid-19 and with Covid-19 

I would like to underline the fact that the examples presented above are purely illustrative to 

demonstrate the increase in surface area occupied by each worker. 

 

5.1 Security costs 

 

Safety costs are contained within the Safety and Coordination Plan drawn up by the Coordinator 

during the Design phase of the work. They correspond to additional services in addition to the 

contract, with additional costs. As mentioned above, the costs are contained within the Safety and 

Coordination Plan drawn up by the Coordinator during the Design phase of the work, which is a 

contractual document, as indicated in Annex XV of Legislative Decree 81/08 as amended. The Safety 

and Coordination Plan drawn up by the Coordinator during the Design phase of the work includes 

costs for: 

 
51 GESTIONE SALUTE E SICUREZZA NEI CANTIERI. Indicazioni per la riorganizzazione delle misure di prevenzione e 

protezione all’epoca della pandemia da COVID-19 (D.Lgs 81/08 s.m.i.), pag.14 
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CS01. Preparations foreseen in the Safety and Coordination Plan drawn up by the Coordinator during 

the Design phase of the work; 

CS02. Preventive protective measures and PPE for interfering work; 

CS03. Earthing and protection systems against atmospheric discharges, fire-fighting systems, 

smoke evacuation systems; 

CS04. Means and services of collective protection; 

CS05. Procedures contained in the Safety and Coordination Plan drawn up by the Coordinator during 

the Design phase of the work and provided for specific safety reasons; 

CS06. Interventions aimed at safety and required for the spatial and temporal phase shift of the 

work; 

CS07. Coordination measures related to the common use of equipment, facilities, infrastructures, 

means and services of collective protection. 

 

It is important to clarify what is meant by security costs and security charges. 

 The costs are liquidated by the employer and are not subject to auction as they do not include the 

costs that the employer has to incur in order to meet its security obligations. The expenses related 

to security obligations should be defined as security charges. These include the costs of security: 

- Expenses incurred for information, training and education of workers; 

- Expenses incurred to subject workers to health and safety oversight; 

- Supply of Personal Protective Equipment (PPE), unless it is necessary to prevent a risk that is not 

specific to the specific processes, but due to interfering processes carried out by other companies. 

 

In addition to these charges, it is necessary to consider the expenses incurred for the travel of the 

workers, expenses for the connections of the yard, internal road system, management of entrances. 

These charges can become safety costs only when they are due to specific safety reasons indicated 
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in the Safety and Coordination Plan drawn up by the Coordinator during the Design phase of the 

work or included in Annex XV of Legislative Decree 81/08 as amended. 

Safety costs are listed by categories: 

- CS01. Cost of preparations; provisional works such as scaffolding, scaffolding, scaffolding, bridges 

on trestles, decks, parapets, walkways, walkways, reinforcement of the walls of the excavations, 

local toilets for washing, dressing rooms, refectories, shelter and rest rooms, dormitories, dressing 

rooms, infirmaries, fences. 

- CS02. Preventive and protective measures and PPE provided for in the Safety and Coordination 

Plan drawn up by the Coordinator during the Design phase of the work for interfering work; costs 

due only to interference due to the presence of several activities. 

- CS03. Safety systems; cost of grounding and protection systems against atmospheric discharges. 

These are, as mentioned before, temporary works necessary for the protection of the site (other 

than those that are part of the building). 

- CS04. Cost of the means and services of collective protection; they are intended as safety signs, 

audible warning devices, first aid equipment, emergency lighting, fire extinguishing means 

- CS05. Procedures provided for in the Safety and Coordination Plan drawn up by the Coordinator 

during the Design phase of the work; these are costs that translate into hourly labor costs such as 

participation in coordination meetings, supervision of those in charge for particular processes, the 

help of employees for manoeuvring vehicles in limited spaces, control checks aimed at safety for 

scaffolding, demolition. 

- CS06. Interventions for the phase shifting of interfering workings; in this phase it is necessary to 

consider the personal stop or the equipment stop necessary to perform two or more workings, 

technically not separable, at different times or in the same working area. 

- CS07. Coordination measures; cost linked to preparations, equipment, infrastructures, means and 

services of collective protection. 
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5.2 Additional costs on hygiene measures to limit contagion from Covid-19 

 

The additional costs associated with the Covid-19 pandemic are linked to the increase in the number 

of sanitary facilities, the supply of PPE, the purchase of sanitizing products, and the cost of labor 

required for periodic sanitization. These items are defined as extras when they involve safety costs 

that are not counted as normal. Depending on the site, these measures have different durations. 

For example, if the site has been suspended, the measures must be applied for the duration of the 

emergency. If the time schedule duration is shifted, then the costs per additional duration must also 

be considered; if the construction site is in the planning phase, so no contract has been signed, the 

measures must be applied for the entire emergency. If the emergency should cease, these costs 

will be revoked; if the contract has been concluded but the construction site has not started, the 

safety costs must be adjusted for all the emergency. 

 

“Qualora le lavorazioni da eseguire in cantiere impongano di lavorare a distanza 

interpersonale minore di un metro e non siano possibili altre soluzioni organizzative è 

comunque necessario l’uso delle mascherine e altri dispositivi di protezione conformi alle 

disposizioni delle autorità scientifiche e sanitarie. Si riportano le due possibili soluzioni 

attualmente perseguibili relativamente ai Dispositivi di Protezione Individuali delle vie 

respiratori”52 rif. Protocollo. 

 

With regard to safety devices, a parenthesis should be opened, because, as mentioned above where 

it is believed that the masks must be used by all workers to make them effective, as a protective 

measure can be called safety costs. If, on the other hand, the time lag leads to the presence of only 

one company in the yard, the PPE will be under the DL. 

 
52https://www.gazzettaufficiale.it/atto/serie_generale/caricaArticolo?art.versione=1&art.idGruppo=0&art.flagTipoArticolo

=13&art.codiceRedazionale=20A06109&art.idArticolo=1&art.idSottoArticolo=1&art.idSottoArticolo1=10&art.dataPubblic

azioneGazzetta=2020-11-04&art.progressivo=0 08/10/2020 
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In the context of safety costs, when the temperature at the entrance to the construction site is to 

be measured, an infrared thermometer or a thermoscanner must also be provided. These two 

instruments are used because they do not foresee direct contact with the subjects, foreseeing any 

type of contact contagion. 
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5.3 Security measures related to the health emergency COVID-19, Piedmont region 

 

The following is a presentation of the Covid-19 price tables of the Piedmont region, used for the 

purposes of the calculations of the case study subject of the thesis, section 31: Security measures 

related to the health emergency COVID-19. The text was prepared by the Piedmont region in 

implementation of the provisions of the D.G.R. n. 11-1330 of 8 May 2020 (BUR n. 20 s. 3 of 

14/05/2020). In the preface of the text it is specified that these measures are of an experimental 

and temporary nature linked to the pandemic, therefore no longer necessary after its conclusion. 

Some of these prices will then be recognizable in the calculation of the case study analyzed in the 

presence of Covid-19. 

 

ATTACHMENT 1: COVID-19 PRICE SECURITY MEASURES BY COVID-19, PIEDMONT 

REGION 
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6.0 Presentation of the software program for metric calculation 

 

The software chosen to analyze what were the cost increases due to Covid-19, after a modeling of 

the case study on Revit 2019, and which is part of the ACCA software S.p.A. family, is PriMus. 

ACCA software S.p.A. 

 

 

ACCA today represents the Italian leader in software related to the construction world. It is a 

reference point in the construction sector and is defined as the interlocutor of Italian technicians. 

The software house was founded in 1998 and immediately established itself in Italy, as the programs 

were very easy to use, had a creative approach, a practical attitude and was also characterized by a 

strong spirit of change and innovation. One of its strong points was also to give adequate answers 

to the needs of professionals. A 100% Italian software house based in BAGNOLI IRPINO (AV) - Italy. 

Over the years the role of Acca has had an important evolution building an important team behind 

it. ACCA provides different software with different purposes. The one used for the execution of this 

thesis is PriMus software leader in Italy for metric computation and public works accounting. 
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PriMus 

 

 

 

For the realization of the thesis PriMus was the solution for the computation and accounting as it 

manages to accompany the user in all phases of the work, from the project to the execution until 

the completion of the work: from the estimative metric calculation, to the price analysis, to the 

chronoprogram of the works, to the direction of the works to conclude with the accounting of the 

works themselves. The advantages of using the program are various and are also explained in the 

internet page of the software house. 

 

53 Advantages of PriMus 

 

 
53 https://www.acca.it/software-contabilita-lavori seen on 20/11/2020 
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In the thesis area, after saving the Revit model in IFC 2x3, PriMus- IFC v.BIM 2 (d) and PriMus-

DCF v.BIM 2 (b) will be used for the preparation of the metric calculation and price list of the case 

study. This was made possible by the fact that in 2018 ACCA software became an official member 

of buildingSMART international, thus promoting the adoption of standard formats and the spread 

of open BIM. 

 

6.1 From Revit model to IFC file extraction 

 

As mentioned above, prior to the computation process, the Revit 2019 case study had to be 

modeled using the data and information kindly provided to me by Eng. From Cason, Edilog area 

(Politecnico di Torino). It is a simplified model that takes into account only the architectural part and 

not the structural or plant or mechanical part. Also in the calculation, of course, will be taken into 

account only the architectural part. The thesis serves to provide a basis for what may be the study 

of cost increases caused by the Covid-19 pandemic. To further simplify the data processing, only 

BLOCK 1 of the entire building has been taken as the subject of study. The material typologies have 

been taken from the documents that have been provided to me and if not present deduced from 

the totality of the project. 

 

 

54 Block 1: object of study 

 
54 https://www.masterplan.polito.it/progetti/aule_r seen on 15/10/2020 
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After modeling, the file was exported as IFC 2x3, OpenBim certified standard, to be read by PriMus-

IFC. 
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In addition, in order to ensure that all the Base Quantities data were brought into the computation 

program and then each one was associated to its own analysis item, the option to export base 

quantities was ticked within property groups. 
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6.2 Price analysis 

 

In order to calculate the thesis case study, a customized price list has been prepared, using PriMus-

DCF v. BIM 2(b) , which contains all the price items related to the case study. 

 

 

 



BIM to evaluate the increasing cost for the management of construction sites with restrictions due to COVID-19 

 

 
108 

 

This price list was then updated with the extra items due to containment measures by Covid-19. 

For each price list, analysis and calculation two versions will be presented. One characterized by the 

absence of Covid-19 and one by the presence of Covid-19.  

For a simplicity of processing and after careful analysis of the various prices (there are no significant 

differences) the price list of the Tuscany region, province of Florence, has been taken as a reference 

because, unlike the price list of the Piedmont region, inside there are not only the elementary prices 

but the items of analysis, which have made the execution of the calculation more precise. As far as 

the extra items related to Covid-19 are concerned, they refer instead to the Covid price list of the 

Piedmont region shown in chapter 5 paragraph 5.3, attachment 1. These items correspond to: use 

of PPE (in the calculations there will be counted n.3 masks and n.1-2 pairs of gloves for each worker), 

sanitization of means and environments, presence of thermoscanners for temperature 

measurement, information and training of workers, additional chemical toilet rental, and special 

waste disposal procedure after sanitization. 

Given the second wave of Covid-19 that is characterizing the months following summer 2020, the 

price list will contain not only the usual precautionary measures just mentioned, but also the request 

for swabs and serological tests for the first access to the site, respectively, and for the following 

months until the end of the latter. 

Afterwards, both the price analysis and the price lists derived from the analysis, presented first in 

the absence of Covid-19 and then in the presence of Covid-19, are reported. 
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ATTACHMENT 1: PRICE ANALYSIS IN THE ABSENCE OF COVID-19 
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ATTACHMENT 2: PRICE ANALYSIS IN THE PRESENCE OF COVID-19 
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ATTACHMENT 3: PRICES LIST IN THE ABSENCE OF COVID-19 
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ATTACHMENT 4: PRICES LIST IN THE PRESENCE OF COVID-19 
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6.3 Da PriMus-DCF v.BIM 2 (b) a PriMus-IFC v.BIM 2 (d) 

 

Thanks to the presence of the IFC format file of the model of the study object and the reference 

list, it is possible to obtain the metric calculation of the building with PriMus-IFC. The first thing to 

do is to load the model in IFC format into PriMus-IFC. We will notice that clicking on the single 

parts of the model, the part in question will be highlighted in red, on the entity window the clicked 

object will be highlighted and in the PROPERTY section all the information about that single object 

will be provided. 

 

 

 

Clicking, instead, on measurements, it will be possible to enter the reference price list to obtain the 

final metric calculation. In our case the operation will have to be done twice, the first time in the 

absence of Covid-19 and the second time in the presence of Covid-19. 
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The last step before the calculation will be to associate every single architectural element to the 

reference price item. Once you have done this procedure for all the objects in the model, in the 

COMPUTO section, you will see the calculation of the building. 

 

 

 

Below are the two calculations, in the absence and presence of Covid-19. 
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ATTACHMENT 5: METRIC COMPUTATION IN THE ABSENCE OF COVID-19 
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ATTACHMENT 6: METRIC COMPUTATION IN THE PRESENCE OF COVID-19 
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6.4 Comparative table with PriMus- BIM 2 (b) 

 

Therefore, to arrive at a synthesis and a final number that corresponds to the increase in prices of 

the yard related to the pandemic from Covid-19 was extracted, using again PriMus- DCF V. BIM 2 

(b), also a comparative picture to make this increase immediately visible. 
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ATTACHMENT 7: COMPARATIVE TABLE BETWEEN PRESENCE AND ABSENCE OF 

COVID-19 
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From this it can be inferred how you have passed from an expense of  € 382.448,75 From this it 

can be inferred how we have passed from an expense of in case of absence Covid-19, to an 

expense of €442.323,26 in presence of Covid-19, with a change of € 59.874,51 and with an 

increase of about 15,65%. 
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6.4 Estimation of the incidence of labor 

 

To conclude the calculation and to have a general picture, the incidence of manpower was also 

calculated, both in the absence and in the presence of Covid-19 to calculate what would then be 

the increase in duration in the yard without a subsequent increase in the workforce. 
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ATTACHMENT 8: ESTIMATION OF THE INCIDENCE OF LABOR IN THE ABSENCE OF 

COVID-19 
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ATTACHMENT 8: ESTIMATION OF THE INCIDENCE OF LABOR IN THE PRESENCE OF 

COVID-19 
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Conclusion 

 

From the tables shown above, therefore, we can capture what is the final objective of the thesis, 

the study of cost increases caused by the Covid-19 pandemic.  

From the tables it is clear that what had to be a yard costs of € 382,448.75 due to the security 

measures against Covid-19, this amounted to € 442,323.26 with an increase of € 59,874.51, about 

15.655%.  

Consequently, the prices of labor in the presence of Covid-19 has also increased from a cost of 

about € 174,698.92, with about 45.79% incidence on the total price, to a price of € 192,471.28 with 

an incidence of 43.514% on the total price. This is an increase in labor of + 10.173%. 

 This will consequently imply an increase in the duration of the yard by 10% if the workforce will 

not be increased by +10.17%. 
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