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THE STRATEGIC VALUE OF INNOVATION:  
BIM IN DESIGNING INFRASTRUCTURE 
FOR THE MOBILITY 
OF PASSENGERS AND GOODS

Gianfranco Battisti
CEO AND GENERAL MANAGER, FERROVIE DELLO STATO ITALIANE GROUP

The designing of strategic infrastructure with the aim of improving the mobility of passengers and 
of goods, thereby providing the highest standards of quality, safety and sustainability, is one of the 
objectives of the new Industrial Plan of FS Italiane Group.

It is an ambitious challenge, a challenge we are focusing on with a view to contributing in increas-
ing Italy’s competitiveness in Europe and across the world. We are, indeed, a fundamental lever for the 
economic development of this country.

In this scenario, knowing how to produce innovation is a determining factor in achieving the goals 
that have been set, because this generates a whole set of new skills, a multi-disciplinary wealth of 
knowledge that becomes a core asset for a company that, like FS Italiane, is present in the markets of 
over 60 countries worldwide.

For us, innovation is that strategic, cultural, technical and scientific value that allows us to quickly react 
to change and sometimes anticipate it. This value is born, is augmented and evolves thanks to the ideas, the 
passion, the will to accept challenges of all those in our Group who strive to provide, every day, good travel ex-
perience to millions of people and the circulation of goods on our railway network, even beyond our borders.

Italferr, the engineering company of FS Italiane Group, has been one of the first companies in the 
world to use the innovative methodology known as Building Information Modeling (BIM) to build 
railway infrastructure and to select the highly qualified companies required to support its design.

Our engineering company, that for over thirty years has been working at the design and works 
supervision of railway lines, stations, metropolitan systems and bridges, comprehended from the start 
the great potential of this methodology, using it to complete many of its projects in Italy and abroad. 
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This course of study, training and practical application has allowed us to become one of the most au-
thoritative and competent points of reference in this sector. 

We have therefore been the promoters of the use of BIM for the design of complex infrastructure 
projects, thereby increasing our competitiveness at international level. BIM, in fact, is a reliable and 
fast methodology that significantly reduces costs and reduces to a minimum the risk of error, thanks to 
a more precise and coherent control of the project.

BIM has achieved permanent status among the multidisciplinary skills of the FS Italiane Group 
because it is a completely new way of designing and especially of maintaining over time the infrastruc-
ture works of any size, from the smallest to the most complex, in a sustainable and efficient way.

In the following pages, by means of the updated description of our past and ongoing projects, and 
thanks to the contribution of experts, of eminent scholars and of our field-operating technicians, we 
want to tell you about Itaferr’s experience with BIM. The ultimate aim of all this is to create a tool 
that can be used by all those who wish to discover and learn more about this extraordinary innovation 
applied to the engineering sector.

GIANFRANCO BATTISTI Appointed Chief Executive Officer of Ferrovie dello Stato Italiane S.p.A. 
on 31 July 2018. Holds a degree in Political Science and one in International Economy and Man-
agement. From February 2017 to October 2018 he held the position of CEO of FS Sistemi Urbani, 
the Company for the Enhancement of the Real Estate Properties of the Ferrovie dello Stato Italiane 
S.p.A. Group. From 2009 to 2017 he was the Director of the National and International and High 
Speed Passengers Division of Trenitalia, during which time he contributed to placing Italian High 
Speed among the major players in the European railway transportation market. During his direc-
torship he also improved the economic growth and industrial efficiency of the passenger traffic 
business and especially that involved by high speed rail travel, by completing an important and ex-
traordinary corporate turnaround phase in which he achieved significant positive and consolidated 
margins of profit in all of the years of his office. In 1998 he started working for Ferrovie dello Stato 
Group as Marketing and Yield Management Manager for the Night Service, and was subsequently 
assigned to progressisvely higher positions, including that of Marketing/Commercial Director. He 
has been a member of the National Task-Force of the Management and Incoming Committee for 
the 2000 Jubilee. From May 2009 to 2011 he worked as member of the Board of Directors of the 
company Artesia S.p.A. regarding the Italy-France rail connections. He has been the Contact Person 
for the Ferrovie dello Stato Italiane Group both for EXPO 2015 and for the 2016 Jubilee. From 1988 
to 1997 he worked with Gruppo Fiat Auto S.p.A. in managerial positions in the Marketing/Commer-
cial Management division. Since June 2016 he has been the National President of Federturismo, the 
federation of Confindustria that brings together the sector companies both at National and Interna-
tional level with institutional, governance and representation tasks. Among his activities linked to 
the business world, he is also a member of the Governing Board of Confindustria Nazionale. From 
June 2011 to May 2017 he held the position of President of the Transportation Section of Unindus-
tria Lazio. He works with many charity associations and Italian universities.
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INTRODUCTION

BIM: PROJECTING THE COMPANY 
INTO THE FUTURE

Aldo Isi 
CEO AND GENERAL MANAGER, ITALFERR

BIM means Innovation, and innovation means projecting the company into the future. This is a 
challenge Italferr will be called to tackle in the next several years, and it will do so firstly by considering 
the expectations of its clients, so as to envision BIM not only as an epochal evolution in design processes 
but also as an extraordinary lever for the development of business opportunities.

Our major client is Rete Ferroviaria Italiana, and it is precisely towards RFI that our commitment 
and our expertise in Building Information Modeling is directed. Italferr wants to ensure that this client 
receives excellence in the construction of the works that will become Italy’s strategic infrastructure in 
the years to come.

With Trenitalia, another important client in what we have called a ‘captive’ market, we are work-
ing in total synergy for the creation of the most important maintenance systems of the future. Special 
focus will be laid on the services for the new fleet of Pop and Rock trains and on the infrastructure ded-
icated to regional transportation, a priority for this country and one of the pillars of the new industrial 
plan of the FS Italiane Group. 

The activities connected to BIM will not be limited to the so-called ‘domestic’ market only, however. 
The know-how acquired in this subject now allows us – and progressively more so in the future – to 
compete alongside the great international players in all global markets. The demand for BIM, in fact, 
is becoming ever more a qualifying factor that influences the choice of clients, and at the same time 
a key requisite in the tendering for important projects. BIM today has become a strategic element in 
competitiveness.

The advantages deriving from the use of this methodology are evident both in the design phase 
as well as in the management phase, because its use allows to digitally manage the supervision of the 



7

works and, especially, to offer our clients an opportunity of management after the realization, in the 
delicate maintenance phase, thereby ensuring benefits throughout the entire life cycle of the structure.

BIM is a veritable cultural revolution in design, and it is this revolution that a company must be 
able to actuate, even via organizational change. A BIM-oriented company must envisage a new, flex-
ible and dynamic organization that takes into account the necessary skills it contains – all elements 
necessary in order to respond in a timely manner to the speed of action that is implicit in this meth-
odology.

Innovation is set in the DNA of our new generations, and it is precisely in our youth that we wish 
to invest in a significant manner. We do that today by actively recruiting them in the best universities, 
by giving them highly specialised training and finally by hiring them in our headquarters both in Italy 
and abroad.

This white paper is dedicated not only to the vast audience of sector operators but also and foremost 
to young people. We wish to promote and to divulge this innovation and transmit it to the BIM man-
agers of tomorrow who will be called to apply its potential and its advantages to many sectors, starting 
with engineering. By ‘innovating to design the future’, Italferr intends to outline, with the contribution 
of technicians, experts and precursors of the subject, the potential developments and applications that 
in the very near future may derive from the all-round application of this methodology.

ALDO ISI With a degree in Civil Engineering obtained from the University of Parma, begins 
his career in Ferrovie dello Stato Italiane Group in 1999, in Bologna, as a designer and Works 
Supervisor in the Superstructure and Civil Engineering section of Rete Ferroviaria Italiana SpA. 
Once again for RFI SpA, Mr. Isi holds many positions of increasing responsibility, first in the 
Civil Engineering division and then in the Security division. In 2009 he is vested with the direc-
tion of the Territorial Unit of Emilia – Maintenance and Operation. In the same year he achieves 
a Master in Industrial Maintenance Management. From 2011 to 2014 he holds the position of 
Regional Management of Production manager in Bologna. From 2014 to 2016 he is the manag-
er of Regional Management of Production in Milan. In February of 2016 he is assigned the role 
of Director of Investments of Rete Ferroviaria Italiana, with headquarters in Rome, in charge 
of managing the decision-making process connected to the cycle of investing, design, imple-
mentation and commissioning of all new conventional or high speed railway lines, of stations, 
of rolling stock maintenance systems, as well as to the upgrading of the existing infrastructure 
and of its technological equipment.
In December 2018, Mr. Aldo Isi is called to take the helm of Italferr SpA, the Engineering Com-
pany of the FS Italiane Group, as Chief Executive Officer and General Manager.
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Italferr:
Building Information Modeling
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1.1.
A new way of thinking and of designing

Andrea Nardinocchi
TECHNICAL DIRECTOR, ITALFERR

We took the direction of change in our way of designing at a time when the term ‘BIM’ was 
used exclusively in academic circles and when at international level there were programs for the 
migration from traditional methods to BIM that didn’t have much success and that required sev-
eral years of application.

The commitment, in terms of human resources and of hardware and software tools, to acquire 
the indispensable knowledge and to start experimenting in the application of the new methodol-
ogy to a context – infrastructures – for which BIM had not been conceived, proved difficult and 
not exempt from initial internal and external perplexities, something that was to be expected when 
tackling such an innovative project.

What proved fundamental was the strong commitment on the part of the Management of 
Italferr and on the support of a team of designers animated by passion, curiosity and the desire 
for change that brought about the indispensable result for the Company of reconciling previous 
engagements with an innovative kind of process.

The initial applications regarded vertical structures, namely those for which the methodology 
was more advanced, to test and assess the response of the Design Units and of the Company in 
general. Once we had seen how the application of BIM brought undisputable benefits in terms of 
project efficiency and quality, we decided to pick out of the portfolio of current projects several 
Pilot Projects, this time of a linear and infrastructural kind, in which to involve the Specialised 
Engineering Units, one at a time, rather than the system integrators, with the aim of quickly ac-
quiring the capacity of developing a complete BIM-based project.

In order to arrive at the current results without the support of a guideline based on experience 
external to the Company, it was necessary to launch various processes. Some of these proved un-
fruitful, but this was the strong point that led us to the definition of a high quality work process 

Italferr: Building Information Modeling
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CHAPTER 1

based on solid and long-lasting principles. The production of models, moreover, that have not 
only great engineering content but are also represented in 3D also made effective the communi-
cation of the projects to the entities involved, helping them comprehend the potential impact ex-
pected from the deployment of the structure. This aspect may prove to be highly important during 
the phases of approval of projects by the entities called in for authorization.

The aim of this publication is to illustrate the state of the art of the project, indicating the 
technical background in the academic developments, giving examples involving the pilot projects 
created in Italferr and looking ahead into a future in which to extend the method to other engi-
neering sectors, such as construction and maintenance, where there will be important advantages 
in terms of investment. In this first phase, as regards design, the commitment required to achieve 
consolidated standards with traditional designing was not banal, but it guaranteed the production 
of projects with considerable information content that have certainly elevated the already high 
standards of railway engineering.

ANDREA NARDINOCCHI Is a senior professional engineer with a successful career combining 
interpersonal skills and emotional intelligence with more than 25 years’ experience.
He has been responsible for all the design activities in connection with many high-speed railway 
projects and metro lines in Italy and overseas. 
An electronic engineer with vast experience in the fields of feasibility studies, conceptual, final 
and detailed design and construction projects for automation technological systems with special 
emphasis on railway traffic safety, command and control systems. 
From 2004 to 2007, he was responsible for the integration of systems on high profile infrastructure 
projects, particularly with regard to the technological aspects. He participated in the testing and 
commissioning phase of the Italian high-speed lines put into operation in 2005 (Rome-Naples 
and Turin-Novara).
He went on to become Head of Engineering Technology Operational Unit for Italferr, a position he 
held until 2010, while from 2011 to 2012 he fulfilled the role of Italferr Scientific Director.
Since 2012, he has held the position of Italferr Technical Director, responsible for all design activ-
ities and coordinating more than 700 engineers, geologists and technical experts. As Technical 
Director, he is also Head of the BIM Management Department, representing the Company’s inter-
face in order to ensure the application of BIM methodology across the organization. 
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1.2.
BIM from the university’s point of view:
new challenges and new models of collaboration

Ferruccio Resta
POLITECNICO DI MILANO

The onset of digital science is relentless and inescapable. I don’t mean this apocalyptically, but 
as an observation. It would be useless and anachronistic to resist such a radical change that has 
invested almost all production sectors, working environments and those linked to education and 
research. We have two certainties regarding this radical change: the first is that this digitization 
process is as fast as it is pervasive and disruptive, and the second is that it isn’t limited to a ‘simple’ 
technological evolution but to a change in the way we think.

Indeed, when we talk about ‘digital’ we don’t refer to the choices we make for the future but to 
the challenges of the present. We are talking here about a revolution that is already happening and 
that crosses over the various ambits of civil society, gradually transforming our cultural approach.

BIM can be placed within this context, because even before bringing on a technical change it 
represents a transformation in the way we conceive design and in the way we interpret nature and 
the function of the large infrastructures on which our country depends. In a hypothetical recipe, we 
could say that BIM consists of 10% technology and 90% processes, where the indispensable elements 
of this transformation are represented on the one side by the development of the human capital and 
on the other by the capacity to work based on a multi-disciplinary and collaborative logic.

The great infrastructural projects are, perhaps, the clearest example of just how complex design 
is today, of how important it is that these projects be successful so as to guarantee extended oppor-
tunities for growth and development that do not regard solely the sectors of building construction 
and transport but all of the compartments linked to them as well, and of how crucial is, for their 
good outcome, a clear dialogue and an active cooperation between research and business. That 
said, joint participation in large innovation projects is no longer moral exhortation but rather a 
precise technical and methodological indication.

Italferr: Building Information Modeling
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For decades, the development of the various design techniques has been one of the fields in 
which engineering and architectural disciplines have progressed the most, gradually adopting the 
opportunities offered them by digital sciences, firstly in mechanical industry and more recently in 
design, in the management of structures and territory, and in construction. Politecnico di Milano 
has played an important role in preparing the transition to digital of the construction industry 
in Italy. Back in 2004, Politecnico saw the founding, mostly thanks to Pietro Natale Maggi, of the 
Italian Chapter of the International Alliance for Interoperability. A few years later the InnovANCE 
project was launched, guided mainly by the Associazione Nazionale dei Costruttori (National 
Contractors Association) via a large consortium in which our research groups played a guiding 
role. They are currently distinguishing themselves also at the round table that, at the UNI, is draft-
ing the UNI 11337 standard about digitization.

Lately, Politecnico di Milano has been represented in the Ministerial Committee that has pre-
pared Min. Decree No. DM 560/2017 that, by applying the so-called Codice degli Appalti (Pro-
curement Code), establishes the schedules and methods with which from January 2019 digital 
information modeling becomes mandatory in practically all public procurement bids. These are 
just the most prominent points of a collective effort of applied research, performed at internation-
al level as well as in close cooperation with many other national subjects, including various local 
and functional autonomous authorities that have accepted to experiment with BIM in projects, 
tenders and management of real estate properties.

The product of this research has already been moved forward to the teaching level through 
courses held for construction engineers and architects, and through master courses. What is more, 
Politecnico di Milano has also started digitizing its own facility management and works design 
and tendering practices, all of which goes through a training program for its staff.

We are obviously proud of the results, but not fully satisfied. We still have many challenges to 
face and certainly we can’t do this alone. One of the biggest challenges is the renovation of the IT 
infrastructure, the streamlining of red tape, the increase in investments capable of transforming 
into veritable digital work sites, the shortening of work completion time. This requires strategic 
actions capable of going in the direction of new collaborative models, of a political will that in-
tends to group together the various excellencies in environments that should no longer be consid-
ered separate. In short, what is needed is a new organised approach. Today we are at the starting 
blocks, and before us are prospects and opportunities that we can acquire only if we abandon the 
vertical approach that separates the figure in charge of the building from the figures that tend to 

CHAPTER 1
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the system, to energy management and to the spaces. Conversely, our request follows the direction 
of a criteria based on interoperability between all sector operators.

We believe that Politecnico di Milano - which, according to the QS Ranking by Subject 2018, is 
one of the top 20 universities in the world (17th in Engineering, 9th in Architecture, 5th in Design) – 
is a highly credible partner capable of guaranteeing concrete solutions to this country’s innovation 
requirements. We are ready to act as a pivot inside this mechanism, to place at its disposal the skills 
and knowledge of our departments and of our two thousand researchers. Politecnico is an excel-
lent candidate for streamlining and interpreting change, and for driving innovation.

FERRUCCIO RESTA Graduating in Mechanical Engineering in 1992, Ferruccio Resta was ap-
pointed Professor of Mechanics Applied to Machines in 2004 at the Politecnico di Milano. In 
2007, he became Head of the Mechanics Department and, in 2016, was appointed Rector of 
the same university. Furthermore, he is also a member of the Steering Committee for the Joint 
Research Centre for Transport, established between the Italian Railways Network, Trenitalia, 
Bombardier, AnsaldoBreda, ABB, Polytechnic Foundation and the Politecnico di  Milano.

Italferr: Building Information Modeling
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1.3.
Digital Clients
between conservation and innovation

Pietro Baratono
SUPERINTENDENT OF INTER-REGIONAL PUBLIC WORKS – LOMBARDY AND EMILIA ROMAGNA
WITH THE MINISTRY FOR INFRASTRUCTURE AND TRANSPORT

The digital reconfiguration of the construction sector, at a time when it is facing difficult eco-
nomic, social and occupational challenges, may become a driving force in increasing the pro-
ductivity and economic growth of our country, and it would be truly improvident not to take 
advantage of this opportunity.

The application of Ministerial Decree No. 560/2017, that implements the Procurement Code 
and applies in a progressive way the modeling and management of the information regarding 
a structure on a digital basis, should be seen as a strategic tool in tune with the provisions of 
the European Commission recently defined in the “Handbook for the Introduction of Building 
Information Modeling by the European Public Sector” drafted by the EU BIM Task Group, that 
helps to offer savings in terms of costs, productive and operational efficiency, better infrastructure 
quality and better environmental performance within a transparent framework of competitive 
cooperation.

This ministerial decree for once represents the first European example of technical regulation 
organised on the digitization theme coherent with the European Directive on Public Procurement.

The foundation of M.D. 560 is based on a digitalised and efficient pool of clients, the motor 
driving this innovation, that address their choices on a computational basis, involving the various 
supply chains present in the construction market.

After all, the spirit of the decree is to penetrate the vaster process of reformation of the com-
missioning bodies, as well as that of the digitization of the public administration that, for example, 
could lead to the introduction of digital assessment devices for projects or also of qualifying titles 
in the private construction sector, reaching via other paths the economic operators present in the 
public works sector.

CHAPTER 1



15

A new model of Public Administration (PA) is a sensitive topic that should be tackled by focus-
ing on functionality, without losing sight of the fact that the ultimate goal of public clients must 
be that of meeting precise requirements that pertain to the building of useful works that need to 
be made in the best way possible at set costs and according to established time schedules. Although 
important, the formal aspects must not overshadow the final objective, and in this sense it would 
be necessary to tackle the theme of the remodulation of the Procurement Code that anyhow con-
tains important innovative ideas.

Next to these challenges regarding a more efficient model of commissioning body, one must 
not forget that the set of standards of reference in our country is, unfortunately, rather lacking in 
cogency. This favours the PA’s widespread de-responsibilisation in managing the conception and 
contracting procedures of a construction, and the same can be said for the designers who privilege 
the formal approach rather than the substantive one. What we have been experiencing in these last 
few years is that the overlapping between an excess in cogency and consistent uncertainty – also 
due to the schedule and method by which the many rules are approved by the institutional sub-
jects – causes a prolongation in the time required for managing calls for bids, which in turn creates 
the conditions that favour dispute.

I believe it is necessary to slacken the size of cogency in favour of a more contract-based and 
less conservative vision of the technical rules of design, placing at the center the value of the shared 
standards so as to foster a more collaborative spirit and action between the PA, designers and en-
terprises.

This cultural assumption is necessary to make sure that the divulgation of digital methods 
and tools is successful, especially at a time when, in these last three years, resources have been 
mustered that have brought the funding of public works to pre-crisis levels and that include 
the ‘Fondo investimenti e sviluppo infrastrutturale’ (Fund for investments and infrastructural 
development), the ‘Coesione territoriale’ (Territorial Cohesion) and the European structural 
funds, the measures taken for relaunching the territory and the ANAS and FS Program Con-
tracts.

Via M.D. 560/17, the structures could enjoy an information-based approach in the manage-
ment of the structures’ design, construction and management phases. This would result in savings 
in expenses amounting to 10% and at the same time in a cultural growth of the sector and the 
internationalisation of enterprises and professionals. In short, it would be an opportunity for our 
country to achieve higher competitiveness and credibility at international level.

Italferr: Building Information Modeling
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The reaching of this goal requires real will on the part of politicians and of public executives 
and officials, and that they comprehend the advantages of the digital model in terms of work 
organization, of satisfaction and application of skills, with the collaborative attitude of all of the 
subjects involved in the structures’ contracting and construction processes.

This is an important aspect also as regards the structure of the offering that must stop under-
estimating the competitive dimension and therefore the need to privilege the processes of aggre-
gation of subjects with multi-disciplinary skills.

PIETRO BARATONO
Inter-regional Superintendent of Public Works for Lombardy and Emilia Romagna, previously Su-
perintendent for Lombardy and Liguria.
Full member of the Higher Council for Public Works. 
President of the Commission for the Digitalization of Public Procurement.
Head of Italian delegation of the EU BIM Task Group.
Co-ordinator of the seismic risk for buildings assessment workgroup, for the purpose of tax incen-
tives awarded to measures aimed at reducing seismic risk.
President of Inspection Committee investigating the collapse of the Lecco Bridge.
2011 - 2012 Coordinator of the ‘Innovative Materials and Products’ workgroup within the ambit of 
Control Rooms under Technical Standards for Construction.
2008 - 2012 Managing Authority of European Operative Programmes for Infrastructures and the 
management of major rail, port and highway projects.
Formerly General Secretary of the Higher Council for Public Works.
1990 to 2007 Expert at the EC for construction products (Directive 89/106). 
Member of numerous regulatory commissions on construction and seismic risk assessment, con-
tributing to the drafting of Technical Standards for Construction in 2005, 2008 and 2016.

CHAPTER 1
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1.4.
Rail BIM: an international outlook

Angelo Luigi Camillo Ciribini
UNIVERSITY OF BRESCIA AND ITC CNR

Rail BIM is the expression more commonly used to indicate the digitization of several specific 
processes, pertaining to Information Modeling & Management, that interact with the more com-
plex and ample notion of Digital Railways, although it is a field that until now was more pertinent 
to subways than to railways.

From a given viewpoint, in fact, what stood out essentially regarded artefacts and, more specif-
ically, those relating to the buildings used as containers (stations, deposits, plants), rather than to 
the infrastructure itself.

Beyond these, as will be seen further on, viaducts and tunnels took on a more infrastructural 
role compared to the other devices along the line.

Indeed, many case studies have been conducted, presented even in specific thematic events 
such as Doha and Copenaghen, and actual rail links have been constructed, like the Ringsted–Fe-
hmarn Programme in Denmark or the Follo Line Project in Norway.

All of the major European clients and engineering companies of a public nature initially draft-
ed their own orientation documents, such as the continuously improved-upon BIM-Methodik by 
Deutsche Bahn or the håndbok by Jernbaneverket, for example.

It is interesting to see how the main European railway entities (SNCF, ÖBB, SBB, Trafikverket, 
Liikennevirasto) and the China Railways – that are building infrastructure not only in their own 
sub-continent but in Africa too – are jointly working towards a standardization of the references 
for the interoperability of applications and data via the so-called IFCRail, promoted by building-
Smart International, under the impulse of China Rail BIM Alliance and also in consideration of 
RailTopoModel/RailML.

Italferr: Building Information Modeling
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In tune with the evolutionary process mentioned earlier, companies such as Deutsche Bahn or 
SNCF initially involved the part that concerns stations and more building-type artefacts, and only 
subsequently invested in the part that involves the lines.

As you can see, when speaking about clients, it will be somehow necessary to distinguish be-
tween the companies that build urban and sub-urban railroads from those that build regional and 
national lines.

Equally useful, in paved road terms but applicable to railroads too, is the experience of INTER-
LINK, the joint research project on linked objects promoted by the Dutch TNO, as well as the many 
experiments on the interactions between Information Modeling and the Geographical Information 
System.

Within the Projet National MINnD, in France, they are developing, among others, experiences 
in information modeling linked to the environmental and faunal aspects regarding rail and road 
infrastructures, hence extending the notion of ‘infrastructure’.

Likewise, in countries such as Italy and Spain, purchasing and engineering companies linked to 
the control of the public sector, such as Italferr and Ineco, have become important points of ref-
erence as regards digital maturity (in Spain, Ineco has been called in to guide the national imple-
mentation of information modeling), while, in Germany, the competent ministry has entered into 
an agreement with Deutsche Bahn to create a program of various pilot projects, supported by the 
consortium called Infra4BIM, in charge of conducting the supervision and counselling activities  
with regard to the cases indicated.

Actually, all of the enterprises involved in the interoperability-related initiative (IFCRail) 
have prepared guidelines and operational manuals as well as BIM Libraries. Similarly, other 
client companies involved in the railway, urban or regional sectors – such as Crossrail, High 
Speed Two, Société du Grand Paris, Transport for London and others – are proving to be capa-
ble of launching strong computational requests in environments that are moving progressively 
from the sharing of documents towards the processing of data, with a view to machine learning.

Crossrail, for example, has played a considerably important role because it started off in a 
period of immaturity of information modeling and management. They created a BIM Academy 
for the supply chain, and then gradually gained considerable experience as the methodology and 
related tools advanced.

The most significant part of all this is that all attempts are aimed at creating federated models 
resulting from the completion of the works, intended for the running of the line.
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This shows to which extent the artefacts, i.e. the tangible entities, are anyhow oriented towards 
the functioning of the activities and, ultimately, to the supply of services, at least as far as the cir-
culation of rolling stock is concerned.

On the other hand, highly specialised experiences have developed within this regulating activ-
ity of rail information modeling and management.

This is happening in the Tunnelling Information Modeling environment, that also applies to 
roads, especially when it comes to the information modeling of complex geometries that also in-
volve TBM (Tunnel Boring Machines), as seen in the investigations conducted at the TU of Munich 
and at the RUB of Bochum.

Equally noteworthy is the fact that the interiorisation of digital processes within the organiza-
tions has seen some of its best demonstrations in rail client companies, as shown by the important 
guidelines drafted in the UK and by the British Department of Transport in particular.

Obviously, what happens on the side of Demand and of its technical consultants also happens 
on the side of Supply, actuated by the Big Players of each country, considering the crucial transi-
tional role played by the engineering companies that exercise shop drawing, which are decisive to 
the extent that the As Built conditions the operation of the line, as mentioned earlier.

As regards the digitization of design processes, the significant and often-mentioned discipli-
nary heterogeneity calls for a careful translation and interpretation of the sector-by-sector logics 
that goes beyond BIM Management and BIM Coordination.

Apart from all this, however, the first consideration that should be proposed concerns System 
Engineering, carefully examined by the Imperial College of London, namely the fact that digitiza-
tion has forced us to reflect on the nature of the (rail) infrastructure as being a ‘system of systems’. 
Clearly, the passage of interests to Deutsche Bahn Netz or to SNCF Réseau says a lot about the 
enjeu that, starting from precise artefacts, is incrementally investing the network.

In fact, what has become relevant is the need to view the (rail) infrastructure not only as one 
sees natural and anthropised artefacts to be placed in an (evolutionary) inter-relationship but also 
as the overlapping of tangible assets, of functional mechanisms and of suppliable services.

This has implied, on the one hand, the need to approach the territory and the land in geo-matic 
and geo-spatial terms (from the relationship between BIM and GIS to that between buildingSmart 
International and OGC) and, on the other, to bring together complementary but not always dia-
lectic spheres like those that pertain to structure, superstructure, signalling and communication 
and ultimately to rolling stock.
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It is also interesting to see how the information models regarding stations, and bridges and 
viaducts too, initially are presented as static (although the first, as you will see, become animated 
with passengers), while the line is always depicted as being dynamic, as seen from a bird’s eye view, 
obviously.

After all, if one looks closely at the renderings made from information models of the stations 
run based on information modeling, they are shown as being stratified at various levels, from the 
ground strata to the flow of vehicles in urban traffic.

One must admit, however, that the scale of the rail infrastructure poses, for example, clash de-
tection, first of all, at the level of conflicts of property detention and expropriation along the line 
routes. This also relates to other types of interaction with local communities and to the fact that 
information models can be used in public debate.

Anyhow, and we are starting to realise this only recently, the (aggregated or federated) informa-
tion model – from ideation to asset completion – does not speak solely of the traditional evolution 
of the data pertinent to each digital and analog, virtual and real, intangible and tangible object, 
but also of the data flows that will come from the sensors located at the assets and that will feed 
the Information Models.

If one looks at the most recent scientific literature concerning the topic, even more so than at 
the IT applications for the production and testing of information models, one sees that the focus 
is moving towards interconnection. Several recent studies conducted on the remote monitoring of 
the structural conditions of bridges and viaducts using micro-sensors and sensors show a transfer 
that goes from the ‘digital twin’ of the structure being designed to its ongoing digitization via laser 
scanners installed on drones, all the way to the systematic coupling with unmovable (e.g.: struc-
tural elements) or movable (e.g.: TBM) ‘connected objects’.

The 4D information model of a long section of railway line is a rare thing (much more com-
mon is that of a station, a viaduct or maybe of a tunnel), a fact that points to a conceptual as well 
as technological issue.

On the other hand, the drone has become an icon, in the sense that, during the execution of 
works, by using several devices that can be mounted on it, one can generate point clouds and other 
information that can be processed in the information model.

The digital capture of the work, once done, and its corresponding translation/interpretation 
in terms of information modeling (from point clouds to parametric objects) can be related to the 
digital systems for periodic measurement of the superstructure’s functional status.
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Interconnection, intended as systematization, as relational factor, found its first manifestation, 
in its rapport with the territory, in alignment. From this viewpoint, the most interesting theme is 
not that concerning the structures themselves but rather the track, the signalling, the communica-
tions and the rolling stock. After all, the most appropriate and original meaning of Digital Railways 
certainly does not belong to Information Modeling.

In the first two cases, what is important, in fact, is the heterogeneity of the disciplines and com-
petences involved and which must be coordinated and integrated as quickly as possible, so much 
so that the parametric objects contained in the federated information model cannot be derived 
simply from a normalised list (BIM Library), but must descend from a design-based process con-
tinually supplied by calculation and modeling environments.

The heterogeneity of the disciplines, in actual fact, is higher in this case, more so than in other 
situations.

This passage clearly shows how much the design process – allegedly in presence of a Com-
putational Demand, i.e. a pool of clients that knows how to express itself in terms of data, and 
regardless of any consideration about the LODs (levels of development or definition) specific to 
the rail sector - is created in terms of cognitive (and cultural) methods and develops according to 
(abstract) calculation methods and their models, and then with difficulty and perhaps discontin-
uously transforms into the famous parametric objects of information modeling.

All of the authentic digitization projects for the design process of infrastructures show, in fact, 
how the concreteness of the objects (certainly virtual and digital but, somehow, already tangible) 
cannot but flow uninterrupted from the (often numerical) theories that underlie specialised cal-
culations and projects.

Reference to this argument explains the importance that, especially in the field of Underground 
structures, the historical, experimental, capitalised data have as input element in dedicated design 
solutions.

This remark reveals how, on the one hand, the digitalised capture of the visible is fundamental 
for the Rail BIM, starting from the updated (and therefore changeable) knowledge of the territory, 
all the way to the periodical monitoring of the line (the efficiency status of which often generates 
considerable concern for the safety of the trains transiting on them).

Indeed, the information modeling of the assets composing the infrastructure not only in ge-
ometrical-dimensional but also alpha-numerical terms, is called to reflect data configurations and 
structures along all of the phases of the infrastructural process.
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Mention of the theoretical calculation and data models anyhow implies mandatory reference 
to the so-called Common Data Environment.

Once again, it is Crossrail that points the way towards the development of these eco-systems, 
these platforms that today, however, mainly remain environments for the sharing and correlation 
of documents.

It is obvious, however, that it is the data, computationally addable and structurable according 
to precise aims, that takes center stage in the digitalised processes pertaining to the rail sector, 
starting from the initial Briefing all the way to the Operations, as indicated above.

In perspective, for this reason the Rail BIM field is increasingly feeling the need to place Data 
Scientists to work next to the BIM Managers and BIM Coordinators, because computable and 
structured data are the lowest common denominator.

After all, the aim is to come closer to the decisive horizon of the rail mobility system’s digitiza-
tion theme, especially where passenger traffic is concerned, namely rolling stock.

First of all, similarly to what happens in other contexts, obviously the most important thing is 
operation. The investment is measured from the launching of the Operations, and not from the 
conception, but it is the former that should be forcefully introjected into the original Briefing.

In the first instance, this aspect more closely connects the computational logics of the construc-
tion infrastructure sector with those of mechanics.

One must consider, however, that at the origin there may be, for example, Bombardier or Hi-
tachi together with companies that supply services in the Smart City within the general sphere of 
the Internet of Everything, as already acquired and experimented on several occasions.

Following this strictly technical profile, one can state that, as already seen in Australia, it is pos-
sible to use space programming applications in order to set the information requirements of a sta-
tion, for example. Within this context, the use of crowd simulation software in US stations provides 
several precious ideas about the notion of digitization applied to Service Provision.

Notice also how one can add to passenger (and personnel) flow simulation inside the sta-
tion the use of tools based on game engines that, beyond the prevalence of the strictly technical 
and disciplinary aspects, reinforce the consequences of the service connected to the rail infra-
structure.

The same applies to the use of immersive environments during the design phase that should 
involve both the train crews and the panels of potential clients.

The story told by High Speed Two about the personalised travel experience extended to the 
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before and after (Customer Experience) says a lot about the digital challenges that are essentially of 
a behavioural kind.

In this case, in addition to the collective procedures for passenger interaction or inflow and 
evacuation – because one must not forget that these tools are also used to assess security pro-
cedures, considering also the need to fight terrorism – one analyses the individual with his/her 
preferences and specificities. A feature of the story is the situation of the perspective passenger 
who, after being traced still caught up in London traffic, is offered the possibility of changing his 
reservation, because it is estimated that he will never reach the departure station in time, and is 
therefore guided step by step to the chosen spot.

Similar to this is another idea that, by involving Transport for London regarding the London 
station of Canary Wharf, calibrated in real time several passenger flows directed towards the new 
housing development of Cognicity.

The rise of Information Modeling in the field of railways have certainly taken on various forms, 
ranging from the infrastructuring of the mobility of entire sub-continents, such as in Australia or 
in China or of macro-regions such as the Middle East, to the the restoration and replacement of 
the viaducts in Germany.

I previously mentioned machine learning, which is starting to be used for the designing of 
tunnels, seeing the importance of the previous cases, but the wish to create an Infrastructure as a 
Service, guided by Artificial Intelligence processes, is driving High Speed Two, for example, to create 
veritable Data Models and to hypothesise a data processing environment rather than a document 
sharing environment, something somewhat similar to what emerged in Crossrail.

High Speed Two talks about ‘a systemic and temporal digital representation of the physical and 
operational railway, along with information on its functionality and utilisation through an inte-
grated environment in which high quality, reliable and accurate graphical and non-graphical data 
is made available to everyone through an appropriate, secure, role-based, user-focused interface for 
exploitation.’

The logic and temporal progression, in this field, is as follows:
• System Capability & Performance Requirements
• System Functional Design
• Sub-System Behavioural Design
• Detailed Design with High Fidelity + Credibility + Optimisation System 
• Virtual Sub-System Integration
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• Virtual System Integration
• System Integration & Testing

In concluding this brief analysis, it should be noticed how digitization, no matter which envi-
ronment it operates in, brings to the surface two consequences of innovation and of change, i.e. 
increment and radicality.

The latter consequence, which is also the most interesting, directly concerns the identity of the 
players and the nature of the products.

It is not necessary, however, to evoke ‘uberification’ phenomena (when stating, for example, 
that the largest rail operator is not the owner of the network or of the rolling stock) or assump-
tions whereby the subjects must exchange roles, but it is necessary to observe how, if one must talk 
about confusion, it concerns the fact that new products and new services linked to mobility may 
see various types of players (and of competitors) converge towards the center of an unexplored 
market.

The already described travel story told by High Speed Two starts and finishes far away from 
the station or the railway, as if to indicate that the recent (or potential, even) client must be traced 
when at work or when caught in city traffic, for example, and accompanied all the way to his final 
individual destination, well beyond the station of arrival, on his own premises.

Clearly, as with the Fourth Industrial Revolution, the integration between systems appears key 
to understanding the re-examination of the identity of the rail infrastructure, on the brink of the 
long-awaited liberalisation of rail transport at Community level as well as of the hybridization 
between road and rail mobility on which recent government policies have been based.
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1.5.
The need of a specific approach 
to BIM for infrastructures

Edoardo Cosenza
UNIVERSITY OF NAPLES ‘FEDERICO II’

Infrastructure-Building Information Modeling (I-BIM) is the system used for the digital man-
agement of infrastructural construction information processes. Since the definition is fairly young, 
sometimes the terms “Heavy-BIM”, “Civil Information Modeling (CIM)” and “Horizontal-BIM” 
are used to distinguish it from the construction BIM used for spot and vertical structures.

Today, BIM has become highly attractive to all of the players in the infrastructure sector. Eu-
ropean Directive No. 24/2014 recommends the use of “building information electronic modeling 
tools or similar” in procedures for the procurement of goods and services by the public adminis-
trations of member states.

Actually, the application of BIM to infrastructure generates changes of an instrumental nature 
but, most importantly, a change in paradigm process-wise. The innovation concerns all of the 
organizations involved in the chain, regardless of whether they are internal or external to it, and 
the relations with every other structure participating in the process. Therefore, starting from the 
clients, it involves designers, enterprises, component and software manufacturers, operators, uni-
versities and public and private research centers, and every stage of the life cycle of the structures 
are affected by it, from strategy planning to operation.

The theme central to the digitization of constructions is interoperability, namely the possibility 
of exchanging data among the various information operators using non-proprietary file exten-
sions to increase the efficiency of the production chain while simultaneously boosting competi-
tion among the suppliers of technologies and services.

The parametric modeling of the infrastructural solid, and its relations with wide-area manage-
ment tools therefore requires specific standards.
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The first step towards the extension of the IFC format to Infrastructures has already been 
taken and in particular regards the geometric model of the route (bSIFinalStandard [1]), while 
the complete standard for infrastructures is still being processed care of the (bSI and OGC Open 
Geospatial Consortium).

To date, the most commonly used standard for infrastructures is LandXML (Fig. 1 [2]), be-
cause it favours the so-called “collaborative model”, i.e. the operational interaction among all of 
the professional figures involved in the digitization process.

Figure 1. Data structure for rail infrastructure as per LandXML standard [2]

The slower evolution of infrastructural parametric models compared to those commonly used 
in the construction sector stems from the evident greater complexity of the former. The digital 
objects for large-sized works, in fact, feature heterogeneous relational bonds with a large number 
of other territorial models of context.
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The new Procurement Code envisages the rationalisation of design activities and of the related 
verifications via the progressive use of specific electronic methods and tools, such as those for 
modeling in the construction sector and for infrastructures. The use of the latter can be requested 
by the commissioning bodies for new works, for recovery or requalification projects, and for var-
iants, which means they can also apply to infrastructures.

The use of information systems can be requested only by commissioning bodies that have ad-
equately trained staff, especially when it comes to infrastructures. This means that the digitization 
of the process implies the training of new and highly qualified professional figures having specific 
roles to be inserted into their specific work flows. The main professional figures that should be 
created are the information operator and coordinator and, at the operational level, the informa-
tion modeller who, in the case of infrastructures, plays a significantly important and complex role.

The “Decreto BIM” (BIM Decree), that actuates the Procurement Code, from January 1st 2019 
established the mandatory use of information modeling in public works for complex projects with 
a basic bid price equal to or greater than 100 million euros, and therefore pertinent in primis to 
large infrastructures.

The UNI 11337:2017 standard deals with the digital management of constructions and, more 
specifically, in Part 4, with the information-based development of models, drawings and objects 
for territorial interventions and for infrastructures.

BIM for infrastructures actually has already started to grow in our country. It was introduced 
by Italferr through a specific regulation for the qualification of suppliers of “BIM Services”; by 
Ferrovie Emilia-Romagna as a requisite for admission to bidding for the restoration of the ballast 
of the Novellara-San Giacomo line; by RFI as favourable requisite in bidding for the integrated 
tender for the doubling of the Palermo-Catania railway line; by Ministry of Infrastructures and 
Transport (MIT) with the information specifications for the works related to the building of the 
new cycling-pedestrian bridge “della Navetta” in the Municipality of Parma; by BBT SE via the 
“BIM specifications” for the modeling of the Main Brennero Tunnel; and by ANAS in the special 
BIM specifications [3].

The methodological approach to BIM for infrastructure is significantly different from that 
usually used for spot structures and for construction in particular. The dichotomy between verti-
cal BIM and horizontal BIM, as they are often called, mostly stems from a more recent application 
of BIM tools to linear infrastructures, compared to the use of BIM for construction organisms, 
and therefore from the inferior maturity of the information tools, of the standards and of the pro-
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cesses. Until now, the simple transposition of the approaches developed for construction BIM to 
infrastructural works has not been as successful as expected. The problem lies in the peculiarities 
of infrastructural works, in which the interaction with the surrounding environment and with 
the territorial context is certainly central, and in which the disciplinary specificities of the various 
infrastructural works and the construction chain are significantly different from those governing 
construction production. Hence, the path towards infrastructure BIM requires an approach all of 
its own and capable of developing, as we learn from BIM, firstly from an analysis of the aims we 
intend to pursue, i.e. “with the end in mind”. In short, we must ask ourselves in which way BIM 
tools and processes can improve the efficiency of the design, construction and maintenance chain 
of infrastructural works. The BIM revolution, in fact, as seen in its application to construction, 
features a cluster of methodological, instrumental and process-related innovations used in various 
phases of a work’s life cycle. These compose the BIM’s technological system, but they are all quite 
different one from the other. So, the definition of which of these should be transferred into the 
production chain of linear infrastructural works is key to achieving the highest benefits, in terms 
of efficiency, from the use of the BIM system applied to infrastructure.

The advanced modeling of construction industry components and systems, for example, leads 
to undisputable advantages during the design, construction and maintenance phases of construc-
tion works. With infrastructural works, it is not as certain that the processing of objects to very 
advanced modeling levels, geometries included, will bring the same benefits. Or rather, the scarce 
availability of libraries of infrastructural objects, or the difficulties met in parametrising the ob-
jects’ geometries, many of which have unique characteristics, are often quoted as being the main 
obstacles to the use of BIM for infrastructure. It is really so important for infrastructural works? 
It is the opinion of the authors that, while waiting for these tools to mature for infrastructure 
too, it would be better to push in other directions. The interoperability between territorial data 
and design data, for example, that is a marginal aspect in vertical works, instead becomes central 
in infrastructural works. Better still, the design and management of infrastructures can benefit 
greatly from the standardization of data production and exchange processes, of the interaction 
among specialist design phases, of the management of the data sharing environment, as specified 
by national and international standards, including the Italian UNI 11337.

In conclusion, the authors wish to express their full conviction that BIM is capable of making 
infrastructure design and management processes more efficient. The use, tout court, of the BIM 
tools and methods developed for the construction industry, without adapting them to the specific 
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aims of the chain for the construction and maintenance of linear infrastructures, however, may 
prove complicated and ineffective and may slow down the process of transition towards digital 
tools and therefore lengthen the time to the achievement of the benefits that could come of it. It is 
therefore necessary to proceed with a widespread and complete assessment of the efficiency goals 
we intend to reach, of the tools that should be used in the various phases of information manage-
ment, and of the processes and standards that should be defined specifically for infrastructures. 
For these reasons, this publication is indeed a precious contribution in this direction and can help 
our construction industry successfully complete an effective transition towards the digitization of 
information management tools and processes.
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1.6.
Building Information Modeling:
new relations and new contractual models

Giuseppe Martino Di Giuda
POLITECNICO DI MILANO

As regards digital transition, the construction industry is behind with respect to the other 
manufacturing sectors, as the digitization index assigned by the McKinsey Global Institute report 
of 2017 shows. In its report on the competitiveness of production sectors in 2018, ISTAT signals in 
this sector a very low propension towards Digitization, at least in Italy.

In 2014, the Community Directive 24/2014/EU was issued that, together with the 23 and 
the 25, are in fact changing the public procurement scenario in the European Union. These di-
rectives have introduced, for the first time, the concept of digital transition of processes via the 
introduction of information modeling, mistakenly taking it for a mere tool.  The Italian Legis-
lative Decree No. 50/16, in application of the European directives, has brought into the Italian 
Legislation the theme of information modeling and has extended it in the widest sense possible. 
“Specific electronic methods and tools such as modeling for the construction and the infra-
structure sectors” can be required. The change in methodological paradigm is further defined 
in the opinion of the so-called ‘Correttivo’ (Amendment), in which one clearly sees the Legisla-
tor’s intent, that remarks how “the Government would do well to define a national digitization 
strategy in the construction and public works sector containing measures and methods such 
as to ensure the gradual conversion of said sectors from traditional models to more innovative 
ones, starting from the ministerial decree mentioned in Art. 23 §13 of the code, aimed among 
other things at the introduction of specific electronic methods and tools for the construction 
and infrastructure sectors (Building Information Modeling or BIM)”. This methodology should 
be able to act as the glue capable of mending the fragmentation that is plaguing the construction 
sector and is paralysing its productivity, as observed by Eastman and Sacks, as well as by the 
major economic think tanks (e.g. McKinsey, Ellen MacArthur Foundation), that are identifying 

Italferr: Building Information Modeling



32

in the change in relational schemes among stakeholders one of the possible solutions towards 
making the sector competitive again. 

The advantages to be obtained by the conscious adoption of the BIM methodology, suggested 
by the European directives, are boosting the legislation into creating environments for the devel-
opment of the procurement process that feature information sharing, flow transparency, elim-
ination of waste and reduction in variants and disputes. Usually, in the construction sector the 
processes are linear: one starts with the expression of the requirements and proceeds with the 
validation of each phase. The work flow, however, imposes that there be interaction between the 
client and the project only via the request of initial requisites and specifications. Conversely, in an 
integrated process like the one that can be developed using the BIM methodology, the work team 
continuously interacts with the client, receiving its inputs and implementing the project’s compli-
ance with the requests of the client and of the stakeholders.  

Despite the fact that the current context requires significant efforts to achieve the digital tran-
sition towards the adoption and efficient use of information modeling, in order to kick-off this 
change it is necessary to update the juridical and contractual aspects typical of public procure-
ment.

The integration of digital methods into the construction sector has been claimed by various 
member States to be the solution to the problems of inefficiency suffered up to this moment. Via 
the integration of this methodology into the public sector it would be possible to make the pro-
curement processes more transparent. This methodology makes the entire process more efficient, 
effective and convenient by using parametric information models capable of guaranteeing the 
transmission and management of the data among all of the participants. This change consequent-
ly improves the control over design and execution costs, allowing contractors to comply with the 
scheduling planned and to reduce the number of variants during construction. The development 
of procurement by means of a digital process favours the coherent sharing of the information 
among all of the participants during each execution phase of the contract.

To activate this change, however, one needs the presence of a digitised clientele heading 
the procurement process, namely rational, competent subjects suitably trained to execute the 
role and the tasks they are called to perform. These are fundamental aspects, because the cli-
ents have control over the choice and methods for selecting the suppliers of design services, 
the contract awarding and realization process and the overall technical characteristics of the 
structure.
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Even with a different attitude of the clients, when a traditional procurement process is ap-
plied, the stakeholders are placed in such a position as to apply competitive practices that trigger 
phenomena of asymmetric information aimed at satisfying personal interests. In this manner, all 
of the participants behave speculatively instead of cooperating in the optimization of the final 
result. Thus, as indicated also by De Maio, contract type regulates the relational structure between 
the contracting parties, driving them to behave opportunistically or collaboratively. Tradition-
al contract trigger opportunistic approaches that oblige the various stakeholders to pursue their 
own interests and cause a decrease in contract performance due to re-processing and to lack of 
optimization of the entire process and of cooperation within the supply chain. Digitization of the 
processes aims at creating a shared and common workplace capable of streamlining communica-
tion between the parties, although, if not supported by an adequate contractual structure, it fails 
to achieve this purpose.

The relations between contracting parties comprise various possible relational equilibria (e.g. 
the Nash equilibrium), from which information asymmetries may or may not generate. Different 
equilibria are possible, according to the sharing or not of the information among the subjects 
involved. The mechanisms of cooperation are triggered at the moment in which the subjects can 
communicate and share the information relating to the decisions they intend to make. In this way, 
it is possible to guarantee the achievement of globally better results according to the hermeneutic 
approach of game theory. The free circulation of information leads to types of behaviour that do 
not maximize the pursuit of personal profit, but rather favour the achievement of results that are 
better and more advantageous for the group. The contract becomes an important regulator and 
mediator of the relations between operators. The procurement contract, in fact, performs three 
functions: (i) supervision and limitation of the subjects’ opportunistic behaviour, (ii) coordina-
tion and alignment of the participants’ actions, and (iii) adaptation and management of future 
uncertainties present in the operating context. The collaborative procurement contract lays the 
foundations for the implementation of relational strategies aimed at the sharing of objectives. 
To structure an integrated process it is necessary to have a change in mentality, in mindset and in 
contract structure. The traditional vision of the contract is now expanded by assigning to it the 
function of supervising and limiting the opportunistic behaviour of participating subjects and 
hence of preventing information asymmetry. 

The coordination and adaptation functions prove to be very important in managing waste 
and the pursuance of the objectives of Lean Construction within a context of non-heteroge-
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neity of information flow. Indeed, given that the work environment in the construction sector 
envisages interaction between different disciplines, the optimization of the process is obtained 
only when the contract is capable of keeping the objectives aligned and the relations between 
the parties correctly organized, so as not to generate situations of overproduction of roles and 
delays or the execution of useless actions. This joining of competences is featured, in the various 
phases of the construction process, by the presence of professional figures put in charge of tasks 
and with responsibilities univocally defined by law. This kind of conflictuality in relations is not 
found in a collaborative process where the subjects involved are seen as parties working together 
towards a shared objective. The scientific literature has identified in traditional contracting the 
main cause of the sector’s fragmentation. After all, it is the contract that establishes the relations 
between contracting parties.

The swift technological developments that are driving to the adoption of information mode-
ling have been much quicker than the updating of contract types. This change has led to the gener-
ation of a regulatory vacuum regarding the methodology: it is impossible to speak about BIM and 
of collaboration without implying a significant change in society and technology, and especially in 
the legislative structure on which the entire process is based. The need expressed by the sector has 
led to the constitution of an intra-university centre called CCLM, Centre of Construction Law & 
Management, namely the first research centre in Italy to focus on construction law and manage-
ment and that investigates on the LegalBIM theme. It is a meeting of three excellent universities: 
the University of Milan, the Politecnico di Milano and the University of Brescia. The CCLM works 
in the field of research and education in the construction sector, integrating interdisciplinary com-
petences in the fields of law, engineering and architecture.

Some countries, such as the UK, China, Brazil, Singapore, Norway, Sweden, Finland, France, 
Germany and the United States have adopted new forms of contract that create a formal bond 
between the client and the BIM methodology. Conversely, today in Italy this innovative method-
ology is put into contracts and agreements by bending current contracting practices in order to 
integrate the innovation. In view of the countless disputes that this has generated, the attempts 
made by many commissioning bodies to request information modeling via traditional contracting 
structures is leading to not too promising results.

At European level the proposal to replace opportunistic contracting with collaborative con-
tracting has been put forward by the TG80 group of the "Conseil International du Bâtiment" 
(International Council for Building). The discussion has focused on the legal and regulatory 
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aspects generated by the introduction of information modeling. To this end, relational models 
for the development of integrated projects have been proposed to improve the collaborative 
processes among the players of the construction sector. The United Kingdom was the first coun-
try in Europe to develop and implement at national level a collaborative form of contract. The 
first experiences in collaboration, however, dating back to the early 2000, met with the usual 
difficulties as well as with the reluctance of part of the sector. The Public Administration showed 
particular aversion to its use in public contracting, due to the radically different conceptual 
approach it is based on. An example of this is the only sporadic use of PPC2000 in UK public 
procurement. 

To avoid the same reaction in the Italian context, and in view of the lack of a contracting struc-
ture capable of meeting national legal requirements, the CCLM scouted the world to find the con-
tract model most in line with the new contracting code that would not require, however, a radical 
change in approach in calls for public tenders. They found as reference the FAC-1, Framework 
Alliance Contract, a UK standard, as the type of collaborative contract to be imported into the 
Italian regulatory scenario. Its peculiarity is that it is a contractual model, an atypical feature in the 
Italian construction industry but commonly used in the manufacturing, services and IT sectors. 
Although it is a contractual model, it is capable of accepting a greater variety and complexity of 
cases because it was developed by a group of people with heterogeneous competences. To the con-
trary, the European panorama abounds in examples of proven contractual models that regulate 
relations in the building sector. The standardization of the contract clauses allows the contracting 
parties to concentrate less on the actual contract terms during the negotiation process and to focus 
more on the subject of the contract because the body drafting the contract acts as a figure super 
partes, thus guaranteeing the equity of the contract itself.

The Italian FAC-1 (Framework Alliance Contract) constitutes a framework allowing to reg-
ulate relations between several subjects involved in one or more projects, defined as ‘Programs’, 
by interconnecting several contracts so as to favour the collaboration and cooperation of the 
various activities. By entering into a FAC-1, the parties commit to operating in a spirit of co-
operation and to perform activities, called "alliance activities", in addition to those specifically 
connected to the exercise of their functions, envisaged in the original contract, in order to gen-
erate added value in terms of time and cost savings in organizing the work site. The CCLM, in 
collaboration with Prof. David Mosey of Kings College, London, worked towards importing the 
FAC-1 and to adapting the collaborative contract model to Italian law. This process of adapta-
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tion did not solely consist in a mere translation, but rather in its radical transformation in order 
to shape the contents into a different legislative context. The process was developed thanks to 
the cooperation of academicians and professionals from different educational sectors, who were 
able to exchange information and fully comprehend the contractual implications thanks to their 
varied competences. The transversal analysis performed was then examined by institutions, re-
gional bodies, universities, sector associations, representatives of administrative law and private 
operators.

Collaborative contracts are ready for information modeling the importance of which, ac-
cording to the survey conducted by OICE, is growing steadily on the Italian market. For this 
reason, the study they conducted shall provide the market with solid grounds for the divul-
gation of collaborative methodologies such as BIM. By means of this relational change, the 
alliance members align their objectives towards a common goal, hence optimizing the project 
and reducing inefficiency in the sector. The collaboration that arises among stakeholders would 
otherwise be difficult to achieve via a traditional approach. This change involves improvement 
in the management of processes that will lighten the Public Administrations’ burden in the dig-
ital transition process.
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1.7.
Information management,
project management and BIM

Antonio Vettese
NATIONAL COUNCILLOR OF OICE (ASSOCIATION OF ITALIAN ENGINEERING,
ARCHITECTURAL AND TECHNICAL ECONOMIC CONSULTING ORGANIZATIONS)

The term BIM and the phenomenon it evokes are accompanied, in the construction sector, by 
the unusual expectation of disruptive novelty that announces a break with the past.

In actual fact, even though we will be seeing a significant transformation in how we develop 
processes, the typical methods used by designers, contractors, maintenance operators and manag-
ers that till now have represented the good practice will not be eradicated or altered.

Solid professional competence will still remain the indispensable ingredient of an operational 
method that, after surely being enriched by greater digitization, will be capable of more easily 
generating the results, in terms of quality, effectiveness and efficiency, that are expected by a good 
project management. 

Anyone chasing hyperbole will therefore risk missing the point. Those who, instead, will do re-
search, practice with consistency and verify in the results obtained the best combination of meth-
ods and tools will find it easier to promote their capabilities with a higher degree of digitization 
and will gradually but increasingly start reaping the benefits of BIM.

This brief evidence is based on lessons learned in many practical experiences featuring the 
constant effort to improve the project management techniques and the expected results via the 
development and availability, during the decision-making phase, of information that was increas-
ingly more complete, timely and specific.

The best combination of process organization methods based on project management and of 
the most suitable digital tools – suitable because they are increasingly more performing and per-
vasive of all processes – has been the leitmotif of the experiences that are the most convincing for 
the results obtained. This combination has been used as reference, including most recently in the 
OICE pilot projects, in interpreting the so-called ‘BIM phenomenon’.
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Reference was made to it in characterising the three BIM Forums organised by OICE in Milan 
in 2016, in Rome in 2017 and again in Rome in 2018 and in 2019, and it was what set them apart 
from similar events.

As you will see in reading further on, this approach has been confirmed by the best practices 
found internationally, and mostly in the UK and the USA, from which we have taken most of the 
ideas that were then processed in an original way to meet our specific needs.

Reference will be made to the standards and best practices that we found the most inspirational.
The short course narrated in this note starts from Project management-based considerations 

on the relationship between information and the decision-making process and on the need to im-
prove the information to make better decisions that are expected to be effective, and sketches the 
path for obtaining this improvement by means of a more advanced digitization process supported 
by a coherent organization of the processes.

Merit will be given to a gradual approach that, within the context of a development strategy 
acting as framework, will allow to achieve increasing goals of utility and advantages.

The gradual approach imposed by sustainability, by the economic aspect such as investment 
in new tools and in the training of human resources, by the settling time one must allow for the 
resources to evolve (both in terms of organization and of aptitude) is also imposed by the still 
ongoing evolution of the functionality of the tools towards increasingly integrated and circular 
operational methods.

1.7.1.
Relationship between information and the decision-making process

The aim of Project Management is the development of a project process based on preset objec-
tives and their closest achievement.

The project, in its most globally accepted meaning, is a process of transformation that allows to 
meet specific needs using input data and in compliance with constraints.

The interaction between the various entities is what defines the complexity of a process.
The information exchanged allows the interactions, the effectiveness of which in terms of project 

outcome depends on the quality of the information used and on their targeted and timely exchange.
The organization of these interactions necessarily implies the organization of information flow.
The effectiveness of the organization of information flow is measured against the effectiveness 

in generating decisions capable of routing the development of the processes onto the objectives.
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Where this topic has not been addressed and resolved with the required precision, the results 
have not been satisfactory.

Would it be useful to evoke all of the cases in which this occurred? No because they are too many.
Suffice it to mention, one for all, the important UK infrastructural project that failed grandly 

and notice how in its audit reports, shall we say the British Court of auditors cited among the 
causes of failure the ‘poor information’ made available to the ‘management’.

The ratio between quality of information and quality of the decision-making processes using 
it has been (and still is) one of the most discussed themes in the development of adequate Project 
Management techniques that, for example, have always considered as an effective method the or-
ganization of project data, of drawings, of content developed in the various phases of the structure 
and the use of structure breakdown as a very important element of the univocal and integrated or-
ganization of all complex elements (regulations, costs, time schedules, resources, etc.). One could 
say that, because of this, composition is a platform and the disciplines meet on the parts of the 
structure, in the organization of the data.

This is precisely the aspect that will be exalted in BIM via the functions placed at our disposal 
by the new IT tools.

1.7.2.
Relationship between Information Management 
and Project Management, BIM 

Project management is not the only one focusing on this theme. The relationship between in-
formation and decision-making processes is the principle of reference on which the Information 
Management behind the BIM applications is structured.

Standard ISO/CD 19650 - the final emission of which is long due with respect to needs and 
should be ready soon – dedicated to ”Information management using building information mod-
eling” lists, among its aims, the development of timely information suitably organised to help 
decision-making processes.

The opportunity to be taken here consists in the prospect of better results offered by the func-
tions of IT tools, that have grown towards an increasingly easier integration of the operators ac-
cording to circular collaboration methods, to generate, organize and distribute more complete, 
univocal and repeatable information.
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The information flow among the various entities, structured on the value chain according to 
project management logic, can be speeded up, made safe on the last usable version and used for 
decision-making with greater confidence.

The model is conceived as a platform into which all of the disciplines converge to create value, 
no matter which tools are used to generate the information and after adequate organization of the 
exchanges. Every player, owner of its own process, benefits from the information inserted into the 
model by other team components. The design changes that are made to the model by a given dis-
cipline effect the definitions of the other disciplines. The information used is constantly updated 
based on the latest design proposal.

And so on, talking about the advantages that can come from an increasing digitization of the 
processes and, in general, to use the most commonly used term, from BIM.

Today, however, information is still being developed, in the various phases of the project’s life 
cycle, using software tools that feature different digital complexities, ranging from simple Word 
or Excel sheets to technical analysis software and finally to Authoring systems with 3D modeling.

Authoring systems have still to achieve a level of functionality such as to develop all of the in-
formation to be generated in a project via a single tool. 

Information modeling is performed using various tools and its integration into a flow that 
makes factual sense, in terms of project outcomes, requires even more stringent methodological 
rigour in identifying the information to be generated and as regards how to exchange it, between 
whom, and when.

Information exchange methods shall be defined with increasingly greater effectiveness and 
ease, the more detailed is the definition of the reference to the expectations of the decision-mak-
ing processes.

It will be even simpler to find solutions for solving the issues that may arise by having different 
tools dialogue one with the other.

The objective of the attempts shall be to prevent “inaccurate and inconsistent deliverables” (US-
ACE – Minimum Modeling Matrix – Page 42 Fiatech Overview).

One returns to the starting point of Project Management, to the relationship between adequate 
information for effective decision-making processes. 

So, if one needs to make the system evolve gradually, “it is advisable to implement BIM, grad-
ually in terms of level of automation applied to information development and exchange, but fully in 
terms of process organization and procedures to deliver adequate information”.
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1.7.3.
Definition of strategies and goals

Once the strategy and the objectives to be achieved (Goals) have been defined, one must iden-
tify the processes and the contributions that every process brings to each specific Goal.

a. Which strategies? 
The development of the strategy is specific for each entity involved in BIM implementation 
and one may speak of:

 – strategy of the Owner to optimise the value of the investment in its life cycle and to op-
timise the executive processes;

 – strategy of the designer and of the contractor to optimise their own executive processes;
 – strategy to optimise the supply chain.

The Owner is the pivot of the experience in the USA and the UK in BIM development.

b. Which goals? 
One may start, for example, from the goals defined in a precise manner in the BEP developed 
by Penn University or suggested by PAS 1192 and calibrate actual goals on the improvements 
deemed of strategic importance in a project or in an organization.
For lack of space and time, it is sufficient here to invite readers to consult the references that 
will provide them with an exhaustive treatise of the topic.

c. The BIM Use by Goal and by Process are defined.
In addition to the teachings of Pennsylvania University, I would like to mention those that 
one could call Adapted BIM Use, i.e. the combination of applicable methods and tools that 
can be applied to achieve the established Goals, taking into account the special situation in 
which the organization that has defined the strategy in terms of tools finds itself.
The Adapted can take into account methods and tools that are already available as well as 
methods and tools to be implemented along the way (i.e. in the Road Map defined together 
with the strategy).
The concept of the Adapted has been tested with interesting results in the OICE BIM case 
studies developed and is in implicit in the gradual approach. 
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1.7.4.
Conclusions and a few suggestions

Per concludere si partecipano alcune considerazioni maturate nella pratica del tema (da sem-
pre nel rapporto informazioni, processi decisionali e poi introduzione di sistemi informatici con 
complessità crescente e infine BIM) e si offrono come suggerimenti o semplicemente come spunti 
di riflessione:

a. One should define the results one wishes to achieve by implementing BIM (Strategy – Goal) 
in terms of improvement in the “Waste” areas in the pre-BIM processes, but always identi-
fy the metrics for measuring the results obtained with the transformation (make sure the 
“waste” areas have actually been reduced).

b. Assess the current status of organization in terms of tools and resources, and make the tools 
as well as the human resources evolve while avoiding emargination of the analog natives and 
breakaways of the digital natives.
Promote collaboration between generations (Generation Game): combining by theme a an 
(analog native), an andi (analog native, digital immigrant) and a nd (native digital), identify-
ing the limits reached with the best current combinations of methods and tools by the an and 
the andi, setting improvement goals and reasoning, with everyone’s help, on how to overcome 
them using new digital developments. 
Let’s start with existing practices, then, and let’s identify their limitations, chart expectations of 
improvement and imagine their evolution with the inset of new instrumental and operational 
opportunities. 
This exercise could help us create the complicity required to overcome mutual diffidence, to 
acknowledge the worth of the past and to not fear the future.
The generations must coexist and cooperate. It would be a tragedy if BIM were to be seen as an 
element of discrimination and of division.
The software houses sponsoring the Forums have championed the idea of dedicating webinars 
based on these methods, and we expect to see interesting results.

c. Prepare a program in which the evolution of the IT systems cannot precede or replace the ar-
rangement of the processes according to precise project management logics.
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Avoid applying BIM only for the issues connected to the use of IT tools, but make sure that 
the information flows are correctly structured in relation to the decision-making processes 
that use them. Stress the concept of suitability of information as regards the expected use 
that can be identified in the code of the information itself (see ‘tool kit’ further on). 

d. Report the BIM process to the Project Manager, involving him/her in person:
BIM is a tool for integration. The PM is in charge of the integration of all added values and 
in all project phases. The Project Manager shall apply all of the available specialised skills and 
especially of those of the BIM Manager.

e. Consider all processes as subjects of BIM, regardless of the different degree of digitization of 
the IT tools used in each one, and anyhow build a platform of exchange and of collaboration. 
It will become necessary to characterise interoperability not only as regards information 
technology but also, and primarily, as regards the identification of the chain of information 
in creating value: which information is input and output with each process, who generates 
it, who receives it, when and for what use.

f. Identify, by process, the best tool/method combinations, and remember the refrain of the 
NBMIS of Pennsylvania University:
it is advisable to implement BIM, gradually in terms of level of automation applied to infor-
mation development and exchange, but fully in terms of process organization and procedures to 
deliver adequate information.

g. Always foresee a Start-up phase for the implementation of the design data in an environ-
ment that can be reached by all development areas and that can be used as control room 
between the expected data and the current data

h. Take into account the current limitations of the computer systems and of the different de-
grees of digitization of the processes to be developed within the same project; to remedy and 
solve the difficulties deriving from the organizational measures necessary to allow anyone 
to have an effective flow of information among the various sections of an ‘environment’ of 
collaboration in which to foster interaction between its entities.
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1.8.
Industry 4.0. BIM and InfraBIM:
education and research at Politecnico di Torino

Anna Osello
POLITECNICO DI TORINO

Although there is no exhaustive definition yet of the term ‘Industry 4.0’, derived from the 
fourth industrial revolution, some analysis tend to describe it as a process that will lead to en-
tirely automated and interconnected industrial production. When speaking of the construction 
industry, this requires: (i) the planning of a significant amount of investment for its digitization 
and for advancing the education level of the subjects involved; (ii) a radical change in the produc-
tion chain model that involves abandoning the individualism present among the various subjects 
involved in order to evolve to a relationship based on sharing and collaboration, as summarised 
in Fig. 02. Obviously, all of the opportunities stemming from the digitization process shall be 
strongly conditioned by the technological development in emerging sectors, such as the Internet 
of Everything (IoE), for example.

All this leads to a statement that leaves the construction industry with no room for interpreta-
tion: “The future is now”.

Within this context, BIM in its various forms (see Fig. 03), together with the possibility of 
constantly having billions of people connected via mobile devices with unprecedented processing 
power and unimaginable storage and access capacity, takes center stage because it isn’t just a new 
technology, but also and foremost a way of conceiving digitization unlike what we know now. In 
this scenario, universities, research and education play an essential role.
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Figure 2. Outline of the objectives of Industry 4.0 
for construction sector digitization using BIM
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Figure 3.   Possible forms of BIM useful for Industry 4.0 in the construction sector

To favour the correct transition of the construction industry towards digital, as regards theo-
retical and applied research, at Politecnico di Torino (http://www.drawingtothefuture.polito.it/) it 
was decided to focus on two essential elements, methodology and data quality, starting from an 
indispensable requirement, i.e. the ability to work in an inter-disciplinary manner, by integrating 
domains that may be even significantly different one from the other, as shown in Fig. 03, and by 
exploiting as much as possible the interoperability of the information.

The transition from a proven data management system based on CAD (Computer Aided De-
sign/Drawing) to a BIM-based system requires a considerable effort in integrating the standards 
currently used with the new elements belonging to the information flow deriving from the design 
and construction activities. This does not mean a mere change in tools, but rather and especially 
a change in habits.

In particular, as regards BIM for infrastructure (InfraBIM), although some of the benefits from 
using digital data are already evident in various works, as also shown in this publication, there is 
still much to be done as regards model contents (Building Information Model) and data exchange 
between the various professional figures and among the many usable software products (Building 
Information Modeling).

The starting point must reside in the definition and sharing of standards capable of improv-
ing the production workflows of the various professional realities, by reducing information loss 
and its non-traceability and by making its use and updating easier. As regards its explication, 
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obviously reference is made to the national and international standards, regulations and code 
systems including, but not limited to, UNI 11337, PAS 1192-2, ISO 29481 and OmniClass. To 
this end, it was decided to work not only on parametric digital modeling but also on the in-
tegrated use of info-graphic data. Indeed, one of the main problems still to be solved in BIM 
is the lack of a precise definition of the relationship between the information related to the 
various ‘elements’ composing a infrastructure (already existing or undergoing design) and the 
various ways in which in everyday practice and in various professional contexts they are studied 
in depth and exposed, using (in a not always integrated and updated manner) the different nu-
merical and text models and/or graphs.

In this regard, and especially within the context of collaboration in research with the National 
Autonomous Roads Corporation (ANAS), attention was mainly focused on two themes, as de-
scribed in the following.

The first theme regards the investigation and development of a virtual representation that 
mainly aims at simplifying the complexity of reality, in order to arrive at the definition of the con-
tents of the ‘Capitolato Informativo’ (CI – Employer’s Information Requirements) capable of tak-
ing account of the optimization of the tools useful for the definition and verification of the ‘piani 
di Gestione Informativa’ (pGI – Information Management plans, as per UNI 11337-5:2017) based 
on predefined requirements in terms of economic convenience, effectiveness and efficacy, starting 
from a detailed analysis and critical interpretation of the international literature about BEP (BIM 
Execution Plan) and EIR (Employer’s Information Requirements) already widely applied in other 
countries.

The second theme, instead, regards the definition of a library of parametric objects classified 
by work type (bridges, viaducts and overpasses; roads; bored and cut&cover tunnels; hydraulic 
works) starting from a precise definition of the Level of Development (LOD), resulting from the 
sum “LOD = LOD + LOI” of the Level of Detail (LOD) and of the Level of Information (LOI) for 
each utilization phase of the data item (design, construction, management and maintenance), de-
fining each time the nature, quality and stability of the info-graphic data each element contains. In 
this way, each data item is expressed in graphic form (as 3D virtualization, accompanied by specif-
ic 2D representations, if necessary), as well as in written and multi media form (via the definition 
of attributes for the management of product and process information).

Moreover, thanks to the joint research already completed or still under way with various pri-
vate and public construction sector operators, to streamline the use of regulations shared with the 
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BIM methodology, special attention is constantly paid to the definition of a design template, i.e. 
a digital file containing precise settings typical of the information modeling activities that can be 
stored and used for every new design.

Thanks to the use of a method founded on an iterative process for the fine tuning of the results, 
these and other activities, always based on experimentation applied to real case studies exemplify-
ing types that can be locally replicated, are guiding the group of researchers involved in InfraBIM 
research to the definition of best practices that will represent the backbone of guidelines contain-
ing an annotated collection of definitions, processes, tools and activities.

As further development and integration of what has been experimented and processed up 
to now, in the immediate future the integration of digital modeling skills typical of BIM with 
those required for the advanced innovative experimentation of (immersive, non-immersive and 
enhanced) virtual reality will most certainly bring significant benefits to the construction indus-
try during the design, management and maintenance phases in terms of the verification and the 
communication of data (see Fig. 04).

 
Figure 4.  
Use of immersive virtual 
reality for InfraBIM 
at VR@polito
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In conclusion, if in the field of research the challenge for the future will involve the integration 
of innovative technologies based on consolidated processes of digital data definition, in the field of 
training instead the challenge for the future will imply not only a wider integration among various 
training paths in Architecture and Engineering but also between the academic world and the pro-
fessional one. To this end, a post-graduate master is being created to build a professional figure, the 
InfraBIManager, expert in the construction process (from design to construction, management 
and maintenance) as well as in digital modeling, with special focus on infrastructure, in accord-
ance with the provisions of Leg. Decree No. 50/2016 and with the guidelines published by ANAC . 
The main feature of this training course shall be strongly linked to the demand for integrated work 
among a selection of new graduates (with considerable ability in the use of digital tools) and of 
expert professional figures (with proven experience in infrastructure).

Time will tell …
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Figure 5. Illustrative sketch of the integration between research, 
training and profession for the implementation of InfraBIM in Italy
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2.1.
An evolving Process

Daniela Aprea
BIM MANAGER, ITALFERR

Italferr adopted the Building Information Modeling – BIM – process in 2013, prompted by the 
foreign markets, as much as by its desire to innovate, having rapidly sensed its enormous potential.

Initially, the application was experimentally tested not on a contract, but on a pilot project for 
the architecture and systems of a technological building at Napoli Centrale station, being the as-
pects most closely associated with the development of vertical works. The present BIM Manager, 
and former Project Engineer of the pilot project, was involved from the early approach stages to 
this design transformation, and then in all the following steps.

The experimental phase served as a springboard for testing and evaluating the effectiveness of 
the method and its applications: a testing ground for assessing the receptiveness of the experts at 
Italferr, before embarking on the path to change.

The first big question was: how can we innovate while maintaining and exploiting our in-house 
modus operandi and tools? 

From then on we started on this new path, building on our expertise:
• we selected a specific CDE (Common Data Environment) based on our existing systems and 

the possible integrations with them;
• the architecture of the platform reflects the usual flows normally applied by the resources in 

their day-to-day work;
• the choice of this process by the pioneers themselves was based on geographical distribu-

tion, avoiding the deployment of resources and fostering the primary need of a thorough 
exchange, right from the beginning.

We became immediately aware of the scope of the model, which greatly exceeded the design 
area proper, affecting the totality of the Process and all its components; the benefits we perceived 
had aroused a great deal of interest, which spread to the various company departments.

Italferr and BIM: an example of excellence
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It became immediately clear how change, in all its facets, could not be implemented without 
achieving standard methods, tools, languages, structures, procedures and organisation. Therefore, 
the Management strongly encouraged the initiation of the standardisation process and its best 
possible development.

Specifically, and being aware of the fact that the use of BIM affects the Company’s entire busi-
ness process, we mapped all the Departments to define the needs, in terms of changes to the cor-
porate processes that would have to be undertaken, in order to consistently apply the method. In 
particular, as we will explain in more detail further on, the mapping process primarily concerned 
the following sectors:

• Design
• Project management and supervision of works
• Procurement.
Based on the results achieved, to date, we were quick to understand that grassroots change 

was required, from the bottom up, starting with those responsible for applying the rules and who 
encounter no end of different problems and issues. Experience clearly suggested that introducing 
the process from the top, or through people coming from the outside, would be a sure-fire recipe 
for failure.

This awareness triggered a process of osmotic transmission of knowledge, by the few original 
pioneers, through a larger population of designers, who, eventually, transferred the knowledge to 
their upper echelons of the Company, first and foremost the members of the works department 
staff; in the meantime, ad hoc training programmes were also implemented by Human Resources, 
tailored to the needs of the recipient specialists.

In redesigning these professional roles, one of the key features we discovered, in time, was the 
need to outline a unified control room, so to speak, headed by the BIM Manager, operating in the 
name and on behalf of the company as a whole, identifying the needs of the parties involved and 
making every effort to come up with viable answers.

The BIM Manager is supported by the newly formed BIM Management organisation, which, 
of course, reports directly to him or her.

The BIM Management organisation operates for all the various other Departments, providing 
the necessary guidelines for outlining a comprehensive and consistent process.
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It makes sure that the company is always up to date, liaising with the outside world, in order 
to garner any possible insights for future developments in the different Company areas; it also in-
terfaces with other companies to launch possible and interesting partnerships, as well as with the 
software developers for tailoring the products to the needs of the railway industry.

It monitors to make sure that the process, documents and standardisation, in all its parts and 
forms, are always developed in line with the Management’s requirements and instructions, as well 
as with the needs of the production lines.

A major boost in this direction came from the Holding, which included BIM in one of the dig-
itisation pillars, for constant monitoring, in terms of both objectives and achievements.

At the beginning of each year, the positions to be developed within BIM, during the year, are, 
regarding captive and non-captive contracts, in respect of both design and site supervision; several 
of these works provide for the delivery of a model to the client, while others are used by the Com-
pany as a whole, as tests relating to the different fields.

The following paragraphs contain several examples developed to date.
Our experience, and continuous exchange with the outside world, is constantly feeding our 

awareness that Italferr has all the competences and the know how to play a leading role in this 
transformation. 

Of course, a lot still remains to be done, especially with regard to the more challenging goals 
of enhancing the efficiency of the entire asset production chain, or identifying the most suitable 
solutions for interacting, in a truly “collaborative” manner, with the various partners, contractors, 
suppliers, clients, while always preserving our most precious resource, the rationale that underlies 
the world of infrastructures.

Italferr and BIM: an example of excellence
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DANIELA APREA Graduating from the Federico II University of Naples in 2002 with a degree in 
Engineering and Telecommunications, she worked until 2005 for Eisys S.p.A., a company in the 
MBDA group, in the planning and realization of C++ tools software. During this time, she also 
worked as a technician at A.P.A.T., analysing projects under review for environmental impact 
and the management of mobile labs used for monitoring physical agents in the environment, 
in addition to working with the Ministry of the Environment and Territory on projects concern-
ing electromagnetic pollution.
In 2006, she started working for Italferr S.p.A., part of the FS Italiane group, where she initially 
worked as acoustic environmental planner for hubs and railway sections and as telecommuni-
cations planner for GSMR/STSI/Systems SDH/IaP technological rail systems.
In 2012, she was appointed Project Engineer for the HS/HC Naples-Bari section and since 
2013 she has worked as BIM Manager for experimental BIM projects started by Italferr.
From 2016 to date, she has been Manager of the BIM Management group, responsible for the 
standardisation of company processes, project development and BIM resource management. 

CHAPTER 2
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2.2.
Procurement

Fabrizio Ranucci
PROCUREMENT & CONTROLS OFFICER, ITALFERR

The underlying rationale of BIM is the development of projects in a fully interdisciplinary way, 
through the use of a single shared model.

To achieve this, designers are constantly searching for suppliers capable of operating with BIM.
At corporate level, we have identified four key factors that will enable us to comprehensively 

operate with BIM: people, processes, information and technology. We need to make sure that the 
people have the right skills, that they have established the right set of procedures and have a clear 
and well-defined data architecture, and that they are certain that we are using the right to tools for 
using the data in a more effective manner. 

Externally, the intent is to operate in a collaborative way with our chain of suppliers.
Full cooperation of the work teams and the suppliers is essential to ensure the success of a project.

2.2.1.
BIM Qualification System

One of the first steps towards the creation of the BIM Supply Chain was the establishment of 
the “System for Qualifying the Providers of Support Services to the Italferr Design Teams for the De-
velopment of BIM Models”.

The purpose of this System is to define a list of service providers, from which Italferr then se-
lects the Providers it intends to invite to the procurement procedures for awarding design support 
service contracts for the development of BIM models.

Italferr’s BIM Qualification System is an evolved tool for selecting highly qualified engineering 
firms, for providing design support activities using the new method.

The companies identified through the BIM Qualification System may take part in the tender 
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procedures issued by Italferr for 8 areas of specialisation, namely, the environment, underground 
works, lighting / driving power systems, signalling systems, as well as urban planning, architecture 
and design of buildings and stations, and fire engineering.

To register with the BIM Qualification System, applicants must provide a self-certificate, to the 
effect that the applicant possesses the general, anti-mafia and technical and economic require-
ments set out in the Qualification Regulation; the actual possession of these requirements is then 
assessed during the contract awarding phase, based on a preliminary investigation carried out by 
technical, legal and administrative experts.

The service providers are qualified by category of specialisation and, within each category, by 
amount classes.

The following diagram provides an overview of the System specialisation categories:

CHAPTER 2
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The requirements that the Service Providers must possess, in order to be eligible for registra-
tion with the BIM Qualification System, are as follows.

Economic and financial capacity requirements:
• Global turnover from the provision of services, over the last three financial periods prior to 

submission of the application, which must be at least equal to a set multiplier of the sum of 
the price categories for which registration to the System is requested.

• Total personnel costs incurred over the last three financial periods, which must be at least 
equal to 30% of the total turnover for the same period, in respect of the provision of services. 

Technical and professional capacity requirements:
• Services similar to those described in the specialisation category for which the qualification 

is requested, in the best 5 (consecutive) years during the decade before the submission of the 
application, for a total amount equal to or higher than a value commensurate with the price 
category for which registration to the System is requested. 

• “Major” services provided over the same 5-year period, in proportion to the price category 
for which registration to the System is requested.

• Technical manager qualified and practicing the profession for at least 10 (ten) years.

Organisational requirements: 
• Average number of technical personnel over the past 3 years, in proportion to the price cate-

gory foe which registration to the System is requested.

Technical requirements: 
• Specific for each Specialisation Category, as shown in the Technical Datasheets provided for 

each specialisation and price category.

Quality requirements: 
• Quality System conforming to the ISO 9001 standard.

Italferr and BIM: an example of excellence
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2.2.2.
Contract Award Procedures

Italferr primarily adopts online restricted tendering procedures. 
Participation is extended to include economic operators registered with the BIM Qualification System. 
The basic tendering conditions and prices are set out in the invitation to tender and in the 

proposed draft Framework Agreement and its attachments.
Once the tendering process is completed, checks are carried out to make sure that the success-

ful Tenderer possesses the general requirements and the economic/financial and technical/organ-
isational capacities required to qualify for the “BIM Qualification System”. 

The tendering procedure is carried out exclusively with the support of electronic instruments.

2.2.3.
Forms of contract

The form of contract most commonly used by Italferr, in respect of services contracts, is the 
Framework Agreement.

The Application Contracts for the execution of the Framework Contract contain a detailed 
overview of the activities required each time, the information models and the documents to be 
supplied, the relevant procedures and timeframes for execution and the deadline for delivery, as 
well as the agreed consideration.  

Framework Agreements are flexible forms of contract, widely used in the “Utilities Sectors” and 
are widely accepted by suppliers operating on the engineering support services sector. 

Other forms of contract used are “Spot Contracts”, used in connection with engineering sup-
port services, the location and employment project of which are known.

2.2.4.
Information requirements

The Information Requirements are an annex to the Framework Agreement and the document 
by means of which the Client expresses its minimum information technology needs and require-
ments from the Contractor, in connection with a Framework Agreement.

CHAPTER 2
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It consists of a Technical Section and a Management Section.
The Technical Section sets out the technical requirements of the IT system, in terms of the 

hardware, software, data, reference systems, development levels, competences:

• Available infrastructure: the contractor, and its sub-contractors, if any, are required to use the 
data storage platform made available by the Client.

• Collaboration Platform: a platform for the collaborative management of the internal Design ac-
tivities. Interaction with the suppliers takes place by exchanging files (documents, models, etc.) 
on a dedicated Cloud. The contractor has access to an area dedicated to the project featuring 
delivery management functionalities, for exchanging files, while tracking and planning deliv-
eries. The client may use the delivery management functionalities (transmittal, submittal) to 
exchange files in digital format, including the information models produced by the contractor.

• Data supply and exchange formats: the client makes the information deliverables available 
to the contractor (graphical information models, 2D graphical deliverables, etc.), as well as 
the Basic Data deemed necessary for executing the activities. The information models de-
velopment by the client are delivered in an open format. In turn, the contractor guarantees 
interoperability by also using open formats. In particular, in the case of the use of IFC during 
the transmission / exchange of graphical information models, the contractor must use all the 
proprietary sets allowing model optimisation during the transition between the proprietary 
modeling format to the IFC format, making sure that no data essential for the achievement 
of the requirement objectives gets lost.

• Common coordinate system: the contractor ensures the congruity of the delivered design in-
formation (models, drawings, etc.) through the adopted coordinate system. The Contractor 
specifies, in the Information Management plan (IMp), the procedures used for the purpose 
of achieving the required consistency, depending on the information systems used.

• Reference system of the levels of development of the information objects and datasheets: the 
graphical information models must be developed, for each project discipline, al the required 
design level. This shall entail, in practical terms, the adoption of a reference system relating 
to the Level of Detail (LOD) of the objects contained in the information models, as well as 
the adoption of a matrix capable of specifying – for each information model – the use and 
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objectives to be pursued. Furthermore, the objects contained in the information models 
contemplate project WBS coding.

The Management Section defines:

• Strategic Information Objectives
 – Objectives of the graphical information models: the contractor is required to produce ta-

bles highlighting the objectives, within the Information Management plan.
 – Use of information models for the defined objectives: the contractor specifies the minimum 

use to be pursued, in relation to the graphical information models.
 – Levels of Development of the objects (LOD): the client defines the degree of development 

of the objects belonging to the disciplinary information models, also in relation to the 
different design phases. The contractor, in its IMp, must associate to the modeling phases 
the required LOD, at the phases and objects of the models.

• Verification and validation of the information models and the drawings
 – Determination and resolution of interferences: the contractor guarantees the control of any 

disciplinary and inter-disciplinary interferences, producing the correspondence matrices 
that it intends to use for identifying the interferences. The matrices indicate the interfer-
ence between objects belonging to the same disciplinary model, between the objects of 
a disciplinary model and the objects of other models and between the models and the 
drawings. Furthermore, the managers involved and the interference resolution proce-
dures must be clearly identifiable, based on responsibility matrices.

• Procedural aspects
 – The Application Information Requirements indicate – according to the degree of com-

plexity – which procedures must be applied, and the relevant timeframes, for the single 
disciplines.

 – The graphical information models, graphical information drawings and the documents 
are subject to approval procedures.

 – Meetings are organised from the preliminary modeling phase.
 – The frequency for exchanging data and the necessary meetings for revising the project 

and the other forms of collaboration are established. 
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• Roles and responsibilities
 – Client’s organisation structure: depending on the nature and complexity of the activi-

ties, the Client makes available personnel that is capable of complying with the informa-
tion process management, information process coordination and information modeling 
functions.

 – Contractor’s organisation: the Contractor shall specify in its IMp, in the form of an organ-
isation chart, the organisation it has put into place to carry out the information process 
management, information process coordination and information modeling functions.

2.2.5.
Application information requirements

The Application Information Requirements are an integral part of the Application Contract of 
the Framework Agreement and supplement the Information Requirements attached to the Frame-
work Agreement, in the sense that it represents a specification, in relation to the activities effective-
ly assigned under the Application Contract.

The Application Information Requirements consist in a document with which the Client ex-
presses the needs and minimum information requirements to be supplied by the Contractor with-
in the framework of each single Application Contract.

The contractor shall prepare an Information Management plan (IMp) fulfilling the relevant 
requirements framework, as expressed in the Information Requirements. 

FABRIZIO RANUCCI Civil Engineer with 30 years’ experience in the Design, Procurement and 
Construction of public works.
From 1989 to 1991, he worked as a structural and geotechnical engineer.
From 1991 to 2000, he headed construction operations of important public works such as the 
prison of Perugia, the police station of Terni and the University of Teramo, working on behalf of 
leading Italian construction companies.
Since 2000, he has worked for ITALFERR SpA, the engineering company of the FS Italiane 
Group, where he currently holds the position of Director of Procurement and Controls.
He is also Vice President of OICE, the Association of Italian Engineering Companies.
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2.3.
A new corporate vision

Diego Giacchetti
HUMAN RESOURCES MANAGER, ITALFERR

In order for an innovation process to be successful and to develop, first of all one must con-
sider the many critical factors that are involved and know how to deploy the targeted actions that 
will allow the company organization to respond in a flexible and effective manner to the change 
required. Although the transformations are not completely changing the sector, what we are expe-
riencing here with Building Information Modeling (BIM) is a new challenge for industrial engi-
neering, especially as regards aspects such as technical complexity, the planning and management 
of the interventions and, last but not least, the ability to visualise, to trigger the generation of value 
both within one’s own sphere of action as well as outwards, with the capacity to guide all stake-
holders towards the accomplishment of common objectives.

The introduction of BIM and the ensuing change management activity put in place in recent 
years has provided the opportunity to concretely address the challenges of the market and to adapt 
to the continuously evolving work scenario, thereby improving the company’s competitiveness 
and the skills of all of the resources involved.

Although the characteristics currently acknowledged as being most important in order for the 
BIM methodology to develop are integrated vision and leadership, the element that guides and allows 
for actual realisation is the constant motivation and commitment of people. This is why Human 
Resources has the important task of following all of the phases of the change management process, 
verifying and monitoring the introduction of new methodologies and of the new work methods as-
sociated with them. The drivers of change that are taking hold and that are the foundation of the dig-
italization process are innovation, curiosity, speed, agility and, most importantly, team-working skills.

The new generations have the chance to add BIM to their cultural and educational expertise, 
and their innovative drive, in an engineering company like ours, will perfectly merge with the 
know-how and experience gained by our senior resources.
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The spread of the new methodology has led the Human Resources and Organization structure 
to pick out resources who are ready for this through the selection of professionals who are experts 
in BIM (including via the constant cooperation and synergy with the universities) and through the 
training of personnel with advanced technical experience in the railway sector.

The most important challenge has been that of bringing the different approaches under a single 
and common vision of the work, by having the new and younger resources cooperate constantly 
with and shadow those with more experience, thereby streamlining cohesion among different gen-
erations.

Today, thanks to the close work and interaction between the various kinds of experience, the 
process of growth of BIM has led Italferr to create a dedicated Working Group, made up of re-
sources from the Engineering Department, that will work only on BIM projects. The ultimate goal 
is to work in a collaborative and inter-disciplinary manner.

To date, what is needed is the implementation of the BIM methodology, that has gained mo-
mentum in the project sector, into the construction and management phase of an infrastructure. 
To this end, several projects, and therefore resources, have been identified to be used for experi-
menting with BIM. The challenge now is to test the new methods of management of information 
going outwards towards external interfaces, such as contractors and suppliers, for example, so as 
to verify the model in the construction phase and for the monitoring of work progress.

In parallel with the new actions launched in the lines sector, constant and fruitful coordination 
is being conducted between the Human Resources department and the BIM Manager regarding 
the programming/planning of yearly plans for training in the use of the technical software and 
of educational BIM workshops, so that all of the resources, according to their area of expertise, 
can learn the new processes, the relating legislation or the design and construction tools, and can 
become acquainted with the results achieved and with future intervention plans.

The constant dialogue within the ‘BIM Project Committee’ (led by the Technical Director and 
assisted by the first level managers) accompanies the Management in the sharing of the strategic 
and operational activities for the dissemination of BIM throughout the company’s production 
processes. At the same time, the ‘BIM Management’ structure continues to coordinate and assist 
the various sectors on the path to using the new BIM standards.

We can claim that BIM until now has been a kind of magnifying glass that has shed light on our 
strong points as well as on the weaker points that need to be developed further, thereby allowing 
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the organization to make a change in speed that will lead to the identification of opportunities for 
growth and of innovative solutions.

DIEGO GIACCHETTI Born in 1969, he holds a university degree in Economy and Business. He 
is a certified public accountant and an auditor. He has acquired a master and specialisation 
in various schools of management, including FORMEZ and ISTAO. He has worked for Alenia, 
Sviluppo Italia, Agenzia delle Entrate and Fiat Auto. In Gruppo Poste Italiane he held various 
positions in the group’s operational, commercial and business support sectors, including Di-
rector of the Network and of Human Resources of SDA Express Courier, HR Business Partner 
in Poste Italiane, and Human Resources and Organization manager of Postel. In July 2017 he 
joined the staff of Ferrovie dello Stato Italiane Group as Manager of Industrial Relations and 
Group Labour Legislation, also holding the position of General Director of Agens in Confindu-
stria. On 1st January 2018 he was appointed, always within the FS Group, Manager of Human 
Resources in Italferr. 
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2.4.
Italferr’s BIM Management System: 
a feature of distinction and of excellence

Nicoletta Antonias
QUALITY, ENVIRONMENT AND SAFETY SYSTEMS MANAGER, ITALFERR

BIM stands for revolution in the way one designs, builds and maintains infrastructure. The 
awareness of the fact that the application of the BIM model undeniably improves project efficien-
cy and quality has led Italferr to develop a BIM Management System, certified by an independent 
third party body, with the aim of guiding the company in its effort to applying the BIM model 
and thereby allowing to organise the internal and external processes, thus facilitating integration 
within the scope of ongoing improvement.

ICMQ, the Certification Body of reference for the maintenance of the validity of the company’s 
certification of the BIM Management System regarding design, procurement and works super-
vision activities, has confirmed – with an Audit conducted in March 2019 for the renewal of the 
certification issued on 7th February 2018 – the level of maturity achieved in the organic and inte-
grated design and management of the processes via the most widespread sharing of information 
about the entire life cycle of an infrastructure (i.e. ranging from design to construction and then to 
maintenance) as well as its effective integration into the more ample Quality, Environment, Health 
and Safety System of the company.

The Management System has contributed to the creation of synergy and fruitful involvement 
between the company’s various divisions, each one aware of being an important part of a funda-
mental process aimed at achieving the concrete digitalization of construction, a key element of 
Industry 4.0.

This important result is a feature of distinction and of excellence for our company in national 
and international markets and one that confirms our role as point of reference qualified in the ap-
plication of the BIM system and, more in general, in the development of innovative methodologies.
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With a view to sustainable design, the potential of the BIM methodology can be a valid sup-
port in implementing LCA analysis directly within the BIM environment as a tool for assessing 
environmental sustainability in the construction sector. BIM methodology, in fact, is capable of 
managing a complex and varied quantity of data, thereby providing information about the sus-
tainability of the choices made already at design phase.

NICOLETTA ANTONIAS Holds a degree in Engineering for the Environment and for the Land. 
She is Manager of the Quality, Environment and Safety Systems Structure and is in charge of 
overseeing the development and the application of management systems in compliance with 
ISO 9001, ISO 14001 and BS OHSAS 18001 standards for maintaining the company’s certifi-
cations and accreditations.
As an expert in environmental engineering, in the early 2000 she developed for Italferr the first 
model of construction site founded on the Environmental Management System (UNI EN ISO 
14001), involving the contractors in the implementation of constant and structured environ-
mental surveillance during construction.
The contact person in Italferr for Innovation and Sustainability Policies, she oversees the devel-
opment, dissemination and application of environmental sustainability protocols and method-
ologies (LEED, Envision, Carbon Footprint model, LCA) to the design and fabrication activities 
of the projects, and actively scouts for innovative solutions for specific projects in application 
of the Open Innovation principle.
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for rail infrastructure design
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3.1.
Integrated Design:
Interdisciplinary Synergy

Francesco Folino
BIM COORDINATOR, ITALFERR

The complex nature of the rail infrastructure environment requires the development of var-
ious BIM models; the first assessment that designers need to make concerns the distinction be-
tween spot structures (such as stations) and works along the railway line (such as an embank-
ment). These models interact, ensuring the uniformity of the datum, and form a single Federated 
Model, an architecture capable of ensuring a single reference in terms of mutual connections and 
associations.

At the core of integrated design is the need for collaboration throughout the process, in order 
to minimise interferences, errors and production times. This translates into the need for a type of 
BIM model that can be retrievable, transformable and updatable by all the players involved, after 
having defined the authorisations for each model user, of course.

 

Figure 6. Diagram showing the links between specialist models and the federated model

Italferr and the use of BIM for rail infrastructure design
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Italferr has adopted a Data Sharing Environment (ACDat - UNI11337), an environment for 
collecting, managing and sharing digital models and documents, which represents the “Italian 
equivalent” of the Common Data Environment (CDE) defined by the British Standard 1192.

This medium does not use a server, but a collaboration platform. The use of this environment 
entails a number of benefits, including the possibility of immediately controlling the documents, 
a document history and the uniqueness of the data. This configuration, while representing the 
essential nature of the ACDat from a conceptual point of view, is in the process of being updated, 
with a view to including relations with players external to the design team (e.g. external suppliers) 
and/or cycles for using and managing the asset.

The use of a collaboration platform enables the simultaneous interconnection of the design 
players involved, thus maximising the interaction between the specialist disciplines, according to 
a multidisciplinary design approach. Furthermore, the sharing and immediate availability of the 
design data and information is ensured, together with their traceability and uniqueness. The spe-
cialist disciplines involved define, each one for its specific field, the technical design specifications 
of reference, for the development of the works and of the related detailed BIM models. 

Later on, one can proceed by generating the reference model, which consists in the creation of 
a phase one model containing all the key aspects for taking the right technical decisions, in respect 
of designing a rail infrastructure, for example: mapping information, with a 3D model of the lay 
of the land and the geometrical features of the alignment, and the basic model, or first federated 
model, containing the key design data, information and solutions consolidated by the reference 
model, and serves as the basis for the development of the single specialist models, after a succes-
sion of information exchanges between the specialist disciplines.

The specialist disciplines involved provide, each one for its specific field, the contributions 
(design data and/or BIM models) for the development of the federated model, based on the basic 
design data and the design specifications.

During the BIM design / modeling process, the BIM Coordinator monitors the BIM model 
to check whether there are any interferences and whether the design changes have been imple-
mented. After the interference verification phase, during the model design process, further checks 
are carried out in relation to the model’s comprehensiveness. If the outcome is negative, the BIM 
Coordinator sends a request for updating the single model and/or the detailed BIM models to the 
specialist disciplines concerned by the anomalies found.



75

The BIM Coordinator then checks the interferences in the Federated Model, using specialist 
software. The BIM Coordinator carries out the final checks on the BIM model for any interfer-
ences between the various detailed models. Downstream from the previous activities, the BIM 
Coordinator then shares the final federated model.

During the design process, a series of meetings are held (BIM Design Review) to highlight the 
macro-interferences, compliance with the security standards and design optimisation actions.

The specialist models are optimised by means of a recursive interaction process, aimed at iden-
tifying and resolving any interferences between the different design aspects, and ensuring compli-
ance with BIM design standards.

Italferr and the use of BIM for rail infrastructure design
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3.2.
Challenges and developments

Isabella Selmi
BIM COORDINATOR, ITALFERR

Italferr has initiated a BIM system architecture for the integrated management of the rail 
asset. Building on the development of a federated model, which brings together all the specialist 
models, adequately geo-referenced and peopled with the related information, a corporate BIM 
library is now being implemented, which provides for the definition of parametric templates 
conforming to the Italian rail design regulations. The application of the BIM method to the 
design and coordination of a rail structure has led to the definition of corporate standards and 
procedures to be adopted throughout the lifecycle of a project, for the purpose of optimising all 
the process stages.

Over the coming years, BIM digitisation will cover various sectors across the company.
The BIM method will continue to be developed in the design phase, also by tackling the fol-

lowing issues:

• the BIM modeling of new specialist areas, providing for the customisation of the relevant 
software;

• the extraction of bills of quantities directly from the BIM models;

• the implementation of model verification phases, to ensure modeling quality, beginning 
with the Clash Detection process, to identify the (typically geometrical collisions) within the 
models, followed by Model Checking, for analysing the model based on suitable rules for 
determining internal consistency, and then Code Checking, for verifying the conformity of 
the model at design level, therefore relating to the reference regulations;
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• the definition of the manner of use of the external supports in relation to BIM design, set-
ting and normalising the rules for accessing and sharing data in the work environment, and 
in particular the settings of the corporate ACDat.

In order to accomplish the above mentioned operation, one must envisage a universal ap-
proach to collaboration during the design, development and commissioning stages of a railway 
infrastructure, based on open standards and workflows. The solution lies in the commitment to a 
neutral format, which seems the only viable form of interoperability, ensuring impartiality in data 
control and validation. It is of fundamental importance for Italferr to produce constantly accessi-
ble data without accumulating risks arising out of the inevitable evolution of proprietary formats.

Future objectives shall also concern the implementation stage:

• pilot project for BIM application after the design stage, laying down the standards and pro-
cedures for the process, as well as for exchanging information with the contractor;

• applying the BIM method by setting the models for managing the construction programs, 
combining activity scheduling and sequencing;

• setting the parameters for the models and requirements to be included in the information 
specifications to be developed for tendering procedures, in view of the subsequent structure 
operation stage;

• BIM tendering procedure.

The application of the BIM method in the digitisation process, therefore, is aimed at creating 
a tool offering project control opportunities for projects with smart models, to optimise relations 
between all project components and beneficial effects on the process as a whole.

This operational procedure shall feature the constant support of training programs, procedure 
overhauls and organisational plans. The Change Management process under way aims to meet the 
requirements of Italferr and the inputs from the outside world.

Italferr and the use of BIM for rail infrastructure design
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3.3.
Applications

3.3.1.
In Italy: the Napoli-Bari route, railway sections 
between Apice and Bovino

Chiara Butera
BIM COORDINATOR, ITALFERR

The Apice-Hirpinia section fits in the wider scope of requalification and development of the 
Rome-Naples-Bari railway line, intended to improve the inland connections of Central Italy, with 
the objective of realizing a network aimed at optimizing commercial, cultural, and tourism ex-
changes among the different cities and surrounding areas.

The revamping and development of the Rome/Naples-Bari line envisages doubling of the sin-
gle-track routes and variations to the current scenarios, pursuing the best solutions that will guar-
antee speedier connections and an increased general offer of the railway service, providing greater 
accessibility to the service itself in areas concerned.

The variant of this Final Project, about 18 km long, concerns the central portion of the Na-
ples-Bari line, and is of strategic importance in the overall revamping of the regional metropolitan 
connections and long distance routes planned for the realization of the entire overhaul.

This project is the first of the Naples-Bari route to be planned using BIM methodology. It was 
chosen in the experimental phase to define the modalities of modeling, and particularly of the 
underground works.
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Federica De Martino
BIM COORDINATOR, ITALFERR

The detailed designs of the Hirpinia-Orsara and Orsara-Bovino sections belonging to the last 
stretch of the Napoli-Bari route have been developed in parallel and the route analysis activities 
have been performed contemporarily, so as to optimize the phases required for the activation of 
the line. 

Based on the foregoing scenario, the two projects will be executed in phases. For reasons linked 
to structure construction time and to the need not to interrupt traffic on the current line, there 
will be a first functional phase with the activation of the Bovino-Orsara section and a temporary 
line interconnecting with the existing line at the current Orsara stop. Subsequently, it will be pos-
sible to activate the Hirpinia-Orsara line that includes the new Orsara Station. 

The HS/HC railway lines run prevailingly in tunnels at a speed ranging from 200 to 250 km/h 
and are about 30 km long overall, except for three short sections that are in the open:

• Bovino side, about 2 km long, linking to the already activated Bovino stop;

• Orsara side, about 1 km long, that in the first phase envisages the temporary link to the ex-
isting line while waiting for the doubling of the Orsara-Hirpinia lot in which the new Orsara 
Station will be built and that runs over a viaduct;

• Hirpinia side, about 300 m long, linking to the Hirpinia Station that is part of the Apice-Hirp-
inia section.

The most important structure, mostly because of the geological and geo-morphological com-
plex in which it develops, will be the Hirpinia tunnel that cuts through the Southern Apennines 
for about 27 km.
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3.3.1.1. The infrastructure models

Stefano Casula
BIM SPECIALIST, ITALFERR

The modeling of the Apice-Hirpinia section is one of the first examples in which BIM has in-
volved the whole railway line and not just spot structure works. In the planning stage, this has re-
quired a specific coordination between the software products relating to linear works and the ones 
concerning spot structure work, in a way that the various software products would interconnect 
in the general assembled model.

The route, about 18 km long, with design speeds of 200 km/h, and a maximum longitudinal 
slope of 12   is completely different from the original line.

Among the most important works there is the station of Hirpinia, located at the beginning of 
the line, the box structures at the exit of the station, and then a series of viaducts and bored tunnels 
that conclude the line with the Apice stop; in particular, at the exit of the Irpinia station, there are 
the viaduct Ufita Hirpinia (655 m), the bored tunnel Grottaminarda (1965 m), the viaduct Ufita 
Melito (230 m), the bored tunnel Melito (4413 m), the viaduct Ufita Rocchetta (410 m), the bored 
tunnel Rocchetta (6455 m) and the viaduct Ufita Apice (705 m).

As one can see, most of the line 
develops almost exclusively under-
ground, using several bored tun-
nels and some viaducts. The em-
bankments and trenches are only 
present in shorter sections. 
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The general model of the entire section has been assembled connecting the various models of 
the different work, both spot structures and of the linear development.

It is worth mentioning that the enclosed images represent the assembled model and are not 
'renderings'; this means that the objects represented have all the engineering data that are available 
and modifiable directly by managing their three-dimensional models.

Figure 8. View from Hirpinia station of the assembled model, as orthophoto
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Figure 9. View from Hirpinia station of the assembled model, solely with civil works

Among the structures with linear development are the following:
• Bored tunnels and safety windows
• Trenches, embankments
• Yards and off-line roadworks
• Interferences and hydraulics
• Electrical traction plants
• Superstructure over viaducts and Stations/stops
Among the spot structures are the following:
• Viaducts
• Stations and stops
• Technological buildings.

The works with linear development are mainly modelled using extrusion, on the line or on 
defined routes, of type-sections called 'templates'. Such sections are dynamic and are designed 
to recognise the digitalized surface of the terrain and adapt themselves to it automatically during 
extrusion.
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Following are a few examples of templates used in the modeling:
 

Figure 10.  Template used for double-track embankments and trenches, 
with extrusion in line with the left track

Figure 11. Template used 
or the sustaining walls,  

expressed in terms  
of parameters  

for carpentry dimensions
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Figure 12. Template used for the box structures, 
expressed in terms of parameters for carpentry dimensions

 

Figure 13.  
Extruded box  
structure and rails



The models of the spot structures have been georeferenced by associating the coordinates of a 
point of reference, so that once enclosed the model will fall back in the desired position.

An example is given by the technological buildings that, once modeled, are placed in the yard in 
their precise position.

Figure 14. An example of technological building and yard 
for emergency handling placed at the entrance of tunnels
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Another example are the travellers’ buildings, in which the station structures, the sidewalks, the 
shelters and the tracks are coordinated in the same model. 

 

Figure 15. Hirpinia station, station rails and box structure for approach to the viaduct
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The display of the assembled model allows to immediately spot any interferences among the 
various models during the entire planning phase, making it easier to manage the works.

Furthermore, the changes that eventually become necessary for the resolution of the interfer-
ences, as well as those due to project refinements or to subsequent instructions, are managed quite 
quickly thanks to the automatisms present in the management of the templates.

 
 

Figure 16. Section of the assembled model, comprising viaduct, 
yard, access route and buildings
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The experience gained during the BIM designing of the Apice-Hirpinia section described above 
was used as basis for the development of the Hirpinia-Orsara section.

 

Figure 17. View of the platforms located on the deck of the bridge over the Cervaro torrent

After bypassing the Hirpinia Station on an embanked section and then on a section built on 
a ‘U’ shaped wall cutting, the railway route proceeds through the tunnel that shall be of separate 
barrel type. Along the tunnel there will be five construction windows necessary for its realization 
and a bypass with emergency window to be used for evacuation in the event of fire. The single/
double barrel passage is realised by means of a branching chamber.
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Once out of the Hirpinia tunnel, the train travels on the bridge that crosses the Cervaro torrent. 
The section of the bridge initially is single-track as it continues out of the tunnel (two separate 
decks) and then changes to double-track (one deck) for a distance of 320 m overall. The section 
ends at the Orsara Station, the sidewalks of which partly overlap the bridge’s deck.

Figure 18. View of the assembled model, Orsara area side
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Figure 19. Layout of the works modeled and present in the assembled model

As regards the subsequent lot, the BIM modeling has evolved compared to that done before for 
the Apice-Hirpinia project, allowing for the BIM designing and assembling of a larger number of 
structures.

An especially complex area involves Orsara that includes vast landslide-prone areas. The railway 
embankment and the road underpass, moreover, feature limitations due to maximum headrooms 
and slopes, that required remodulation of both routes until all design requirements were met.
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Figure 20. Section of the assembled model of the Orsara area;  
in the foreground, the station and the parking lot

The complexity derives also from the presence of highly different kinds of spot and linear 
development structures in an area of limited extension, modelled using programs from various 
software houses. The main artefacts are the Orsara Station, the parking lot, the bridge over the 
Cervaro torrent, the underpass, the high widening railway embankment, the two roads providing 
access to the yards, the three technological yards and their technological buildings.
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Figure 21. View of the assembled model in the Orsara area, between the exit from the Orsara tunnel 
and the entrance to the Hirpinia tunnel

In order to implement the BIM process in the design phase, the work mode was standardised 
and applied in order to extract the drawings (floor plans, plan/profiles, cross-sections, etc.), for the 
purpose of placing it in the sheet, directly from the BIM model. The generated files are dynamically 
connected to the assembled models and therefore the print layout becomes updated in real time 
and coherent with the modelling.

The procedure is depicted in the next picture in which the set-up of an assembled model 
specifically prepared to extract the 2D drawings is defined, generating two sub-models, ‘planimetry’ 
and ‘profile’, that are linked to the sheet itself, complete with title block and related key-plan.
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Figure 22. Schematic example of procedure for the placing in the sheet of a plan/profile
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ORSARA-BOVINO
The modelling of the Orsara-Bovino section was performed in parallel with that of the 

Hirpinia-Orsara section and therefore entails the same implementations and a similar BIM 
methodology-based design approach. The line links onto the already constructed dou-
ble-track Cervaro–Bovino section.

After passing the Orsara Station, an embankment about 2000 m long connects via the 
first phase temporary junction to the existing line. The route runs prevailingly underground 
through a separate barrel tunnel called "Galleria Orsara” 9.9 km long. The terminal section 
of the structure envisages a trench close to the entrance to the Orsara tunnel about 100 m 
long followed by an embankment about 1,850 m long.

Figure 23. Bovino area;  
highlighted is the modelling  
of main road SS90  
and the various water deviation canals
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Figure 24. Orsara area; in the foreground the roads accessing the technological yards
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Figure 25. Template with U-section wall cutting and service sidewalk

Once again, the various WBS of which the assembled model is composed have been modelled: 
the deviation of the main road SS90 that runs under the railway line in a highly oblique manner, 
the yards, the buildings, the water drainage canals and the technological systems.

Figure 26. Bovino area;  
highlighted is the emergency management yard 

and the deviation of the main road SS90
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3.3.1.2. The specialised Tunnel model

Paolo Pitolli
BIM SPECIALIST, ITALFERR

As already mentioned before, the railway route of the Apice-Hirpinia sections prevailingly develops 
underground with three main line tunnels, namely the ‘Grottaminarda’ and the ‘Melito’ that are con-
ventionally bored tunnels, and the ‘Rocchetta’ tunnel constructed via mechanised tunnelling. The route 
advances underground by approx. 12.8 km out of the approx. 18.7 km of the entire route.

Figure 27.  
Plan of the Apice- 
Hirpinia section

The aforesaid tunnels, all single barrel and double track, are equipped with safety exits/entries, 
either for vehicles or pedestrians, with C/C less than 1000 m. 
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Figure 28. Sections of intrados of main tunnels:  
traditional excavation (L) and mechanized excavation (R) methods

Figure 29. Sections of intrados of emergency 
exits/entrances: pedestrian (L) and vehicular (R)
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In order to reduce the number of exits to the outside, several small tunnels have been designed 
parallel to the main tunnels, with junctions that merge into the main exit/entry.

 
Figure 30. Layout of emergency exits/entrances of the Apice-Hirpinia section

The design of the Apice-Hirpinia section using BIM methodology represents the company’s 
first experience of underground works modeling. In the light of the foregoing, such modeling has 
pertained to a complex system of works comprising not only the three bored tunnels and their 
respective sections of artificial entries, but also the accessory safety works represented by 11 emer-
gency exit/entry tunnels (7 lateral exit tunnels and 4 small tunnels parallel to the main tunnels) 
and of the junctions with the main tunnels. 
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Figure 31. 3D view of the main tunnels and of the emergency exits/entrances 
foreseen in the context of the Apice-Hirpinia PD

Figure 32. Detailed 3D view of the cut&cover approach tunnel
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Overall, over 20 km of underground works have been modelled, both the linear works such as 
the main tunnels, the emergency tunnels, and the small emergency tunnels that develop along the 
respective tracks, and the spot structures (junctions).

For the modeling of these different types of underground works it was possible to use various 
kinds of software capable of interfacing with each other, allowing the creation of a single final 
assembled model. 

Figure 33. Detail of the junction (spot structure) 
of the emergency exit with the main tunnel (linear structure)

This allowed not only to exploit the potential of each modeling software for the creation of the 
various sub-models, but also to amplify the knowledge and competences of modeling within the 
BIM framework.

Similarly to what already done for the outdoor works, the modeling of the underground works 
of the Apice-Irpinia line was done by connecting the tunnels to the railway route. This aspect, 
which represents the main novelty introduced in the BIM modeling of underground works, is 
extremely important not only because it makes it possible to quickly incorporate any changes into 
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the model during the design, but also because it allows correct and timely designing of all those 
parts of the work whose location and sizing depend on the plano-altimetric progress of the route.  
An example of such a connection is represented by the exit sidewalk in the railway tunnels which 
takes into account variable geometry in function of the banking of the track.

Figure 34. Sidewalk in the tunnel: 
variation of the geometry along 
the bend in function of banking

By modeling the correct amount of walkable space on the sidewalks along the entire length of 
the track, it is possible to position precisely all the works and accessories at a fixed distance from 
it, such as the niches, the handrails, the lighting system, the signage in the tunnels, the cable ducts 
for the utilities.

The connection of the underground works with the railway route was made via the creation of 
special parametric sections, called templates, for which specific rules of interconnectivity were set 
up among the different elements involved.

Various templates have been created in the project according to the different types of work 
present. The templates have been saved in libraries that will be added to and reused for future 
designing, thus allowing substantial reduction in BIM modeling time.
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Figure 35. Template of main double-track tunnel realized for the detailed design of Apice-Hirpinia

For the same purpose, libraries of structural sections, called cells, have been created for the 
different types of tunnels envisaged for the project.

Figure 36. Cells of main tunnel and emergency exits for the detailed design of Apice-Hirpinia
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The potential of BIM modeling is notably related to the use of the model as an integrated 
design tool for the analysis and testing of interferences or criticalities in the design phase, or as 
an “archive” of structural and architectonic information about the elements that constitute the 
structure (drawings, properties of the materials and technical datasheets, bills of quantities and 
materials, etc.). The experience we have gained in this field allows us to underline another poten-
tial related to the use of the BIM model, which is to be able to also derive and highlight functional 
aspects of the structure, such as those related to safety. In addition to detailed views, such as the 
one shown in the image below, it is possible to extract directly from the model the videos that 
simulate the exodus path of passengers or access roads for rescue teams, to be used as an effective 
information method for different types of users. 

Figure 37.  
Section with internal view 
of the junction area  
of the emergency exit 
onto the main tunnel

In this first experience with BIM modeling of underground works, it was agreed to model only the 
final configuration of the works.  

The modelling of the temporary configuration of the works and of the construction phases, how-
ever, is extremely important not only for the design phase, but also for the structure’s realization and 
construction phases. For this reason, when using BIM methodology to design the subsequent sections 
of the Napoli-Bari, Hirpinia-Orsara and Orsara-Bovino HS lines, it was deemed better to add these to 
the model of the underground works.
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The Hirpinia-Orsara and Orsara-Bovino sections both include a single main line tunnel. On 
the Hirpinia-Orsara section there is the ‘Hirpinia’ mountain pass tunnel about 27 km long, while 
on the Orsara-Bovino section the 10 km long ‘Orsara’ tunnel is envisaged. Out of the entire length 
of the two sections, equal to about 40 Km (28 km + 12 km), about 37 km of the route travel un-
derground.

Figure 38. Hirpinia-Orsara section – Planimetric layout and profile of the line
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Figure 39. Orsara-Bovino section - Planimetric layout and profile of the line



107

These main line tunnels mainly consist of a double-barrel single-track configuration, with 
transversal exodus connections with C/C shorter than 500 m. In the ‘Hirpinia’ tunnel, that is less 
than 20 km long, there is also an ‘Underground Safety Area’ that acts as ‘Fire-Fighting Point’, con-
sisting of an evacuation tunnel located between the two main line tunnels and connected to them 
via transversal by-passes and to the outside via a vehicle-transitable emergency exit/entrance.

For route purposes, the Hirpinia tunnel and the Orsara tunnel both have a single barrel/double 
track configuration in their initial sections, starting from their related entrances Naples side. The 
transit from the double-barrel to the single-barrel configuration occurs by means of a well dug 
from above for the Hirpinia tunnel and by means of a branching chamber of varying cross-sec-
tions for the Orsara tunnel.

Figure 40. Hirpinia tunnel - In-tunnel Fire Fighting Point and related transitable emergency exit
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Figure 41. Hirpinia tunnel (L) - Double-track section and smoke disconnection well  
Orsara tunnel (R) – Double track section and branching chamber

The well built above the Hirpinia tunnel also functions, during the operating phase, as smoke 
disconnector between the double-barrel tunnel section and the single-barrel section (natural 
vent), while in the Orsara tunnel there will be a smoke disconnection conduit entering the main 
line tunnels close to the branching chamber and proceeding parallel with the main line tunnel, 
connecting to the outside to a ventilation station located close to the Naples side entrance.

The single-barrel double-track sections of both tunnels will be excavated using the conven-
tional tunnelling method, while the double-barrel single-track sections will be constructed via 
mechanised tunnelling. An exception to this will be the central portion of the Hirpinia tunnel 
that envisages excavation through formations that are geo-technically more complex and which 
therefore requires the use of conventional tunnelling methods. Along this same portion, in order 
to increase the number of excavation faces of the main line tunnels and to reduce structure execu-
tion time, three windows will be made exclusively for construction purposes.
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In the light of the foregoing, once again the application of BIM methodology for the design of 
the Hirpinia-Orsara and Orsara-Bovino sections involved a complex system of works that has led 
to the modelling of over 41 km of underground structures, including main line tunnels, construc-
tion windows, an in-tunnel fire fighting point (FFP) and ventilation conduit, that advance along 
their respective routes, as well as spot structures such as the well, the branching chamber and the 
junctions of the construction windows onto the line.

As with the model of the underground works of the Apice-Hirpinia section, in this case also 
different software products were used for modelling the various kinds of structures planned (spot 
and linear development structures).

To achieve the connection of the tunnels with their respective routes it was also necessary to 
create specific parametric and structural sections, that were then added to the template and cell 
libraries already created during the BIM modelling of the Apice–Hirpinia railway section.

As already mentioned, the main novelty introduced by using BIM to model the Hirpinia-Orsara 
and Orsara-Bovino sections concerned the tunnel entrance works. In detail, specific sub-models 
of the main construction phases were created for each entrance. These sub-models were then used 
to derive information regarding all of the works and processing preparatory to the construction of 
the entrance in its final configuration, such as earthworks, access roads, site roads, bearing works 
and temporary stabilization works.
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Figure 42. Example of sub-models of construction phases of a tunnel entrance

During the design phase, this information proves to be key for a complete representation and 
valorization of the work. During the construction phase, it is a useful tool at the disposal of Con-
tractors, Works Management and Works Supervision. Within the framework of the next BIM ex-
perience and design scenarios, specific phase sub-models will be developed also for tunnel excava-
tion and consolidation during advancement phases.
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Figure 43. Detail of entrance sub-model with rendering of temporary bearing works
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3.3.1.3. The specialised Viaducts model
In addition to the long tunnels, the project features the presence of large viaducts that are in-

serted as structures inside the general model.
Proceeding along the Apice-Orsara railway infrastructure, the following viaducts are present:

CHAPTER 3

I FUNCTIONAL LOT - APICE-HIRPINIA

IF0G_VI01: 23-span via-
duct consisting in a mixed 
structure of steel and con-
crete, overall length of 655 
m, made to cross the Ufita 
torrent.

Figure 44. Local setting  
of the VI01 model

IF0G_VI02: 23-span via-
duct consisting in a mixed 
structure of steel and con-
crete, overall length of 230 
m, made to cross the Ufita 
torrent.
 

 
Figure 45. Local setting  
of the VI02 model
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IF0G_VI03: 7-span viaduct 
consisting in a mixed struc-
ture of steel and concrete, 
overall length of 415 m, made 
to cross the Ufita torrent and 
the Isca di Cozza local road.

 

Figure 46. Local setting  
of the VI03 model

IF0G_VI04: 25-span via-
duct consisting in a mixed 
structure of steel and con-
crete, overall length of 705 m, 
made to cross the Ufita river 
and Prov. Road No. 163.

 

Figure 47. Local setting  
of the VI04 model

Special attention has been paid to the VI03 viaduct that is inserted in a geomorphological con-
text featuring the presence of an active landslide on the west side. In relation to the particular situ-
ation of the geomorphological context, the foundations of the piers and reveals interfering with 
the slope movements have been designed to withstand the landslide forces applied by the unstable 
surfaces, with the aim of ensuring maximum safety and full functionality of the railway structure 
even in the presence of possible slope movements. 
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II FUNCTIONAL LOT - HIRPINIA-ORSARA

IF1V_VI01: 5-span viaduct made of mixed steel and concrete with 5 spans and single deck and 
with 2 spans with two decks with a single track each, overall length of 314 m, made to cross the 
Cervaro torrent.

Figure 48. Insertion  
in the landscape  
of the VI01 model

 
Figure 49. 3D view  
of the VI01 model

The final section of the via-
duct ends in the Orsara Sta-
tion, affecting its shape and 
functionality. For altimetric 
reasons imposed by the FP 
of the viaduct, the station is 
built at a raised level.
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3.3.1.4. The specialized Electric Traction (ET) model

Daniele Vergari
BIM SPECIALIST, ITALFERR

The modeling of electric traction systems is the culmination of an intense experimentation 
process because it is difficult to find similar works, as this is not a widespread discipline in the 
commercial field. In order to realize the model of the ET systems it was necessary first to model 
the basic electrification rules and the main components that characterize the Italian 540 mm2 

overhead line standard both outdoors and in tunnels.

Model development proceeded on the occasion of the designing of the ET projects relating to 
the new Napoli-Bari line, that essentially comprise:

• electrification of the new section;
• creation of the Electric Traction Protection Circuit (CdTPTE);
• adaptations to the Contact Line (LdC) and to the CdTPTE on the connections to existing 

systems;
• connection to the CdTPTE of metal structures, posts, etc. located inside the ET buffer zone;
• installation of all equipment for the support and isolation of the contact conduits and of all 

of the warning signs on the supporting structures (poles, portals, etc.) and of new switches 
and related ducts for their command and control;

• installation of ET power supplies using Medium Voltage (MV) and/or aerial insulated cables 
from the new Electricity Sub-Stations to their corresponding Circuit-breaking Trunks (TS);

• demolition, at junction points, of existing ET systems so as to clear the way for the new 
railway line;

• installation of the “Contact line circuit-breaking and grounding system” in the tunnel, in 
compliance with the provisions of the law regarding “Safety in railway tunnels”, with the 
supply and installation of the earthing circuit-breaker STES, and of the related command 
and control stations.
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Figure 50. Above are two examples of structures, one outdoors and one in tunnel
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The collaboration platform has facilitated the development of the electric traction model in a 
coordinated way with the various disciplines involved in the design. This approach has allowed 
the overcoming of several critical issues, such as the location of the circuit-breaking section of 
Hirpinia placed over a viaduct, highlighting it in advance with respect to traditional design meth-
odologies. The image below shows the coordination of the portal with the viaduct pier and the ET 
structures with noise barriers.

Figure 51. Example of rail viaduct 
with ET and noise barriers

The structuring of the information, required by the BIM methodology, makes it possible to 
exploit the information independently from the specific project and from the designer managing 
it, so that, for example, the LSU support modelled in the contact line libraries could be used for 
the production of the SSE model with the need for interactions. Obviously, this approach stream-
lines the design phase both in terms of productivity and of coherence between components of the 
models.
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Figure 52. Example of SSE building at the Orsara Station

Following the preliminary modelling of the fundamental components that results in the crea-
tion of the libraries, it is necessary to model the rules that govern the electrification standard. To 
this end, it was decided to implement the tables and fundamental rules on electronic sheets so as to 
be able to maintain them or simply implement them, without having to use programming codes, 
unlike the algorithms that apply them.
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Figure 53. Example of table of explanation of rules

The result is a numerical model of electric traction that, via a dedicated Tool, can be rendered 
in CAD 3D format and therefore federated with the other models.

Italferr and the use of BIM for rail infrastructure design
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Figure 54. Numerical model LC
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Figure 55. Numerical model loaded inside the Tool for transformation into 3D rendering

The BIM model of the contact line, after having been federated with the models of the other 
disciplines involved in the design, can be used also to generate simulations of various kinds and, 
in particular, to simulate the driving of the train while observing the model from the driver’s point 
of view so as to evaluate visibility.

Italferr and the use of BIM for rail infrastructure design
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Figure 56. Section of the Contact Line model federated with the other disciplines

Figure 57. View resulting from the simulation of train driving
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Figure 58. Example of electrification plan excerpted from the BIM model

As regards electric traction too, the placing in the sheet and printing of the drawings was per-
formed directly by using the BIM model. In detail, as shown in Fig. 58, the tags typical of the elec-
trification planes visible under the railway embankment were indicated during sheet exportation.

By virtue of the consistent amount of information, data and rules that are difficult to handle, 
the use of the BIM methodology gradually helped to change and make more efficient the de-
sign, construction and management of the technological systems for the railway infrastructures.  
The application of this innovative approach aided us in addressing issues that are not always easy 
to solve:

• the modelling of a very large amount of technological components to be collected in object 
libraries; these products, once inserted in a BIM system, help reduce design costs as well as 
increase design quality;

• the correct positioning of the technological components along the route; the need to have 
an automatic positioning command that can act in full compliance with the existing regu-
lations and constraints, stems from the will to shorten design time and therefore have more 
time to explore alternative scenarios.

Italferr and the use of BIM for rail infrastructure design
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3.3.1.5. The Architectural model of the Apice Stop, 
of the Hirpinia Station and of the Orsara Station
 

Stefano Pazzola and Giovanna Lanotte
BIM SPECIALISTS, ITALFERR

Starting from the definition of the user base, and taking into account the strategic importance 
of the intervention due to their location, the Apice rail stop, the Hirpinia Station, and the Orsara 
Station represent the ‘output’ of a preliminary phase of study and functional and formal evaluations 
aimed at defining an intermodal road-rail exchange hub that achieves the objectives indicated by 
the new industrial plan of FS Italiane.

The new Hirpinia Station is a landmark in the territory consisting of a portico-canopy system with 
an architecture that is highly recognizable. On the front square of access, the portico is characterized 
by a visible semi-permeable vertical cladding consisting of perforated copper slats fastened onto a 
steel substructure. The canopy is counter-ceilinged with copper panels, in chromatic analogy with 
the cladding of the portico. The double-height entrance hall for waiting passengers is enclosed by 

semi-open walls made with 
glass walls partially shielded 
by the metal facade sheets.

CHAPTER 3

Figure 59.  
View of the portico  
and the square in front  
of the Hirpinia Station
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Figure 60. Internal view of the entrance hall of the Hirpinia Station
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Figure 61. Axonometric cross-section of the BIM model 
of the Hirpinia Station

Figure 62. View of the system of metal facade panels 
of the BIM model of the Hirpinia Station

CHAPTER 3
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The new Orsara Station is located close to the exit from the Orsara Tunnel on the Bovino-Or-
sara section, with two sidewalks partly on embankment and partly on viaduct.

The special configuration of the platforms has required a different architectural solution for 
accessing the entrance hall for waiting passengers, that in this case is integrated with the layout 
of the embankment. The cladding of the underpass and of the canopies are continuous with the 
architectural identity of the whole line.

Figure 63. View  
of the entrance  

to the Orsara Station

Figure 64. View of the BIM model of the Orsara Station - front square of access

Italferr and the use of BIM for rail infrastructure design



128

CHAPTER 3

These architectural choices have been translated into three-dimensional models in line with BIM 
methodology through a standardized procedure that allows interaction and collaboration between 
the various specialized disciplines, so as to minimize the inefficiencies and the possibility of error as 
a result of design-related interference.

In the preliminary phase, the BIM architectural model acquires and shares the real geographic 
coordinates through the data sharing of a URS (Unique Reference System); the subsequent setting 
of the design altimetric levels thus made it possible to start a design integrated in real-time with the 
other specialized subjects through a bi-univocal link between models within a sharing platform.

The modeling of the architectural object is a complex system of three-dimensional solids that, 
in addition to being in architectural language continuity with the previous lots of the line, hosts a 
wealth of information and data useful for the management of the model during the building’s pro-
curement, construction and management phases. Each element belonging to parametric families 
was associated with WBSs (Work Breakdown Structure) and specific properties that defined the 
identity data for cost analysis and the computational management of the work, an experimental and 
winning strategy promoted by the O.U. of ‘Architecture, Stations and Territory’ of Italferr.

This interaction between computational software and BIM model has defined new scenarios 
towards the optimization of costs and benefits in the construction process of the structure.

The digitization of the building process consists in preparing a virtual model of the structure 
in which information data is assigned to each element: the more the information is complete and 
implemented progressively, the greater the advantages. 

The information transferred to the model is available to all process operators through the spec-
ification of the IFC data model (Industry Foundation Classes - open and available, recognized and 
registered by ISO as international standard ISO 16739:2013). In fact, the use of this data transfer 
format makes it possible to interoperate with different applications.

By exploiting the potential of this data format, within the work process it was possible to re-
trieve all the formal and dimensional (qualitative and quantitative) information of the elements 
within an application for the compilation of the bill of quantities.
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The first phase of the design was the definition of the information to be transferred to the 
model and the most appropriate methods to manage the workflow correctly. It is therefore neces-
sary to know the software products, the potential and the limits, in order to face different choices 
according to the specific problems.

The project’s organizational structure - WBS (Work Breakdown Structure) - was integrated 
into the digitalized model. This structure breaks down the project into Major works (FV01 – 
Hirpinia Station and FV02 – Apice Stop for the Apice-Hirpinia section; FV01 – Orsara Station 
for the Hirpinia-Orsara section) made up of a series of minor works. The constituent elements of 
each minor work represent the Parts of the work, that is the processes that contribute to the con-
struction of the work, identified by a key note, also present on the drawings and in the materials 
and finishes legend. The model, therefore, was implemented, through shared parameters, with the 
information related to this organizational structure, at the various levels, thus defining a map of 
the fundamental elements for the subsequent computation phase.

Figure 65. View of the BIM model with the structure of the WBSs 
associated with the objects inside the respective identifying properties
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As part of the application for com-
putation purposes, by using selection 
filters that exploit the information 
data included in the model and in 
particular the key note that identifies 
the processing, it was possible:

• to identify and graphically dis-
play each element of the model 
and its associated processing 
(i.e. floor type B1, B2, .., cover-
ing type V1, V2, ...)

Figure 66. View of the BIM model objects 
within the application  

for computation purposes

• to view the identifying and dimensional properties associated with each element in the model

CHAPTER 3

Figure 67. View  
of the properties of 
the BIM model ob-
jects within  
the application  
for computation 
purposes.
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• to define calculation rules that associate the quantities with the tariff items necessary to de-
termine the costs of realization of each part of the work;

• to then determine a parametric cost evaluation.

The mapping of the elements prepared during the modeling phase also allowed to organize the 
estimate according to the structure of the WBSs.

Figure 68. Evaluation of costs broken down according to the structure of the WBSs

The BIM methodology has contributed to greater control over quantities and to a reduction 
in the time required for the definition of costs. Moreover, thanks to a significantly more complex 
pre-design phase, while modeling, the calculation of the work is also defined and this contributes 
to more effective and efficient project management.

Italferr and the use of BIM for rail infrastructure design
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3.3.2.
Rail link with the Venice airport

Francesco Folino
BIM COORDINATOR, ITALFERR

The Detailed Project of the Railway Link for the "Marco Polo" Airport of Venice aims to create 
an intermodal link between the Airport and the existing Venice-Trieste railway infrastructure (Mes-
tre-Latisana section), in line with the European directives aimed at increasing rail transport and the 
strategic development lines defined by the Italian Ministry of Infrastructure and Transport, which 
have identified one of the airports in Venice as a national priority and for which accessibility and 
intermodality must be enhanced.

The new railway line is designed as an "antenna” link that connects to the existing railway line 
with a pair of tracks in the direction of Venice and with a single track in the direction of Trieste.

The infrastructure is constructed via an "antenna" link that, in the airport area, develops with a 
"loop-through" solution entirely through a tunnel. The building of an underground station is also 
being planned in the airport area. The implementation of the BIM application on the station has 
been carried out both at architectural level, creating a large opening that allows to see the glass and 
steel covering, and at technical installation level, developing a dedicated area on the mezzanine 
floor.

In addition, the Dese viaduct was designed using BIM, consisting of a succession of spans of 
various length, with particular attention paid to the modeling of the most important span consist-
ing of an arch bridge right on the river. The central span of about 80 m has been designed with the 
aim of not interfering with the levees of the watercourse.

It should be noted that the modeling described in the following paragraphs will not be the final 
version of the project, due to the fact that a set of revisions and improvements are currently being 
developed.

CHAPTER 3



133

Figure 69. Overall chorography of the rail link with Venice Airport
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3.3.2.1. The infrastructure model

Piergiuseppe Tascione and Maria Monda
BIM SPECIALISTS, ITALFERR

 

Coming from the direction of Venice, the new railroad track departs flush from the existing 
line with a double track section that first develops in an embankment/trench, then continues 
towards the airport intersecting with the SV 40 junction of the A27 motorway. The resolution of 
this interference involves a succession of cut & cover tunnels and trenches with "U-shaped" walls 
called "Sistema Gallerie Venezia 2". The track then continues alongside the motorway link road, 
to the north of the same, with a double track in a light trench which, at about km 0+900 of the 
project, becomes three tracks due to the linkup with the single track coming from the historic line 
headed for Trieste. 

CHAPTER 3

Figure 70. 
Planimetric excerpt 
BIM modeling  
with orthophotos
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Figure 71. Planimetric excerpt BIM modeling

Further on, the need to cross the Dese river leads to a rise in the steady gradient of the track, 
making it necessary to provide a railway viaduct whose span features an arched structure. Approach 
ramps made with box structures of variable height and planted on pillars are planned upstream 
and downstream of the viaduct. After crossing the river, the line quickly decreases in altitude until 
it enters the tunnel at about the 3+600 km mark of the project. The deep trench section, due to the 
nature of the land, the presence of a shallow water table and the presence of the Fire Fighting Point 
sidewalks, consists of cantilevered diaphragms with internal concrete coping (U-shaped wall). At 
the base of the trench, at track level, there will be a safety yard which connects to the local road net-
work via a ramp between 
diaphragms. 

Figure 72. 
Planimetric excerpt  

BIM modeling  
of the bridge over the Dese  

with orthophotos
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Figure 73. Planimetric excerpt in BIM modeling of the bridge over the Dese

The "loop" configuration of the cut & cover tunnel can be schematised as that of a single-track cut 
& cover tunnel whose ends are "reunited". Initially, the railway tunnel consists of a double-barrelled 
section with a central partition made of diaphragms; approaching the airport area, the double barrel 
turns into two single-track barrels whose structure is always based on diaphragms. At the Venice 
Airport Station, the need to provide two track rails means that the single-track section widens to 
become a double-track section. The sequence of the succession of sections in the loop is symmetrical 
with respect to the station. In compliance with the railway safety regulations, pedestrian emergency 
exits placed not more than 1000 m apart shall be provided in the loop configuration.
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BIM modeling of the infrastructure in question concerns both railway and road works. In 
general, for earthworks on a line infrastructure, type sections are defined by setting rules for inter-
action with the ground level; these sections are "extruded" along a reference path (tracing axis) to 
represent the various embankments and trenches. The type sections are developed in parametric 
form, i.e. by defining rules and functions that modify the geometry of the same according to the 
terrain and the route’s course. The construction of the type section is obtained by assembling in-
dividual elementary components, so as to be able to define:

• the geometry of the structure;
• the characteristics of the various materials;
• the information necessary to describe the work / part of the work, the structure of the WBS, 

the references to the materials, etc. (metadata);
• the quantities of the different processes from which one starts to define the costs of the work.

The main civil works present in the project concern:
• railway and road earthworks (embankments and trenches);
• concrete line structures (boxes and supporting works);
• railway viaduct;
• cut & cover tunnels;
• flyover.

The parts of the embankment and trench layout have been developed by applying parametrized 
railway type sections, created by setting some rules so that when the distance between the regula-
tion plane and the ground level changes, one obtains the geometry of the section as embankment 
or trench. In Fig. 74 and Fig. 75, some examples of the railway sections used for modeling are 
shown; as can be seen, all the main elements that make up a railway section have been modelled, 
along with all the accompanying elements such as the fence, the service runway, the ditch and the 
water collection channel, the grassing of the escarpments and the elements constituting the rail-
way platform (ballast, sub-ballast and super-compacted subgrade).
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Figure 74. Type section in survey

Figure 75. Type section in the trench

Each of the modelled elements is independently recognizable and in such a way that, once the 
cross-sections of the line have been developed, it is able to supply the quantity of earthworks for 
each element present (i.e. for the body of the embankment or for the excavation of the trench, for 
grassing, for the ballast, etc.).
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The following figure shows an example of what has been described, extrapolated directly from 
the BIM program.

 

Figure 76. Cross-sectional type with earthworks

As regards the three-track area, a type section was appropriately designed which, considering 
the distance between the alignment tracks of the Bivio Trieste fork (single track) and the line com-
ing from Mestre (double track), involves the grafting of the single-track onto the double track and 
then the passage from a three-track section to a two-track one with consequent variation of the 
inclination of the slope.

Figure 77. 
Three-track type section
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Shown in the following images are some excerpts of the embankment/trench modeling.

Figure 79. Planimetric excerpt 
of the modeling of the ST E

Figure 78. Planimetric excerpt  
of the modeling of the DT E 20

For the "Venezia 2 Tunnel System", two type sections were studied, one for the precast concrete 
lining modules used in the cut & cover tunnels, laid at highway ramp level, the other for the trench 
sections between walls connecting the aforementioned blocks.

Figure 80.  
Planimetric section 
of the modeling  
of the Venice Tunnel 
System 2
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As can be seen from the type section of the cut & cover tunnel, all the main elements consti-
tuting it have been modelled, such as the supporting structure (piers and slabs), the sidewalks, the 
superstructure, the ballast, the water collection channel and the concrete casting. Since this section 
is applied to a curved section, a particularity of the same section is the presence of sidewalks with 
variable height; these elements were modelled by imposing constraints that bound the edge of the 
sidewalk to the height of the rail surface and to the superelevation.

Figure 81.  
Box type cut & cover 
tunnel section

As regards the motorway ramps that have been demolished and rebuilt, boxes of variable 
height have been designed to accommodate the nature of the land on site and the height of the 
road surface compared to ground level; the modeling of these structural elements was carried out 
by combining the type section of the box, with the type section used for the road platform, and in 
which the guardrails, parapets and protection nets were also inserted.

Figure 82.  
Box-like section for roads
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Figure 83. Excerpt of the "Branch 2" ramp modeling

Figure 84. Excerpt of the "Branch 1" ramp modeling
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The intersection between the Bivio Trieste fork and the local road network has been resolved 
with the construction of a rail flyover. The organization of the platform involves the presence of 
a two-lane road and a cycling path on one side. The overpass work consists of 4 decks each made 
with a system of coffered beams in prestressed reinforced concrete with a static scheme of simple 
support. The decks discharge their load onto the dosserets of the piers and the shoulders; the lat-
ter are integrated with the box-like structures of approach to the rail flyover and are of variable 
height. All of the structures have deep foundations on piers.

Figure 85.  
Modeling of "Branch 3" on the Trieste junction

Figure 86.  
Flyover modeling on the Trieste junction

Figure 87.  
Flyover modeling  
on the Trieste junction
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Figure 88. Flyover modeling with visualization of beams in prestressed reinforced concrete

Figure 89. Flyover modeling with detail of the supports of the beams on the piles

Near the crossing of the Dese river, as previously mentioned, there is a succession of embank-
ments, box-like approaches and a viaduct, as shown in Fig. 90.

 
Figure 90. Bridge modeling on the Dese with approach boxes to the viaduct
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The railway viaduct features a series of caisson decks placed side by side in prestressed rein-
forced concrete and 25 m long (pier axis to pier axis) except for the overhead spans of the water 
channel of Via Terrazzo (40 m long mixed steel-concrete span), for that of the River Dese (steel 
arched bridge, 80 m long span) and of the Via Litomarino road (mixed section span in steel-con-
crete, 30 m long).

The arched bridge is the main structure of the line section in question; the structure type 
adopted for the arched bridge in metal carpentry is the Langer beam (or tied arch) on a lower path 
with 2 rails at 4 m distance. The span is a simple support 80 m long, consisting of 2 box arches. The 
straight C/C between the arches of the deck is 12 m.

The stretches of approach line to the railway viaduct are made with box structures based on 
piers.

In the figures below are shown several details of the steps from one type of work to another.

Figure 91. Modeling of box approach 
to the Dese viaduct

 

Figure 92. Modeling of box approach 
to the Dese viaduct with orthophotos

 

Figure 93. Modeling of passage 
from box to viaduct

 

Figure 94. Modeling of transition 
from embankment to box
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Figure 95.  
Modeling of the transition  
from embankment to box with display  
of the foundation piles of the box

Figure 96.  
Modeling of viaduct over the Dese

Figure 97.  
Modeling of viaduct over 
the Dese with orthophotos

Figure 98.  
Modeling of viaduct over 
the Dese - detail
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Before arriving at the airport area, and then at the tunnel sections, one follows a trench with 
variable height; initially this trench is built between U-shaped walls; further on, as the depth from 
the rail level increases, there are sections made between diaphragms. At the entrance of the cut & 
cover tunnel there are Fire Fighting Points sidewalks, i.e. places where trains on fire can stop and 
allow the safe exodus of passengers. These sidewalks re maximum 410 m long and stand 55 cm 
above track level; from these, through the connecting ramps, the passengers reach the flat cross-
ings placed at the ends of the sidewalks.

The modeling of the cut & cover tunnel GA01 was developed to describe the final configu-
ration, and to define the interaction of the structure itself with the ground to obtain indications 
on the accumulation of material coming from the excavation, and of the need for tunnel refilling 
and aggregates for concrete. As mentioned before, the cut & cover tunnel features different type 
sections applied along the route.

Figure 99. Trench type section  
between walls with FFP sidewalks

Figure 100. Trench modeling  
between walls with FFP sidewalks
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Figure 101. Type section in a cut & cover tunnel

The production / needs were determined considering the different construction phases envis-
aged in the project and according to the WBS and its various sections. These quantities have been 
obtained both in graphical form (cross-sections), of which an example is shown in the following 
figure, and in tabular form.
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Figure 102. Excavation section
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Figure 103. Excerpt from the excavation table and requirements of cut & cover tunnel GA01

Taking into account the design speed, the train gauge and the radius of curvature, the under-
ground structure was realized with precast concrete lining modules; the tracing of each of these 
modules was made with the compensated secant.

 

Figure 104. Example of tracing with compensated secant of the individual 
precast concrete lining modules of the cut & cover tunnel

At the head of the gallery is a metal parapet, the first metre of which is hidden, placed to avoid 
the risk of people falling below or objects being thrown onto the tracks. From the entrance of the 
tunnel there is a central separation septum of the two tracks to prevent any smoke coming from 
one barrel to enter the other.
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Figure 105. Entrance to the "Venezia 1" cut & cover tunnel - GA01

The external edge of the sidewalk inside the tunnel is built at a constant plano-altimetric dis-
tance from the inside of the nearest rail. Because of this constraint, in curved sections the external 
sidewalk has a higher elevation than in flat sections; the opposite happens for the sidewalk internal 
to the curve.

Figure 106. Interior views of the "Venezia 1" cut & cover tunnel - GA01

Figure 107. Passage area from single track to double track  
of the cut & cover tunnel "Venezia 1" - GA01
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Figure 108. Entrance area of the cut & cover tunnel in the underground station

Metadata are associated to each element of the cut & cover tunnel in order to provide infor-
mation on the incidence of steel, on the strength class of the concrete conglomerate, and more 
generally on the nature of the materials (the data is that provided for in the construction contracts 
of RFI civil works), on the WBS up to the level of the part of the work, on the characteristics and 
developments of the work, and on the construction phase. Naturally, this data can be increased 
according to the specific needs of the project.

Figure 109. Example of metadata  
associated with the modelled structures
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Figure 110. Example metadata 
associated with the modelled structures
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Within the model are reported the results of the stratigraphic logs of the new geognostic cam-
paign; from each one it is possible to extract a whole series of technical information that allows 
to identify the name of the survey, to define the plano-altimetric positioning of the survey, the 
succession and description of the different layers of earth encountered during drilling, the number 
of standard penetration test blows performed, the slope level.

 

Figure 111. Stratigraphic log and associated metadata of the S7 survey

Figure 112. Example of modeling 
of geognostic surveys
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The analysis of the state of the sites was conducted via the study of the point cloud, i.e. a set of 
points characterized by information about their position in a coordinate system, and by any in-
tensity values (colour, depth, etc.) associated with them. Point clouds usually serve as a representa-
tion of three-dimensional structures such as objects or relief surfaces. Each point has also been 
associated with a specific and pre-established category (i.e. land, vegetation, buildings, viaducts 
in concrete or steel, etc.); this distinction has made it possible to identify and distinguish all the 
objects belonging to the same category from the rest.

The Digital Terrain Model was obtained by isolating its category from the rest; the highest 
definition of the points (40 points per square metre) was maintained only in the case of particular 
points that required specific detail and precision.

Instead, by isolating the category of existing buildings, the model of buildings was created.

 

Figure 113. Example of modeling 
of existing buildings

Figure 114. Example of modeling 
of existing buildings
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3.3.2.2. The architectural and structural model of the station

Diego Aluisi and Marco Strona
BIM SPECIALISTS, ITALFERR

The station, connected to the terminal via a raised pedestrian walkway called “moving walk-
way”, is built underground and consists of a single large chamber with two sidewalks about 345 m 
long and about 3.75 m wide that expand close to the vertical connections to 5 m wide. On each 
platform side, two blocks of fixed and mobile stairs and two lifts lead to the entrance halls of the 
station at road level.

Figure 115. Perspective view of the Venice Airport Station
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Next to the main building, the project envisages a pedestrian walkway connecting the station to 
the parking lot, so as to ensure the autonomous management of pedestrian crossings over the sta-
tion’s railway area.

The station’s interior chamber consists in a large rectangular aperture, 130x18 m large, resulting 
from the flat roof, that allows to eliminate the smoke disconnection systems that take up a lot of space 
and consume a lot of energy, allowing natural light and fresh air to penetrate to the train platforms.

This open-air/underground space is interrupted only by the volumes consisting in the entrance 
halls, the pedestrian passage crossing between the two platforms and the walkway that connects the 
station with the parking lot. These spaces are the only visibility and landmark elements.

The station has two symmetrical entrances, set at 90° with respect to the railway line: one that 
welcomes the passengers coming from the parking lot and the other those coming from the moving 
walkway.

The architectural style and the choice of finishing materials aim at providing colours and shapes 
that conform as much as possible to the electronic image of the terminal, in line with the input of 
characterising the future “Marco Polo” terminal with its own specific identity.

Figure 116.  
Bird’s eye view  
of the BIM model  
of the Venice  
Airport Station
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The architectural project therefore envisages:

• a suspended, lightweight roof consisting of silk-screen printed low-emission glazed panels, 
that results in greater luminosity and air flow during the day and that produces a highly 
lighted effect at night, visible from above. The choice of transparency is in line both with the 
design standards intended for mobility and with the already built, being built or to be built 
solutions applied to the roofing and facades of the airport terminal;

• a rhythmed scansion of full strips d glazed panels lined with red brick lathes closing the 
volumes of the station; this scansion, together with the regular geometries and the colour 
shadings, evoke the architectural features of the road side façade of the airport building 
and of the new shipyard. The proposal of dry wall bricks gives the station a contemporary 
appearance and, thanks to the alternated, recessed/protruding alignments, produces a vi-
bration in the façade with chiaroscuro effect that underlines the prevailing horizontal lines, 
typical of the repetitions in brick bearing walls;

• cladding made of Istria stone on the protection element surrounding the large rectangular 
areas on the underground/open-air space and for the parallelepiped-shaped benches located 
in the areas outside the station. The local Istria stone is also used for the external wainscoting 
and pavements of the new architectures of the terminal.

From the organizational/functional viewpoint, the station is tailored to the needs of the pas-
sengers. It is structured like the hub of a network in which the passenger, from outside in, from 
train to terminal, walks through a continuous, top quality, appealing and minimal space where 
no commercial activities bar the view of the entrances or distracts from the orientation of the 
path flows. The project will be centered on the arrival experience of the passengers, transmitting 
messages of good organization, safety and environmental sustainability. To this end, the system 
installation solutions will be aimed as much as possible at achieving energy self-sufficiency via the 
use of passive solar systems and solar protection. A natural vegetation system along the perimeter 
of the building will transmit peacefulness and will provide external shade.

Italferr and the use of BIM for rail infrastructure design



158

CHAPTER 3

Figure 117. Landscape rendering of the Venice Airport Station

The BIM model of the station is divided into three different models: architectural, metal struc-
tures (I.e. the roof structures), and concrete structures (including the entire section underground).

The architectural model represents the internal and external finishings and defines the basis 
for the development of the shapes of the station itself, also indicating the main geometric charac-
teristics of the parts. Each element represented contains dimensional information (height, length, 
thickness, area, surface, etc.), graphic representations of details and technical specifications (phys-
ical properties such as thermal resistance, transmittance, reflection and refraction, roughness, 
sound absorption, resistance to fire).
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Figure 118. Perspective view of the BIM model of the Venice Airport Station

This model also provides the basic input for calculations of the building’s technological 
systems such as lighting (i.e. material reflection) and heating/cooling (i.e. thermal resistance/ 
transmittance). The management of data related to the energy performance of materials (thermal/
acoustic performance), has allowed a first step in the analysis of the project’s energy efficiency.

Finally, the elements that require functional checks such as dimensions or minimum operating 
heights (i.e. stairs, passenger circulation areas), have been implemented with the sub-category 
called "clearance" for the geometric representation of the same. This sub-category, once made 
visible in the image, allows the direct control of any interference with the models of the other 
disciplines.

The model of the metal structures of the roof is developed through a process of optimization 
of the elements and normalization of the structural nodes, in line with the functional and formal 
requirements defined in the architectural model.

Italferr and the use of BIM for rail infrastructure design



160

CHAPTER 3

Figure 119. Interior of the Venice Airport Station Station – access to platforms

This process of cross-checking and updating occurred at the same time as the acquisition of 
the analytical verification data input of the structural elements themselves. Despite the complexity 
of the geometries, the model consists of regular frames and only a minimum number of complex 
or atypical structural nodes. The possibility to use a three-dimensional model and therefore to 
look at the nodes from different points of view has allowed not only the management but also the 
verification of the constructability of the nodes themselves.
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Figure 120. Inside view of the access to the Venice Airport Station
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3.3.3.
Reconversion of industrial buildings for office use in Firenze Romito

Giovanni Capialbi
BIM COORDINATOR, ITALFERR

The project for the recovery and conversion of the former engine workshops of the Firenze Ro-
mito railway station into Trenitalia offices and commercial facilities, is part of the broader overall 
restructuring of the railway hub of Florence which, once the railway hub of Osmannoro becomes 
operational, sees in this area large spaces made available by the decommissioning of maintenance 
activities for traction rolling stock. The recovery involves several industrial warehouses featuring 
full-height volumes, and some accessory buildings and service areas.

Firstly, the project had to measure itself against the conservation requirements due to the 
historic buildings object of the intervention and subject to protection under Legislative Decree 
42/2004, because they have been built more than seventy years ago. Therefore, it was necessary to 
minimize the changes to the envelope, including the roofs.

Figure 121.  
Panoramic view 
of the area subject 
to intervention
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Two of the rectangular-plan buildings, measuring 1950 square meters and 1430 square 
meters, respectively, with a height of 13.50 meters, are characterized by a metal shed roof 
supported by large pillars in reinforced concrete arranged along the perimeter, closed by solid 
brick walls. The sheds are made with a main structure of lattice beams in metallic carpentry 
that rests on the long sides of the perimeter and that brings a secondary structure of longitu-
dinal reticular beams, in metallic carpentry as well, shaped in extrados to support the inclined 
slopes of the shed. The latter are clear glazed in the shorter flaps exposed to the North and 
opaque in those facing South. The façades are divided into spans vertically spaced by rein-
forced concrete pillars and horizontally by two high frames. On the ground floor, large portals 
open in each span used to allow the entry of the locomotives, moved by a transporter carriage 
facing the buildings.

A part of the volume, corresponding to the last four spans south of the external body of the 
building, was renovated in the early 2000s and currently houses offices, classrooms and the driving 
simulator for the training of both locomotive and travelling personnel.

This first building is connected via a gallery to a second shed measuring 1620 square meters, 
consisting of two contiguous and communicating buildings, with a supporting structure in rein-
forced concrete and characterized by a roof made of lowered barrel vaults that rest on the long 
sides of the perimeter at two different heights: 17 meters and 13.4 meters. The vaulted areas with 
different heights alternate to allow the passage of light from the vertical skylights that fill in the 
terminal arches of the highest vaults. The vaults are made up of arches in reinforced concrete that 
bear a roof boarding covered with Marseilles tiles. To counteract the horizontal thrust, the vaults 
are anchored to the base with steel tie rods. The load-bearing frame in reinforced concrete of the 
two buildings also forms the elevations, where the walls between the beams and pillars are almost 
entirely pierced by large rectangular windows, arranged on two rows: those on the ground floor 
are divided into four insets by a small pillar and a reinforced concrete architrave, those between 
the intermediate beam and the beam of the vaults are divided into two insets by a small central 
reinforced concrete pillar. 

The project involves the demolition of external excrescences that have been superimposed over 
time, to bring the warehouses back to their original construction design. Two new floors will be 
built in each one of the warehouses. Their realization has been designed in full compliance with 
the existing enclosures, but structurally independent. Waterproofing and thermo-acoustic insula-
tion is provided by the pre-existing structure.
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The construction of the two new storeys will produce a total surface area of approximately 
13,300 square metres. This increase in surface will allow to host the entire Trenitalia staff currently 
located in the historic premises of the former Palazzo Compartimentale Fiorentino in Viale Spart-
aco Lavagnini.

In the shed-roofed warehouses, new windows will be opened in the non-bearing walls, between 
the first and the second frame and the splitting of the existing fixtures to ensure adequate condi-
tions of overhead lighting for the ground floor and first floor offices. As far as the external cladding 
is concerned, internal insulation has been designed as well as the almost complete reconstruction 
of the roofs.

The system ducts follow horizontal paths in the false ceilings, and vertically in the cavities lo-
cated in the interspaces between the existing buildings or near the stairwells.

The intervention will be completed by the recovery of a power supply station, the new con-
struction of a technical hub in which to house the machinery of the mechanical air conditioning 
systems, the security system and the external facilities for parking and green areas.

Trenitalia awarded us the preliminary and final design for the recovery of the buildings illus-
trated above at the beginning of 2014. Even if not specifically requested by the client, Italferr im-
mediately chose to develop this project using BIM methodology, in light of its recent experience 
gained in this sector.

One the objectives to provide the customer with a product whose value will be fundamental 
in the conduction, management and maintenance phases of the building. The illustration of the 
project to the client, in conjunction with the final delivery of the final design, is carried out using 
the general model that "sees" all the parts developed by the various structures of the company: 
architectural, structural and mechanical systems, electrical systems, telecommunications and data 
transmission systems, safety and fire protection systems. This method convinces the customer 
who sees a real benefit in the future management of the building, and therefore the subsequent 
executive design phase (in this case expressly requested in the assignment letter) is also developed 
using BIM.

CHAPTER 3



165

Figure 122. The general model

Figure 123. Detail of the structural and system design model in the entrance area of the building
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3.3.3.1. Production of the model of the existing structures

Fabio Coppini
BIM SPECIALIST, ITALFERR 

The survey phase was key to the actual understanding of the state of affairs because it led to an 
in-depth knowledge of the artefacts and their constituent, structural and architectural elements. 
The recurring elements, which can be standardized in three-dimensional modeling, were singled 
out, as well as the individual elements to be rendered separately, including the interface zones 
between the buildings. 

Therefore, the BIM model of existing buildings consists of various survey phases:

• Surveys with laser scanners, for the facades and interiors of the existing buildings.

• Inspections with classic surveys for:
 – yard, in this case performed with topographic celerimetric surveys;
 – sub-services, files with a census of the yard bodies and wells.

• Structural surveys for the definition of:
 – geometries and thicknesses of the profiles of the metal structures;
 – geometries of the structural reinforced concrete elements;
 – crack pattern of the elements in reinforced concrete;
 – surveys and tests on materials to determine the resistance class of the reinforced concrete 

and steel elements as well as the consistency of the foundations.

The choice of performing the surveys with laser scanner methodology basically arises from 
the need to make available an overall point cloud model that is always consultable and that can be 
queried even once the survey campaign has been completed, considering that:

• the surface area of the buildings and of the various excrescences to be detected included 
approximately 8,700 square metres, of which 1700 square metres for the vaults building 
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(180 m in perimeter), 1500 square metres of the first shed building (175 m in perimeter), 
1,400 square metres of the second shed building (175 m in perimeter), or about 5,300 square 
metres of façades;

• the internal design plan included at least 12 macro-disciplines (Environment, TLC, Con-
struction site set up, Building Safety, Architecture, Geology and Geotechnics, Mechanical 
Systems, Light & Power distribution systems, Safety and Maintenance, Structures) with the 
most diverse range of needs, and totalled about 20 sub-disciplines (e.g. for the structural 
discipline, two working groups were created, one for the steel structures and one for the 
structures in reinforced concrete; those for Mechanical systems were even more numerous).

By way of example, for the most interesting survey methodology, i.e. the laser scanner, the fol-
lowing specifications and precautions were used:

• sono 101 scans were performed using a HDS7000 type scanner, in different phases, which 
guarantee an adequate resolution for the rendering of the survey and the measurements of 
the geometries of the structural elements;

• several scans have been planned to cover the entire structure and avoid blank areas with a 
sampling step of 3 mm at 1.0 m at a speed of 1,000,000 points/sec and an accuracy of 1 mm;

• for the colouring of each single point, a high-resolution camera was used, positioned in the 
same position as the laser scanner, taking eight photographs at regular intervals;

• using appropriate software, the photographs were first processed by grouping the individual 
photos taken from each scan point into a spherical image that was used to colour the cor-
responding scan. Then the individual clouds were filtered to eliminate any non-relevant or 
overlapping points, the geo-referencing of each cloud was conducted, and finally everything 
was brought together into a single cloud;

• Finally, the georeferencing of compensation residues on target values of about 1.0 mm.
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Figure 124. Layout of the blocks detected with the laser scanner and the parking points
 

Figure 125. Example of a spherical photo of the inside of the vaulted building
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All this created a volume of data for a total of about 80 GB, data relative to the point clouds 
only.

 

Figure 126. Example of point cloud. South and East facades
 

Figure 127. Example of point 
cloud. Detail of the gallery area 
roof finishings (area between 
the vaulted building  
and the first shed building)
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At the architectural-structural level, the material was processed in 2D by sectioning the point 
cloud at the various points required and by interpolating the values highlighted with the rendering 
of floor plans, elevations and sections. These are the basic elements necessary to reconstruct the 
BIM models of the 3 existing buildings, subdividing the information into the appropriate special-
ized files divided by discipline and by Workset.

Specifically, the three existing buildings were divided into two different models, one for the 
body with vaulted roof and the other for the bodies with shed roofs, and were then reconnected to 
each other through links so as not to overload the work files. For all buildings, the following were 
identified:

• the supporting structures
• the walls 
• the openings 
• the roofs.

This same order was followed for modeling the structural frames up to the impost of the vaults 
for the first building and of the shed for the other ones, and subsequently the perimeter walls were 
modelled.

The accurate modeling of the perimeter walls allowed to position, in the following phase of the 
project, the thermal-acoustic insulation of the buildings with perfect adherence.

Then the roofs, consisting of reinforced concrete slabs for the vaults of building ‘A’, and a main 
and secondary frame of shaped reticular beams in metallic carpentry for the sheds of buildings 
‘B and ‘C’, were modelled. Great importance has been given to the modeling of the existing rain 
piping system; to this end, it was decided, in the design phase, to maintain the position of the rain 
pipe unions and of the gutters, renewing only the constituent elements, in order not to alter the 
external heights of the buildings.

The accurate and corresponding modeling of the pre-existing buildings and the correct as-
signment of the design phases to the 3D elements also made it possible to easily produce, before 
and after the intervention, the documentation necessary for sending the project to the competent 
supervisory authorities.
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3.3.3.2. The structural and architectural model

Fiorenza Traini, Giulia Soriero
and Anatol Kraczyna
BIM SPECIALISTS, ITALFERR 

The architectural project for the reconversion of the warehouses for the maintenance of the 
former locomotive depot of Firenze Romito has envisaged the internal reorganization of the three 
buildings along a main distribution axis that connects all of the warehouses and where there are 
vertical connections between the levels intended for offices. The client has in fact requested the 
splitting of the existing volumes onto three levels – the ground floor and two higher floors – 
through the construction of two new steel floors, carried by metal frames independent of the 
existing structures and foundations.

The models produced for the Executive Design have implemented the models produced during 
the detailed design phase, increasing the information of the parametric elements and families, and 
enriching the construction details through the export from the model of detailed drawings.

 

Figure 128. Architectural model of the Firenze Romito complex
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Two separate models have been maintained, one for the body of vaulted buildings and for the 
glazed gallery connecting the buildings, and one for the body of shed buildings, similar in size and 
for the architectural elements that characterize them. The levels corresponding to the three new 
floors, one level for the attic and one for the roofs, have been defined.

Figure 129. Architectural model of the body of shed building

Figure 130. Architectural model of the body of vaulted buildings
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The two models were connected to a central model with a system of shared coordinates that 
allowed all of the architects to work simultaneously on several levels of the same model and to 
ensure exact synchronization when interfacing with the other specialists.

The use of BIM software has allowed to always have an overview of the architectural volumes 
under intervention and to control in detail each single part.

Figure 131. Cross-section of the model along the connection structure between the buildings
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For example, as regards the design of the thermal internal cladding, it was necessary to adapt the 
project, via accurate modeling, to the irregularities of the existing shell and of the supporting structures.

The recovery of the existing buildings’ volume with the aim of reusing it, and the needs dictated 
by the project’s future uses have, in fact, determined various interferences between existing and new, 
resolved through the detail modeling of some finishes:

• internal and external paving;
• false ceilings;
• the parapets of the stairs and of the internal courtyards;
• the cover plates.

Figure 132. Detail of the integrated architectural model and vaulted building systems

The possibility of interrogating the model in all single points with the sectional and axono-
metric cross-section tools, offered by the software used, has allowed this type of constant control 
during the design phase.
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Figure 133. Longitudinal section of the shed building along the length of the conference hall

The graphic rendering, in the model, of the roof beams has allowed a careful design of the roof 
covering, with the creation of families for the sandwich panels that include substructure, elements 
for rainwater disposal and maintenance walkways located above the existing trough gutters.

Special attention was then dedicated to the modeling of the external openings, creating:
• 13 parametric families for 28 types of windows;
• 3 families for 5 types of doors.

All the elements were organized into abacuses complete with all of the information concerning 
dimensional data and the materials that make up the windows (frames and counter frames, glazed 
panels, opaque panels, accessories).

The modeling of the interior spaces, defined by partition walls and glass walls, was also aimed 
at creating detailed sheets that classify each environment according to their intended use, dimen-
sional data and design finishes used. This work has facilitated the computation and drafting of the 
descriptive and prescriptive documents, such as the specifications for example.

By interfacing with the other specialists through the sharing platform, with the synchroniza-
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tion of the models constantly updated during the design phase, it was possible to check for and 
resolve any interferences and to reduce the possible occurrence of unforeseen problems in the 
construction phase.

The integrated and shared working method, introduced in the project via BIM tools, combined 
with the indispensable preliminary study and analysis of historic buildings, has ensured the suc-
cess of the project, aimed at achieving high performance while meeting the established deadlines.

As regards the structural part, in order to undertake the design with more technicians and to 
limit the size of the files of the models that had to be managed within shared company servers 
in real time, it was decided to divide the design into five distinct models based on the following 
criteria:

• models divided according to the 2 types of buildings (the reinforced concrete one with 
vaulted ceiling and the two buildings with shed metal roofs);

• distinct models that grouped the new structures in reinforced concrete (foundations, stair-
wells, floors and elevators walls), separating them from the new steel structures (pillars and 
network of beams);

• models for existing roofs (to be preserved) with steel trusses relating only to the shed build-
ings;

• distinct models for the 3 buildings in order to design all the junctions of the structural steel 
elements.

In general, from a structural point of view, in all 3 main buildings it was decided to create a new 
metal framework independent of the existing building designed to support 3 storeys (2 used as of-
fices, apart from the ground floor, and one as cover and internal closure of the volume). Therefore, 
the position of the perimeter pillars is such as to allow the insertion of isolated plinths resting on 
micro pillars inside the existing buildings that do not interfere with the old foundations.

The metal pillars, which are relatively easy to put install, are then completed by a trellis of main 
and secondary beams that create a 3D metal framework as the main support for the floors. The 
supports, in turn, consist of a system of metallic purlins and two-dimensional slabs made of cor-
rugated sheet and cast reinforced concrete.

The first and second floors are used as offices not accessible to the public, with an incidental 
load of 2.0 kN/m2, while the third floor used as covering is actually only the structural, architectur-
al / functional closure of the new enclosure and has differentiated destinations: a 2.0 kN/m2 load 
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for the vaulted building only (as it is the only one inside which there are additional spaces that 
can be used between the new support and the old roof), with only maintenance and utility system 
loading at only 0.5 kN/m2 for the shed roof buildings (since, for these, there is in fact a minimum 
assembly clearance between the last support and the lowest chains of the existing roof trusses).

From a seismic point of view, the new buildings are designed in such a way as to be considered 
separate from the existing external ones; therefore, an expansion joint has been designed, for each 
floor, capable of absorbing differential and phase opposition oscillations.

The seismic vulnerability was evaluated for the outer shells that include, in fact, sensitive mass-
es represented by the external infill panels and the roofs. In the current conditions and consistency 
of materials, it was seen that the existing buildings are able to absorb 100% of the earthquake force 
imposed by current legislation (NTC2008), provided that, for the vaulted building, the pattern of 
large and cracks present inside the edge beams be remedied and that, for the shed roof buildings, 
the old metal roof trusses be restored using sandblasting and new protection cycles. As regards the 
shed roofs, it is also planned to replace the old "Perret" type construction (screed and Marseilles 
tiles) with more modern, lightweight and insulating sandwich panels.

The new buildings, built inside the existing ones, are equipped with earthquake-resistant septa 
(stairwells and elevator compartments) designed at unitary ductility (q = 1.0) since, due to their 
important geometry (plan dimensions: about 10x4.5 m each), they proved to be seismic force 
concentrators (in fact, almost all of the horizontal seismic action passes through these elements 
and is discharged to the ground). These box-shaped nuclei rest on large-sized slabs equipped with 
a mesh of substantially perimetral micropillars measuring 1.0x1.0 m.

Special attention was then focused on the modeling of the foundations through the creation of 
nested families of micropillars and slabs that would allow their correct computation according to 
the various types (isolated plinths and slabs for stairwells and elevator compartments).

The remaining families are of the traditional type: beam, wall, column, floor and beam system. 
Mention should be made of the steel profile families that had to be treated with particular care 
since they were to be subsequently inserted in separate models for the insertion of the steel nodes 
and of the necessary processing of the systems (for any regular openings).
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The figures below show two examples of structural BIM models (both steel and concrete) in 
the absence of architectural models and surveys to highlight the structural complexity.

Figure 134. Example of the structural BIM model of the vaulted building

Figure 135. Example of the structural BIM model of the shed roof buildings
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Having to produce an executive project of the buildings, it was necessary to define in detail at 
least all the types of nodes between the steel elements. To provide the client with a complete BIM 
design, it was decided to model all the metal structures and their nodes; in particular, about 30 
distinct families of BIM nodes were developed for the vaulted building and 30 for the shed build-
ings. The effectiveness of three-dimensional modeling was such that, for each node, it was possible 
to verify:

• the need or not to create a new typological node family (for which all the necessary nodes 
have actually been identified);

• the possibility of assembly of the nodes;
• the possibility of realistically carrying out all the machining operations both in the work-

shop and on site (welding, bolting, etc.).

The following is the complete modeling of the metal part of a building and a detail of a node 
family.

Figure 136. Example of a BIM specialized steel model of the whole vaulted building
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Figure 137. Detail of a BIM space frame of the vaulted building

Figure 138. Detail of BIM nodes: beam-column and treatments on the main beams
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3.3.3.3. The model for the utility systems

Mario Francisi and Gregorio Cannistrà
BIM SPECIALISTS, ITALFERR

In this executive design phase, the model had to be populated with a considerable amount 
of information. It was therefore necessary to divide the model realized in the previous design 
phase into several files of the LMP and TLC systems alone, exploiting the characteristics of the 
shared platform and encouraging collaboration among a larger number of colleagues who had 
simultaneously added information to the model. The cableways and the switchboards for the tel-
ecommunications and power distribution systems were developed simultaneously in the same 
environment to further facilitate the homogeneity of the pathways.

Figure 139.  
Layout of ducts

Figure 140. 
Ducts in 3D
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In addition to populating with detailed information about the elements present in the mod-
el, in line with the design phase, the electric circuits were modelled. Like the other information 
contained in the model, the circuits can be viewed in tabular and planimetric form, adopting the 
appropriate selection criteria.

The modeling of the electric circuits also allows to analyse the relationships between the power 
supply panel and the user devices. This feature will be precious for maintenance.

The implementation of lighting-related calculations directly within the model allowed to verify 
every single room of the building, providing a degree of consistency with the absolute architec-
tural part. 
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Since it concerns an executive phase design, the electric model required the import of a greater 
amount of information, including: 

• definition of electrical circuits within the LMP models
• implementation of all normal and emergency lighting calculations and verifications within 

the model
• implementation of the TLC (Telecommunications) system model within the LMP (Light 

and motive power) system models.

As regards the mechanical systems, the BIM model of the systems inside the Firenze Romito 
office building was developed using 4 models containing the following types of systems:

• air-conditioning system model;
• sanitary water system model;
• fire hydrants system model;
• special systems model (video surveillance, access control / burglar alarm and fire detection).

In a first phase it was necessary to share the volumes necessary for the handling, installation and 
maintenance of the equipment. This allowed to create, in the civil and architectural models, suitable 
technical rooms for the integration of the systems’ components such as machinery, piping, ducts. 
The simultaneous development of BIM models (civil, architectural, system) led to the generation of 
interferences solved in the final phase of the design. 

Figure 141.  
Modello 
illuminotecnico



The BIM design, in addition to the modeling and sizing of the systems, consisted in the inser-
tion, within the families of the main components, of the performance characteristics and of the 
types of materials.

In the final phase of the design, once the modeling of all the systems listed above was completed 
and the interference with the other models checked, the model was used for computation of all 
of the elements and 6 additional models were created for the realization of the 2D drawings with 
legends, notes, information labels and coded titles.

The decision to create several models containing different types of systems came from an as-
sessment of the overall geometric dimensions of the project and the desire to manage all the 
elements of the planned system on the same model. This choice entails advantages in reducing 
the downtime caused by the simultaneous multiple design on the same file and in reducing the 
software slowdown in the management of a single large model. Furthermore, it allows the designer 
to perform the sizing of the modelled networks.

AIR-CONDITIONING SYSTEM MODEL
The system consists of air conditioning units to guarantee adequate air exchange and ceil-

ing-mounted fan coils to control the temperature inside the offices.
As regards the air-conditioning system, the winter and summer heat and refrigeration loads 

were evaluated directly in the model, based on which the equipment and the air-conditioning and 
air duct and water piping systems were sized. 

Figure 142.  
Air-conditioning system

Figure 143.  
Air-conditioning system - Technical island
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SANITARY WATER SYSTEM MODEL
The sanitary water system consists of a water supply and a waste water drainage network serv-

ing the toilets inside the building.
The water supply network starts from the point of supply of the existing network and is dis-

tributed to the sanitary appliances, while the waste water network starts from the sanitary facilities 
and goes to the sewage collector outside the building.

The sanitary water system has been dimensioned directly in the model according to the criteria 
dictated by current UNI standards and according to the needs indicated by the position and the 
number of sanitary facilities present in the architectural model.

Figure 144.  
Sanitary water system - General model

 

Figure 145. 
Sanitary water system -  

Piping layout
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FIREWATER SYSTEM MODEL
The BIM model of the fire-fighting water system contains the network of hydrants inside 

the building.
The dimensional characteristics of each component included in the model derive from 

values extracted from technical reference sheets of the commercial products.
The maximum distances between hydrants required by the regulations have been veri-

fied within the model, as well as the pressure losses generated in the piping and in the valves 
present on the most disadvantaged sections.

The positioning in the model of the hydrant boxes required a coordinated effort among 
the architects to integrate the components within the architectural model.

Figure 146. Fire-fighting system
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SPECIAL SYSTEMS MODEL
The BIM model of special systems contains: 
• the fire detection system;
• the access control / burglar alarm system;
• the video surveillance system.

The model of the fire detection system contains smoke detectors, fiber optic repeaters, fire 
alarm panels, safety magnets for fire doors and control units.

The model of the access control / burglar alarm system contains volume sensors, magnetic 
sensors, keypads with the control modules for controlling the doors, and the control units.

The video surveillance model contains the wall-mounted cameras and the recording and su-
pervision panels.

The dimensional characteristics of each component included in the model derives from values 
extracted from the technical reference sheets of the commercial products.

As regards video surveillance, it is possible to use the 3D model to check the view range of in-
dividual cameras to understand if there are areas not covered by camera shots.

 
 

Figure 147.  
Special systems
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3.3.3.4. Resolution of specialist
and interdisciplinary interferences

Fabio Coppini
BIM SPECIALIST, ITALFERR 

Firstly, having to insert 3 storeys inside existing buildings, the various disciplines, and in par-
ticular Architecture, Structures, Mechanical Systems and Light and Power, have studied in depth 
the problem related to the systems layout on the various floors and the floor system (delta between 
the upper floor and the lower false ceiling).

Hence, the systems and the ducts have been confined inside free areas with differentiated thick-
ness between corridor (higher up) and rooms (minimal thickness); the impermeable structural 
and finishing systems have been freed of most system-related interferences, at least as regards 
many of the typological conditions that can be spotted in 2D. However, once the BIM models were 
created, it was necessary to take note of a set of requirements:

• some systems, i.e. electrical, air-conditioning and those related to smoke management during a 
fire, necessarily interfered with the structural partitions of the elevator and stairwell compart-
ments. It was therefore necessary to plan regular openings above the false ceiling or in the attic;

• some electrical and air-conditioning systems of the area, but only in the vaulted building, in-
terfered with the existing bridge crane beams of the internal alignment. A specific design was 
necessary for the realization of 3 rectangular openings and their bracings, in line with the two 
existing T-shaped beams (hole dimensions 55x30 cm and 30x20 cm);

• when entering the rooms, some air-conditioning systems had a position and size that inter-
fered with the main support beams of the floor. In well-defined and coordinated points, these 
beams were provided with single reinforced slots across the neutral axis of the double T-beam 
(preferably at the centre line or at least at a distance of at least 50 cm from the support node 
on the column).
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Figure 148. Interference detail resolved with slot 
between main beam and air-conditioning system

3.3.3.5. Validation of the model and the project

Giovanni Capialbi
BIM COORDINATOR, ITALFERR 

In Trenitalia’s assignment, Italferr was also expected to validate the executive design. The use of 
the model for this activity proved to be fundamental, both in the analysis and verification phase of 
the project, according to the provisions of the company’s procedures, and in the exchange phase 
with the designers. Direct verification on the three-dimensional model allowed the inspectors in 
charge to efficiently check what was shown on the design drawings.
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3.3.4.
Extension of the DT depot and of the LV depot shed inside
the Routine Maintenance Facility (IMC) of Bologna Centrale

Salvatore Casolaro
BIM COORDINATOR, ITALFERR

The IMC railway facility of the Bologna Centrale station is used for first level maintenance 
on rolling stock for the Emilia Romagna Regional Department of Trenitalia. This structure, built 
in the 1930s, is located in Bologna on Via del Lazzaretto 16, and covers an area of about 156,000 
square metres. The objective of the intervention is the extension of an existing shed of about 4,800 
square metres consisting of two structurally connected buildings, currently used for the mainte-
nance of light vehicles (LV depot) and diesel shunting locomotives (DT depot). This expansion is 
necessary in order to meet the needs of the regional transport system which envisages, by Decem-
ber 2019, to expand the rolling stock fleet with the addition of new Alstom and Hitachi High and 
Medium Capacity trains. 

 

Figure 149. View of the IMC of Bologna Centrale and identification of the depot subject to expansion
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The main interventions essentially consist of:
• lengthening of the current LV depot by about 140 m on the Milano side and of the current 

DT depot by about 150 m on the Milano side;
• seismic adaptation of the existing shed by means of structural reinforcement interventions 

such as jacketing of steel pillars, consolidation of masonry and of the elements in the foun-
dations and elevations;

• realization of a flush rail track adjacent to the LV depot, featuring the presence, for a length 
of about 66 m, of an automatic external train body washing system and of units for the treat-
ment of the toilets sealed on board the trains for the remainder part;

• creation of automatic underbody washing systems, on flush rail tracks leading to the shed, 
on the Bologna side. A unit for washing the underbody was installed on the track down-
stream from the external train body washing system;

• changes and adjustments of the equipment system inside the existing depots;
• targeted redevelopment of 14 railroad switches, including electric on-site operating frame 

and electric heating.

Figure 150. Extension of the existing shed – Schematic diagram
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3.3.4.1. Description of the planned interventions
and purpose of the project

Italferr developed the executive project starting from surveys of both traditional type and with 
the help of laser scanners with the acquisition of a point cloud necessary for the rendering of the 
existing structures.

On a structural level, the new shed is structured in prefabricated reinforced concrete, with mild 
reinforcement and partly prestressed frame members, using frames with C/C equal to 10.00 m and 
sloping roofs supported by prestressed reinforced concrete trusses made of "Spiroll" honeycomb 
panels surmounted by metal plates ready for the installation of a photovoltaic system, served by an 
access walkway for maintenance. The interior height varies between 8.45 m and 10.70 m.

The external cladding will be made with prefabricated concrete panels and extruded alumini-
um profile fixtures consisting of large windows that mimic the design and even the colour of the 
windows present in the existing sheds.

The rectangular section prefabricated pillars will be housed inside containers poured in place, 
connected to the foundation plinths, joined together by beams of different sizes.

The external cladding consists of insulating prefabricated reinforced concrete infill panels, 30 
cm thick, externally painted in the same RAL colours as the existing building.

Inside the shed there are prefabricated inspection pits, 1.50 m deep, with tracks on columns 
(tracks 1, 2, 3 and 4 in continuation of existing inspection pits, tracks 5 and 6 for their whole 
length, therefore inside the existing DT depot as well), and stop ends set at height 0.00 and walking 
level at height -1.00 m.

As regards the superstructure, the intervention involves the reconfiguration of the tracks’ ac-
cess  on the Milan side and on the Bologna side by means of appropriate demolition and recon-
struction of tracks and switches.

The current configuration on the Bologna side, in fact, is composed of three tracks at the en-
trance of the DT shed and 4 tracks inside the LV shed; the new design configuration includes:

• 2 tracks inside the DT shed;
• 4 tracks inside the LV shed;
• a new flush track outside the DT shed (south side), by inserting a left S50 UNI / 170 / 0.12 

switch.
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The post-intervention mechanical equipment includes, in addition to the equipment of the 
new building, new tracks and platforms, also the adaptation of the utility systems in the existing 
building by upgrading the systems supplying gas, water (industrial and water-supply networks), 
compressed air, heating, HVAC, as well as waste water disposal and the toilet flushing and sanitiz-
ing systems. The network of hydrants for internal and external protection and the fire detection 
system will also be implemented.

The mechanical equipment of the shed envisages the supply of 44 mobile trolleys for the in-
spection and maintenance of the roofs and sides of rolling stock, along the entire length of the 
shed; the upper and lower guides of these devices will not be continuous but physically separated 
in correspondence of the neutral sections that delimit the ET electric zones. Servicing two tracks 
there will be a 16t overhead gantry, bordered by two lifting platforms, while the other four tracks 
will be equipped with rotating jib cranes.

As regards the electrification of the yards, new ‘LSU’ poles, circuit breakers, supply and contact 
piping, the construction of moorings, earth and protection circuits are planned. Inside the shed, 
on the other hand, electrification will be achieved using both fixed and mobile rigid overhead 
lines, anchored via metal frames to the roof trusses.

The electrical system provides for the construction of new power lines with the corresponding 
main switchboards, a new regular lighting system, for safety and for inspection pits, as well as the 
upgrading of the Motive Power for the existing building and the related expansion. The signalling 
system will also be upgraded with a power supply cabinet, 14 switch boxes and 14 MESP (Electric 
Local Control) devices, in addition to the pertinent cableways and the set-up of 14 switches.

Figure 151.  
Perspective views of the shed post-operam
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3.3.4.2. Design development using BIM -
Experiences and technical solutions

The choice to develop the design using BIM methodology arose from the need to provide the 
client with a realistic (3D) visualization of the technical solution adopted, in order to favour the 
immediate perception of the functions and performances of the systems. This visualization facil-
itated the client’s sharing in and subsequent approval of the technical choices, allowing them to 
verify that the system meets the required conditions. Working together on a single model proved 
to be the best way to manage the project.

The main critical issues to be addressed were:  
• the interfacing between civil works and railway systems;
• recovery interventions on pre-existent structures.

The use of a sharing and archiving platform has favoured collaboration between designers, soft-
ware interoperability and integration between processes and sustainability. It also allowed the analysis 
and resolution of interferences and misalignments between the original project and the information 
coming from surveys carried out in the field used for modeling, thus constituting a fundamental sup-
port in addressing all aspects of executive design.

The use of the BIM methodology has made it possible to verify the validity of the data entered 
in the model at each stage of its life cycle, assessing in advance and with precision any construction 
problems (e.g. interference with construction phases) as well as being able to present different de-
sign solutions to the client before the next planning phase. The 3D modeling has made it possible 
to effectively evaluate the feasibility of the intervention, considering the dimensions of the machines 
considered for use.

BIM repercussions on the entire operational phase were also considered because the digitization 
of the order will produce considerable savings after the as-built phase, effectively representing a qual-
itative database for the maintenance and management of the building.

3.3.4.3. Architectural Design

As regards architecture, BIM has demonstrated its greater efficiency compared to traditional 
methodologies due to the ease of dialogue and integration with all the IT tools that concern system 
engineering in general, metric calculations, datasheets and technical certifications of materials.
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Being able to quickly transfer the project without loss of quality has allowed designers to 
provide their counterparts with all of the information necessary for the continuation of the 
project. The developed three-dimensional model abounds in information, from the simplest 
concerning volume and dimensions, to the more complex concerning materials, aspects, tech-
nical characteristics. The project is built "virtually", and the many problems that would be-
come evident only during the realization phase are solved along the way, such as the inter-
ference between elements and the resolution of all those "non-standard" situations that often 
cannot be considered or solved in traditional design. The architectural model was developed 
starting from structural elements and parts more related to architectural design. The use of 
BIM involved the project in all of its phases such as: 3D modeling, rendering, bill of quantities, 
project WBS.

3.3.4.4. Structural Design

BIM has shown its enormous advantages at the structural level in the activities aimed at 
the design of the main structural works, such as reinforced concrete foundations, concrete 
as well as steel structural works in elevation, structural roofing works, generating increased 
efficiency of the communication between modeling systems and calculation programs. In 
the case of new or alternative solutions, BIM has allowed to avoid structure re-modeling, to 
reduce possible human errors, and to transfer information on the sections used, the materials 
and the characteristics of the construction elements. The use of BIM also allowed to evaluate 
the impact of the implementation phase and to analyse the progress of the model in its phas-
es, particularly in the most critical ones. 

3.3.4.5. System Design

The various technical systems servicing the building have been the subject of BIM design. In 
this context, the greatest result was achieved thanks to the ease of dialogue and integration with all 
those IT tools that work on the sizing and positioning of the systems as well as the modeling and 
the bill of quantities. In fact, BIM has allowed to visualize all of the MEP systems in a single model, 
to test their performance and to intervene during the design phase when variants or interferences 
arise. 
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The BIM design of the Bologna routine maintenance structure was developed within a single 
mechanical model containing the following types of systems:

• mechanical equipment for the maintenance of rolling stock;
• washing system for the body of rolling stock;
• radiant tube heating system for the building;
• fire-fighting water system;
• water supply system;
• compressed air system;
• office air conditioning system;
• methane gas network;
• fire detection system.

The main innovation introduced with this project was the use of BIM for the design of innova-
tive mechanical equipment useful for the maintenance of rolling stock, with a high technological 
content and with features difficult to understand using traditional representation methods.

The modeling of this equipment and their positioning inside the shed simplified the dialogue 
with the client, improving the descriptive capacity of the features and potential of each unit. The 
final model, including the civil, architectural and system accessories, was used to create animated 
videos to verify the functional potential of the newly designed system.

Moreover, considering that a part of shed already existed, the three-dimensional model of the 
civil works represented a major advantage for the integration of the new systems into the existing 
structures.

Even the computation of all the system-related elements was carried out directly from the 
model, and for final delivery we proceeded to the graphic extraction of tables complete with leg-
ends, notes, information labels and coded title blocks.

The modelled containing the most innovative components are certainly the mechanical equip-
ment system, the washing system and the radiant tube heating system that will be described in 
more detail further below.

As anticipated, the Bologna IMC shed is intended for the maintenance of trains with different 
geometric characteristics compared to those currently handled, so it was necessary to propose 
an innovative solution that would make the system flexible and useful for to the various types of 
rolling stock to be maintained. In particular, the mobile walkways were designed to slide along 
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the axis of the track and offer the possibility of lifting the working level to the different heights 
at which maintenance operators are called to operate. The worktop can also slide to get closer to 
the train body or to position itself above the roof of the train car, allowing operators to work on 
the roof without stepping on it. In order to lift components weighing up to 1,100 kg, rotating jib 
cranes have been provided, able to operate along the track along the sliding guides anchored to the 
structure of the shed. 

 

Figure 152.  
Mechanical equipment - 
Complete Model

 
Figure 153. 

Mechanical equipment - 
Moving walkways 

for roof inspection  
and rotating jib crane
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To lift the heavier components, a 16t overhead gantry has been provided with a fixed walkway 
with characteristics similar to the mobile one. In addition, wagons and set of axle drop systems 
have been installed for the maintenance of the traction components of the rolling stock. 

Figure 154. Mechanical equipment –  
wagons and set of axle drop systems 
and overhead gantry

For the washing of rolling stock, an ex-
ternal car body washing system with roll-
ers and an under-body washing system 
were installed on the track outside the 
shed. The washing system is a fixed system 
through which a moving train is driven 
by its own traction at a speed between 2.5 
km/h and 5 km/h. The system provides a 
fully automatic cycle with a traffic light 
at the entrance of the washing area that 
indicates to the train operator whether to 
come in or not. 

The system consists of:  
• a pre-wetting section;
• an acidic detergent spraying station;
• a first set of vertical brushes;
• a first rinsing area;
• a basic detergent spraying station;
• a second set of vertical brushes;
• a third set of brushes for edges and recesses;
• a second rinsing area;
• a section for undercarriage washing.
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In the BIM model, in addition to the external carriage washing system positioned on the side 
of the shed, six hot water undercarriage washing systems were designed for each track entering 
the shed, thus allowing operators working in the inspection pits to operate in optimal conditions.

Figure 155.  External car body washing system

The heating system of the Bologna IMC shed, designed directly on the mechanical model, consists 
in a linear radiant-tube system composed of 24 thermal units placed under the intrados of the shed to 
ensure heat radiation over the underlying operating spaces.

The variable-temperature thermal vector fluid consists of recirculated flue gases that overheat, 
enter the stainless steel combustion chamber and are mixed with the new combustion gases pro-
duced by the burner.

Room comfort is monitored by measuring the ambient air temperature and the mean radiant 
tube temperature.

Italferr and the use of BIM for rail infrastructure design



200

 
Figure 156. Radiant-tube heating system - Complete model

Figure 157. Radiant-tube heating system - Modelled burners
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3.3.4.6. Control and Validation of Models

BIM has contributed to the control and validation activities of the project by supporting the 
coordination functions, such as: project review, progress reporting, feedback activities, preven-
tion of inconsistencies and/or real interferences between various construction elements. Model 
Checking has allowed, through customized and agreed rules, to optimize the procedure and make 
it easily communicable to the stakeholders.
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3.3.5.
In the world: the Doha Metro

Marcella Faraone
BIM COORDINATOR MEP CIO JV, ITALFERR

Italferr participated in the project as a member of the CIO Joint Venture (COWI, Italferr and 
Oneworks) having as main contractor the JV ISG (Impregilo, Salini and Galfar), and Qatar Rail 
as client. This was its first experience of a Design & Build project using BIM methodology in an 
organizational method based on the collaboration of the partner companies involved in the Joint 
Venture and the involvement of a heterogeneous and intercultural team.

The following were designed by Italferr using BIM:
• Mechanical systems (heating, ventilation, air conditioning, fire-fighting) and electrical sys-

tems of:
 – 7 underground stations (including 3 connection stations)
 – 3 emergency exits
 – 13 km of tunnel
 – 5 underpasses
 – 1 overpass
 – an exit ramp

• The structures and architecture of the exit ramp
• The architecture of 2 emergency exits.

For the modeling of the works, 184 models were produced for the various disciplines and di-
vided between models of the works (3D) and models for the extraction of the design drawings.

3.3.5.1. The information content of the models:
calculation and simulation of the construction phase (4D)

The information content of the models allowed to extract all of the information for the computa-
tions and the technical data sheets of the elements needed for the purchase of materials and equipment.
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At the client’s request, the information related to the planning of the construction phase was added, 
allowing to generate a simulation of the construction work useful for subsequent job progress moni-
toring.

 

Figure 158. Overview of the set of models of the RLNU (Red Line North Underground)

3.3.5.2. The BIM design process

For the success of the project it was fundamental to add to the organizational structure of the 
joint venture professionals who had specific skills in BIM. Together with the contractor, a BIM 
Team was set up, consisting of the contractor's BIM Manager, the BIM Manager of the group and 
the BIM Coordinators for each discipline (architecture, structures and systems).

At the beginning of the project, the BIM Team established the procedures, the processes, the 
rules and the methods of BIM design.

During the project the BIM Team monitored and checked that the rules initially established 
(and adjusted during the project, where necessary) were complied with.

3.3.5.3. BIM Execution Plan and BIM guidelines

All the rules and processes related to BIM have been described in the BIM Execution Plan (BEP), 
the main document in a BIM design, written with contributions from the entire BIM Team.

The BIM Execution Plan was then accompanied by detailed and specific documents of the various 
disciplines, produced by each one of the BIM Coordinators.

In drafting the BEP and other documents, the BIM Team considered not only the complex organ-
ization of the project and the geographical location of the various project teams, but also a series of 
contractual obligations such as the BIM guidelines of the client, Qatar Rail.
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3.3.5.4. The coordination process

An example of what is described in the BEP and the guidelines is the coordination process, estab-
lished by the BIM Team together with the main professional figures of the design team (designers, 
project managers, coordinators), fundamental towards achieving a federated and coordinated model 
in terms of design, i.e. the coordinated and interference-free models of all the disciplines.

The coordinated models of all the disciplines and all the structures amounted to 290.
The iterative coordination process illustrated in the following figure was planned and applied 

during the design of each individual structure. Qatar Rail has received constant evidence of this 
process, via the tracking within the coordination file (produced by the software used for the detec-
tion of interference) of all actions taken to resolve interferences, responsibilities and the history of 
interventions performed.

Figure 159. The iterative coordination process
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3.3.5.5. The Common Data Environment and collaboration

The Common Data Environment is the platform where all the files and the project documen-
tation have been saved, including the models of the works. The structure of the platform has been 
set to comply with PAS 1192 as shown in the diagram in Figure 160.

Figure 160. Storage flow of the project documentation on the collaboration platform
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Each team set up its own collaborative environment (the technology that would have allowed 
to have a single collaboration platform on which the various designers could work together was 
not yet at a sufficient stage of maturity), using the CDE as a repository of models in which every 
BIM Coordinator updated those within his field and was able to find the most up-to-date models 
of the other disciplines. Given the number of models involved, this was certainly one of the pro-
ject's most delicate and burdensome activities. 

Figure 161. Geographical distribution of the teams

The subsequent technological evolution has allowed to migrate most of the work to a Cloud 
collaboration platform, thus benefiting from considerable savings in time and resources and re-
ducing the possibility of error.
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3.3.5.6. An example of innovation:
automated modeling of tunnel installations

Modeling the 13 km tunnel system was the first example of automated modeling applied to a 
distributed infrastructure such as a subway.

A software procedure was created that, starting from the coordinates of the route and the rel-
ative position of the systems with respect to the centre of the tunnel section, automatically mod-
elled all of the tunnel’s systems within the modeling software. The flexibility of this workflow 
made it possible to revise the models in all cases of variant.

 

Figure 162. Model of the systems of a tunnel
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Italferr: future developments

4.1.
BIM at the construction site

Rosaria Ferro
CONSTRUCTION MANAGEMENT MANAGER, ITALFERR

BIM-oriented construction site management in Italy is abreast of those countries that traditional-
ly support the development of the building industry with experimental and standardization projects 
such as those of Northern Europe, the United States, Canada and Australia. We witnessed this already 
during the realization phase of Expo-2015, of the former Poste Italiane building in piazza Cordusio 
and of CityLife in Milan, in the construction sites of Basilica di Gallarate and of the Afragola station, 
just to mention a few. In any case, they are all structures that fall within the scope of the building 
sector, namely the so-called ‘spot structures’ that have enjoyed significant technical advantages in the 
fabrication phase and that have generated as-built models available for facility management.

There is still much to be done in the management of BIM-oriented construction sites of com-
plex linear infrastructure works such as railways, regarding which even the design phase has not 
yet reached full maturity and coverage either in Italy or abroad.

Up until the coming into force of the New Public Procurement Code – Leg. Decree No. 50 of 
18/4/2016, the initiative has come prevailingly from the building companies, urged also by the Con-
tracting Authorities such as those of FS Italiane Group that, in the calls for bids for the construction 
of public engineering works, started requesting as-built BIM models to be used for maintenance.
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A significant impulse has been provided by the “Baratono Decree” (28/1/2018) – Implement-
ing Decree 560 of the New Procurement Code – that defines the procedures and terms for the pro-
gressive introduction of “specific electronic methods and tools” (1) to be adopted as from 1st January 
2019  for complex projects with basic bid price equal to or higher than 100 million euros and as 
from 1st January 2025 for all new structures. Moreover, the Contracting Authorities are required 
to acquire a training protocol for their staff, a hardware and software acquisition and maintenance 
plan and an organizational document that describes the explicit control and management pro-
cesses.

Obviously, in addition to the new technical skills, the enterprises must implement a cultural 
change in order to transform traditional processes into ‘BIM-oriented’ ones. This is an element 
that Italferr has been working on for some time now, ranging from the design phase it has been 
in charge of since 2013 to the Works Supervision phase regarding which it has already defined the 
new processes and launched the pilot projects.

Infrastructure BIM, Works Supervision process management and Change Management: these 
are the challenges of the future that Italferr has committed to in order to provide its significant 
contribution.
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4.1.1.
The digitalization of constructions in Italferr 
and the introduction of BIM

Here are some key data from the construction sites managed by Italferr: about 120 contracts under 
way in Italy alone and regarding all railway engineering sectors; about 500 resources involved in the man-
agement and Works Supervision of the contracts; dozens of activations per year of new lines or systems.

Within this ample framework, Italferr’s ‘Construction’ sector is working towards implementing 
BIM into the fabrication phase and towards digitalizing into its own Platform all of the Works Su-
pervision processes, with the aim of managing the construction sites as of now and in real time using 
next-generation electronic tools.

Figure 163.  
(excerpted from http://beyonddesign.typepad.com/posts/2016/05/happy-5th-birthday-beyond-design.html)
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As regards BIM, the main works construction and management processes have been selected, 
ranging from project validation for construction purposes to the management of the variants 
and technical changes, from work progress checking to accounting, from construction site set-
up and safety to the management of expropriations, and from the permit acquisition processes 
to the qualification of the materials, all ending with the digital as-built.

Via the integration of the various corporate skills, the to be flows that will change the as-is 
have been designed, for the design and execution contracts as well as for the execution only 
contracts.

As far as the software is concerned, based on the IT solutions currently available on the 
market and of the compatibility with the application software already being used by Italferr, the 
selection criteria for the management and works supervision of BIM-based contracts have been 
defined.

Special attention has been paid to the software for 4D and 5D computer-aided management 
of some of the main Works Supervision processes, such as time schedule and costs planning 
and control with the consequential drafting of the ‘SAL’ (work progress statement). The iden-
tification of these IT solutions is closely linked to a further and parallel digitalization process 
performed to manage the accounting of all Italferr construction sites, using a single software 
that allows to integrate the works design/computation phase with the subsequent activities con-
cerning the verification of physical/economic progress, of accounting of the works performed 
and processing of the documentation necessary for issuing accounting documents and SAL’s 
(work progress statements).

The experimentation of the “to be” processes and of the relating IT solutions is already active 
in the pilot projects of spot structures. 
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The main objectives of the experimentation are the following:
• Optimization of the processes following the ‘field returns’ by adapting the corporate proce-

dures, the guidelines and by perfecting the organization, if any
• The changes to be made to the information model prepared during the design phase for the 

purpose of using it at the construction site for works supervision and management
• Definition of the information requirements and of the performance characteristics of the 

model for integrating the Tender Conventions with the contract clauses regarding site BIM
• The perfecting of the information exchange methods among all process players and the defi-

nition of technical and managerial standards 
• Identification of the information useful for decision-making with regards to the amount of 

data available in the model
• Assessment of the software and of the implementation of standards to be applied for cus-

tomising the Italferr Works Supervision and management processes
• Checking the matching of the information models updated in the various phases with the 

traceability, with special reference to compliance with the provisions of Italian law regarding 
public works in terms of Works Supervision activities 

• Selection of technological tools and equipment for the construction site, such as laser scan-
ners, drones, augmented reality glasses, ‘intelligent’ protective personal equipment, for ex-
ample, to be progressively allocated to all new construction sites.

4.1.2.
Results expected from applying BIM to Italferr construction sites 
and future developments

The real time sharing of the information by all of the players participating in the creation 
and construction of the structure; coherence between all project deliverables; consultation of 
the model directly on site; benefits regarding decision-making processes thanks to the com-
parison between different solutions; upgrading of the work in progress; automatic as-built; 
checking of accounting and of work progress statements: these are just some of the expected 
results and of the future developments deriving from the application of BIM to Italferr con-
struction sites.
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In practice, during the fabrication phase, there will be two constructions sites: the real one and 
the virtual one, that coincide as the former physically progresses, but with the chance of being able 
to reprogram and virtually visualise the completion of the structure in the future.

All this will lead to a progressively more accurate management of the processes and to the 
optimization of time and costs considering that, as stated by the CMAA Emerging Technologies 
Committee Members, “As much as 30 percent of the cost of construction is wasted in the field due to 
coordination errors, wasted material, labor inefficiencies, and other problems in the current construc-
tion approach”. (2).

The innovation process we have initiated will bring us benefits, including the one that is closest 
to our goal: the growth, evolution and integration of professional skills in all of our company’s 
sectors and the development of the persons who, like in every other era, are the players and makers 
of change.

1. art. 23 § 13 – New Public Procurement Code – Leg. Decree No. 50 of 18/4/2016

2. “CMAA Emerging Technologies Committee Members: Soad Kousheshi, P.E., and Eric Westergren, A/E/C Strategy, 
Inc., – Building Information Modeling and the Construction Management Practice: How to Deliver Value Today?

ROSARIA FERRO After obtaining her degree in engineering from the University of Florence, 
Italy, she begins working in the fields of infrastructure and research with the Civil Engineering 
Department. In 1999 she starts working for Italferr SpA - Gruppo FS Italiane where until 2016 
she holds the position of Project Manager for the Florence, Rome and Falconara hubs and for 
the Orte-Falconara and Bologna-Falconara lines.
She achieves executive status in 2009 and since 2016 she has been Manager of the Construc-
tion Management Organization Unit that is functionally in charge of all of the Works Super-
vision Office as well as of the Organizational Structure for the Engineering Coordination of 
Construction and of Permits and Dispute Procedures.
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4.2.
BIM as a competitiveness factor
on International Markets

Admir Nocaj
DIRECTOR OF MARKET DEVELOPMENT AND INTERNATIONAL PROJECTS

In the “era” of BIM (Building Information Modeling), I am proud to say that Italferr was among 
the first Italian engineering companies to adopt this new methodology in architectural, structural 
and plant design, and among the few in the world to have started its application in infrastructure 
projects. As a promoter in 2013 with the Red Line tender of the Doha Metro in Qatar, the Compa-
ny today is a leader in BIM application in an ever growing geographical area.

The introduction of the new technology, in fact, together with the advanced know-how of 
Italferr specialists, has contributed to our success abroad, and in recent years has allowed us to 
acquire important contracts, beating the competition of the giant railway, subway and even road 
contractors.

Being a “leader” and a forerunner in Italy in using BIM has been vital to winning the chal-
lenges of an increasingly competitive market. Today, the English-speaking countries (the Unit-
ed States and the United Kingdom, in particular) are running the show, where using BIM is 
increasingly included among the project and procurement requirements, both by public and 
private clients.

However, the new model is becoming increasingly widespread even in the Scandinavian coun-
tries and in Japan and Brazil, while in other contexts, such as France, the first experiences have now 
taken shape and the path, however long, has been taken. Italferr is working to evolve further and 
keep up. To continue betting on methodology, and to invest more and more in its implementation 
and diffusion within the company, within the FS Italiane Group and abroad, is Italferr’s only way 
to stand up to the competition and activate important partnerships with major international play-
ers such as Aecom, Parsons, Hill International that have been and are still today often its partners 
in joint ventures.
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To explain BIM and its benefits to our partners, customers and the market becomes a “must”. 
Indeed, one of the goals of our mission is to guide the construction industry towards increasingly 
advanced digitization, to encourage the use of this tool, and to collect our experience into an inte-
grated, highly usable, simplified and impactful digital management manual.

The system itself, even during the design presentation phase, has extraordinary potential for 
presenting itself in all its phases, aspects and methods of realization. It also has great persuasive 
potential because it allows the stakeholders to have an overall view of the work that is extremely 
realistic and captivating, especially if presented in areas where an innovative and efficient design 
model is not yet available.

Therefore, the digital management of projects increases the chances of being competitive and 
allows to be “compliant” with the requirements of the market where BIM is becoming an essen-
tial requisite, even for participating in international tendering. Today's customer is increasingly 
sophisticated and demanding: cutting-edge engineering skills, technical/specialist background, 
management skills and knowledge transfer are the “aces” for doing successful business.

Working in BIM allows to provide “demanding” as well as “non-demanding” customers with 
a computable representation of the physical and functional characteristics of a structure and of 
its information related to the whole process, making it possible to execute an integrated job order 
that starts with the initial concept and goes all the way to maintenance. Today, Italferr is capable of 
offering advanced models of design simulation, of demonstrating with concrete examples the po-
tential opportunities and risks in the construction phase, of providing “operation & maintenance” 
services, of monitoring in real time the quality of the works, and of foreseeing the potential in oth-
er assignments and in the various countries oriented towards the adoption of this new technology.

Europe is moving in this direction with different policies and methods and with the aim of 
improving the quality of works and of reducing construction and management costs, the latter 
benefit being one of the most appreciated by public clients. Its use in some cases is mandatory, and 
even in foreign markets it is becoming an increasingly indispensable feature. In short: either you 
use BIM or you cannot participate in any call for bids.

Being a pioneer in BIM has provided us with a significant competitive edge. In recent years, the 
level of knowledge of this tool that we have achieved has allowed us to acquire increasing status in 
business development phases, to expand out presence in a market that is fully involved in a verita-
ble digital revolution, and to forge strategic partnerships in negotiation phases.
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ADMIR NOCAJ Started his career in business management for Eastern European countries, 
working for Balfour Beatty Rail SpA (formerly ABB SAE), part of the Balfour Beatty Group, 
holding a variety of positions and working on a range of international projects from Brazil and 
Venezuela to Malaysia, Turkey, Kazakhstan, Denmark, Sweden, Australia, USA, Iran, UK and 
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In March 2015, Balfour Beatty Rail SpA was taken over by the Alpiq Group and became a CDA 
member. 
He acted as team leader for sales on behalf of BBRail Italia and its incorporation into Alpiq. As 
of January 1, 2016, he became CEO and General Manager of the Alpiq Company. 
Since 2016, he has been Chairman of the Saturno Consortium, established in 1989 by Ansaldo 
Sts, Alstom, Sirti and Alpiq and charged with Technologies construction for the High Speed 
lines in Italy. 
He has sat on the Strategic Committee of UNIFE (European Rail Industry) with head offices in 
Brussels. Member of the Governing Council of Assifer/ANIE (Italian Rail Industry Association). 
He has been a member of the Italy-Serbia Board of Business Council. Since September 2017, 
he has been Executive Director of Market Development and International Projects of Italferr 
SpA.
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4.3.
Evolution strategies

Federica Santini
DIRECTOR OF STRATEGY, INNOVATION AND SYSTEMS, ITALFERR

Contemporary society is undergoing a deep transformation generated by the pervasive diffu-
sion of Information Technology that is radically changing the way we live, work, produce docu-
ments and exchange information. Deep changes have already been triggered in the built environ-
ment industry too, due to the use of ITC (Information Technologies in Construction), and the 
most evident element of these changes is summarized in BIM. This methodology has gained great 
popularity and has spread worldwide. It is also progressively spreading throughout Italy and is 
proving to be more than just a trend, offering new and concrete perspectives for the construction 
industry and arousing great interest among the players involved.

The emphasis placed on the strategic nature of BIM is strongly linked to a newfound cul-
ture of investment planning within the Italian economic and social fabric, corroborated both 
by regulatory and political choices for a company such as Italferr that aims at achieving a level 
of engineering that combines excellence, sustainability, and public finance dynamics. This new 
scenario is becoming a fertile ground for developing innovative methodologies within a market 
increasingly oriented towards digitization. The NIBS (National Institutes of Building Science), 
in fact, has defined BIM as “the digital representation of physical and functional characteristics 
of a facility.” The entire process, thanks to BIM, can use a single digital information model con-
taining all of the information concerning the entire life cycle (from design to its construction 
and maintenance, and eventually to its demolition and disposal), provided by the many pro-
fessional figures that add each one their own specific knowledge, and ensure that changes are 
monitored on a single model. The result greatly reduces the loss of information involved in the 
transfer. Conflict reporting prevents mistakes occurring at the various stages of development 
and construction, as the model immediately informs the team of conflicting or overlapping 
sections of the design.
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This being said, I would like to focus on what I think are the real strategic rationales: sustain-
ability, people, the correct and profitable regulatory application, and the technologies involved.

SUSTAINABILITY Today it is deemed one of the fundamental requirements for the devel-
opment of contemporary society and, within the challenge for sustainable development, a fun-
damental role is played by the construction world. Sustainability in the construction industry 
should be pursued by analyzing and governing the impact of actions and transformations in 
economic, social and environmental terms, when the project is built, during its useful life, and 
for its disposal. It is therefore desirable that the decision-making process behind the planning 
be as much as possible “informed” by data on environmental, economic and social impacts 
generated by the choices made. In other words, the design must be able to consciously manage 
complex information related to the sustainability of planned actions. However, quite often such 
information is difficult to manage in an integrated manner, because it is ample, varied and 
complex, especially when referring to civil design structures, such as buildings and infrastruc-
ture that in turn are formed by the integration of various technological systems. The Building 
Information Modeling (BIM) approach, therefore, can be a solution to this problem, offering 
the opportunity to manage in an integrated way a complex information system, referring to 
the several technological systems and components making up the infrastructure and related 
to different moments in its life cycle (Social Life Cycle Assessment - LCA). The information 
management potential of BIM methodology consequently can provide a valid support in imple-
menting LCA directly in the BIM environment, with the aim of simplifying the evaluation pro-
cedures and the understanding and fruition of the results. Furthermore, BIM is a valuable tool 
in supporting decision-making in terms of costs, time and design solutions. The new IT model 
guarantees wide accessibility to all the information required to evaluate ex-ante and in-itinere 
the benefits of a new project, and to contribute with corrective and dynamic actions to a better 
future for the environment. These decisive factors not only are proof of the importance of BIM 
application, but of how they are potential business proposition tools for our company. We are 
the first in Italy to focus on the sustainability aspects guaranteed by BIM. We have moved in this 
direction well before the coming into force of regulations imposing it, driven by a strong desire 
to innovate and a marked sensitivity with respect to the new ‘4.0 society’.
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CHANGE MANAGEMENT People, particularly, are the main success factor. Anyone involved 
in the project must adopt the shared approach in work, they must be able to manage the docu-
mentation and communication technology, they must know the processes and technologies. Being 
a virtual representation of the real structure, the digital BIM model requires that team members 
produce, manage and distribute the most precise and detailed information already in the ear-
ly stages of the project. So, it is crucial for successful BIM implementation to define the right 
business processes for a BIM construction project. Building Information Modeling (and Manage-
ment) is therefore a process in which roles, responsibilities and professional identities are destined 
to change radically, shifting the focus from the purely operational tool to the organizational and 
business processes. It is, in fact, a management method (programming and project management) 
extended throughout the life cycle, in which information flows and decision-making are governed. 
This determines the need for designers to question the ways in which they organize and carry out 
their work, their productivity, their responsibilities in assuring the quality of the project. BIM 
forces to question a series of economic and professional models, which have been consolidated 
and reiterated until now, in exchange for a truly profound and improving renewal of professional 
practice. Therefore, BIM implementation already has led to a first need for change management 
within our company. Abilities and professional skills have been put together around a “virtual 
table” of a dedicated BIM room, where professionals and technicians have been called to define 
shared processes through team work in which collaboration, coordination and comparison were 
the strategic factors of an integrated design that has allowed Italferr to become a leader in this 
industry. To effectively manage the information produced, exchanged and used, there must be a 
clear definition of roles and responsibilities of the subjects involved in the methodology as well as 
the acquisition of expertise, the development of workflow and the birth of new business figures. 
Project Management will benefit from BIM implementation within the Company: through target-
ed training, each corporate role involved will clearly and simply understand how to relate to the 
parties involved and how to best use the BIM tools available. BIM, therefore, does not represent a 
mere change in tools and technology, but a veritable radical change in corporate mindset, a mod-
el-based interdisciplinary approach that aims at improving the design, construction and life cycle 
management of all resources making up the constructive environment, by exploiting information 
that is increasingly well organized, up-to-date and accessible, inside a single, self-contained digital 
habitat.
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CORRECT AND PROFITABLE APPLICATION OF REGULATIONS The importance of 
adopting BIM methodology more and more frequently derives from a normative obligation. 
Last December 1st, the Minister of Infrastructure and Transport, Graziano Delrio, signed the 
so-called “Baratono Decree”, which is one of the main implementing measures provided by 
the New Public Procurement Code. It is no coincidence that the decree bears the name of an 
engineer who has worked for many years within the MIT, Pietro Baratono, who was one of the 
first to understand the benefits for the community of an integrated vision of infrastructure 
investment planning and its repercussion over time, starting with his role, from 2008 to 2012, 
as coordinator of the loans granted by the European Commission to Italy in the field of infra-
structure. BIM is a natural complement of this type of approach, which we may define as “cul-
tural”, to the planning and funding of major works. As from 1 January 2019, BIM will become 
mandatory for complex works costing over 100 million euros, while for minor works, costing up 
to 1 million euros, BIM-based design will become mandatory in 2025. The decree provides for 
a gradual mandatory introduction of electronic modeling methods and tools for construction 
and infrastructure. The contracting authorities in particular will be obliged to request the use 
of electronic methods and tools such as BIM. The incentive to use these tools (which allow a 
reduction in time and costs as described in the previous sections) can, in fact, be a tool for re-
shaping the relationship between business and government in terms of innovation and quality, 
and to reduce the variants accordingly. The decree refers to the peculiar characteristics of BIM 
methodology, such as transparency, sharing and traceability, as key elements of a process that 
sees the integrated and coordinated involvement of all the players involved and the constant 
monitoring of the progress of the project in terms of timing, costs and resources. So, if until a 
few years ago a BIM culture seemed far from being implementable in a country like Italy, today 
its adoption has become standardized and deserves a careful and analytical look. The introduc-
tion of BIM will involve the creation of specific professional figures that integrate skills from 
apparently distant worlds (architecture, engineering, etc.). Therefore, the need to certify the 
possession of these skills is moving the labour market towards a precise and informed sectoral 
demand. As repeatedly emphasized, BIM fosters such a degree of integration and collaboration 
between the various disciplines involved in the realization of a project that the different technol-
ogies that are used, each for their own part, must speak with each other and seek coordination. 
BIM, in fact, envisages that there not only be collaboration between professional figures, but 
also interoperability between the software and the integration of the processes. Hence, there is 
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the need for all software distributors to write the “right information in the right place” so that 
all of the software can read the characteristics unequivocally.

USE OF INNOVATIVE TECHNOLOGIES The evolution of the construction world has high-
lighted the need to develop a way to conceive the creation of a work as an advanced model that 
allows it to be managed in an organic way, reducing errors and keeping time and costs under con-
trol. Italferr has decided to invest heavily in BIM, now part of our DNA, and to implement it with 
increasingly sophisticated site applications. BIM-based site management, commonly identified as 
‘BIM to Field’, or BIM applied to the construction site's practices, will benefit from the technolo-
gies of element marking and remote verification of their storage and positioning, and the works 
supervisor will always be updated on the situation. Consider, for example, the use of cloud-based 
modeling software and management platforms: this utilisation method allows the use of applica-
tions via the web and access to project data at any time and from anywhere having access to the 
web. This approach, together with the innovative possibilities of sharing the project offered by 
BIM, allows to overcome the traditional constraints of place and time for immediate information 
usability. Following the methodological and technological evolution has become a necessary and 
progressive obligation for any company in the construction industry and, even more so, for those 
who work on a construction site. An increasing number of designers, in fact, require virtual digital 
components that are increasingly real and information-based, along with uniform and standard-
ized interchange formats able to guarantee correct data flow.

In conclusion, augmented reality, process virtualization, design simulations all lead towards 
BIM and a revolutionised construction site. It is clear that considerable efforts must be made to 
adapt to the new language that is taking hold. The transition to Build Information Modeling im-
plies a radical change in the way of thinking, compared to what is required with the use of tradi-
tional technologies, and Italferr’s great opportunity for success lies precisely in this mental switch. 
The adoption of BIM methodology is the only possible choice for those who want to reverse the 
negative trend of the market: innovation and cost reduction become essential weapons in the 
effort to revamp the construction market in Italy and to make Italian companies competitive on 
foreign markets.
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FEDERICA SANTINI Graduating from the Luiss Guido Carli University in Rome, she started her 
career working for Ernst&Young – EY, where, until 2016, she held a reference role for the industry 
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4.4.
Technologies:
hardware and software

Federico Sablone
RESPONSABILE SISTEMI INFORMATIVI ITALFERR

Technology is one of the key components of BIM. If, on the one hand we cannot mistake the 
adoption of BIM with the simple replacement of the use of one software with another, it is equally 
true that the new way of designing, developing and operating a structure through the use of BIM 
is essentially tied to a different and novel approach to the use of technology.

This is true for all the companies that decide to adopt BIM, but especially so for Italferr, whose 
mission is to design linear works featuring a high degree of multidisciplinarity.

Technologically speaking, the innovation introduced by BIM is undoubtedly linked to the dif-
ferent "form" of a project, to the collaboration and sharing of information, to the interoperability 
and oversight of the BIM Environment.

The digital "form" of the project
IBIM focuses on the information content of a project in mutually linked data structures (Models). 

This, besides requiring a considerable degree of strictness in work organisation, also obviously needs 
SW tools (Authoring) capable of organising this massive amount of data (much larger than in the 
conventional design process). The increased amount of managed information entails that the files pro-
duced are, on average, bigger and more structured compared to conventional design. This also entails a 
larger use of hardware resources, ranging from the need for the increased processing capacity of com-
puters to the higher performance of the Company's entire ICT infrastructure. 

For Italferr, this has entailed the development of programme, which is still under way today, to re-
place the graphical workstations used by the designers and upgrade the main (server architectures) and 
networking (Cloud services) infrastructure.
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Solutions for sharing and collaborating
One of the levels of maturation of BIM, even before the use of the models, is associated with 

the concepts of sharing and collaboration. The "drive" to share and collaborate, among design-
ers, must however be accompanied by IT solutions capable of facilitating this approach. Right 
from the start Italferr has grasped this aspect and, after a trial period, has selected a document 
platform for sharing the files. The decision was to adopt a platform that was not just a repository 
of documents, but also had the necessary characteristics for developing large-scale engineering 
projects.

The implementation of a document platform is not strictly necessary for adopting BIM, but 
for Italferr it represented a necessary factor for the standardisation and transparency of the project 
organisation, in terms of data and roles.

Over the last few years there has been an evolution of these solutions, with an increased offer-
ing by the market, which is obviously because the major software vendors try to anticipate, as far 
as possible, the needs of their clients, and today the building construction sector is encouraged to 
adopt BIM also by the respective governments.

The highest supply, however, is apparently aimed at meeting the specific data development 
and querying needs by entities interested in a specific phase of the structure: design engineers in 
the Design phase, contractors in the Development phase and the owner of the structure in the 
Operating phase.

This means that, today, there are no single IT solutions suited to the entire life-cycle of the 
structure, and forever, while it is likely that, in the future, different platforms will be used accord-
ing to the type and phase of the structure.

Interoperation
Another distinctive feature is the interoperability of the various software solutions. Software 

(especially engineering software) manufacturers cover the various disciplines by developing and 
evolving products as if driven by a "centrifugal" force: most manufacturers try to develop software 
products covering a specific design need, often focusing on a very specific aspect and, therefore, 
attempting to specialise as much as possible. Other manufacturers, instead, try to be less special-
ised so as to focus on the user-friendliness of their SW. In any case, the trend to cut out a space for 
oneself conflicts with the centripetal "thrust" required by BIM.
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In line with the concepts of sharing and collaboration, the ideal would be for all the software to 
be able to mutually exchange the respective data and information, thus contributing to broaden-
ing the IT content of the digital project.

However, due to the "centrifugal" logic mentioned above, the reality is still far removed from 
the ideal.

Therefore, there is an enormous supply of software, which, however, produces deliverables that 
the user must then integrate. At times, this integration is possible, but rather expensive, because it 
requires the development of interfaces, which, in any case, depend on the version of the interfaced 
software.

This aspect has a worldwide relevance, because a "Babel" of different languages risks to under-
mine the very foundations of the BIM principles. 

To this end, international organisations, such as Building Smart International, have published 
and shared an open format for exchanging information (IFC – Industry Foundation Classes) and 
certifying all the software solutions allowing the exporting and importing of the contents in this 
format. This solution does not constitute a final and exhaustive solution to the problem, but it at 
least allows the integration of the deliverables produced by the various software products.

Italferr has already carried out trials to verify the effectiveness of the inclusion of a new SW in 
a workflow by preparing laboratories and pilot projects.

Oversight
The delicate technological balance, achieved through the choice of the software, hardware and 

other IT resources, must then be maintained and evolved over time, despite the disruptions pro-
duced by the aggressive software versioning and the needs of the various projects. 

Suffice it to mention that, even adopting the entire suite of as single manufacturer (and, there-
fore, hypothetically resolving the integration problems), it is nevertheless necessary - in respect of 
the upgrading of a single software - to check the integration with the other software products and, 
possibly, migrate the entire suite.

Therefore, Italferr has set up an oversight mechanism dedicated to maintaining the configura-
tion of the BIM Environment (Software, hardware, etc.), in addition to the ordinary maintenance 
activities of the company's standard software. 
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Conclusions
In conclusion, the Technology pillar is one of the pillars of BIM. But it is unquestionably an 

aspect that features a high degree of complexity, due to the opportunities and the limitations of 
the present technology, because it requires the choice of the best possible suite of tools, for the 
purpose of ensuring the highest possible level of integration. Subsequently, it will be necessary 
to implement a continuous oversight process, in relation to this domain, to ensure the requisite 
adjustments due to the evolution of the products and standards.

FEDERICO SABLONE Electronic engineer Federico Sablone, Head of the Information Systems 
Operational Unit, Italferr SpA, has worked for the company since 1995. Over the years, he has 
fulfilled various roles in all the company’s major digital transformation projects, introducing 
integrated systems to management processes and document management.  As of 2013, he 
has been involved in an Italferr BIM adoption project involving aspects related to ICT systems 
and services. From 2015 to 2018, he has been a member of the governing board of Building 
Smart Italia.
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5.
The BIM challenge of reconstructing 
the viaduct over the Polcevera River

In the wake of the tragic collapse of the so-called ‘Morandi Bridge’ that occurred on 14th August 
2018, Italferr was assigned the task of developing the execution design of the new viaduct crossing 
over the Polcevera river in Genoa, Italy.

The Società Consortile Pergenova consortium, that envisages the participation of the compa-
nies Salini Impregilo and Fincantieri, nominated Italferr as Designer of the new infrastructure, 
based on the architectural idea developed by the firm Renzo Piano Building Workshop.

The tight schedule for the development of the project, necessary in view of restoring Genoa’s 
traffic flow, and therefore the city’s economic and social balance, as soon as possible, has estab-
lished the need to address the task with special means, so as to ensure extraordinarily fast action 
and decision-making.

With a specific organizational order, a dedicated Task Force was put together and coordinated 
by Italferr’s Technical Director Andrea Nardinocchi that, coherently with the work plan approved 
by the Extraordinary Commissary for Reconstruction, has been charged with the task of develop-
ing the execution design in about three months.

The Polcevera Viaduct is a fundamental junction and transport element for the city of Genoa, 
for the Liguria region and for Italy as a whole, seeing that it is the final section of the A10 motor-
way limited, on the East side, by the interchange with the A7 (called ‘Genova Ovest’) and, on the 
West side, by the entrances to the tunnels that lead to the interchange called ‘Aeroporto’.

The Execution design envisages that the infrastructure will overlap the same attitude of the 
Morandi Bridge, with the necessary regulatory adaptations to the cross-section of the deck and of 
the radii of curvature of the interchanges of exit and entry. The design principle is based on sim-
plicity: the bridge will have a discrete and sombre appearance, thereby renouncing self-celebratory 
monumentality. 

Based on the architectural design developed by the Renzo Piano firm, the bridge will comprise 
reinforced concrete piers having an elliptical cross-section (9x3 m) and positioned at constant 50 
m intervals, except for three spans – the ones actually crossing over the river Polcevera – and the 
two adjacent ones, for which the C/C distance rises to 100 m.

BIM challenge of reconstructing the viaduct over the Polcevera River
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The main deck will consist of a continuous main beam 1,067.17 m long in toto consisting of a 
total of 19 bays, of which:

• 14 bays made of steel/concrete, 50 m long;
• 3 bays made of steel/concrete, 100 m long;
• 1 bay made of steel/concrete, 40.9 m long, as approach to the West end abutment;
• 1 bay made of steel/concrete, 26.27 m long, as approach to the East end abutment.

To this deck is structurally connected a steel/concrete 3-span course 109.91 m long overall. The 
piers are to be made of reinforced concrete, with constant cross-section for their full height.

The viaduct will feature considerable technological contents in order to enhance the work’s archi-
tecture and its environmental sustainability in terms of energy consumption, and will be made so as 
to ensure very high levels of road traffic safety and maximum durability of the structures and systems.

In the execution design phase, Italferr has implemented the BIM model of the viaduct in order 
to guarantee very high design standards based on the following principles:

• Application of BIM methodology to the process of coordinating the activities by exploiting 
the potential of a CDE (Common Data Environment) capable of managing the stream of 
interdisciplinary data and of guaranteeing their uniqueness and traceability, valid for infra-
structure type projects.

• Definition of the contexts and procedures to be adopted in the course of the design activ-
ity to create a Federated Model of the entire infrastructure, circumscribing the modelling 
activity to several key disciplines (route, civil engineering works, systems, etc.) and inte-
grating, where possible, the design contents relating to the other disciplines via the use of 
hyper-models (2D drawings, numerical data, etc.).

• Orientation and structuring of the work contexts, defining responsibilities, organization 
and regulations of reference.

• Definition of the standards, templates and base criteria for the models to be followed 
throughout the entire design phase, also with a view to using them in the subsequent phases.

• Identification of the models’ characteristics with a view to aggregating them in specific in-
formation tools made to detect clashes and check parameters (Model and Code Checking).

• Production of an information model that can be used as base for the subsequent fabri-
cation and operation phases and more in general throughout the whole life cycle of the 
structure.
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Before proceeding with the modelling activities and its components, an Information Manage-
ment Plan (pGI) was prepared in order to establish from the start the operational methods and 
contents of the BIM information model for the Polcevera Viaduct.

Then, to boost data and information exchange between the various parties involved, a com-
mon data environment was prepared in which a structure of worksheets was organized, so that 
each discipline could have its own work space.

Figure 164. Structuring of the Common Data Environment
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The structuring of the common data environment for the BIM model of the new Polcevera Vi-
aduct was organised to foresee the assembly of many models coming from the various specialised 
areas, some of the main ones being:

• Digital model of the Ground: a triangulated model obtained by post-processing the point cloud 
obtained via Lidar; 

• Digital model of the Route: the digital model of the linear and elevation profile of the route;
• Digital model of the Civil Engineering Works: the digital model of the steel and concrete struc-

tures;
• Digital model of the Mechanical Systems;
• Digital model of the Power Systems.

Considering the tight schedules for the definition of the design and of the BIM model, it was 
necessary to set up a model capable of quickly updating coherently with the continuous and sud-
den design changes. This result was obtained using parametric modelling based on components, a 
digital architecture of the structure subjected to rules written in computer language.

Firstly, it was necessary to define and to model the individual elements the infrastructure con-
sisted of, both in terms of geometry and of computer content.

Figure 165. Parametric components: diaphragm on pier
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Figure 166. Parametric components: diaphragm on pier

Figure 167. Parametric components: current diaphragm
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For each component, upstream from the modelling process, a minimal set of information was 
set; some of the main information consisted in the following:

• WBS Identification Code;
• Material;
• Main Dimensions (Length, Surface Area, Volume, etc.);
• Construction Phases.

Starting from the modelling of the individual components, an information model was generat-
ed that would allow to assemble everything with extreme precision and dynamism. Keeping these 
aspects in sight, it was decided to use in an innovative manner, compared to the usual standards, 
computational modelling systems that could guarantee versatility and speed in re-aligning the 
model with any design changes.

Figure 168. Example of Computational Design based on code blocks
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Using computational modelling based on code blocks, it was possible to develop scripts aimed 
at optimising and automating the manual processes that traditionally required a long time to be 
completed. After defining the library of components, by using these scripts a model assembly 
phase was launched, allowing for the dynamic management of its parametric content.

Figure 169. Script for the automatic management and positioning of the components

The scripts are connected to a calculation sheet that contains all of the basic information re-
quired to define the model. By acting precisely on each single cell, it was possible to automatically 
update the model without it being necessary to act manually on the modelling.

BIM challenge of reconstructing the viaduct over the Polcevera River
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Figure 170. Parametrization of current diaphragm at a bend
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Figure 171. Deck Structure Model - view from above

BIM challenge of reconstructing the viaduct over the Polcevera River
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Figure 172. Deck Structure Model – view from below

In this design phase, the fact of having the information model at one’s disposal allowed us, at 
operational level, to carry out a whole set of dimensional and geometry checks so as to guarantee 
the correct positioning of the elements in space, also in function of the transfer of information to 
those who will then have to put in place the complex structure of the viaduct. To this end, the clash 
detection activity and the parameter checks conducted on the model during the various phases of 
updating the individual components, gave the structure an added value in terms of coherence and 
of constructability.

Clearly, the final goal that should be kept in mind is that of producing an information model 
capable of acting as the basis for the subsequent fabrication and operation phases, complete with 
all of the information required for organising the structure’s maintenance and for becoming an 
element of aggregation and of organization of the large number of data coming from the moni-
toring and diagnostic systems.
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The achievement of this goal will allow to put in place an infrastructure whose BIM model is 
the linking element between a first phase of design and definition of the structure, limited in time, 
and the certainly more important phase of operation and management of the structure.

The use of the BIM model for a similar structure will be a case study for the design sector as 
regards the applications of expertise that are still in the making and yet the actual starting point for 
the setting up of the structure’s management processes already in the design phase.

By keeping in sight the Facility Management activities, an exchange of information with the 
major Italian companies was launched, with a view to integrating the most modern technologies 
of the sector in terms of process automation, construction of modular components and maximi-
zation of structure performance (1). 

1. Please be informed that, at the time of going to press, in March 2019, the design has not been completed and that 
several authorization procedures are still under way.

BIM challenge of reconstructing the viaduct over the Polcevera River
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Conclusions

Mario Serio
CHAIRMAN, ITALFERR

Becoming part of a public Italian engineering company, part of a large State-owned group, 
is a fascinating but, most of all, surprising experience. The surprise lies in discovering extreme 
excellence, quality and technical skill that is revealed in the passion of the colleagues and in the 
capability of generating innovation.

BIM is perhaps the most blatant example of this approach of a State enterprise that, based 
on requirements originally expressed by international clients (the origin of the importation into 
Italferr of this methodology is linked to a project regarding the Doha metro), invests in a new 
methodology not because it has to comply with regulatory obligations but rather because it wishes 
to put itself in the innovative position of bringing to horizontal engineering (the railway super-
structure, our natural habitat) methods that were originally designed for vertical construction, 
and wishes to do this because it is the first in Italy, and one of the first in Europe, in the fields of 
design and of works supervision.

Here are the reasons why we express this conviction.
Because we are fully aware of being a part of a larger chain, the mobility chain in Italy (and 

also abroad), and therefore fully aware of how our contribution must always consist in being the 
efficient, accurate, excellent operating arm in favour of the expansion and maintenance of the 
railway network; because even if passengers and commuters are hardly ever aware of our work, our 
work is part of what allows them to go to work in the morning, to go to school, to discover Italy’s 
wonderful regions and to return home to their families in the evening.

This is a great responsibility that we pursue by investing in innovation and in professional 
excellence. Ours is a mission focused on creating new and increasingly specialised professional 
figures, especially by attracting, training and enhancing the young prodigies for whom BIM is 
not something of the future but is the present of their professional career – never forgetting that 
investment in our resources is the most innovative and profitable investment we could ever make.



242

Conclusions

This white paper represents a positive challenge, an important challenge for Italferr and for 
entrepreneurial Italy as a whole, namely that of digitalization, that must be addressed with talent, 
creativity and desire to achieve excellence, all elements on which our daily work is based.

I wish success to us all!
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“Innovating to Design the Future”, white paper 
on Building Information Modeling, constitutes an 
initial moment of both taking stock and consider-
ing future prospects, which serves to highlight the 
strategic importance of technological innovation in 
the design and engineering sectors. 

The aim of this publication is that of providing 
a useful tool to all those, from technicians and em-
ployees to businesses, institutions and educational 
bodies, wishing to learn more about the extraordi-
nary innovation of BIM. 

Through the contribution of technicians, ex-
perts and leading exponents on the subject, with 
“Innovating to Design the Future”, Italferr sets out 
to delineate the potential developments and oppor-
tunities that may be derived from the application, 
across the board, of this methodology. 

The 2019 edition has project updates plus the 
“Bridge over the Polcevera river in Genoa Task 
Force” paper.

INNOVATING
to DESIGN

the FUTURE
WHITE PAPER ON

BUILDING INFORMATION MODELING

www.i ta l ferr. i t


	THE STRATEGIC VALUE OF INNOVATION
	BIM: PROJECTING THE COMPANY
	CHAPTER 1 Italferr:Building Information Modeling
	1.1.A new way of thinking and of designing
	1.2.BIM from the university’s point of view:new challenges and new models of collaboration
	1.3.Digital Clientsbetween conservation and innovation
	1.4.Rail BIM: an international outlook
	1.5.The need of a specific approachto BIM for infrastructures
	1.6.Building Information Modeling:new relations and new contractual models
	1.7.Information management,project management and BIM
	1.8.Industry 4.0. BIM and InfraBIM:education and research at Politecnico di Torino

	CHAPTER 2 Italferr and BIM: an example of excellence
	2.1.An evolving Process
	2.2.Procurement
	2.3.A new corporate vision
	2.4.Italferr’s BIM Management System:a feature of distinction and of excellence

	CHAPTER 3 Italferr and the use of BIM for rail infrastructure design
	3.1.Integrated Design:Interdisciplinary Synergy
	3.2.Challenges and developments
	3.3.Applications
	3.3.1.In Italy: the Napoli-Bari route, railway sectionsbetween Apice and Bovino
	3.3.2.Rail link with the Venice airport
	3.3.3.Reconversion of industrial buildings for office use in Firenze Romito
	3.3.4.Extension of the DT depot and of the LV depot shed insidethe Routine Maintenance Facility (IMC) of Bologna Centrale
	3.3.5.In the world: the Doha Metro


	CHAPTER 4 Italferr: future developments
	4.1.BIM at the construction site
	4.2.BIM as a competitiveness factoron International Markets
	4.3.Evolution strategies
	4.4.Technologies:hardware and software

	CHAPTER 5 The BIM challenge of reconstructing the viaduct over the Polcevera River
	Conclusions

