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Abstract. The use of Building Information Modeling (BIM) is changing the way to perceive, manage and maintain any
infrastructural project. The concept of Smart Roads relaunches the transport infrastructure sector through the digital
transformation, able to create lean, quality, safer and cheaper infrastructures. The reverse engineering parametric
modeling process was applied to “SS18 VAR rural road, one of the main viabilities in Southern Italy. The case study
was developed in according to the following steps: a) creating Digital Terrain Model (DTM); b) modeling horizontal
alignment-vertical profiles; c¢) modeling 3D Corridor; d) modeling Viaducts; ) creating realistic 3D rendering. Bentley
Systems software ® were used in this study. The case study provided interesting elements to evaluate the advantages
and disadvantages of design practice through BIM style tools, as well as the current state of the methodology itself.
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Introduction

The acronym I-BIM is used in the Architecture, Engineering and Construction (AEC) sector to identify BIM
applications in the infrastructure field. The widespread use of BIM in construction has generated growing interest also
in I-BIM applications (Dell’Acqua, 2015; Dell’ Acqua et al., 2018b). I-BIM is a complex system of procedures and
technologies for the management of infrastructure processes. Unlike Computer Aided Design and Drafting (CADD),
which substantially automates aspects of the traditional production of drawings, BIM methodology represents a change
of paradigm (Osello, 2012). This methodology allows to transform simple drawings into intelligent objects with
specific properties and detailed information, in order to simplify and accelerate the design and construction of any
work (Eastman et al., 2016). In Italy, the UNI 11337 Standard regulates the use of digital processes in construction
field. This Standard is made up of 10 parts, but currently only 5 parts (1, 4, 5, 6 and 7) are already published. Part 1
(Ente Italiano di Normazione, 2017) defines the concept of information models and documents. The information
document is the two-dimensional or three-dimensional paper representation of the design idea. Then the design idea is
shared between the different actors who collaborate on a project through paper documents. The information model, on
the other hand, represents the three-dimensional virtual model that will be shared between the various Stakeholders
through a specific platform. Part 4 (Ente Italiano di Normazione, 2017) defines the evolution and information
development of models, designs and objects. Part 5 (Ente Italiano di Normazione, 2017) defines the logical scheme of
the flows needed for the production, management and transmission of information. In Part 6 (Ente Italiano di
Normazione, 2017), the examples and standards for the Information Specifications are defined. Part 7 (Ente Italiano di
Normazione, 2017), approved in January 2019, defines the professional roles for information management and
modeling. The CDE Manager is the manager of the data sharing environment, which guarantees the correctness and
timeliness of the flow of information between the parties involved. It applies data analysis and protection techniques
and promotes the interoperability of information models and job order data. The BIM Manager is the manager of the
digitized processes at the organization level and has general supervision of company orders. It defines and ensures the
rules for the implementation of the organization’s processes for the management of information flows and the use of
the CDE for each individual job. He draws up the Information document, the Information Management offer, and every
contractual aspect relating to the management of the order. The BIM Coordinator is the coordinator of the information
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flows and of the company’s BIM Specialist team, which acts as guarantor of the efficiency and effectiveness of the
digitized processes with reference to the specific order. He has a multidisciplinary competence and supports Bim
Manager in the drafting of the information specifications or information management offer. The BIM Specialist is the
operator of the information modeling, competent in one of the different disciplines, who works within the individual
orders able to use the technical documentation and dedicated software for the modeling of the objects and the
production of the works. For the profile of the BIM Specialist only, it is necessary to choose the disciplinary area of
competence between architecture, structure, systems, and infrastructure. Electronic tools were introduced in Italy with
the Legislative Decree n. 50 of April 18, 2016 (President of the Republic, 2016) which implements the EU directives
24/2014 (European Parliament and of the Council, 2014) “on the award of concession contracts, public contracts and
procurement procedures of the providers in the water, energy, transport and postal services sectors, as well as for the
reorganization of the current regulations on public contracts relating to works, services and supplies”. The Law Decree
n. 560 of December 1, 2017 (Ministry of Infrastructures and Transport, 2018) establishes the methods and times of
progressive introduction of the electronic modeling methods and tools for construction and infrastructure. In particular,
starting from 2019 BIM methodology become a mandatory for all works with an amount of 100 million euros. This
obligation will extend for complex works over 50 million euros by 2020, passing then to complex works over 15
million euros by 2021, for works over 1 million euros by 2023 and by 2025 for all works. The performance
specifications to be applied in the infrastructure digital transformation process determine the attribution of the Smart
Roads qualification to the infrastructures. Smart Roads means the set of technologies that goes from the creation to the
management and maintenance of transport with the use of techniques capable of making roads safer, smart, innovative
and sustainable through a digital transformation process (Ministry of Infrastructure and Transport, 2017). The 3D
digital transformation of road infrastructure can also be extended to time analysis (BIM 4D), cost management (BIM
5D) and finally to road maintenance management (BIM 7D). The parametric modeling (on which all BIM Authoring
software are based) allows to define intelligent objects whose informative content is based not only on geometric
characteristics but also on physical-mechanical characteristics as well as on construction times and costs; in this way
it is possible to create a real avatar of the work that allows you to monitor the entire life cycle of the work (Abbondati
etal.,, 2016, 2020; Biancardo etal., 2018, 2019, 2020a, 2020b; Russo & Biancardo, 2017; Russo et al., 2018;
Veropalumbo et al., 2020). Moreover, with the creation of the three-dimensional virtual model of the work, it is
possible to identify a series of problems during the design phase. For example, through clash detection, it is possible
to superimpose the individual different models (architectural, structural, M&E systems) and perform the analysis of
geometric interference (an operation that with the traditional methodology would not be possible) thus reducing
construction time.

Currently, in the state of the art, there is a lack of 1-BIM applications. The move from 2D drawings to 3D models
is explored in this case study showing how BIM technology provides explicit design of information available to all
stakeholders who are then able to support decision-making initiatives through better management, use and sharing of
information.

1. Case Study
1.1. Territorial context

SSVAR 18 is on the major rural road in Southern Italy, connecting Campania to Calabria Region. The BIM reverse
engineering case study focuses on the part between Futani and Poderia Municipalities in Cilento (Figure 1). The road
section has an extension of approximately 9 km, with a lane width of 3.75 m and shoulders of 1.50 m.

Figure 1. Overview of the SS18 VAR Futani-Poderia

The case study was carried out using Open Roads Desigher ®, LEAP Bridge Concrete® and LumenRT ® Bentley
Systems Software as follows: a) modeling of the terrain surface; b) modeling horizontal alignment and vertical profile;
¢) modeling 3D corridor; d) modeling viaducts; e) realistic 3D rendering.
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1.2. Modeling Terrain

Starting from the Regional Technical cartography, composed by level curves and elevations points, the DTM was
created as shown in Figure 2 using a Triangulated Irregular Network (TIN). The TIN model represents a surface as a
set of contiguous, non-overlapping triangles. Within each triangle the surface is represented by a plane. The triangles
are made from a set of points called mass points.

Figure 2. Digital Terrain Model of the investigated area

1.3. Horizontal alignment and vertical profile

The horizontal alignment, shown in Figure 3a, is composed by 14 tangent elements and 13 circular curves, with a
presence of 2 viaducts and 3 overpasses. No spiral curves (clotoids) were observed, since the investigated road was
built before the entry into force of the current Design Standards (Ministry of Infrastructures, 2001) that regulated the
use of these elements. The design speed range is 60-100 km/h. The relative vertical profile, composed by 2 crests and
2 sags is shown in Figure 3b.

Figure 3. SS18 VAR Futani-Poderia: a) Horizontal alignment; b) Vertical profile

1.4. Modeling 3D Corridor

The assembly template was edited in according to the geometric features of the investigated road (Figure 4a). The
assembly template is characterized by a series of points called features. The features points include also functional and
mechanical characteristics, such as material type with the relative mechanical strengths. This modeling is also called
ordered, because each feature has three degrees of freedom indicated by the colours: red, yellow and green (Figure 4b).
Green indicates an unconstrained feature with the possibility of translations and rotations; yellow indicates a partially
constrained feature, while red indicates a fully constrained feature. Therefore, by associating a green feature with the
road axis and the red features with all the other elements, it is possible to link each road component to the axis. In this
way, all changes made to the axle will be automatically made to the entire road solid.
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a)

Figure 4. Assembly Template: a) pavement structure; b) features points in presence of viaduct (b)

Once the standard template for cross sections was defined, the 3D corridor was generated as shown in Figure 5.

Figure 5. SS18 VAR Futani-Poderia 3D Corridor

From the 3D model it is possible to extract the view of the cross sections with cut/fill volume indication (Figure 6).
According to the current Design Standard (Ministero delle Infrastrutture e dei Trasporti, 2001), the design criteria were
checked regarding stopping distance visibility and visibility in curves.

Area riporto sezione: 6,99, Volume: 11,57
Area scavo sezione: 19,09, Volume: 32,91

Figure 6. Cross section view: a) half-rib; b) cut (b)

1.5. Geometric and structural modeling of viaducts

The 3 viaducts have been modeled with LEAP Bridge Concrete® Bentley Systems Software, defining the geometry
of the decks, beams and piles (Figure 7a). At the end of the preliminary modeling phase, an analysis of the loads and
stresses was performed (Figure 7b) and based on the obtained values, the design and verification of each structural
element was carried out in according to the specific Standard (Ministry of Infrastructure, 2018).
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Figure 7. Viaducts modeling: a) beams; b) deck

1.6. Realistic 3D rendering

In order to improve the graphic rendering of the entire project and get a more realistic view of the case study, LumenRT
® Bentley Systems Software was used. The results are shown in Figure 8.

L W=

Figure 8. 3D rendering: a) in a curve; b) at intersection: ¢) on a viaduct

Conclusions

BIM metolology facilitates and accelerates the process from the conception to the realization of the work as well as
gives greater certainty to the whole realization allowing all the actors of the construction process to participate in the
conception of the work from the earliest stages (Dell’ Acqua et al., 2018a). In this work, a case of reverse engineering
was presented in order to digitize an existing road. The case study provided some interesting elements to evaluate the
advantages and disadvantages of design practice through BIM-style tools, as well as the current state of the
methodology itself. First of all, despite the fact that the starting cartography has limited information due to its scale, it
has been possible to proceed with the reconstruction of the existing route with good precision and considerable level
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of detail, through consequential parametric operations, able to ease the transition from graphic objects to “intelligent”
objects, thus simplifying the process, and streamlining the modification times and, consequently, the realization of the
elaborate. It is clear how, by having more detailed starting data, such as the thickness of the road superstructure layers
or the connecting lengths of the constant scope, it is possible to obtain a better final result and with even fewer
approximations. It is necessary to take into account some aspects that can be improved on the calculation code we
used. First of all, it requires considerable processing and graphics hardware resources, not always supported, thus
making operations slow especially after the creation of the model. It is therefore preferable to break the layout into
several worksheets in order to minimize the slowdowns due to the load of parameters in the modeler. Furthermore, the
generated worksheets have a considerable amount of data inside them and for this reason their dimensions are about
ten times higher than the files generated with traditional CAD-type calculation codes.
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Notations
Abbreviations

BIM — Building Information Modeling

CADD - Computer Aided Design and Drafting
CDE — Common Data Environment

DTM - Digital Terrain Model

I-BIM — Infrastructure-Building Information Modeling
TIN — Triangulated Irregular Network

UNI — Ente Nazionale Italiano di Unificazione
3D — Three-dimensional

4D — Fuor-dimensional

5D - Five-dimensional

7D — Seven-dimensional
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