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Abstract: This paper illustrates a methodological approach to optimize the data management process
and to reduce costs related to information loss, from the preliminary phases to the Facility Manage-
ment (FM) one. The growing concern about sustainability issues has steadily increased attention to
cultural heritage’s key role. Concurrently, Europe promotes the application of digital methods for
managing interventions both for new and existing buildings. The data issue, especially in heritage
projects, represents a crucial aspect; data-recovering activities or shortages of information contribute
to relevant expenses and discourage stakeholders. The research focuses on how procedures involving
digitalization, applied to heritage projects, can improve the information workflow, supporting the
hand-over stage. Although the application of digital techniques has recognized advantages, enhance-
ments for optimizing time and cost savings are required. The research result is a methodological
framework to obtain complete heritage as-built deliverables for the management phase. The defined
structure is applied through a case study approach to the restoration of a historical lyric theater. Thus,
the as-built model represents a database for controlling costs and maintenance procedures. In the
end, the work provides a tangible contribution to the Heritage BIM (HBIM) delivery and can be a
starting point for future improvements.

Keywords: Building Information Modelling (BIM); cost control; cultural heritage; data loss; Facility
Management (FM); Heritage Building Information Modelling (HBIM); information management;
project hand-over

1. Introduction

In recent years, the growing concern about sustainability issues has focused attention
on the definition of new strategies and on the identification of new economic engines of
value production in the built environment. These needs, together with the awareness of
property heritage’s role in sustainable development, point out the urgency to support
decisions in the field through proper methodologies. According to the goals of the United
Nations Agenda 2030 for Sustainable Development [1] and the European debate, the built
environment and, in particular, heritage assets are recognized as the drivers of economic
growth in sustainable terms, since the investments, the decisions and management practices
in the field stand for “preservation” and “reuse” and may be a solution to the exploitation
of resources and land consumption [2,3]. To realize the need to preserve properties and
their fundamental function, the high degree of complexity, which characterizes the heritage
field, the complex relationships among the challenges of preserving a heritage system of
values, the legislation constraints and the high renovation, maintenance or management
costs must be overcome, as they often discourage both private and public investments [3].
In detail, in this last case, complexity increases due to the strict budget boundaries that the
public administrator must meet [3,4]. Moreover, changes in the regulatory framework in
Europe promote the application of innovative tools and digital approaches for improving
the processes when managing interventions both on new and, in particular, existing build-
ings [5]. To this end, the Architecture, Engineering and Construction (AEC) industry has
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been constantly looking for new methods to increase efficiency and productivity, starting
from design and construction (on which the industry and stakeholders concentrated most
in the past years) and then to the last stages related to the management of the built envi-
ronment. Recently, increasing attention has moved to life cycle management, intending
to establish a valuable connection from the first phases to those linked to the end of a
building’s life [5] to provide benefits for actors and stakeholders when approaching the
built environment [4–6]. In this process, the quality of the deliverables has a key role, and
the data issue, especially in heritage projects, represents a crucial aspect [6–8].

The Data Loss Issue and the Related Costs

In general, the most important key for successful management is in the detailed and
complete knowledge of the assets that are being dealt with. This step can appear more
critical in the case of interventions on existing buildings, when the level of knowledge of
the built environment can be scarce [6,7]. In fact, this context requires an intense checking
activity on two different sides: on the available documentation and on the survey, since the
acquisition of the related as-built or as-is documentation is the essential point to develop
the next management operations [6]. The data created in the design and construction phase
are of vital importance for a safe and effective operational strategy during the Maintenance
Management (MM) stage [9], but the availability of those data is scarce for what concerns
the existing portfolio [6,10]. Indeed, data recovering activities or shortages of information
contribute to relevant expenses and discourage stakeholders (both private and public).

The data loss theme, typical of the building life cycle process, is a largely discussed
matter. In the literature, very little research provides measurements of the data loss weight
in economic terms. Among them, the study performed in the US by the National Institute
of Standards and Technology (NIST) [11] still represents a timeless model and an accredited
source of reliable data for accounting for the costs of the inadequate interoperability (data
flow) in the capital facility industry.

In detail, the study illustrates that owners/Facility Management (FM) players account
for approximately 10.6 billion USD of the 15.8 billion USD total inadequate interoperability
costs of U.S. capital facility projects in 2002 [11]. Figure 1 illustrates the data loss of the
traditional process, arising among the phases of the building life cycle (red line). This
is representative of the inadequate interoperability costs documented in the NIST report.
Figure 1 compares the data to the curve of the efficient workflow (blue line). A proper
methodological framework is highly efficient the more it can minimize the gap between
the two curves (red to blue) and, at the same time, due to digitalization or more powerful
systems, reduce the information gap occurring phase by phase.
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In light of that, as reported by Kasprzak and Dubler [13], it becomes vital that data pro-
duced during the design and construction phases be transferred into operations effectively.
Moreover, according to Kasprzak and Dubler [13] it has been illustrated that the overall
impact of Operation and Maintenance (O&M) is two times the amount of time spent on
preventive maintenance and four times the amount of time on corrective maintenance over
25 years. Therefore, if appropriate and trustworthy information is not documented at the
end of the site phase, it has an exponential adverse effect on the management performance
level in the “use” stage [13].

Based on what is claimed above, this work intends to answer the following main
question: in view of the recognized gaps, how is it possible to provide a solution to the lack
of integrated/structured procedures in information management processes, and how is it
possible to optimize the related costs?

To answer the leading interrogative, additional sub-questions have been developed to
address the issue. The sub-questions are as follows:

How is it possible to overcome the limitations of the current practice for supporting
data flow processes until the hand-over stage?

How can procedures involving digitalization, such as BIM, contribute to this aim?
In fact, in this context, the application of Building Information Modelling (BIM),

can represent an opportunity. The Building Information Modelling approach has the
main objective of guaranteeing the exchange of information during the whole building
life cycle, generating an informative model that is coherent and organized. The BIM
strength lies in the capability of defining a real data model of the building that provides not
only graphical but also additional information which has been progressively introduced
during the development of the process. This kind of information is the baseline to set the
adequate framework of efficient management. Therefore, the BIM model can be the tool
that enables the transfer of data during the process without losses, and it avoids insufficient
or redundant information. In particular, by analyzing the Italian context, it is possible to
realize that BIM could become an essential tool to manage existing buildings [14], frequently
characterized by historical value in order to plan their maintenance activities [14–17]. Until
now, research and applications in the HBIM field concentrate on multiple aspects. There
are some approaches linked to BIM for existing buildings for the graphic representation of
cultural heritage items, and there are studies regarding the application of BIM in the design
or construction of heritage buildings concentrating on the acquisition of 3D survey data
from laser scanning and photogrammetry [18]. The recognized gap within the literature was
in the lack of integrated procedures and standards to guarantee a continuous information
flow and to reduce the related costs occurring along the building cycle.

Moreover, most of the bibliographies mainly deal with new buildings and do not
make considerations on construction programming, cost estimation, analyses, simulations,
residual management and demolition [19,20].

Indeed, several scientific contributions have provided sector-based works on HBIM
implementation and tool application, dealing with investigations falling into specific con-
texts or specific topic areas. Moreover, several works provide the experimentations to
specific building categories, which are too sectoral with no cross-evaluations of applica-
bility in different contexts and different building types. So far, very few reviews have
covered the theme of proposing a structured guideline to fit the issue of information in the
hand-over phase. Therefore, the literature still lacks research providing methodological
frameworks for the integration of Building Information Modelling in the development of
an HBIM-as-built that is complete in the data and appropriate for management purposes.
Thus, contributions such as roadmaps of implementation are scarce. In light of these issues,
this paper aims to illustrate a methodological approach to optimize the data management
process and to reduce costs related to information loss in the building life cycle. The
proposed process focuses on how Building Information Modelling, applied in the first
stages of the building process, can provide value in the deliverables’ quality, optimizing the
hand-over phase of a project to set a starting point for powerful management. Moreover,
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the research presents, through a case study approach on a historical lyric theater, a method
that can be re-produced as a matrix on other situations in the heritage building field. The
as-built model, developed on the lyric theater’s ongoing refurbishment site, serves as the
main source of information, and it forms a large database for setting management and
maintenance procedures. The significance of this study lies in the generation of an HBIM,
developed through the application of tools for speeding up the 3D model data update, and
in the definition of an integrated data system. The goal is to overcome the limitations of the
current practice through the systematic management of integrated information to reduce
the waste of data and to optimize time and prevent future expenses. This work, through a
step-by-step methodology, provides a contribution to the field of HBIM-as-built delivery
and should be a starting point for future improvements in the area.

In summary, the research methodology was developed according to these
main milestones:

- Background/Literature analysis (Section 1);
- Problem statement, gap identification (Section 1) and aim and research question

definitions (Section 1);
- Methodological framework definition;
- Case study application;
- Discussion;
- Conclusion.

Concerning the structure, this article is organized in the following manner: Section 2
describes the methodological framework structured by phases through which the research
is developed; Section 3 presents the application of research methods through the case study
approach; and finally, Sections 4 and 5 present and discuss the final results.

2. Methodological Framework

Based on the literature and previous research, this work has identified four stages and
related tools to structure a framework to optimize the data flow and to reduce information
gaps among the phases. This section introduces a methodological framework developed
for managing interventions on heritage buildings and, in detail, for providing appropri-
ate deliverables, the baseline for setting efficient management to reduce costs related to
information loss.

A correct process can lead to a substantial reduction in the lost data and cost savings
for recovering the information. Thus, the following paragraphs illustrate the research
methods and the tools that are then applied in the case study section. The purpose of this
part is to supply a global view of the steps and of the essential aspects addressed in the
research. Therefore, the methodological structure and the main steps are reviewed in the
next paragraphs and are summarized below (Figure 2).

2.1. The Survey Phase: Laser Scanning Technology

The application of new technologies to protect and maintain cultural heritage buildings
is now a worldwide tendency [21]. Methods for acquiring precise three-dimensional data,
such as those of Terrestrial Laser Scanning (TLS) and of image-based techniques, are
more efficient than the traditional methods, especially for describing complex sites and
buildings with unusual geometries [22]. Three-dimensional laser scanning has been a
widely used system within the survey field, since it is a powerful tool used to obtain an
accurate survey of a real object/environment for its capacity to identify details and capture
complex shapes [23]. The laser scanning survey is, by far, recognized as one of the preferred
methods when dealing with static or structural analyses, when investigating geometric
anomalies or when requiring descriptive models [22,24–28]. This kind of technique provides
concurrently great reliability in terms of accuracy, information density and autonomy from
environmental conditions at the time of acquisition. Moreover, this approach speeds
up the traditional process of acquiring a massive amount of data to describe the selected
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environment. It facilitates the survey of hidden spaces, since TLS, with respect to traditional
measurement methods, can reach unattainable areas [23].
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The laser scanner tool allows for the remote identification of the morphology of an
architectural structure through the laser, which reaches the surface to be detected. For this
reason, it is considered a non-destructive system. This aspect is of higher importance in
the context of heritage buildings. The three-dimensional laser scanner is directed to the
physical element to be scanned, and the laser beam is addressed to the object in a space grid
of points. The result is a point cloud made of thousands of points in a three-dimensional
space. The point cloud generated can have different densities based on the scanner settings,
and, regarding the level of detail requested, it is consistent with the next use.
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According to Croce et al. [18], although the acquisition of three-dimensional data is
a well-established method, only few studies have investigated the further phase, which
implies the processing and elaboration of raw data obtained from the survey. This step
requires a well-structured process of treating and segmenting raw data for the next improve-
ments. As reviewed by Utica et al. [23], “point clouds can be often characterized by the
presence of interferences, which must be deleted through special techniques before starting
with the real data elaboration in specific applications”. Therefore, the laser scanning survey
provides accurate data for existing buildings and represents an effective tool for the needs
of heritage/historical buildings.

The fact that there has been progress with TLS tools in the cultural heritage field,
implemented to create three-dimensional models, has been confirmed by Martinez Espejo
Zaragoza et al. [29] and Marzouk [30].

Although BIM has been longer associated with design and construction, the birth of
these techniques has moved the industry towards new applications, which are effective
in the built environment area and even more in heritage buildings [31]. This has been the
time in which the Scan-to-BIM process started.

In detail, the approach of converting three-dimensional scanning point cloud data of
existing buildings into a BIM model is identified as the Scan-to-BIM process [32]. Indeed,
the Scan-to-BIM process is the practice of capturing existing building data based on BIM as
the primary technology and the support of the point cloud system.

In this work, laser scanning technology was considered in the context of the method-
ological framework and was treated as a preliminary source of information for BIM, since
it represents the starting point of the data baseline for the next case study developments
and for the building model creation (Phase 2).

2.2. The Modelling Phase: Heritage Building Information Modelling (HBIM)

The distinctive area of this project fully contemplates the contributions and research
developed under the denomination of Heritage Building Information Modelling (HBIM).

According to Murphy et al. [33], HBIM is based on the concept of modelling historical
elements using parametric objects of a database library [22]. As stated by Woodward
and Heesom [34], much of the work around HBIM has focused on modelling geometric
elements and the related properties of the built asset. Dealing with the cultural–historical
built environment consists of facing problems concerning the quality of initial data, survey
difficulties and multi-level complexity of the architectural asset. Thus, BIM and related
technologies can represent an opportunity.

Looking at the literature, it has been assessed that many restoration projects are not yet
taking the benefits of BIM application [35,36], and it has been further underlined that little
research has concentrated on this field in comparison to other BIM areas [37]. Works that
have introduced the application of HBIM have been very much theoretical in nature until
now [34]. As highlighted by Maxwell [38], the application of a value-adding HBIM should
encompass information such as material degradation and other details that are fundamental
for driving an efficient management strategy and for decision-making processes in the built
environment. Thus, the HBIM should be modelled in an appropriate way to host later the
data relating to maintenance or to renovation interventions [39].

A well-structured HBIM process represents a chance to manage renovation works in
view of providing the premises for the next FM phase. In particular, once site works begin,
peculiarities of the construction stages can be followed through a BIM process, and during
each phase, data such as safety documents, FM information, etc., can be also stored within
the parametric model. This confirms the importance of an HBIM application from the design
and the site stage, with the integration of data regarding specific construction elements
when “As-Built”. Moreover, this allows for the opportunity to use the work for lifecycle
management [34] according to the UK approach, which is set on the implementation of the
required operational data within an as-built BIM [40].
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Previous studies have demonstrated how the identification of a framework for the
application of HBIM to encourage conservation projects, both during the design and
construction phase and also in the in-use phase of a newly renovated building, represents a
critical issue, as recognized by Woodward and Heesom [34], Carbonari [41] and Ciribini,
Ventura and Paneroni [42].

According to these considerations, the research provides an HBIM integration from
the early stage of a renovation project to optimize the final as-built delivery. The point is to
provide a methodology to cover the existing problems and to optimize the related expenses,
as extensively reported in the literature, of retrieving the data when dealing with the built
environment [14,43–45]. The approach, as described in the case study section, is developed
using Autodesk Revit for accurate parametric modelling, consistent with the geometry and
graphical data of the current building condition. Then, the work is carried out by applying
the specific information framework and the data management techniques explained below.

2.3. The Information Framework Phase: The Informative System for Efficient Data Management

The current way of managing information, due to the early stages of the process
and the lack of regulated procedures and standards among the operators involved, nega-
tively influences the exchange and quality of data. Therefore, efficient data management
must be based on a systematic collection, analysis and flow of information across the
multidisciplinary environment during the whole life cycle [46].

Considering information management, it has been discussed that information is a
key field for FM (mainly linked to data and attributes concerning graphics) and that many
organizations are not able to take advantage of their data sources efficiently [47]. Thus, the
fundamental point for life cycle management is represented by the availability and inte-
gration of information [48,49] and thus by the definition of an efficient informative system.
The area of information represents the link between the design and the construction and the
operational area. Moreover, a correct implementation of an integrated information system
for proper management allows for connections among design, construction, technical and
economic data, which are useful for defining the most suitable management strategy [49].
Concerning existing buildings, data present a high level of complexity [41], and managing
asset information is one of the most problematic aspects for facility managers. It implies
gathering data about the asset from the earlier phases of the building’s life, processing the
information and using it for decision-making processes into the operation and maintenance
phase [46,50]. This phase accounts for a high percentage of the global cost spent throughout
a building’s cycle (more than 50%) [51]. Hence, achieving asset operation efficiency, due
to data availability, is important for increasing the total cost of ownership, especially in
the case of public buildings, where asset complexity is more relevant with respect to the
residential industry [35]. In general, the management of information is poorly performed,
and either too much information is produced in silos, or very little is organized from data
sets, therefore leading to considerable efforts for information generation [47]. Today, most
existing buildings present their attributes in a scattered way, stored and collected in paper
documents, in sheets of equipment data or in file folders of maintenance records. On the
other hand, the Computerized Maintenance Management System (CMMS) or Computer
Aided Facility Management (CAFM) are not inclusive of heritage maintenance. Informa-
tion on the built environment is often segregated and preserved as a written record for
future use; however, with the advent of HBIM, there exist benefits for integrating this
essential information into an open-access digital environment. Since historical building
records often include a significant amount of layered information, HBIM could present a
clear opportunity to maintain data such as historical events, construction data, changes
in ownership or transformations in a structured and efficient manner for supporting con-
servation works [6,34,52]. The data hand-over to the FM phase is often left until the end
of the construction phase, and information is typically delivered in manual or non-digital
formats [41,44,45,49]. With this late delivery of disrupted data or paper documents, it
becomes very awkward for owners and facility managers to evaluate whether the required
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information is included in the hand-over documents, especially in the case of heritage sites.
Therefore, information should be properly organized from the beginning of the process
using appropriate data management techniques. The quality of the hand-over process is
strictly connected to the way of producing, managing and exchanging information about
building objects in their multiple aspects along the whole life cycle from their conception
to disposal (UNI 2017) [53].

The Work Breakdown Structure (WBS) is a tool capable of linking technical elements,
which are the expressions of design choices and the details of interventions/work execution.
Therefore, the WBS is a communication tool and a standardized method used to regulate a
generic project by applying an analytical structure for the building object, activities and
phases (conception, design, construction, maintenance, restoration, demolition).

Through the WBS, the project can be decomposed into simple elements to reach the
desired level of detail based on the project’s qualities and peculiarities.

Moreover, each stage of the building life cycle can be perceived as a sub-process of
the main one. Thus, maintenance is a process manageable through the WBS technique.
In support of that, RICS [54], recognizes that maintenance matters, as the maintenance
budget distribution among elements, floor areas, etc., should be organized through a WBS
or a Cost Breakdown Structure (CBS). These tools help to check and monitor maintenance
costs [54–56]. Indeed, a WBS is acknowledged also as a key tool for governing maintenance
issues. Apart from these advantages, some weaknesses also exist [57]; significant effort
is needed to build and maintain a WBS structure together with its limitations concerning
contextual information.

Therefore, in this research work, the WBS represents the starting point of preliminary
data organization, which is then fundamental for the next steps. The WBS of the planning
phase changes along the overall process, and the final data structure changes along the
process, since it is framed for FM purposes. Thus, apart from the WBS limitations, the
research concept is that this is a sort of flexible matrix.

In the study, the research develops a framework also using the WBS approach for
integrating life cycle information through BIM from the first stages of the project, structuring
a management system of the useful data for an as-built delivery for FM.

2.4. Data Integration Phase and Modelling Update

Based on the concepts explained in the previous paragraphs, the following case
study was developed through the application of specific tools for managing information
in the HBIM environment. A 3D model, developed and updated during an ongoing
construction/refurbishment site and then delivered at the end of the execution phase,
provides the starting point for implementing specific information on products, components,
instructions regarding MEP systems, etc. As has been largely reported from the existing
literature, the BIM approach has the main objective of guaranteeing the exchange of
information during the whole building life cycle, generating an informative model that is
coherent and organized [4–6,12,58–60]. Therefore, the acquisition of the related as-built or
as-is documentation is the essential point to start the next management operations.

For the above-mentioned reasons, the definition of new interaction mechanisms be-
tween the modeling software and the data management systems is the key to improving
the process of creating an as-built model for future FM and O&M objectives.

To reach this kind of goal, this study describes a step-by-step method for connecting
different applications, managing digital information and updating the model during an
ongoing renovation project to optimize the HBIM-as-built delivery. Among the applications
available in the BIM field, this research work uses the Dynamo plug-in to perform an
effective data transfer. In detail, Dynamo is a visual programming add-in for Autodesk
Revit, provided for implementing information within the model and exchanging data with
external applications such as calculation spreadsheets. In particular, Dynamo can connect:

• the parametric model with the database, presenting all the data needed and re-
organizing for the hand-over phase (to fill the gap recognized by the NIST Study [11]);
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• the parametric model with the site management applications for controlling the site
progress and the work schedule.

Thus, the use of the Dynamo application, combined with data management tech-
niques, implies the data processing levels for defining the outputs’ delivery. From this
documentation, the users and the actors involved are able to extract data, technical reports
and additional information such as pictures, external sources, etc. (Figure 3).
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The advantages of the Dynamo integration consist of the chance of synchronizing
real-time data and updating the model due to the automation of actions usually carried
out manually, with a remarkable save of time, and costs and reducing the risks of making
mistakes [6,61]. Moreover, the Dynamo plug-in ensures a direct connection with site
management software to support the execution phase, and it enables the evaluation of
possible interferences at the time and the acceleration of decision-making processes at the
construction site and of the data update actions.

Regarding the technical details, Dynamo allows one to work in a visual-programming
process based on the Python programming system and thus related to precise algorithms.
The user interface presents a panel with a list of software commands, and the workspace is
made of a grid where visual programs are developed. Within this type of visualization, it is
possible to build a precise structure composed of “Nodes” (Figure 4).
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These enable higher accessibility to the Revit structure, since the nodes are capable of
identifying the software hierarchy, and to Revit families, types and instances. Indeed, nodes
can be linked with each other with connectors through which the import/export mechanism
is defined. The result of this process is strictly related to the way the data framework of the
project is combined with the Revit structure. Considering, for example, an element of the
digital model, through visual programming systems, it is possible to access, integrate or
extract the information contained in the parametric model’s descriptive parameters.
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The fundamental advantage of this tool is the ability to identify and exchange the
specific model properties that cannot be seen through the traditional Abacus tool and that
cannot be derived from the model. These features can arise only if the project data are
structured and organized; thus, in this context, the application of the Work Breakdown
Structure (WBS) and classification plans has become paramount.

For example, due to the integration of information management systems, Dynamo
can identify the model categories (walls, floors, doors, windows, etc.) and then select
the individual model instances according to the WBS codification. After the first identi-
fication, through this process, it is possible to work on data, to update information or to
import/export information, filling the model with the required attributes according to
the structure that is represented in Figure 5 below and that was implemented in the case
study section.
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2.5. The Final Hand-over: Heritage BIM (HBIM)-As-Built Delivery

Considering the theme of the data loss during the building life cycle and the costs
linked to information recovery when dealing with existing buildings and, in particular,
when operating on the heritage portfolio, it is important to provide structural frameworks
aiming at reducing those costs and the recognized building life cycle gaps.

This methodological approach has the objective of obtaining (as the final result) an
as-built model that, developed on the ongoing refurbishment site, represents the main data
source and a large database for setting management and maintenance procedures.

In the previous paragraph, Figure 1 represents the information loss over the building
process, highlighting the data loss on two sides: the first one is the loss of the available data,
which are not transferred or exchanged phase-by-phase in the traditional process (in red)
from planning to design, construction and FM, and the second is the data lost upstream,
since they were not present from the beginning.

As illustrated in Figure 6, the research framework tries to fill the data gap by providing
a method, based on the parametric modelling and the interoperability concept, where
the data are transferred over the phases and at the same time reducing the gap of the
information upstream. Indeed, this approach, based on a systematic structure, tends
towards the ideal curve of the information flow (blue curve).
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3. Case Study
3.1. The Lyric Theater Restoration Project

This study concentrates on the case of a historical lyric theater, which is a building
dated to the 18th century and which has been affected over the years by different events
and transformations. Then, in 2013, the public administration started the conservation plan.
After a tender phase, the site work was underway in 2016.

In particular, this kind of project appeared to be suitable for research purposes since:

• it represents a process consisting of restoration works where information management
fulfills a key role;

• the preliminary study and the preliminary project, defined by the Public Administra-
tion (PA) as the available documentation for the tender stage, were already conducted
through parametric modelling and the application of digital technologies; thus, the
implication of BIM in the site work phase at that time represented an opportunity of
giving continuity and an opportunity for testing the implementation in such a context
of public heritage restoration;

• the procurement contract between the PA and the building company contractually
demanded the final as-built model for the next maintenance/management operations.

Therefore, the main aspects addressed in the case study application are the followings:
the first one is related to the analysis of the available documentation at the time of the site
work beginning (including the survey data and the initial parametric model, previously
carried out for the procurement phase); the second one is linked to the definition of the
information system; the third presents the model development and the data update during
the ongoing restoration site; and the fourth shows the final as-built model implemented
with FM and O&M data.

3.2. The Survey and the Modelling Phase: Managing the Survey Data and the Preliminary Model

Looking at the diagram above (Figure 2), it should be pointed out that stage 1, repre-
sented in the methodology section, is split in two for the case study development (the same
for the modelling step). This happens because, in this context, the research began from the
analysis of the preliminary documentation of an initial parametric model, created for the
tender phase based on a previous laser scanning survey. This way of conducting the survey
turned out highly effective, since it made it possible to identify peculiar elements and to
define such elements in the spaces which were very difficult to reach. The laser scanning
approach also allowed for the faster definition of the project for the tender objectives, and
due to this type of survey, based on point clouds, a preliminary theater model was available,
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since it was built to address the tender scope and was enriched by preliminary material
and graphic data.

At this point, after the bidding and the contract stage, the research started with
the verification of the available sources (point clouds survey and parametric model) for
assessing the data consistency concerning the theater’s current condition. After that,
when the restoration site started, additional surveys based on the TLS Technology were
performed. Indeed, in the case of a heritage/existing building, several aspects can be
verified only after on-site investigations, which required drillings or partial demolitions.
For example, the laser scanning technique enables access to rooms with structural problems
in which it was not safe to enter or the identification of certain spaces which were totally
hidden from the sight. Therefore, using a specific TLS tool for detecting internal and
small-sized rooms, a step-by-step laser scanning process, following the ongoing site work
phases, was elaborated, and thus, the building was regularly checked. Moreover, in the
case of unexpected findings, the point cloud data constituted the basis for the model update
and for driving the next choices in line with the changing project. Then, the model was
edited/implemented, and for example, data on the material or wall layers were integrated.
The lyric theater structural system, which was previously supposed based on historical
documentation, was precisely incorporated into the model. Moreover, through the TLS,
new constructions were accurately located.

In addition to the analysis of existing documentation, the on-site scanning procedure
and the geometrical update, the research, after the study of the elementary data in the
first model, provided the re-organization and the integration of the informative data
and attributes according to the building site. An important objective was to understand
the framework of the data and the localization system of the elements. This was the
starting point for elaborating a coherent information system that could be combined with
the existing information for defining the procedures for updating the model along the
renovation site works and then for gathering the data useful for the FM phase.

3.3. Definition of the Information System

After the preliminary analysis, the research work on the lyric theater restoration project
went forward to the definition of the WBS for the implementation of the renovation site
data. The WBS, integrated to the level suitable for fitting the research aim, is an effective
tool for addressing the next operational stages.

Concerning that, the central database was enhanced for holding localization labels
(Space Breakdown Structure—SBS) and material attributes and was organized as shown in
Figure 7.
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Figure 7. Theater space breakdown structure.

The localization labels and the WBS codes represent the link between the database in
the form of calculation sheets and the HBIM model.

Therefore, the WBS as a data management system, combined with the digital model,
represents a key element for the next steps of the data update and integration for FM.

The details of data and parameters are summarized in Table 1. In the first column, the
table shows the final output/document required, for example, the “Maintenance Plan”;
then, the second column gathers the group of data within the related document; the
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third one presents the specific attributes required; and, in the end, the fourth collects the
associated parameter type. The WBS and SBS codes are used as the core data for running
the Dynamo application and providing the automatic data input and data update processes.

Table 1. Data and parameter definitions. Blue: Data coming from the related documents.

Document Section Parameter Name Parameter Type

BUILDING ID

Survey

Survey date Text

Zone responsible Text

Update Text

. . . . . .

General building data

Building picture Image

Municipality zone Text

Building Type Text

Address Text

Construction year Number

Construction typology Text

Square meters of covered
surface (m2) Number

Square meters of gross floor
area (m2) Number

Volume (m3) Number

. . . . . .

Cadastral data

Sheet Text

Maps Text

Sub Text

. . . . . .

Fire safety data

Activity not subject Yes/No

NOP obtained Yes/No

NOP number Text

NOP release date Text

CFP obtained Yes/No

CFP number Text

CFP release date Text

CFP activity Yes/No

Document link URL

. . . . . .

SPACE BREAKDOWN
STRUCTURE(SBS) SBS Code

Building block Text

Floor Text

Room Text

Wall Text
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Table 1. Cont.

Document Section Parameter Name Parameter Type

WORK BREAKDOWN
STRUCTURE(WBS) WBS Code

Technical element code Text

Technical element name Text

Description of consistency Text

Interventions to be performed Text

UNIT PRICE LIST-PRICE
ANALYSIS

Classification plan
information WBS code Text

Work item

Price list code Text

Extended description of the
item Text

Unit of measure Text

Price Currency

Percentage of labor Text

Percentage of materials Text

Percentage of equipment
rental fee Text

. . . . . .

BILL OF QUANTITIES-
QUANTITY TAKEOFF

Classification plan
information

SBS code Text
WBS code Text

Quantity

Price list code Text
Extended description of the

item Text

Unit of measure Text
Quantity Length

Cost

Price Currency

Price of labor Currency

Price of materials Currency

Price of equipment rental fee Currency

SAFETY AND
COORDINATION PLAN

Classification plan
information

SBS code Text
WBS code Text

Quantity

Extended description of the
item Text

Unit of measure Text
Quantity Length

Cost Price of internal safety burden Currency

Risk containment

Potential individual risks Text

Potential risk deriving from
the activities being performed Text

Preventive and protective
measures Text

Procedures Text

. . . . . .

Time scheduling Construction site timing Text
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Table 1. Cont.

Document Section Parameter Name Parameter Type

TIME SCHEDULE

Quantity Quantity Length

Cost
Price Currency

Price of labor Currency
Labor cost per hour Number

Timeline
ID worksite activity Text

Duration Number

USER MANUAL

Classification plan
information

WBS code Text
SBS code Text

Cost
Price list code Currency
Description Text

Technical element data

QR code Image

Date of last
update/modification Text

Picture Image

Year of
realization/installation Number

Correct conditions of use Text

. . . . . .

MAINTENANCE MANUAL

Classification plan
information

WBS code Text
SBS code Text

User manual information

Date of last
update/modification Text

Picture Image
Year of

realization/installation Number

Cost
Price list code Currency
Description Text

Technical element data

Required equipment Text

Minimum level of
performance Text

Possible anomalies Text

Maintenance to be performed
by user Text

Maintenance to be performed
by skilled personnel Text

. . . . . .

MAINTENANCE PROGRAM

Classification plan
information

WBS code Text
SBS code Text

Technical element data
Intervention typology Text

Intervention frequency Text
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Table 1. Cont.

Document Section Parameter Name Parameter Type

TENDER SPECIFICATIONS

Classification plan
information

WBS code Text
SBS code Text

Description of consistency Text
Cost Price list code Text

Technical element data

Product category Text

Work items necessary for the
creation of the technical

element
Text

Materials, supply and storage
methods Text

Reference standards Text

Tests, certifications and
samples to be carried out Text

Execution methods to be
followed Text

Tests and inspections to
guarantee the result Text

Equipment needed to carry
out the work Text

Related technical elements Text

References to the Safety and
Coordination Plan Text

. . . . . .

3.4. On-Site Model Update

In this research work, the data uploading process, linked to the execution phase,
was characterized by two aspects: the geometrical update of the building and the data
integration into the digital model.

During the construction works, several updates are evident only after on-site demoli-
tions or after the examination of wall layers, thickness and materials, revealed during the
construction site. Indeed, the on-site information tracking and analysis becomes funda-
mental to confirm the choices made previously at the design level and to drive future or
alternative decisions in the case of unexpected situations. Regarding the geometrical up-
date, this was mainly performed within the parametric software, which is the most suitable
environment for doing this kind of activity. Indeed, the graphical update of the elements
was conducted outside of the model through Dynamo, only when complex geometries or
systems were present (the generative design approach) (Figure 8).

Then, the second process of data uploading characterizing the theater is linked to the
mechanism of integrating, importing/exporting the attribute data (not graphical) through
the Dynamo application (Figure 9).

As stated above, the objective of the work was to provide a heritage as-built model
as consistent as possible; therefore, the supervision of the overall renovation process and
the updating of the model and of the data system at the same time (to reflect the work site
progress) are essential. Moreover, the importance of this approach stands in the fact that,
usually after the execution phase, some information cannot be retrieved easily.

Then, to overcome the costs and the consequences of recovering the data, the central
database, set on the WBS structure, becomes the core point through which information
is been managed and organized. This data repository is fueled by the data coming from
weekly site visits and managed through the Dynamo nodes. Data directly coming from
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the BIM model are successively exported using Dynamo and organized within the central
database (Figure 10).
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Indeed, the information can be extracted from the central database and attached to
the corresponding Revit object, such as a technical element, a room, etc. Due to specific
Dynamo nodes, it was also possible to obtain automatic compiling of the objects’ related
fields (Figure 11).
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As highlighted before, Dynamo is based on a structure of “functional nodes”, through
which it is possible to run specific features. This information string involves input and
output data. Each individual node performs a specific action. This action can be a simple
activity, such as extrapolating a single value, or, on the other hand, it can be a complex
process, such as that linked to generative design trials. The visual programming procedure



Buildings 2022, 12, 1360 19 of 26

defined for the research case study is made of several nodes which play multiple operations
to structure the data and exchange information in a framed manner.

As reported in Figure 10, the logical scheme, which is implied to export the data
from the model and organize the specific information in the database, is composed of the
stages below:

- The first step (number 1 in the Figure 10 above) of the sequence allows for the iden-
tification of all the “Building elements”, which are all the model elements that need
to include the relevant information. This action is realized due to a particular node:
the Categories node, identified by the letter “A” in Figure 10. This node can extract a
list of the overall model categories that constitute the parametric model (for example,
the wall category). The node “Category” is combined with the node “All elements
category” (identified by the letter “B” in Figure 10 above) to obtain an export of all the
elements associated with a specific category built into the model.

- The second stage (number 2 in the Figure 10 above) is made of several phases
for selecting the parameters to export. The node “Material name” (identified by
the letter “C” in the Figure 10) returns a list of the materials that compose an in-
dividual element, such as a list of the wall layers. Then, due to the node “Ele-
ment.GetParameterValueByName” (letter “D” in the Figure 10), it is possible to deduce
each value connected to a specific parameter within the model. For example, Figure 10
presents the data outcome of the values linked to the WBS and SBS parameters listed
in the node “Parameters name” (the “code block node”, letter “E” in Figure 10). In the
end, all the results obtained through these actions are merged into a single inventory
by means of the node “List Create” (Letter “F” in the Figure 10);

- Then, the final stage (number 3 in the Figure 10 above) leads to the extrapolation of
the model data to implement the derived information into the central database. In
detail, this happens through the node “Data.ExportExcel” (letter “G” in the Figure 10).
This node is composed of the data of the central repository: “the file name”, “the excel
name” and the “sheet name”, in which the data need to be implemented.

As described in Figure 10, the logic sequence of the second figure (Figure 11) is made
of three main stages. The overall mechanism is summarized in the above schema. In this
way, it is possible to read the attributes coming from the central database and associate
them with the parametric model. Therefore, this system allows one to:

• fill the data within an empty parameter of the model;
• update the information into the model;
• create new parameters with new attributes or values.

Below, the main steps of the logic sequence are outlined:

- In the first step (number 1 in the Figure 11 above), the node “data.ImportExcel”
(identified with the letter “H” in the Figure 11) enables one to read the data of the
spreadsheet file (the database).

- In the second stage (number 2 in the Figure 11 above), the combination of the node
“Categories” (letter “I” in the Figure 11) and the other node “All Elements of Category”
(letter “J” in the Figure 11) allows the identification of the elements that need to be
enriched with the related information.

- In the last stage (number 3 in the Figure 11 above), the node “Parameters name” (the
so-called “code block” node which is identified by the letter “K” in the Figure 11) can
select the corresponding data, which are required for a specific model’s parameter.
Then, due to the integration of the node “Element.SetParameterByName” (letter “L”
in the Figure 11), this information can be physically written and associated with the
proper field. In this way, new or updated data can be easily included in the model.
Moreover, the implementation of new parameters is allowed.



Buildings 2022, 12, 1360 20 of 26

3.5. Heritage-As-Built for FM

As mentioned in the previous sections, the research focuses on how digitalization can
improve the information workflow, supporting the hand-over stage for the next FM goals.
Therefore, in addition to the data recovered during the lyric theater renovation site, the
second type of data, which is fundamental to define the suitability of HBIM for FM purposes,
is collected from external sources. In particular, specific data concerning maintenance,
inspections and preventive activities to contrast material degradations are integrated
through Dynamo from external links. Indeed, documents such as the maintenance plan, the
maintenance manual, the user handbook, and the maintenance schedule (required by law
in Italian legislation) can be produced and updated automatically with Dynamo. Therefore,
due to this approach, it is possible to draft different outputs and documents (Figure 12).
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Another important aspect is given by the possibility to attach the O&M documents to
the HBIM. Thus, through specific parameters, as explained below, the .pdf version of the
maintenance plan or the .pdf file of some technical cards can be integrated into the model
and can be made available at any time.

The data input process can be performed directly into the Dynamo’s interface with
the use of specific parameters. In the Revit software, different types of parameters are
available. In this case, the URL parameters are introduced to host external links and to
attach multi-media files and web sources. In this way, the whole as-built documentation
required for the management phase is accessible.

In Revit, it is possible to associate attributes structured by name, typology, etc., to
the shared parameters (within the families, within instances or material properties). The
shared parameters are connected to an external file, usually with a “.txt” size, which is set
according to the users’ needs and that can be applied also in other projects according to the
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intervention type. For the case of the lyric theater, the shared parameters are structured
in the form of an additional breakdown system for data in the model, and these are
tailored based on the project objectives. The documents related to the maintenance plan
(maintenance manual, user handbook, maintenance schedule) can be directly linked to
individual materials (ex: plaster layer). The history of interventions or the list of the project
materials can be connected to the Revit Type (for example, brick-walls). Moreover, single
interventions can be associated to Revit instances (for example, wall structural stabilization).
For the lyric theater, a URL parameter is associated with specific views, such as floor or
section views, connected to comparative status drawings (displaying demolitions and new
construction elements) to make the transformations visible.

4. Discussion of Results

The implemented methodological structure has been defined to meet municipality
needs in documentation, in planning conservation interventions and in managing the
next operation stage. The automatization of the whole mechanism of data exchange gives
a remarkable contribution to reducing typing errors, duplications, redundant data, etc.,
usually linked to data transfer processes. Thus, the project acquires a higher quality, and
on the other hand, the automatization provides time savings.

Regarding the cost issue, it should be said that, in the research, the specific detail of a
cost-saving value is not yet available, since the framework is right now implemented, and
the management phase has just started. The research set a first baseline in identifying a
roadmap and a matrix of implementation. Looking at the results related to the costs field,
effective options offered by this methodology are linked to the possibility of also obtaining
the economic evaluation derived from the maintenance activities performed during the
management practice, as well as obtaining the history of the maintenance costs throughout
the useful life of the heritage building. These are of valuable importance in supporting
decision-making processes.

Regarding the case study, at least 3 years of running management are required for
extracting and quantifying the benefits of this method, which should be evaluated on the
building use phase and on facility manager data and feedback.

Considering that recovering information after a construction/renovation delivery has
been largely documented in the literature, it is assumed that the structured methodological
framework proposed can provide an optimization; on the other hand, the limit of the
research until now consists of the fact that a measure of the avoided expenses is not ready
now but will be for a future investigation. Moreover, the same approach can be implied in
another building type case study (different from that of the theater) with the same logic
by following the project from design to the renovation site until the hand-over phase for
measuring the cost savings after a minimum running period.

Considering the case study application, apart from the recognizable benefits, the pri-
mary weakness is related to the time taken by the stage of data selection. The possibility of
introducing useless information can lead to inefficiencies in the whole procedure. There-
fore, all of the time and work dedicated to structure the proper information management
framework are paramount. For this reason, it is fundamental to start the process with
the “end in mind”, with the awareness of the future perspective and the end objectives of
the HBIM model. Thus, from the beginning, it is vital to set the appropriate structure of
the model and the documentation according to the final uses and aim. This step can be
perceived as expensive in terms of time and effort, accounting for a relevant part of the
process, but it is the key to a successful result in a broader and long-term viewpoint. In
our case, the quality and the detail of the different documentation’s outputs were driven
by a constant dialogue, with the client and a precise reference to the legislative context’s
requirements.

Moreover, the use of Dynamo enables a significant advantage in accelerating the data
exchange process and in increasing the quality of the overall heritage building renovation
project. On the other hand, the complexity of applying this kind of digital tool, such as for
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managing the data, requires firstly the technical ability of coordinating several activities
from multiple perspectives and secondly a skilled qualification. In recent years, considering
the implementation status of Building Information Modelling in general and that of the
heritage BIM, this aspect can represent a constraint for many public and also private actors.

The last consideration, in the light of this research work, lies in the cost field. In
particular, the value of implementing HBIM in conservation renovation projects lies in the
ability to better coordinate data and, subsequently, for designing and construction [62];
however, as stated by [62], this may mean that the upfront cost is increased. On the other
hand, to appropriately estimate the HBIM value or weight, this kind of expense should be
balanced with the impact of the related project risks [62].

5. Conclusions

The aging and degradation of the built environment represent a relevant issue that im-
plies an important economic commitment, given the enormous heritage that some countries
manage [63]. Considering this context, systems for improving the current management
practice are required. Indeed, this demand should concern the management of heritage
building projects, from the renovation site to the delivery and then to the FM stage.

Moreover, HBIM work is predominantly focused on the pre-construction state [62],
and few improvements in implementing technologies, such as identification systems or
real-time data, have been carried out in the previous years [31].

This research work presents a methodology to approach a renovation intervention on
a public heritage building, looking at the next operation phases. The application of the BIM
methodology constitutes a critical matter, especially in the case of complex assets and even
more so in the heritage of public works [63].

The creation of an HBIM model, properly modelled in its characteristics, enriched
with parameters and defined by all the data for the management phase, can represent an
efficient tool for managing the building portfolio in a life cycle view.

The research methodology describes how it is possible to collect several attributes and
specifications when dealing with a heritage building project with the use of BIM.

The developed methodology represents an integrated procedure that takes advantage
of different applications which can be connected. It enables a rapid update and an automatic
data exchange during the building life cycle.

The application of a BIM approach to a restoration project and to a historical lyric
theater site highlights that the use of new technologies and tools usually implied in new
construction interventions can also offer positive effects on existing buildings and her-
itage buildings.

Looking at the final research result, an informative model, enriched and updated with
information, perfectly describes the current condition of the built asset and provides crucial
and consistent information for the FM and the O&M practice. Regarding the research, it is
significant to highlight that this study is based on the constant recording activity of both
the geometric and informative data, which are logged and updated during the renovation
work phase, which is not used for heritage projects. Furthermore, the recording should also
be used to maintain a log of ongoing work, methods employed during construction and
conservation knowledge to ensure that it is maintained in a digital repository [62]. This
provides value to the overall heritage as-built process.

Therefore, this research work represents a tangible contribution, since it provides
a solution to the lack of integrated/structured procedures in information management
processes in order to optimize the related costs. This work also sets a structured framework
that can be reproduced as a matrix in other contexts and adapted to the related projects
‘peculiarities. Thus, future improvements will concern its large-scale applicability.

The presented contribution also highlights the chances that BIM can provide to conser-
vation activities. The aim is that its implementation in private and public cases progressively
increases. In general, the issue of conservation management is recognized as an area in
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need of future direction [62]. Therefore, future developments of the system could be linked
to the following matters:

- One point is that the literature lacks guides concerning HBIM management specialized
for building typology such as churches, theaters, etc. Each type of heritage building
presents some features, so guidelines in a BIM context should be provided as a future
research path. Today, it has been necessary to adapt their application to the few
working guidelines that are available [63].

- Then, as recognized by [62], a significant work in this field, including guidelines by na-
tional bodies, has focused heavily on capturing and modelling heritage buildings and
special individual components with less regard to the issues surrounding conservation
work or management. This is another area that needs improvement.

- As a future research investigation, quantitative analysis in practical cases is required.
In-detail data should be tested in multiple buildings, looking at the system perfor-
mance in the O&M practice.
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