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A B S T R A C T

Building Information Modelling, new paradigm of digital design and management, shows great potential for the
refurbishment process, as it represents a possible way out of criticalities that occur in documentation and pre-
servation of existing assets, if connected to cognitive automation. The combination of BIM with automation
systems improves the quality control during diagnosis, design and work execution, and the labour savings, which
is particularly relevant for rapid intervention in case of hazardous conditions.

Therefore, the paper is going to address a methodological discussion concerning complete “as-built” para-
metric models of historical buildings, supporting the design of refurbishment and conservation interventions.
Although some reviews of the state of the art exist on the topic of Historic Building Information Modelling, the
present research introduces a different perspective on HBIM modelling, with diagnosis and performance as-
sessment as key-aspects, in terms of automating performance assessment.

Specifically, from the data collection of contributions regarding HBIM/BIM, diagnostics and monitoring on
existing buildings and infrastructures, a critical review by selected criteria is developed. Nevertheless, general
methods and tools for information management and exchange tasks in BIM are briefly described as well, since
they are considered useful for future developments of HBIM approach. The core of the critical analysis is focused
on the scientific and technical relations among HBIM models, diagnosis and performance assessment features. In
addition, the review identifies specific activities and relative tools and methods for knowledge acquisition and
semantic enrichment.

Finally, gaps in knowledge of the current literature are outlined and discussed, with specific focus on per-
formance assessment in HBIM. In this regard, a new methodology toward Diagnosis-Aided Historic Building
Information Modelling and Management (DA-HBIMM) is proposed as a framework to be developed in order to
address smart knowledge acquisition, collection and notification of assessed performances and eventual risks, by
cognitive automation and artificial intelligence, in the near future.
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1. Introduction

Building Information Modelling, new paradigm of digital design and
management, shows great potential for the refurbishment process [1],
as it represents a possible way out of criticalities that occur in

documentation and preservation of existing assets, especially if con-
nected to cognitive automation. For instance, BIM can be very attrac-
tive for the management of the comprehensive and incremental
knowledge of the built heritage, fundamental activity for an accurate
assessment of the residual building performances to be recovered by
refurbishment and retrofit. The approach can also ensure the effective
involvement of all the technicians with multidisciplinary skills and the
successful information sharing. The integration of BIM with automation
systems would positively support the quality control during diagnosis,
design and work execution as well as the labour savings.

Therefore, Building Information Modelling can be a guide tool for
work and information flows as long as it stands on the concept of in-
tegrated digital archive that collects geometric, semantic and topolo-
gical data, in different formats and contents, within parametric objects
[1]. BIM proprietary or customised tools can manage and analyse the
multiplicity of variables due to query operations and specific pro-
grammed automation algorithms.

The application of BIM in the built heritage was initially identified
as Historic Building Information Modelling (HBIM) [2]. However, ac-
cording to the previous definition, the concept of information man-
agement - complementary to the modelling one - is excluded; thus, an
evolution has occurred toward the approach of Built Heritage In-
formation Modelling and Management (BHIMM) [3]. Reviews of the
state-of-the-art exist on the topic of “Historic Building Information
Modelling” for building refurbishment (both in general terms [4], and
specifically related to existing buildings [5]). However, some guidelines
are still needed to achieve a complete “as-built” model of historical
buildings, especially featured with irregular and complex morphology,
toward the design of refurbishment and conservation interventions [6].

A critical activity, which the authors are dealing with, is the in-
tegration of a variety of information through independent and struc-
tured methods. Such information comes from historically archived
documentation, analytical investigations, surveys, diagnostics and
monitoring and requires continuous updating during performance as-
sessment, design and execution.

BIM tools are software programs (more or less interoperable) and
databases that support the organisation and the collection of informa-
tion, which is disconnected and sometimes unavailable, and reported in
separate sources.

Ultimately, the scientific community must invest resources in the
development of HBIMM methodology in order to improve its ability to
contain both tangible and intangible information inherent to the ex-
isting buildings [7].

In this way, the information could be available to all the stake-
holders for management of building operation and maintenance
throughout the life cycle. Furthermore, real-time updates and notifi-
cations of centralised models are expected by installing integrated
monitoring systems [8].

In this context, this revision of the state-of-the-art is drawn up for
the following purposes: 1) analysing criticalities and potentialities of
HBIMM, as emerged in refereed publications; 2) formalising the first
attempts of HBIMM application; 3) proposing a methodological flow to
be consolidated; 4) suggesting future developments toward a diagnosis-
aided HBIMM (DA-HBIMM) within an automation-based framework.

2. Research methodology

The aim of this state of the art is to identify gaps in knowledge and
to provide insights for future development on methods and tools of
Historic Building Information Modelling for the refurbishment project,
toward the automated diagnosis of the residual performances and de-
sign of coherent structural reinforcement and energy retrofitting. In
addition, relevant issues, investigated within this work, concern
knowledge acquisition and management of the diagnosis, with the fu-
ture perspective of automatic performance assessment within the BIM
approach, in order to achieve accurate and precise performance
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