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a b s t r a c t 

The preservation of cultural heritage and the renovation, restoration and remodelling processes could 

benefit greatly from Building Information Modelling (BIM) workflows being established. Currently, ex- 

perts are involved with fractionated workflows, where a lot of data are missing, become lost or are du- 

plicated by different stakeholders. All the resulting confusion severely impacts on the preservation of her- 

itage as well as the efficiency of its restoring/remodelling/revitalizing from the point of view of current 

needs. Heritage information is usually conveyed through conservation-restoration plans and guidelines 

In this research, a new methodology for managing the information holistically integrated into the BIM 

is proposed. The workflow is showcased on a demo-case building that is protected as cultural heritage. 

Consequently, the conservation plan becomes more accessible, not only for stakeholders in heritage, but 

also stakeholders responsible for the renovation, such as architects and contractors. This can result in an 

improved understanding of the heritage and a better revitalization. 

© 2022 The Author(s). Published by Elsevier Masson SAS. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

.1. Digitization of the cultural heritage process 

The preservation of cultural heritage is a complex process in- 

olving a variety of methods and many different professions. An 

wner who wishes to preserve heritage objects or change their 

unction must obtain the appropriate planning permission, which 

ust be made in accordance with the guidelines of a competent 

eritage-preservation office. The office prescribes the development 

f a conservation plan, which, after an evaluation, provides precise 

uidelines for the conservation, and represents the starting point 

or the final architectural renovation plan. 

Recent developments in the field of Architecture, Engineering 

nd Construction (AEC) have provided incentives to digitalise the 

rocesses associated with cultural heritage. In particular, Building 

nformation Modelling (BIM) can be seen as an opportunity to re- 

iew the current methods used in this field and find alternatives 

hat are more effective and efficient. BIM is a digital tool and a way

f communicating information within the construction industry. Its 
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isruptive approach aims to integrate the design, modelling, asset 

lanning and facility management. It provides a digital represen- 

ation of a building’s characteristics throughout the building’s life 

ycle and thus helps to streamline the processes and make them 

ore efficient. The main characteristic of BIM is the integration 

f a three-dimensional digital model with quantitative and quali- 

ative information that makes it possible to establish relationships 

etween elements and links to external documents [1] . It is a com- 

unication tool that has the ability to bring together actors from 

ifferent fields in industry and is valuable during the entire life 

ycle of a heritage-relevant object. This characteristic offers great 

otential as a heritage-information system [2–4] . 

.2. Heritage Building Information Modelling (HBIM) 

Heritage BIM (HBIM), also Historic BIM, is a sub-field of Build- 

ng Information Modelling that is meant to capture more accu- 

ately the geometry and information that relate to historical build- 

ngs [5] . Its raison d’etre originates in the lack of functionality 

n ‘standard’ BIM, which is mainly used in the design of modern 

uildings. When dealing with the digitisation of historical build- 

ngs, there is a requirement for advanced tools, which are typi- 

ally not found in most BIM use cases. An example of such a tool 
ss article under the CC BY-NC-ND license 
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s enhanced geometry generation, which aims to capture the of- 

en nonplanar and complex geometries of heritage objects. There 

re a few directions of research into HBIM: (1) scan-to-BIM; (2) 

istorical BIM elements; (3) integration of HBIM/GIS; and (4) her- 

tage data models, briefly explained hereafter. (1) Vital parts of the 

hole heritage BIM process are the data-acquisition and digitis- 

ng processes, also referred to as scan-to-BIM. A site is surveyed 

ith close- range photogrammetry [6–9] , TLS [9–15] or more ad- 

anced methods such as Unmanned Airborne Vehicles (UAVs) for 

ard-to-reach places (Zerbinatti et al. 2020), or a combination of 

ethods [16–18] . Simultaneous Localisation and Mapping (SLAM) 

s a novel data- acquisition technique that is also in use [19] . Re-

earch into heritage-data acquisition often deals with the accuracy 

nd completeness of the data, such as the Grade of Accuracy met- 

ic [20,21] or other metrics [9,15,22] . Also BIM extraction of the 

roduced point cloud in manual, semi-automatic and automatic 

ays is subject to scan-to-BIM studies [10,17,18,20,21,24–26] . (2) 

nother focus point in HBIM deals with the missing aspects that 

elate to BIM, such as the terminology of historical building ele- 

ents. Because BIM is designed for the AEC industry, it is mostly 

oncerned with the development of new constructions. Predefined 

lassifications of many HBIM elements are lacking and there is 

o unified way to include the historical data. To overcome these 

roblems, some authors create their own element classifications 

hat are characteristic for HBIM [13,24,27] . (3) A regularly posed 

uestion is whether to use BIM for heritage, or a 3D GIS counter- 

art, such as CityGML [28,29] . The scale varies a great deal in her-

tage projects: there are buildings of limited size; building groups 

uch as monasteries [4] ; and whole city blocks that are subject to 

igitisation regarding heritage [29] . Overall, much effort has been 

ut into HBIM/GIS studies [30–32] . (4) BIM data models for her- 

tage have received less attention than the previous three areas. At- 

empts have been made to formalise the information in metadata 

sing the Level of Information (LoI) approach [33] or the Levels of 

nowledge (LOK) approach [4] . Another approach that is currently 

nder development is the Level of Information Need (LOIN), that 

s in the ISO standard 19650. LOIN is aimed at a gradual system 

hat is more adaptable and based on project specifics [34] . While 

hese metrics provide insights into the completeness of the infor- 

ation found in BIM, they do not provide the semantic data in 

 defined way. Other attempts at the formalisation of metadata 

re found in the damage assessment of heritage buildings, where 

ata models are defined and software to support these models is 

reated [22,23] . Likewise, data models for heritage documentation 

ave been covered by Noardo [35] . While damage assessment and 

eritage documentation have some common ground with the con- 

ervation plan, a HBIM data model for this purpose has not yet 

een developed and needs standardisation. 

HBIM allows us to share information about heritage values and 

aterial properties simultaneously in one system for all profes- 

ionals. Furthermore, different forms of other information related 

o the building can be stored, such as photographs of frescos and 

nteresting building features, vaults, windows as well as the re- 

ults of different material surveys, the locations of elements that 

ere already destroyed or removed with their 3D representations 

s they were before and descriptions of their significance. This in- 

ormation can later be used for research purposes, to develop ren- 

vation plans and cost estimations, or presented to the public, for 

xample, using tools such as augmented reality in a virtual reality 

useum, as explored by other researchers [36] . In this way a new 

evel of interactivity between users and virtual environments ca- 

able of communicating the tangible and intangible values of the 

emains of ancient times are being evolved [21] . Therefore, it is no 

urprise that HBIM is becoming increasingly adopted by public and 

rivate stakeholders, as well as end-users and professionals in the 

elds of heritage and construction. 
31 
The need for guidance and standards in BIM with respect to 

eritage is becoming increasingly pressing [9] . In particular, the 

xchange of information between software applications used in 

he construction industry needs standardisation. The leading or- 

anisation in this domain is buildingSMART. The Industry Foun- 

ation Classes (IFCs), as a neutral and open specification for BIM 

ata models, are used by many software vendors. Furthermore, the 

orld standardization organization, the International Organization 

or Standardization (ISO), has created a technical committee TC 

9/SC 13 called the Organization of Information about Construc- 

ion Works, and a technical committee of the European Committee 

or Standardisation (CEN) established a subcommittee CEN/TC 442 

uilding Information Modelling. Liaisons between these standard- 

zation bodies ensure the completeness and inclusiveness of the 

rocess, as well as the smooth acceptance of the adopted standards 

European Commission et al., 2017). Even though the IFC is evolv- 

ng constantly, there is still room for improvement in terms of in- 

eroperability and supporting heritage-specific issues ( [27] ; Noardo 

t al. 2020 [13,22,25,28] ). An extension to the IFC schema to for- 

alise the missing classes and subtypes that mainly refer to el- 

ments that are only found in historical buildings has also been 

eveloped [13,25] . Another piece of research demonstrated how to 

epresent a huge number of specialized information models with 

he appropriate LOD and Grade of Accuracy in a BIM environment 

nd comply with the IFC/RDF format [37] . Conversion between, and 

ntegration of, IFC and CityGML has also received attention [28] . 

owever, the research in this area is not yet fully developed and at 

his moment there is no overarching conceptual model that takes 

n the versatility of the data found in conservation projects. There 

s an identified research gap of demo cases where conservation 

lans could be integrated into the HBIM process, and the process 

ould be formalized and available as a pilot case for others to learn 

rom. 

.3. Research aims 

While some HBIM research areas, such as scan-to-BIM, 

IS/HBIM integration and HBIM modelling elements are well ex- 

lored, less attention has been given to the standardisation of 

BIM data models. This research aims to provide a new method- 

logy for data flow with less friction in the cultural heritage revi- 

alization, renovation and restoration process. Part of this research 

as a demonstration of a new approach to a conservation plan, 

here data from it are being holistically integrated with an ar- 

hitectural plan in a HBIM project as a 3D model with seman- 

ic information attached. In this way, everyone can understand 

he complexity of the protected cultural heritage and why some 

lements are protected, unique or of special value in terms of 

reservation. This attempt does not try to deal with an overarch- 

ng HBIM data model that deals with FEM as well as damage as- 

essment, stratigraphic analysis and archiving, but rather to add a 

mall piece to the standardisation of the required data model, fo- 

used on the conservation plan. It is pursued to find the data that 

re needed in the process and to develop a model that adheres to 

hese needs. By using such a methodology, the results of revital- 

zing heritage buildings would be smoother, efficient and satisfac- 

ory for the stakeholders involved. A case study from Slovenia is 

sed to test the feasibility of the research. Therefore, although the 

cope is limited to the Slovenian context, it could be adapted to 

ther countries. 

. Material and methods 

The conservation plan describes the historical origin of the 

uilding, its cultural heritage values and provides guidelines for 

he conservation in a standardized way ( [38,39] , Annex 1). The 
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Fig. 1. Methodology workflow. 
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urrent Slovenian conservation plan contains textual descriptions, 

ith photographs and floor plans for context. When an architect or 

ngineer develops new plans in the case of renovation or restora- 

ion, these documents are not part of the integral design; rather 

hey are separate documents that are read only by a small selec- 

ion of people. In that sense the conservation plan in its current 

tate is outdated. 

But the data from it can be integrated with an architectural 

lan in a BIM project as a 3D model and thus accessed not only 

y specialists, but by a variety of stakeholders (e.g., civil servants, 

sub)contractors and owners), so that everyone can understand the 

omplexity of the protected cultural heritage and why some ele- 

ents are protected, unique or of special value in terms of preser- 

ation. 

A better approach than a conservation plan in textual format 

ith images as the only aid would be to create a 3D model, 

here semantic and spatial data that can traditionally be found in 

he conservation plan or conservation-restoration project are inte- 

rated and offered to everyone who is collaborating in the project 

f renovation, restoration or revitalization of the built heritage. To 

chieve such a model, four steps need to be taken: (1) the rele- 

ant data should be extracted from the conservation plan’s doc- 

ment; (2) the data should be categorised into elements and at- 

ributes that can be included in the BIM model; (3) a data model 

s needed to serve as a basis for how to include the data in the

IM; and (4) the data model should be translated in such a way 

hat it can be implemented in the chosen software. This research 

s built up in the same manner. The chosen software in our case is 

utodesk Revit, because the existing BIM model of the case study 

as modelled in this software. An illustration can be found in 

ig. 1 . 

The data model is first created as a UML schema (see paragraph 

.3) and transferred into tables with properties (see paragraph 4.4). 

ingle properties are aggregated into property sets. The properties 

re added to Revit using shared parameters. As the openness and 

tandardisation of the data is one important factor in this research, 

he information in the conservation plan will not be saved in a 

evit file, but rather an IFC file. Therefore, the Revit BIM model 

hould be exported using the IFC schema. While the IFC4 Design 

ransfer would be the preferred schema, because it is more com- 

lete and has more geometric capabilities than previous schemas, 

t also has known exporting issues (see for example Trzeciak and 

orrmann [40] . Therefore, the older IFC2 × 3 Coordination View 

.0 is chosen. On top of that, for this research the geometric qual- 

ty is not as important as is the semantic quality of the model 

hat stems from the added properties and property sets. To en- 

ure the added properties and property sets are exported with the 

odel, property-set mapping is used. In this process, properties 

rom schema A (the Revit data model) can be mapped to properties 

rom schema B (The IFC schema). As the properties were designed 

ith the IFC export in mind, this is a 1:1 mapping. The use of 

FC for data quality control is further explored in Oostwegel et al. 

41] . 
32 
.1. The case study: Mrak’s homestead near Bled 

For our case study Mrak’s homestead in Re ̌cica pri Bledu (Re ̌cica 

ear Bled), Slovenia is chosen. The house has a simple late-baroque 

esign that is characteristic of a rich farmhouse from the mid- 

8th century. It consists of a residential house and a barn. After 

he death of the last owner in January 1992, Mrak’s homestead 

losed its doors for almost a quarter of a century. In 2008, the De- 

ree on the Proclamation of Mrak’s Homestead as a Cultural Mon- 

ment of Local Significance was adopted. In 2014, the Municipality 

f Bled bought it from 49 heirs after a long and complicated pro- 

ess. In 2017, the municipality left the cultural monument to the 

anagement of the Bled Culture Institute. The house is well pre- 

erved from its time because the late owners did not care much 

bout modernization. Researchers thus found a gem that looks like 

 building frozen in time for a century. There are just three light 

ulbs in the house and no running water, and all of the furniture 

nd other objects are still intact. 

The main goal of the municipality is to preserve the house as 

t was found. But not just as a museum, but as a modern heritage

nterpretation centre for the old ways of farming. The plan is that 

he house becomes a cultural tourist destination and is included 

n the set of diverse cultural and tourist offers in Bled. However, 

rst and foremost the building needs a lot of restoration work (for 

xample: new roof, new plasters, new flooring, and new windows). 

he Institute for the Protection of Cultural Heritage of Slovenia was 

herefore asked to provide guidelines for a restoration. As part of 

he process, a conservation plan was produced. Based on the stated 

uidelines, an architectural plan was drawn up and the owner ap- 

lied for a building permit. 

This research uses an existing BIM model of Mrak’s Homestead 

see Fig. 2 ). The point cloud of the building was captured using 

hotogrammetry, and the Revit software was used to produce the 

IM model. A geodetic survey was used to georeference the model. 

he Level of Development (LOD) was of little use for HBIM, where 

uildings are already existing (for an explanation see [4] , p. 6). 

onsequently, the LOK concept is used to describe the quality of 

he HBIM model. It has been produced at LOK300 (advanced re- 

earch) and the aim is to upgrade it to LOK400, used for the con- 

ervation and intervention processes [4] . 

. Theory 

.1. The role of the conservation plan in preserving culturally 

ignificant objects 

The protection of cultural heritage concerns both movable and 

mmovable, and tangible and intangible properties. In Slovenia, the 

onservation plan is a legal document designed to help preserve 

ultural heritage and monuments. It is prescribed in the Law on 

he Protection of Cultural Heritage as a part of the administrative 

rocess, where the owner of a cultural heritage monument, prior 

o any work being carried out, must obtain the cultural heritage 
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Fig. 2. Point cloud of Mrak’s homestead (left) and the BIM model (middle) and facade (right). 
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erms of use and guidelines from the Institute for the Protection 

f Cultural Heritage of Slovenia. In the terms of use for cultural 

rotection, the requirement to prepare a conservation plan can be 

isted as a condition for obtaining cultural protection consent, or, 

n cases where building permission is needed, a heritage opinion 

s issued. A part of the process is derived from Anglo-Saxon her- 

tage practices. In EU countries, however, there are differences in 

he definition of cultural heritage and the procedures of conserva- 

ion and restoration. In Italy, for example, buildings are considered 

s any other heritage assets that need to be protected, which is 

ifferent from England, where only specific items are added to the 

ist of Buildings of Special Architectural or Historic Interest. In Eng- 

and there is no unique system for the protection of cultural her- 

tage. As other researchers report, the institutional Italian system is 

rganised hierarchically and includes the ministry, its offices and 

rivate owners, which leads to good control of the interventions. 

n the downside, a lack of works, especially the private enterprise, 

s a consequence of this approach. In contrast, the horizontal En- 

lish system can relate the different stakeholders and thus avoid 

elays in renovation works as protected buildings are to be en- 

oyed and used, like any others [42] . The Slovenian general struc- 

ure of the documents comes from James Semple Kerr ‘Conserva- 

ion Plan’ (first edition 1982) that is of Australian origin. However, 

or some topics in the process, such as damage assessment, the 

tandardised methods of Italy have been considered and used. 

.2. Conservation-plan preparation process 

Fig. 3 illustrates the process of conservation and restoration 

rom start to finish. When an owner decides that a building needs 

o be renovated or restored, the first person that they contact 

ould be an architect, to make a feasibility study. For such a study, 

he architect needs to capture the current state of the building. 

ext, the owner asks the cultural heritage institute to create the 

erms of use (or guidelines) for the renovation or restoration. If 

nything is to be built, or if the building is a monument, build- 

ng permission is needed. In such cases, it is normal that a con- 

ervation plan is required. Otherwise, the guidelines are created 

nd only a consent is needed from the cultural heritage institute 

43] . However, the decision about whether a Conservation Plan is 

eeded lies with the cultural heritage institute. Whether a heritage 

uilding is a monument is decided by the heritage institute too, on 

he criteria for declaring a monument that are defined in the Cul- 

ural Heritage Protection Act. The difference between heritage and 

 monument is decided on multiple factors; however, it boils down 

o the fact that heritage can be defined as a monument when it ei-

her (1) represents a distinct achievement of creativity; (2) makes a 

aluable contribution to cultural diversity; (3) is an important part 

f the area or heritage of Slovenia; or (4) represents a source for 

nderstanding historical processes, phenomena and their connec- 

ion with the current culture and space ( [44] , article 11). 

The plan is prepared in the same way for all types of cultural 

eritage monuments. The first part of the Conservation Plan is the 
33 
asic document dealing with the preservation and is put together 

n the so-called Map 1. In cases where the heritage object is com- 

lex and consists of many different parts, or is made of many dif- 

erent materials, a Conservation Plan can be upgraded with a sepa- 

ate, more precise document, i.e., the Heritage Elements Survey or 

ap 2 ( [39] , Annex 1). 

When there is a clear intention to make extensive changes with 

espect to a heritage object or implement conservation-restoration 

ork, another document is added that is focused on the execution. 

he Conservation–Restoration Project, or Map 3, defines the differ- 

nt materials used in the heritage object, the state of the materials 

ased on an investigation and the defined conservation-restoration 

orks, clearly divided into separate technologies. The last map (4) 

ontains all the annexes ( [39] , Annex 1). 

The conservation plan provides a holistic overview of the mon- 

ment and all its components. It contains all the information 

eeded to preserve the common heritage (see Fig. 4 ). The basic 

ocument (map 1) of the conservation plan consists of four sec- 

ions: (1) understanding heritage - “What do we have?”, (2) assess- 

ng cultural significance - “What is its significance?”, (3) assessing 

he vulnerability of the heritage object, “Why is it vulnerable?”, 

nd (4) developing policies - “What should we do with it?”. Un- 

erstanding the heritage is the first part of the conservation plan, 

here a general awareness of the heritage needs to be appreciated, 

.e., understanding the development, comparisons with similar ex- 

mples, etc [39] . 

An assessment of the significance of cultural heritage plays a 

ajor role in the decision- making process in terms of the way the 

eritage is preserved. The significance of cultural heritage affects 

ll the decisions about its future (from daily maintenance to long- 

erm management). It is assessed by an evaluation procedure that 

nvestigates a combination of heritage values or criteria, based on 

ts history, aesthetics, social role, and others. 

The presentation of an assessment of the cultural significance 

eeds to be evident and clear. To do that the levels of significance 

re defined and graphically illustrated (in a table or plan). Six lev- 

ls of cultural significance are used: remarkable, high, medium, 

ow, meaningless and disruptive/disturbing ( [39] , Annex 1 p. 4). In 

his way there is a clear distinction between the remarkable com- 

onents of heritage (which must not be altered or lost) and those 

f lesser importance (where changes are permitted). 

The section on the vulnerability of the heritage follows the 

ssessment of the cultural significance. Heritage can be vulnera- 

le for a variety of reasons, for example, natural and other disas- 

ers. The significance of the cultural heritage needs an assessment 

f the potential threats that are not immediate. It can also have 

mmediate threats from climatic and environmental impacts, im- 

roper handling, human intervention or factors that cause damage 

o the material and thereby reduce or even destroy its cultural sig- 

ificance 

The fourth section of the Conservation Plan defines the policies 

or the preservation of the heritage object. Policies derive from the 

dentified assessments of cultural significance and its vulnerability. 
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Fig. 3. Data flow in the current situation. 
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hey are in the form of rules that are not proposing a final solu- 

ion, but are rather a basis of the decision process for how to pre-

erve the heritage. The policies define the general principles of the 

rotection of heritage, methods for the conservation of protected 

alues and to provide guidelines for the future development and 

hanges of heritage. 

The architect needs to create plans that conform with the con- 

ervation plan. This will be checked by the cultural heritage insti- 

ute. If the institute agrees, building permission can be granted and 

he renovation or restoration can begin. 
34 
.3. Wider view on the usual workflow when revitalizing old 

uildings 

The process of the conservation plan is usually conducted sep- 

rately from all the other processes related to the planning for a 

istorical building under protection management. All the actions 

elated to acquiring funding are usually a precursor to a feasibil- 

ty study for revitalisation, including the business plan and the 

eturn on investment, as well as all the social aspects like defin- 

ng a new programme. Based on the feasibility study the spatial 
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Fig. 4. Schema of the conservation plan. 
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equirements are developed without interaction with the conser- 

ation planning process (see Fig. 5 ). This brings many misconcep- 

ions into the planning, friction in the process, misunderstandings, 

navailable data and so on. BIM communication with one central, 

ive, data-storage point, where all the 3D (analytical survey); 4D 

Historical Evolution); 5D (Diagnosis); 6D (Cultural Context); and 

D (Preventive Conservation) are also available, would make the 

rocess much better [4,45] . 

.4. Integrating the conservation plan in HBIM: what should be 

onsidered? 

The conservation plan describes the historical origin of the 

uilding, its cultural heritage values and provides guidelines for 

he conservation in a standardized way [38] . In the conservation 

lan, individual elements, such as the smoked kitchen, stone win- 

ow and door frames, bread oven with pottery tiles, colour layers 

f the wall painting in the house, are allocated in time and materi- 

ls. All these data are mostly described in text, pictures and some 

oor plans, usually in 2D. Therefore, it is sometimes difficult to un- 

erstand where some elements are located or what is their value 

r the relationship between them. Spatial data are decoupled, as 

he document is built on categories (descriptions of rooms, win- 

ows, doors, etc.), instead of proximity (describing all the features 

n one room). Guidelines on how to restore the elements can be 

ound at the end of the document. A method is needed to not only 

o obtain details on one category, but also which of these features 

n the same category also belong to the same room and how the 

eatures need to be restored . This should be achieved with a few 

licks in an interlinked system or database. 

The conservation plan brings together multiple users with dif- 

erent viewpoints that bring together new information, as well as 

ultiple stakeholders that use the information (with varying ex- 

ert levels). This makes the openness of the information crucial, as 

ell as its interoperability. Therefore, IFC is essential as an open- 

ata format (that can be opened by everybody). Further, it is im- 
35 
ortant to note that for each building, the documentation that is 

eeded is considered. Firstly, for each heritage object, it is de- 

ided which maps are needed. Moreover, some monuments are 

f such importance that there are experts in each specialisation, 

hile other, smaller heritage buildings only need one conservator 

ho does everything. Lastly, the amounts of documentation in the 

aps also differ: for example, the damage assessment in some her- 

tage sites should be carried out extensively by civil engineers (in 

he case of cracks) or biologists (in the case of mould or other bi- 

logical processes). However, not all sites need this. Therefore, the 

ata model that is developed should be seen as separate building 

locks that can be in a conservation project, but do not have to be. 

. Results 

.1. A proposal for a frictionless workflow to supply the data needed 

or HBIM 

The main advantage of using HBIM is creating a workflow 

here everyone is supplied with the relevant data at the time 

hey need it for the decision-making process and analysis. This 

hould be compared with the old process of renovating, conserving 

nd preparing for use, where data were not usually integrated and 

vailable to all the stakeholders, not even to all the engineers, let 

lone other relevant experts, such as those covering the social and 

conomic aspects of the project. Therefore, cultural heritage ex- 

erts preparing guidelines for renovation and restoration were fre- 

uently seen as unwanted, additional trouble in the process, since 

heir work and the knowledge they conveyed in the conservation- 

nd-restoration process was not visible or available to the other 

xperts involved. The proposed process that is tested in this re- 

earch, as well as on the demo model of Mrak’s homestead HBIM, 

ntegrates the different experts’ inputs into the same model (see 

ig. 6 ). Through interviews with experts and the investigation of 

lovenian legislation on cultural heritage [39,43,44] , a data model 

as developed that captures the essential information found in 

 conservation plan in a format that can be integrated in a BIM 

odel. In this way a common data environment has been created 

nd tested (see Fig. 8 and compare it with Fig. 3 ), which other ex-

erts can now make use of. Using the property set mapping func- 

ion in Revit for IFC exports, user- defined semantics can be ex- 

orted to IFC in the form of property sets, which makes our work 

ompletely IFC compliant. Using IFC as a data carrier has multiple 

dvantages: experts can open information attached (geometry and 

emantic data) in any free IFC viewer and help themselves to de- 

elop an understanding of the cultural heritage protection point of 

iew about different possibilities for the revitalization and restora- 

ion of this built structure. In addition, most proprietary BIM soft- 

are can open files using the IFC schema, thus making it interoper- 

ble for many domain experts. For example, economics experts can 

ow see different data about which elements must be protected 

nd which are not as important and can be changed, which would 

reatly improve the ability to correctly access a business- feasibil- 

ty study and the return on investment for different revitalization 

ptions. Based on information accessible to everyone involved in 

he process, new ideas for the revitalization programme can be ex- 

lored and discussed, taking values defined as cultural heritage as 

n asset not an obstacle. 

.2. New data-flow proposal 

The main gain of HBIM is that the processes and decisions are 

ot taken in a linear fashion, but rather in parallel, i.e., many ex- 

erts can work simultaneously and have the data on heritage value 

hat they need for their decisions (see Fig. 6 ). Furthermore, with 
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Fig. 5. Current workflow in a building protected as a cultural heritage revitalization process. 

Fig. 6. Using IFC as an integrated approach to align processes in the field of heritage. 
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he right setup, the data are interconnected. In the traditional con- 

ervation plan, elements are described in a table sorted with re- 

pect to their type (window, door, room). However, there is no 

patial sorting system (e.g., sort by room), which can be achieved 

sing BIM. Added to that, where traditionally the description was 

eparated from the interventions, in BIM these are linked to the 

eritage element, and can be viewed conveniently together in its 

roperties panel . Lastly, the data can be filtered based on the 

roperties, such as querying all the elements that have high signif- 
36 
cance. While all this would be possible with a relational database 

oo, the additional value of HBIM is that each element has an eas- 

ly accessible spatial representation, if open data standards such as 

FC are used. This makes the context easier to understand too. 

In the suggested workflow (see Fig. 7 ), at the start of the 

onservation-restoration project, the current state of the building 

s captured using scan-to-HBIM techniques. Using feasibility stud- 

es, a first idea of renovation can be proposed and brought to the 

eritage office, using the HBIM as the data carrier. The heritage 
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Fig. 7. Flow of data in updated process with integration BIM. Current research is trying to achieve no. (3). 
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ffice requests conservation experts to assess the building thor- 

ughly and, using the data model provided in this research, to up- 

ate the HBIM with similar information as previously found in the 

onservation plan. If this 3D conservation plan has sufficient detail, 

ccording to the heritage office, it can be used as the basis for the 

ew design, renovation or restoration in future stages such as the 

esign, construction or monitoring phase. 

.3. A new data-model suggestion 

Based on the existing conservation plan, an HBIM data model 

or that purpose is developed (see Fig. 8 ). The elements inside the 

lan are organised into relevant categories that have a meaning in 

IM. The conservation plan in the data model in Fig. 8 is equiva- 

ent to one project in the BIM software. The data model borrows 

any elements from previously developed data models for HBIM, 

ut is different in that it does not only address one aspect of the 

onservation plan, but tries to address them all. It takes elements 

rom Mora et al. [19] and Masciotta et al. [23] that are concerned 

ith damage assessment and inspection and enhances these with 

lements from the existing conservation plan document of Mrak’s 

omestead. The latter part deals more with the understanding of 

eritage rather than the technical documentation that is damage 

ssessment. The data model can have one or more cultural heritage 

bjects that are the actual subjects of the study. In the current re- 

earch, only one heritage object exists: Mrak’s homestead building. 

owever, a large project, such as a monastery, could have multiple 

uilding parts: a chapel, a garden and multiple buildings. 

The cultural heritage object is composed of ‘heritage elements’. 

hese are the architectural building blocks that are defined with 

he BIM: the walls, the windows, roofs, doors, etc, that contain 

ome information that could also be found in a traditional con- 

ervation plan. Each heritage element can, but is not required to, 
37 
e subdivided into multiple semantic surfaces, which are meant 

o extend the information about single elements. The need for se- 

antic surfaces can be illustrated using the wall finish. In many 

eritage structures, the finish on the walls is not homogenous: a 

art of the wall could be covered with culturally significant wall 

aintings, while another part is plaster. In that case surfaces are 

eeded to distinguish multiple surfaces on the BIM wall element. 

urfaces and heritage elements have heritage materials assigned. 

his extends the regular class of materials with extra information 

hat could usually be found in the conservation plan. It includes 

nformation about the specialisation that the material belongs to, 

uch as stone, wood or wall paintings, relevant for conservation 

pecialists in that area. It also includes information about the state 

f the material and which interventions should be made during 

he restoration. A further categorisation is made within the spatial 

ayout of the heritage building. Rooms and the spaces within the 

ooms, or areas can be defined, which are not only identified by 

heir location, but also by the time period they existed in. 

For each cultural heritage object, a user defines a heritage-type 

ttribute that has the following enumeration values, as defined 

n the Rules on the Registry of Types of Heritage and Protection 

uidelines [43] : (1) Archaeological sites, (2) Buildings, (3) Parks 

nd gardens, (4) Buildings with parks or gardens, (5) Memorial 

uildings and places, (6) Other facilities and devices, (7) Settle- 

ents and their parts, (8) Cultural landscape, and (9) Other. The 

inth option is for custom and undefined heritage types. A defini- 

ion of each individual heritage type can be found in the Rules on 

he Registry of Types of Heritage and Protection Guidelines. A con- 

truction period attribute can be defined. Next, a demolished at- 

ribute is defined, which is of the Boolean type (true/false, if true, 

hen the heritage is demolished). When demolished is True, ele- 

ents must also have the demolished period attribute defined. A 

emolished period attribute is of the type period. 
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Fig. 8. A newly proposed data model for HBIM. 
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A significance attribute (cultural, historical, social) has the fol- 

owing enumeration values, as defined by the Rules on the Con- 

ervation Plan, Annex 1 [39] : (1) Disruptive; (2) Meaningless, (3) 

ow, (4) Medium, (5) High, (6) Remarkable. However, it can also be 

lassed as (7) Not defined. F urther predefined, more specific her- 

tage significance types can be chosen ( [43] , article 4): (1) cultur- 

lSignificance, (2) socialSignificance, (3) economicSignificance, (4) 

cientificSignificance, (5) educationalSignificance are enumeration 

ttributes derived from significance. Any ∗Significance are enumer- 

tion attributes derived from significance. If a ∗significance exists, 

hat is not one of the previously mentioned types of significance, 

 description must be provided. 

Materials are further defined into properties per specialisation. 

pecialisations are stone, plaster, wood, etc., as defined in the Rules 

n the Conservation Plan. Annex 1: Conservation plan [39] . It also 

as a material state, which is a short description of the circum- 

tances of the material, such that, if there is some damage, it 

an be further expanded in a damage assessment. The damage- 

ssessment data model that is explored in Mora et al. [19] . is sim-

lar to the Slovenian assessment. Therefore, the structure is in line 

ith that research. Furthermore, in the map 3 of the traditional 
38 
onservation plan, the list of required interventions that are fol- 

owing the damage assessment is ordered by the specialisations. 

he Intervention attribute defines a list with these interventions 

nd is part of the materials class . Lastly, the age of the material 

an also be specified, to enhance the understanding of the signifi- 

ance of the heritage element. 

.4. Translation of data-model requirements to semantic data in 

BIM 

Revit allows users to construct custom attributes through 

hared parameters (see Table 1 ). These can be defined for specific 

lement types, such as a project, a wall or a window, or as generic 

arameters that can be added to each element type. These parame- 

ers only have a limited set of types that can be used. For example, 

 date-time does not exist, but should be expressed in a text pa- 

ameter. The data model defined in Section 4.3 is translated into 

he Revit data types. In Table 2 , the parameters implemented in 

he Revit model are found. 

The shared parameters are defined with Revit and saved in a 

ext file. A demonstration HBIM enriched with semantic data rel- 
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Table 1 

Conservation plan documents ( [39] , Annex 1). 

Map nr. Name Description 

1 Basic document Information about the authors of the conservation plan; the monument and 

its values and vulnerabilities. It also provides general guidelines for the 

preservation and protection of the monument 

2 Heritage element survey Information about specific elements in the heritage building (significance; 

vulnerabilities; photos) 

3 Conservation-Restoration project Ordered list of interventions that will be executed. It also contains a list of 

responsible persons for each category. 

4 Attachments All the extra information 

Table 2 

Attributes added in Revit. 

Attribute Entity Description Revit data type 

Description All Description of heritage object Multiline Text 

Significance Value All Conservation value, as described in Section 4.3 1 . is disruptive, 6 is remarkable Integer 

Construction Period All The construction period consists of a start date and can have an end date Text ∗

Demolished All Whether element still exists or not Yes/No 

Demolished period All If the element is demolished, the demolition period consists of a start date and can 

have an end date 

Text ∗

Intervention All A list of actions that should be taken to restore the element Multiline Text ∗∗

Material state Materials Description of the state of the material Text 

Region Materials Region of origin of the material Text 

Specialisation Materials The specialisation of the conservator that should be in charge of the material 

restoration (stone/masonry/paintings) 

Text 

Material Age Materials The age of the material consists of a start date and can have an end date for a fuzzy 

period 

Text ∗

Room function Rooms The function of the room during a certain time period Text 

Room usage Rooms The usage of the room during a certain time period Text 

Period of use Rooms and areas The period of use consists of a start date and can have an end date Text ∗

Area function Areas The function of a subspace in a room during a certain time period Text 

Area usage Areas The use of a subspace in a room during a certain time period Text 

Heritage Type Project Heritage Type, as described in Section 4.3 . Integer 

Intervention Period Project Date of last intervention Text ∗

Inspection Dates All Date of last inspection of heritage element (from Masciotta et al. [23] ) Multiline Text ∗/ ∗∗

Last Inspection Reference All Reference to the source of last inspection (from Masciotta et al. [23] ) Text 

Inspection Description All General description of last inspection (from Masciotta et al. [23] ) Text 

Survey Picture URL All URL to survey picture URL 

Damage Class Materials Damage class as defined in Section 4.3 Integer 

Damage Sub Class Materials Damage sub class (from Masciotta et al. [23] ) Text 

Damage Sub Sub Class Materials Damage sub sub class (from Masciotta et al. [23] ) Text 

Condition Classification Materials Bad, Poor, Fair, Good (From [19] ) Text 

Symptoms Materials Textual description of symptoms Text 

∗ Revit does not have a ‘date’ data type, so a Text type is chosen with dates formatted by YYYY-MM-DD. Periods (start and end date) are shown as: YYYY-MM-DD/YYYY- 

MM-DD, where the first date is the starting date and the second date is the ending date. 
∗∗ Revit does not have a ‘list’ data type, so a Multiline Text type, with each action on a new line, was chosen. 
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vant to the conservation plan was built in Revit software (see 

igs. 9 , 10 and 11 ). Each parameter is imported into the BIM

odel of Mrak’s homestead, and all the relevant data found in 

he conservation-plan document are assigned to the element it is 

bout. For example, all windows and doors are documented with 

 description, a significance value and a construction period. Stan- 

ard colour coding of the significance is used for the conservation 

lassification that is defined in the Rules of the conservation Plan 

39] , as is seen in Fig. 9 . 

While it is favourable to keep the data in the model, as every- 

hing is interlinked, visual representations can be produced and ex- 

orted to other formats to be included in reports (see Fig. 11 ). 

. Discussion and conclusions 

This article tries to convey a method for how to include HBIM 

n the process of restoration- conservation using the case study 

f Mrak’s homestead. In this research many advantages of using 

BIM as a carrier of information within the context of the devel- 

pment of a conservation plan are found. The two main advantages 

re (1) the data is available to stakeholders of the project who 

eed them sooner in the project; (2) there are significantly fewer 

ost data and duplications. As opposed to previous research, e.g., 
39 
nto LOK or LOIN, this research does not merely provide insights 

nto the completeness of information, but also provides a start to 

tandardizing the information that is needed according to national 

aws. The research built upon existing data models of Mora et al. 

19] and Masciotta et al. [23] that both emphasized inspection and 

amages of the heritage in the respective data models. This re- 

earch adds to that the information necessary for a conservation- 

estoration project. Furthermore, as a data model compatible with 

FC it is not bound to one vendor and can be used to provide fur-

her understanding of the heritage. 

However, the willingness of the sector to change to a BIM ap- 

roach is, in our own experience, limited. The reasons for that 

ould be a lack of awareness of the available tools, or limited 

ime to become acquainted with new technologies. The latter is, 

nfortunately, more apparent in public heritage-protection offices, 

hich are underfinanced and understaffed. This research project, 

ith its demonstration on real buildings intended to be revitalized 

s a museum, serves as an example to show that with such an ap- 

roach it is possible and feasible. Experts in conservation have the 

pportunity to be involved more in the overall processes related 

o heritage buildings, when it comes to renovation or restoration. 

hile now only the architect will read the plans, updating the BIM 

ith heritage information would not only give all those involved 
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Fig. 9. Close-up of the entrance portal with heritage information in a free IFC viewer. 

Fig. 10. Revit section with coloured semantic information about significance (up) Revit plan of first floor with added semantic information about construction time period 

(down). Colouring is automatically implemented using the ‘colour scheme’ option that colours plans and sections by attribute. Annotations are added as a custom Multi- 

Category tag that makes use of Revit’s shared parameters. 

40 
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Fig. 11. Automatically produced schedule with information about each window on the ground floor, including images. While it seems like a regular table, it is directly 

connected to the BIM model: if anything is modified in the model, it will also be modified in the table. 
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ccess to the information, but also an incentive to include it in the 

rocess. 

Once HBIM is adopted by more people in the heritage field, 

ttention should be paid to where the standard BIM falls short 

or the use case. One specific example is a better approach to 

he structural characteristics of the materials in heritage buildings 

hat are often unknown. Even when a BIM is available, it is hard 

o do any structural analysis in these cases. The structural qual- 

ties of materials can only be found by using destructive meth- 

ds, e.g., using a sample taken from a wall. A structural-materials 

atabase per region and time period would greatly enhance HBIM 

ethods, as these destructive methods would not be needed 

nymore. 

The only software used to add semantics to the BIM model in 

his case study is Revit Autodesk. This is a result of the fact that 

he researcher that was in charge of the BIM model is the same as 

he one implementing the conservation plan in the model. How- 

ver, in reality there are many people who are responsible for their 

wn part in the process. Different software is used, which is fit for 

 single specialisation. Therefore, there is a risk that the semantic 

nformation added to the model is lost when exchanging between 

arties. 

The IFC schema can mitigate these risks, by the standardisa- 

ion of classes, attributes and properties. There are known draw- 

acks to IFC, such as incorrect mapping of classes from vendor- 

pecific software to the open-data schema and the limited op- 

ions for parametric geometry in the schema. Using IFC native soft- 

are can be one part of the solution there. While the application 

f additions to the schema can be time consuming, the benefits 

re many. Definitions of each property are agreed upon and fixed. 

ifferent software implements the schema and therefore will be 

ble to support the addition in the heritage domain. Consequently, 

here will be easier data exchange between the different software 

endors. IFC property sets can be used to see immediately which 

roperties are missing and should be added to the model for each 

lement. 

To further contribute to the standardisation and interoperabil- 

ty, a Model View Definition (MVD) should be designed for Her- 
41 
tage BIM. According to the stages in the workflow defined in 

ection 4.1 , each stage when data are transferred between partners 

an be captured in an exchange definition. The standardisation of 

he exchange brings more clarity and will be beneficial not only 

etween the partners that are usually connected, such as the na- 

ional heritage agencies, building occupants and conservators, but 

t will also give insights in terms of similarities and differences be- 

ween country-specific implementations of conservation plans in 

nternational projects. The MVD provides a handle on which data 

re important, at what stage and how they should be added to the 

odel. Overall, the aim is to have a smoother workflow for the 

eritage domain using BIM. 

Since conservation and restoration plans and guidelines based 

n analyses are usually prepared by cultural anthropologists and 

thnologists, who are not proficient in using geometry-creation 

ools such as CAD/BIM packages, the workflow suggested in this 

rticle would be greatly improved if all of the data that is added 

o the model (in our case with Revit software) could be added di- 

ectly in the IFC with a tool such as the Blender add on, which is

ree and open source. In this case, it would be simpler and quicker 

o adopt the skills that would lead anthropologists and ethnologists 

o use such a method of communication more easily. 
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eaningful ideas in the research process. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.culher.2022.02.005 . 

https://doi.org/10.1016/j.culher.2022.02.005


K.M. Rebec, B. Deanovi ̌c and L. Oostwegel Journal of Cultural Heritage 55 (2022) 30–42 

R

 

 

 

[

[

[

[

[

[

[

[

[

 

[

[

[

[

[

[

[

[

[

[

[  

[

[

[

eferences 

[1] Bianchini, C., Attenni, M., & Potestà, G. (2021). Regenerative design tools for 

the existing city: HBIM potentials. In M. B. Andreucci, A. Marvuglia, M. Baltov, 

& P. Hansen (Eds.), Rethinking Sustainability towards a Regenerative Economy 
(Vol. 15, pp. 23–43). doi: 10.1007/978- 3- 030- 71819- 0 _ 2 . 

[2] S. Azhar, Building Information Modeling (BIM): trends, benefits, risks, and 
challenges for the AEC industry, Leadersh. Manag. Eng. 11 (3) (2011) 241–252, 

doi: 10.1061/(ASCE)LM.1943-5630.0 0 0 0127 . 
[3] B. Succar, Building Information Modelling framework: a research and delivery 

foundation for industry stakeholders, Autom. Constr. 18 (3) (2009) 357–375, 

doi: 10.1016/j.autcon.2008.10.003 . 
[4] M. Castellano-Román, F. Pinto-Puerto, Dimensions and levels of knowledge in 

Heritage Building Information Modelling, HBIM: the model of the charterhouse 
of Jerez (Cádiz, Spain), Digit. Appl. Archaeol. Cult. Herit. 14 (August) (2019) 

e00110, doi: 10.1016/j.daach.2019.e00110 . 
[5] M. Murphy, E. Mcgovern, S. Pavia, Historic Building Information Modelling 

(HBIM), Struct. Surv. 27 (4) (2009) 311–327, doi: 10.1108/02630800910985108 . 
[6] I. Aicardi, F. Chiabrando, A. Maria Lingua, F. Noardo, Recent trends in cultural 

heritage 3D survey: the photogrammetric computer vision approach, J. Cult. 

Herit. 32 (2018) 257–266, doi: 10.1016/j.culher.2017.11.006 . 
[7] X. Yang, P. Grussenmeyer, M. Koehl, H. Macher, A. Murtiyoso, T. Landes, Re- 

view of built heritage modelling: integration of HBIM and other information 
techniques, J. Cult. Herit. 46 (2020) 350–360, doi: 10.1016/j.culher.2020.05.008 . 

[8] L. Fregonese, L. Taffurelli, A. Adami, BIM application for the basilica of san 
Marco in Venice: procedures and methodologies for the study of complex ar- 

chitectures, in: Latest Developments in Reality-Based 3D Surveying and Mod- 

elling, MDPI, 2018, pp. 348–373, doi: 10.3390/books978- 3- 03842- 685- 1- 16 . 
[9] M. Andriasyan, J. Moyano, J.E. Nieto-Julián, D. Antón, From point cloud data 

to Building Information Modelling: an automatic parametric workflow for her- 
itage, Remote Sens. 12 (7) (2020), doi: 10.3390/rs12071094 . 

[10] L. Barazzetti, F. Banfi, R. Brumana, G. Gusmeroli, M. Previtali, G. Schiantarelli, 
Cloud-to-BIM-to-FEM: structural simulation with accurate historic BIM from 

laser scans, Simul. Model. Pract. Theory 57 (2015) 71–87, doi: 10.1016/j.simpat. 

2015.06.004 . 
[11] I. Bonfanti, E. Colucci, V. De Ruvo, M. Del Giudice, S. Fasana, E. Iacono,

A.M. Lingua, F. Matrone, G. Ventura, M. Zerbinatti, Development of an in- 
tegrated BIM-GIS management tool for mainenance plan of historical her- 

itage, in: Proceedings of the ARQUEOLÓGICA 2.0 - 9th International Congress 
& 3rd GEORES - GEOmatics and PREServation, 2021, pp. 1–8, doi: 10.4995/ 

arqueologica9.2021.12131 . 

[12] X. Yang, M. Koehl, P. Grussenmeyer, Automating parametric modelling 
from reality-based data by Revit Api development, Latest Developments 

in Reality- Based 3D Surveying and Modelling, MDPI, 2018, doi: 10.3390/ 
books978- 3- 03842- 685- 1- 14 . 

[13] F. Diara, F. Rinaudo, Building Archaeology Documentation and Analysis through 
Open Source HBIM Solutions via Nurbs Modelling XLIII-B2-2 (2020) 1381–

1388, doi: 10.5194/isprs-archives-XLIII-B2-2020-1381-2020 . 

[14] G. Tucci, M. Betti, A. Conti, M. Corongiu, L. Fiorini, C. Matta, C. Kova ̌cevi ́c,
C. Borri, C. Hollberg, BIM for Museums: An Integrated Approach from the 

Building to the Collections XLII-2/W11 (2/W11) (2019) 1089–1096, doi: 10.5194/ 
isprs-archives-XLII-2-W11-1089-2019 . 

[15] D. Antón, B. Medjdoub, R. Shrahily, J. Moyano, Accuracy evaluation of the semi- 
automatic 3D modeling for historical building information models, Int. J. Ar- 

chit. Herit. 12 (5) (2018) 790–805, doi: 10.1080/15583058.2017.1415391 . 

[16] M. Godinho, R. Machete, M. Ponte, A .P. Falcão, A .B. Gonçalves, R. Bento, BIM as
a resource in heritage management: an application for the National Palace of 

Sintra, Portugal. J. Cult. Herit. 43 (2020) 153–162, doi: 10.1016/j.culher.2019.11. 
010 . 

[17] F. Chiabrando, G. Sammartano, A. Spanò, in: Historical Building Models 
and Their Handling via 3D Survey: From Points Clouds to User-Oriented 

BIM, XLI-B5, ISPRS - International Archives of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences, 2016, pp. 633–640, doi: 10.5194/ 

isprsarchives- XLI- B5- 633- 2016 . 

[18] D. Oreni, R. Brumana, S. Della Torre, F. Banfi, L. Barazzetti, M. Previtali, in: 
Survey Turned into HBIM: The Restoration and the Work Involved Concerning 

the Basilica di Collemaggio After the Earthquake (L’Aquila), 2, ISPRS Annals of 
the Photogrammetry, Remote Sensing and Spatial Information Sciences, 2014, 

pp. 267–273, doi: 10.5194/isprsannals- II- 5- 267- 2014 . 
[19] R. Mora, L.J. Sánchez-Aparicio, M.Á. Maté-González, J. García-Álvarez, 

M. Sánchez- Aparicio, D. González-Aguilera, An historical building information 

modelling approach for the preventive conservation of historical constructions: 
application to the historical library of salamanca, Autom. Constr. 121 (October 

2020) (2021) 103449, doi: 10.1016/j.autcon.2020.103449 . 
20] F. Banfi, in: BIM Orientation: Grades of Generation and Information for Differ- 

ent Type of Analysis and Management Process, 42, International Archives of 
the Photogrammetry, Remote Sensing and Spatial Information Sciences - ISPRS 

Archives, 2017, pp. 57–64, doi: 10.5194/isprs-archives- XLII- 2- W5- 57- 2017 . 

[21] F. Banfi, HBIM, 3D drawing and virtual reality for archaeological sites and an- 
cient ruins, Virtual Archaeol. Rev. 11 (23) (2020) 16–33, doi: 10.4995/var.2020. 

12416 . 
22] A. Barontini, C. Alarcon, H.S. Sousa, D.V. Oliveira, M.G. Masciotta, M. Azenha, 

Development and demonstration of an HBIM framework for the preventive 
conservation of cultural heritage, Int. J. Archit. Herit. (2021) 1–23, doi: 10.1080/ 

15583058.2021.1894502 . 
42 
23] M.G. Masciotta, M.J. Morais, L.F. Ramos, D.V. Oliveira, L.J. Sánchez-Aparicio, 
D. González-Aguilera, A digital-based integrated methodology for the preven- 

tive conservation of cultural heritage: The experience of heritagecare project, 
International Journal of Architectural Heritage 15 (6) (2021) 844–863, doi: 10. 

1080/15583058.2019.1668985 . 
24] F. Banfi, in: The Integration of a Scan-to-HBIM Process in BIM Application: 

The Development of An Add-in to Guide Users in Autodesk Revit, 42, IS- 
PRS Annals of the Photogrammetry, Remote Sensing and Spatial Informa- 

tion Sciences, 2019, pp. 141–148, doi: 10.5194/isprs-Archives-XLII-2-W11-141- 

2019 . 
25] F. Diara, F. Rinaudo, in: Open Source HBIM for Cultural Heritage: A Project 

Proposal, XLII–2, The International Archives of the Photogrammetry, Remote 
Sensing and Spatial Information Sciences, 2018, pp. 303–309, doi: 10.5194/ 

isprs-archives-XLII- 2-303-2018 . 
26] N. Bruno, R. Roncella, in: A Restoration Oriented HBIM System for Cul- 

tural Heritage Documentation: The Case Study of Parma Cathedral, 42, 

International Archives of the Photogrammetry, Remote Sensing and Spa- 
tial Information Sciences - ISPRS Archives, 2018, pp. 171–178, doi: 10.5194/ 

isprs-archives-XLII-2-171-2018 . 
27] D. Oreni, R. Brumana, A. Georgopoulos, B. Cuca, in: HBIM for Conser- 

vation and Management of Built Heritage: Towards a Library of Vaults 
and Wooden Bean Floors, 2, ISPRS Annals of the Photogrammetry, Remote 

Sensing and Spatial Information Sciences, 2013, pp. 215–221, doi: 10.5194/ 

isprsannals- II- 5- W1- 215- 2013 . 
28] E. Colucci, V. de Ruvo, A. Lingua, F. Matrone, G. Rizzo, HBIM-GIS integration: 

from IFC to cityGML standard for damaged cultural heritage in a multiscale 3D 
GIS, Appl. Sci. (Switzerland) 10 (4) (2020), doi: 10.3390/app10041356 . 

29] M. Pepe, D. Costantino, V.S. Alfio, M.G. Angelini, A.R. Garofalo, A cityGML mul- 
tiscale approach for the conservation and management of cultural heritage: 

The case study of the old town of Taranto (Italy), ISPRS Int. J. Geo Inf. 9 (7)

(2020), doi: 10.3390/ijgi9070449 . 
30] R. Catulo, A.P. Falcão, R. Bento, S. Ildefonso, Simplified evaluation of seis- 

mic vulnerability of Lisbon Heritage City Centre based on a 3DGIS-based 
methodology, J. Cult. Herit. 32 (2018) 108–116, doi: 10.1016/j.culher.2017. 

11.014 . 
[31] F. Noardo, Architectural heritage semantic 3D documentation in multi-scale 

standard maps, J. Cult. Herit. 32 (2017) (2018) 156–165, doi: 10.1016/j.culher. 

2018.02.009 . 
32] G. Bitelli, G. Gatta, A.M. Guccini, A. Zaffagnini, GIS and geomatics for 

archive documentation of an architectural project: the case of the big Arc 
of entrance to the Vittorio Emanuele II Gallery of Milan, by Giuseppe 

Mengoni (1877), J. Cult. Herit. 38 (2019) 204–212, doi: 10.1016/j.culher.2019. 
01.002 . 

33] D.P. Pocobelli, J. Boehm, P. Bryan, J. Still, J. Grau-Bové, BIM for heritage 

science: a review, Herit. Sci. 6 (1) (2018) 30, doi: 10.1186/s40494-018- 
0191-4 . 

34] J. Karlapudi, K. Menzel, S. Törmä, A. Hryshchenko, P. Valluru, Enhancement 
of BIM data representation in product-process modelling for building ren- 

ovation, IFIP Adv. Inf. Commun. Technol. 594 (2020) 738–752, doi: 10.1007/ 
978- 3- 030- 62807- 9 _ 58 . 

35] Noardo, F. (2016). Spatial ontologies for architectural heritage. January. 
10.6092/polito/porto/2644378 

36] R.K. Napolitano, G. Scherer, B. Glisic, Virtual tours and informational modeling 

for conservation of cultural heritage sites, J. Cult. Herit. 29 (2018) 123–129, 
doi: 10.1016/j.culher.2017.08.007 . 

37] R. Quattrini, R. Pierdicca, C. Morbidoni, Knowledge-based data enrichment for 
HBIM: exploring high-quality models using the semantic-web, J. Cult. Herit. 28 

(2017) 129–139, doi: 10.1016/j.culher.2017.05.004 . 
38] Gorenc Kaplan P. (2017), Mrakova doma ̌cija – konservatorska naloga v obsegu 

analiti ̌cnega dela konservatorskega na ̌crta, 2017, Ljubljana 

39] Uradni list RS, št. 66/09 (2009) Rules on the conservation plan. (testimony 
of The Official Gazette of the Republic of Slovenia). http://pisrs.si/Pis.web/ 

pregledPredpisa?id=PRAV9581 . 
40] Trzeciak, M., & Borrmann, A. (2018). Technical report: model ex- 

change between Revit and Allplan using IFC: a case study for a 
bridge model. 31. https://www.cms.bgu.tum.de/publications/reports/2018 _ 

ModelExchangeBetweenRevitAndAllplanUsingIFC _ BIM4INFRA.pdf . 

[41] L.J.N. Oostwegel, Š. Jaud, S. Muhi ̌c, K. Malovrh Rebec, Digitalization of cul- 
turally significant buildings: ensuring high-quality data exchanges in the 

heritage domain using OpenBIM, Herit. Sci. 10 (2022) (2022), doi: 10.1186/ 
s40494- 021- 00640- y . 

42] R. Marmo , F. Pascale , A. Coday , F. Polverino , The conservation of historic built
heritage in Europe: regulations and guidelines in Italy and England, in: Pro- 

ceedings of the Construction Pathology, Rehabilitation Technology and Her- 

itage Management, Caceres, Spain, 2018 May 15-18, 2018 . 
43] Uradni list RS, št. 102/10 (2011) Rules on the registry of types of her- 

itage and protection guidelines. http://www.pisrs.si/Pis.web/pregledPredpisa? 
id=PRAV9575 . 

44] Uradni list RS, št. 16/08 (2008) Cultural heritage protection Act - ZVKD-1. 
http://pisrs.si/Pis.web/pregledPredpisa?id=ZAKO4144 . 

45] G.M. Di Giuda, G. Pattini, E. Seghezzi, M. Schievano, F. Paleari, in: The Con- 

struction Contract Execution Through the Integration of Blockchain Tech- 
nology, Research for Development, 2020, pp. 27–36, doi: 10.1007/978- 3- 030- 

33570-0 _ 3 . 

https://doi.org/10.1007/978-3-030-71819-0_2
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1016/j.autcon.2008.10.003
https://doi.org/10.1016/j.daach.2019.e00110
https://doi.org/10.1108/02630800910985108
https://doi.org/10.1016/j.culher.2017.11.006
https://doi.org/10.1016/j.culher.2020.05.008
https://doi.org/10.3390/books978-3-03842-685-1-16
https://doi.org/10.3390/rs12071094
https://doi.org/10.1016/j.simpat.2015.06.004
https://doi.org/10.4995/arqueologica9.2021.12131
https://doi.org/10.3390/books978-3-03842- ignorespaces 685-1-14
https://doi.org/10.5194/isprs-archives-XLIII-B2-2020-1381-2020
https://doi.org/10.5194/isprs-archives-XLII-2-W11-1089-2019
https://doi.org/10.1080/15583058.2017.1415391
https://doi.org/10.1016/j.culher.2019.11.010
https://doi.org/10.5194/isprsarchives-XLI-B5-633-2016
https://doi.org/10.5194/isprsannals-II-5-267-2014
https://doi.org/10.1016/j.autcon.2020.103449
https://doi.org/10.5194/isprs-archives-XLII-2-W5-57-2017
https://doi.org/10.4995/var.2020.12416
https://doi.org/10.1080/15583058.2021.1894502
https://doi.org/10.1080/15583058.2019.1668985
https://doi.org/10.5194/isprs-Archives-XLII-2-W11-141-penalty -@M 2019
https://doi.org/10.5194/isprs-archives-XLII- ignorespaces 2-303-2018
https://doi.org/10.5194/isprs-archives-XLII-2-171-2018
https://doi.org/10.5194/isprsannals-II-5-W1-215-2013
https://doi.org/10.3390/app10041356
https://doi.org/10.3390/ijgi9070449
https://doi.org/10.1016/j.culher.2017.penalty -@M 11.014
https://doi.org/10.1016/j.culher.2018.02.009
https://doi.org/10.1016/j.culher.2019.penalty -@M 01.002
https://doi.org/10.1186/s40494-018-penalty -@M 0191-4
https://doi.org/10.1007/978-3-030-62807-9_58
https://doi.org/10.1016/j.culher.2017.08.007
https://doi.org/10.1016/j.culher.2017.05.004
http://pisrs.si/Pis.web/pregledPredpisa?id=PRAV9581
https://www.cms.bgu.tum.de/publications/reports/2018_ModelExchangeBetweenRevitAndAllplanUsingIFC_BIM4INFRA.pdf
https://doi.org/10.1186/s40494-021-00640-y
http://refhub.elsevier.com/S1296-2074(22)00029-2/sbref0041
http://refhub.elsevier.com/S1296-2074(22)00029-2/sbref0041
http://refhub.elsevier.com/S1296-2074(22)00029-2/sbref0041
http://refhub.elsevier.com/S1296-2074(22)00029-2/sbref0041
http://refhub.elsevier.com/S1296-2074(22)00029-2/sbref0041
http://www.pisrs.si/Pis.web/pregledPredpisa?id=PRAV9575
http://pisrs.si/Pis.web/pregledPredpisa?id=ZAKO4144
https://doi.org/10.1007/978-3-030-penalty -@M 33570-0_3

	Old buildings need new ideas: Holistic integration of conservation-restoration process data using Heritage Building Information Modelling
	1 Introduction
	1.1 Digitization of the cultural heritage process
	1.2 Heritage Building Information Modelling (HBIM)
	1.3 Research aims

	2 Material and methods
	2.1 The case study: Mrak&#x27;s homestead near Bled

	3 Theory
	3.1 The role of the conservation plan in preserving culturally significant objects
	3.2 Conservation-plan preparation process
	3.3 Wider view on the usual workflow when revitalizing old buildings
	3.4 Integrating the conservation plan in HBIM: what should be considered?

	4 Results
	4.1 A proposal for a frictionless workflow to supply the data needed for HBIM
	4.2 New data-flow proposal
	4.3 A new data-model suggestion
	4.4 Translation of data-model requirements to semantic data in HBIM

	5 Discussion and conclusions
	Acknowledgements
	Supplementary materials
	References


