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4 Developing a collaborative HBIM to integrate Tangible and Intangible Cultural Heritage 

6 

7 

8 

9 Abstract 

11 
Purpose:12 

13 

14 The purpose of this paper is to report on the development of a collaborative Heritage BIM (HBIM) of 

16 a 19th Century multi-building industrial site in the UK. The buildings were Grade II listed by Historic 
17 

18 England for architectural and structural features. The buildings were also a key element of the industrial 
19 

21 
heritage and folklore of the surrounding area. As the site was due to undergo major renovation work, 

22 
this project was initiated to develop a HBIM of the site that encapsulated both tangible and intangible 23 

24 
heritage data. 

26 

27 Design/methodology/approach: 
28 

29 

The design of the research in this study combined multiple research methods. Building on an analysis 
31 

32 of secondary data surrounding HBIM, a Community of Practice (CoP) was established to shape the 
33 

34 development of a Heritage BIM Execution Plan (HBEP) and underpin the collaborative BIM 

36 development. The tangible HBIM geometry was predominantly developed using a scan to BIM 
37 

38 methodology, whereas intangible heritage data was undertaken using unstructured interviews and a 
39 

41 
focus group used to inform the presentation approach of the HBIM data. 

42 

43 Findings:
44 

The project produced a collaboratively generated multi-building Heritage BIM. The study identified the 46 

47 

48 need for a dedicated HBEP which varies from prevailing BEPs on construction projects. Tangible 
49 

geometry of the buildings were modelled to LOD3 of the Historic England guidelines. Notably, the 
51 

52 work identified the fluid nature of intangible data and the need to include this in a HBIM to fully support 
53 

54 design, construction and operation of the building after renovation. A methodology was implemented 

56 to categorise intangible heritage data within a BIM context and an approach to interrogate this data from 
57 

58 within existing BIM software tools. 
59 
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Originality/Value: 

The work has presented an approach to the development of HBIM for large sites containing multiple 

buildings/assets. The framework implemented for a HBEP can be reproduced by future researchers and 

practitioners wishing to undertake similar projects. The method for identifying and categorising 

intangible heritage information through the developed Level of Intangible Cultural Heritage (LOICH), 

was presented as new knowledge. The development of HBIM to bring together tangible and intangible 

data has the potential to provide a model for future work in the field and augment existing BIM data 

sets used during the asset lifecycle. 

Keywords: BIM, Heritage, Tangible, Intangible, Cultural, BIM Execution Plan, Architecture 
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1 

2 

3 1. Introduction 
4 

6 The use of the Building Information Modelling (BIM) process and associated technologies is 
7 

8 significantly impacting on all aspects of the built environment. The term BIM has itself given rise to a 
9 

range of variations in terms of specific definition. Whilst it is generally agreed that BIM brings together 
11 

12 Process, Technology and Policy (Succar, 2009), Dawood and Vukovic (2015) further extend this to add 
13 

14 
another ‘pillar’ to include people as a critical element in the process. Through the prevailing BIM 

16 
processes, such as those defined through the UK Level 2 standards (BSI, 2015), the creation of an 17 

18 
information rich 3D geometric model starts early in the development cycle (Mordue et al., 2015). This 19 

21 model is then continually augmented with a range of non-graphical data which can support all aspects 
22 

23 of design and construction, eventually leading to the creation of data to support an assets operation and 
24 

maintenance (Pärn and Edwards, 2017). The use of BIM on projects involving refurbishment and 
26 

27 adaption of existing buildings faces a range of additional challenges (Volk et al., 2014). One of the 
28 

29 challenges includes the creation of an initial model with Edwards (2017) noting that the current 

31 development of Existing BIM (EBIM) or can be a costly and time-consuming process. 
32 

33 

34 

36 The use of BIM in the renovation of existing heritage buildings has been noted as an approach to capture 
37 

38 

39 
and digitise historic data which can then be used at all stages of the lifecycle (Volk et al., 2014). This 

has led to the increase in the amount of research undertaken in this specific paradigm of Heritage BIM 41 

42 
(HBIM). Dore and Murphy (2012) postulate that one of the main reasons for the increase is also aligned 43 

44 
to the more readily available access to laser scanning and photogrammetry. Garagnani (2015) and 

46 

47 Marzouk et al. (2016) emphasise the ongoing need for HBIM highlighting the benefit of capturing 
48 

49 history and culture in a single repository, where all model elements, data and entities are integrated. 

51 Pauwels et al. (2013) noted that in order to fully depict a heritage asset, disparate information should 
52 

53 be integrated with existing BIM tools that will document and combine all heritage information with 
54 

accurate visualisations providing a holistic dataset that can be easily understood. Tommasi et al. (2016) 
56 

57 discuss the benefit of integrating a range of data sets into a HBIM that supports management and 
58 

59 
conservation during future adaption work. These rich data sets provide the ability to undertake a more 
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1 

2 

3 enhanced analysis of the cultural heritage of construction projects (Baik et al., 2015) and as such the 
4 

3D models created can be used for more than just visualization (Dore et al., 2015). 
6 

7 

8 

9 

An increasing body of work relating to HBIM has focused on the creation of individual 3D geometric 
11 

12 
models depicting the tangible (or physical) aspect of cultural heritage (Fai and Sydor, 2013). 

13 

14 
Furthermore, published HBIM examples focus on an individual building or assets and there is a paucity 

16 
of work discussing the use of collaborative practices used in their production. In order to ensure that all 17 

18 

19 aspects of heritage are contained within the BIM dataset, both tangible and intangible heritage data is 

21 required as this can support future design, construction and operation. Intangible heritage information 
22 

23 moves away from the physical to include elements such as skills, oral traditions and rituals which may 
24 

relate to overall form and function of a building and can identify the reasoning behind the design 
26 

27 (UNESCO, 2003). It has been noted that many HBIM models do not add information that is non-
28 

29 architectural (Saygi, 2013). Furthermore, Maxwell (2014) noted that a meaningful approach to the use 

31 
of HBIM was ‘non-existent’, highlighting that such tangible details as material degradation were needed 

32 

33 
in addition to including intangible aspects such as in-use circumstances. 34 

36 

37 

38 
Based on the contextual backdrop provided, the aim of this study was the implementation of a 39 

collaborative BIM process leading to the generation of a HBIM that integrates both tangible and 41 

42 

43 intangible cultural heritage information within a BIM technological environment. A multi methods 
44 

research approach was implemented to develop a HBIM. This involved collaboration with a number of 
46 

47 stakeholders related to the identified project, which was a 19th Century industrial site containing several 
48 

49 listed buildings forming part of a heritage renovation project. The research objectives of the project 

51 were: 
52 

53 

54  Critically evaluate current BIM practices for the development of a Heritage BIM Execution Plan 

56 (HBEP) to support collaborative development 
57 

58  Undertake data capture for both tangible and intangible heritage data using a qualitative data capture 
59 

approach 
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1 

2 

3  Develop a method for defining a level of intangible cultural heritage for inclusion in development 
4 

of a HBIM
6 

7 
 Implement the HBIM process and develop a digital model that incorporates both tangible and 8 

9 
intangible heritage data 

11 

12 Through the implementation of the work the authors are seeking to provide a blueprint for future work 
13 

14 in the field to develop HBIM with structured and defined tangible and intangible cultural heritage data. 

16 

17 

18 

19 
To provide the underlying scope for this study, the following definitions are outlined: 

21 

22  Tangible Cultural Heritage – the physical representation of the architectural and structural fabric of 
23 

24 the buildings 

26 
 Intangible Cultural Heritage – cultural heritage information related to the buildings and site which 27 

28 
are non-physical 29 

31 

32 

33 

34 
2. Prevailing Heritage BIM approaches 

36 

37 BIM as a paradigm is focused on the philosophy of creating a database containing connected 3D 
38 

39 geometric and informational data about the objects (Eastman et al., 2011). BIM, as a process, is now 

41 generally defined and is the use of digital models and data to support the full range of the lifecycle of a 
42 

43 
built asset, from design through to operation (NBS, 2016). Whilst BIM is often now referred to as a 

44 

noun and a verb, the use of Heritage BIM (HBIM) is most often referred to as the development of an 46 

47 

48 individual digital model (or repository) containing geometric information. 
49 

51 

52 

53 Volk et al. (2014) suggest that there are various methods for capturing survey data, which can 
54 

subsequently be used in the development of a BIM. Along with existing documentation, laser scanning 
56 

57 and photogrammetry is often seen as the starting point for HBIM, accurately capturing the 
58 

59 buildings/sites physical and structural data (Khodier et al., 2016). In the UK, 3D laser scanning was 

5 
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1 

2 

3 identified by Historic England as an important aspect of the cultural heritage process and as such a 
4 

guidance document ‘3D Laser Scanning for Heritage’ was published in 2007 and then subsequently 
6 

7 

8 
revised in 2018 (Historic England, 2018). The guidance covers issues surrounding available 

9 
technologies, resolution and the procurement process. However, one of the key issues to understand is 

11 
what should be modelled geometrically in 3 dimensions and the scope of any modelling to ensure cost 12 

13 

14 effectiveness (Morrical, 2017). Tang et al. (2010) summarise the ‘Scan to BIM’ process in three distinct 

16 stages, including the capture of data in the form of a point cloud, pre-processing of data such as merging 
17 

18 multiple scans together and finally the geometric modelling using a BIM authoring tool (Lopez et al., 
19 

2018). Whilst this can yield accurate results, it is noted by Xoing et al. (2013) that this is still a manual 
21 

22 process and can be subject to mistakes and requires experienced operators. 
23 

24 

26 

27 

28 
Several authors have reported workflows for incorporating laser scan data into the BIM process and 

29 
workflow which is now becoming a de-facto standard (Laing et al., 2015; Apollonio et al., 2017; Lopez 

31 
et al., 2017). However, Counsell and Taylor (2017) highlight that a significant amount of time and cost 32 

33 

34 is taken up when modelling the geometry of the HBIM from laser scan data. In order to counter this, 

36 they believe HBIM should focus on the production of lower resolution ‘semantic’ BIM which could 
37 

38 provide a representation and then be linked to intangible data or even accurate scan data of the building 
39 

where appropriate (DURAAK, 2016). Some previous work is seeking to resolve this critical issue by 
41 

42 developing methods to automatically extract geometric objects from point cloud data (Wang et al., 
43 

44 2015). However, in a similar approach to the approach of Xiong et al. (2013), the work is based on the 

46 production of 2D polygons rather than full 3D geometric entities. Ochmann et al. (2016) did develop 
47 

48 
an approach to automatically generate indoor parametric models from point cloud data, whereas Sharif 

49 

et al. (2017) developed an approach to automatically identify specific pieces of equipment within a 51 

52 

53 dense point cloud. In order to remove this need to generate geometric models either manually or 
54 

automatically, Poux et al. (2017) have began to develop semantic queries on point cloud data sets. 
56 

57 Whilst this does not produce geometric entities it does provide the ability to integrate non graphical 
58 

59 data directly into point clouds which could streamline usage in the BIM workflow. 
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1 

2 

3 

4 

6 Where geometric modelling is undertaken using a manual process, there are some difficulties when 
7 

8 using current software tools to develop the geometry of cultural heritage models (Bregianni, 2013). 
9 

Some previous efforts in the field of HBIM have sought to adopt the power of BIM tools to generate 
11 

12 repetitive architectural features in standardised libraries (Fai and Sydor, 2013) including such elements 
13 

14 as columns (Apollonio et al., 2012). However, Logothetis et al., (2015) note that the non-standard aspect 

16 of heritage architecture provides challenges surrounding the implementation of HBIM as the built assets 
17 

18 

19 
are comprised of components and materials whose geometry and characteristics are not representative 

of current building objects. Building deformities can also cause an issue in library creation, as they can 21 

22 

23 differ widely and the properties of the original element may not match the current element properties. 
24 

Folwell (2015) describes how this can be overcome by including “lateral and vertical deviation” 
26 

27 information as non-graphical parameters of the 3D element. 
28 

29 

31 

32 Throughout the geometric modelling of the heritage asset, the Level of Detail (LOD) ensures that the 
33 

34 model meets the requirement and the time/cost constraints in balance with the required outputs. To 

36 further support the issue of LOD for heritage-based projects, Historic England has defined four levels 
37 

38 

39 
of graphical detail when generating 3D geometry in HBIM projects (Antonopoulou and Bryan, 2017). 

Whilst these provide a level of guidance during the development stage, there is yet to be a full global 41 

42 
standard established for heritage projects and this has often led to individual projects developing their 43 

44 
own bespoke standard (Folwell, 2015). Building on the work of the EU funded Valhalla Project in 2003, 

46 

47 Counsell and Taylor (2017) proposed a framework for HBIM and cultural heritage that included 
48 

49 integrating additional tangible heritage data through use of sensors and recording of materials. 

51 However, they also discuss the potential to include intangible aspects through inclusion of location-
52 

53 specific intangible cultural heritage and using the HBIM for community engagement. 
54 

56 

57 

58 

59 

7 
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1 

2 

3 The use of the BIM process for existing buildings is continually developing (Lin et al., 2016) and some 
4 

previous research has investigated taking elements from the standardised UK ‘Level 2’ BIM process 
6 

7 

8 
into the heritage domain. This has included the development of Employers Information Requirements 

9 
(EIR) for heritage construction projects (Dwairi et al., 2017; Dwairi and Mahdjoubi, 2017). This 

11 
approach focused on the geometric modelling of tangible assets but did not consider intangible heritage 12 

13 

14 data. Jordan-Palomar et al. (2018) provided a critical review of current BIM protocols and heritage 

16 intervention approaches. Specifically, the work noted the lack of clarity of these approaches. 
17 

18 

19 

21 2.1 Intangible Heritage Data in HBIM 
22 

23 

24 Vecco (2010) highlights the importance of intangible heritage, noting that whilst there is need to 

26 recognise and record material heritage, non-physical aspects are increasingly important. Lenzerini 
27 

28 (2011) argues that cultural heritage is becoming increasingly important as the fusion of civilisations is 
29 

leading to a level of uniformity across the globe, thus the need to record all aspects of cultural heritage 
31 

32 related to historic buildings is becoming critical. UNESCO (2003) highlighted the need to record 
33 

34 intangible data and have this geo-referenced including Web 2.0 recordings. Counsell and Taylor (2017) 

36 noted at the present time the inclusion of intangible data is based on a push of data from expert to 
37 

38 

39 
participant and this can often require management to be maintained. However, with the emergence of 

social media and the now ubiquitous use of tagging using the ‘hashtag’ there exists a methodology to 41 

42 
have more dynamic data aligned to the geometric objects (Donatao et al., 2018). One issue surrounding 43 

44 
the use of ‘uncontrolled’ participatory input is the level of certainty of the information and the 

46 

47 management of the quality of the data (ibid). 
48 

49 

51 

52 Dore & Murphy (2012) did propose that a 3D digital geometric model could contain historical 
53 

54 information about the creation, origin and chronology of heritage objects. These could then be linked 

56 to historical documents in different formats i.e. manuscripts, 2d floor plans and sections, photos or voice 
57 

58 

59 
recordings. Fai et al. (2011) also suggested that a BIM could contain non-graphical ‘intangible’ data 
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1 

2 

3 such as photographs and oral histories, however this was not implemented into the project being 
4 

discussed. It has also been noted that many HBIM models do not follow this approach and do not add 
6 

7 

8 
information that is non-architectural (Saygi, 2013). One of the reasons for this limited implementation 

9 
is the lack of a comprehensive solution specifically designed to model and manage semantically 

11 
enhanced 3D models of historic buildings (Tobias, 2016). 12 

13 

14 

16 

17 Fassi et al (2016) postulated that more interactive functions within 3D models would be required to 
18 

19 enhance the uptake and thus could support the inclusion of intangible heritage data within the context 

21 of HBIM. The authors suggested a ‘read and write’ mode where the model could be asked questions 
22 

23 and VR could be used to compare present and past, and to assess and quantify the changes caused by 
24 

time. Whilst there has been some limited previous research which has postulated the inclusion of 
26 

27 

28 
intangible data within a HBIM, these have not been fully implemented. Furthermore, there appears no 

29 
specific methodology to categorise the intangible data such that it aligns with prevailing approaches to 

31 
BIM development. On many projects/buildings, the intangible data has shaped the form and function 32 

33 

34 of the building and so this can impact any future renovation work. 

36 

37 

38 

39 
3. Research Approach and Methodology 

41 

42 In order to achieve the aim of this wide-reaching study, the design of the research combined multiple 
43 

44 research methods (Figure 1). Secondary data analysis, focused on prevailing issues surrounding HBIM, 

46 

47 
identified a number of issues relating to tangible and intangible heritage data. In addition a HBIM 

48 
Community of Practice (CoP) was established (Pyrko et al., 2017) that engaged a number of researchers 49 

51 who were to be involved in the development of HBIM. Using a convenience-based sampling approach, 
52 

53 the members of the CoP were selected from a cohort of postgraduate researchers who each had a range 
54 

of practical experience of implementing the BIM processes and technologies in new build and 
56 

57 renovation projects and could bring experiences to this study (Table 1). 
58 

59 

9 
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1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

13 

14 

16 

17 

18 

19 

21 

22 

23 

CoP #ID Job Title Industry Focus Years of BIM 

Experience 

1 Digital Specialist Architecture 3 

2 Digital Engineer Civil Engineering 2 

3 BIM Technician Architecture 5 

4 HBIM BIM Researcher Architecture 10 

5 Architectural Technologist Architecture 3 

6 Architectural Technologist Architecture 4 

7 Quantity Surveyor Construction Management 6 

8 Building Surveyor Heritage Survey 2 

Table 1: Community of Practice for HBIM development 24 

26 

27 

28 

29 The use of a CoP as a research approach to support this project was chosen as it provided the ability for 

31 the collaboration of like-minded individuals to focus on a specific research problem (Denscombe, 
32 

33 2008). Furthermore, the CoP approach was selected for this work as it mirrored the core concepts of 
34 

the development of a collaborative HBIM. In particular Coombs et al. (2017) suggest that a CoP offers 
36 

37 three main characteristics; shared domain of interest (the development of a HBIM), a community that 
38 

39 
interacts and learns (BIM development team) and development of shared practice (creation of new 

41 
modelling approaches synthesised in a Heritage BEP). Initially, the use of the CoP in the research 42 

43 
process helped to shape the development of a Heritage BIM Execution Plan (HBEP) which would 44 

46 underpin the implementation of the project. 
47 

48 

49 

51 

52 

53 

54 

56 

57 

58 

59 

10 
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1 

2 

44 

Figure 1: Research approach for the study 
46 

47 

48 

49 

51 Following the development of the HBEP, the implementation of HBIM followed a three-phase 
52 

53 approach to; a) develop tangible HBIM geometry, b) collate intangible heritage information and c) 
54 

integrate these into a full HBIM database via a Common Data Environment. The collation of intangible 
56 

57 heritage data was undertaken using unstructured interviews. A purposive sampling method was 
58 

59 employed for the selection of interviewees and in particular a homogeneous approach was implemented 

11 
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1 

2 

3 whereby the individuals interviewed shared similar jobs and life experiences of working on the site 
4 

during operation (Etikan et al., 2016) The interviews were undertaken during a site visit of previous 
6 

7 

8 
employees of the site (n=21) who worked in the buildings in a range of various roles during the time 

9 
period specified for the HBIM development. Further interviews (n=7) were undertaken with other 

11 
individuals who were engaged in the site operations and maintenance to develop further knowledge 12 

13 

14 (Table 2). The interviews were facilitated by members of the CoP and an unstructured approach was 

16 taken as this allowed the participants to provide their own social realities and history of the buildings 
17 

18 (Zang and Wildemuth, 2009). Furthermore, the use of a focused unstructured interview (Gray, 2013; 
19 

Jamshed, 2014) allowed the interviewee to freely discuss topics pertaining to intangible data about the 
21 

22 buildings, whilst also allowing the focus to be constrained to the tangible elements of the site. 
23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 

39 

41 

42 

43 

Company Role Site Visit Interviews 

Number of employees 

Follow up Interviews 

Number of Employees 

Male Female Male Female 

Company Management 3 - - -

Brewery Operatives 12 2 2 -

Administration Staff - 4 - 3 

Building Maintenance - - 2 -

Total 15 6 4 3 

21 7 

Table 2: Intangible Data - Interview Participants 44 

46 

47 

48 

49 During the ongoing development of the HBIM, a small focus group session was held with stakeholders 

51 including researchers, former employees and representatives of the facilities management team of the 
52 

53 new owners (Table 3). The purpose of the focus group was to discuss the presentation of the HBIM 
54 

model and the approaches used to combine tangible and intangible heritage data, identifying the most 
56 

57 appropriate way to document the intangible data in relation to the geometric model. A focus group was 
58 

59 identified as the most appropriate way to elicit thoughts from the range of stakeholders involved in the 
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1 

2 

3 creation and potential use of the HBIM. Moderated by a member of the CoP, the focus group approach 
4 

gathered feedback and the allowed ideas for linking tangible and intangible data and potential uses of 
6 

7 

8 
the HBIM to be explored within a social context (Breen, 2006). Liang et al. (2018) noted that a focus 

9 
group allowed participants to react and or be inspired by others and this was deemed beneficial as the 

11 
diverse range of knowledge both about the technical BIM aspects and the knowledge of the building, 12 

13 

14 would provide a rich set of information. The results of the focus group were recorded, and key actions 

16 were identified which then fed into the ongoing development of the overall HBIM. 
17 

18 

19 

21 

22 

23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 Table 3: Focus Group Participants 
39 

Focus Group 
member 

Background Experience of 
BIM/HBIM 

Justification for Inclusion 

1 BIM Researcher Y Knowledge of HBIM Development 

2 BIM Researcher Y Knowledge of HBIM Development 

3 Estates Management Y Potential future user of HBIM 

4 Brewery 
Administration 

N Knowledge of the office areas of the 
building 

5 Brewery Operative N Knowledge of the building layouts and 
working practices 

6 Brewery Operative N Knowledge of the building layouts and 
working practices 

41 

42 

43 The focus of the research implementation was the 12-acre Springfield site is located towards the North 
44 

East of the City of Wolverhampton in the UK. The site was originally bought in 1873 by William Butler 
46 

47 to house his growing brewing business, with the initial Springfield Brewery opening in 1874. 
48 

49 
Occupying one of the largest single sites in the town, during the 1880’s (Figure 2), the brewery 

51 
underwent a large expansion programme and a range of new buildings were added to the site. These 52 

53 
new buildings supported the increasing operational capacity, utilising the natural spring water available 54 

56 from the location and making use of the main line rail network adjacent to the site. The brewery 
57 

58 functioned successfully until its eventual closer in 1991, when the buildings were mothballed and left 
59 

to fall into disrepair (Parker, ND). During this period, buildings on the site were listed as Grade 2 by 

13 
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1 

2 

3 Historic England, noting the historic value to the City and its culture (Historic England, 1991). From 
4 

an architectural perspective, the buildings themselves were visually reminiscent of a wider number of 
6 

7 

8 
brewery buildings constructed in the late Victorian era (Pearson, 1999). A range of interconnecting 

9 
buildings made of up several high-level blocks, which included numerous decorative features, whilst 

11 
the buildings also made use of cast iron frame and Staffordshire Blue Brick (Historic England, 1991). 12 

13 

14 The buildings themselves demonstrate a range of architectural styles relating to the eras of construction 

16 including large arched windows and Flemish bond brickwork. From an urban perspective, the site was 
17 

18 key to the development of the town as it was one of the largest employers during the early era and 
19 

historically became a social focus for the town with the inclusion of social clubs and the location of a 
21 

22 news journal for all employees. The site also became the location of a town war memorial following 
23 

24 the first World War (Parker, ND). 
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1 

2 

46 

47 

48 Figure 2: Historical developments of the Springfield site 
49 

(Sources: a,b,c) Parker, ND; d) Arnold, 2006; e) Express and Star, 2015; f) Brennan, 2017) 
51 

52 

53 

54 

After its closure the site was allocated as a conservation area for the City, however in 2004 a fire 
56 

57 
destroyed several of the buildings and left others structurally unstable (Express and Star, 2015). A 58 

59 
further fire in 2005 damaged more of the site, leaving many of the buildings unrecognisable and led to 

15 
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1 

2 

3 the controlled demolition of some elements of the site. As the buildings fall further into disrepair and 
4 

in order to support future renovation and adaption, the creation of a HBIM including tangible and 
6 

7 

8 
intangible heritage information will support future design, construction and operation. Specifically, the 

9 
HBIM can used by the design and construction team to ensure any renovation and conservation works 

11 
were undertaken with due regard for any relevant intangible cultural heritage. 12 

13 

14 

16 

17 
4. Project Implementation 

18 

19 

Based on the research methodology presented above, this work implemented a collaborative BIM 
21 

22 process to develop a HBIM that contained both tangible and intangible cultural heritage data. 
23 

24 

26 

27 

28 
4.1 Developing a Heritage BIM Execution Plan (HBEP) 

29 

In order to support the development of a HBIM undertaken using a collaborative approach, this study 
31 

32 proposed the development of a HBEP to manage the process and ensure consistency. Initially, an outline 
33 

34 framework was developed based on secondary research and the experiences of the CoP. This drew 

36 

37 
reference from the range of BIM Execution Plans (BEPs) which follow similar approaches to that 

38 
generated from Penn State University (McArthur and Sun, 2015). Whilst the documents vary for each 39 

project, key themes emerge in each of the templates relating to; the development, detail and structure 41 

42 

43 of the 3D geometric model, the amount of information/data attached to the 3D model, the management 
44 

of the project and the technology to be used in the delivery of the project. Drawing on previous 
46 

47 knowledge and the CoP established for the study, a framework was developed to support the creation 
48 

49 of a HBEP (Figure 3). 

51 

52 

53 

54 

56 

57 

58 

59 
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26 

27 
Figure 3: Framework for HBEP development 28 

29 

31 

32 

33 4.1.1 HBEP: Project Management Information 

34 

36 
The key function of the HBEP is to provide a consistent platform for the development of a collaborative 

37 
HBIM. A specific set of data is required for the management of the project and to ensure all those 38 

39 
engaged in the development are operating to the same standards. The ‘HBIM project aim’ will identify 

41 

42 the strategic requirement for the project and the client need. The ‘location’ of the project will require 
43 

44 the HBEP to specify the geographic location of the project. In addition, this aspect of the HBEP will 

46 also require a ‘coordinate system’ to be established for the project such that collaborators in the 
47 

48 development can ensure that when any individual HBIM are federated to a single model database they 
49 

are spatially correct. 
51 

52 

53 

54 

56 
A further critical element of the development of the HBIM is the specification of a date (or date range) 

57 
of the model being developed. Stefani et al (2010) highlighted that heritage assets will often have 

58 

59 
existed in numerous different states throughout the lifecycle due to creation, destruction, union, division 
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1 

2 

3 etc. When generating or gathering both tangible and intangible heritage data for inclusion in a HBIM, 
4 

this aspect can significantly affect the geometric modelling. Within the date range, the HBEP could 
6 

7 

8 
refer to 4D HBIM, which could elucidate the change in the building over time. Furthermore, the it is 

9 
postulated that 4D HBIM could be either Macro or Micro level. From the perspective of tangible HBIM, 

11 
macro 4D HBIM can relate to changes to the entire building or urban fabric, which may include 12 

13 

14 demolition and reconstruction of new buildings on an existing site. Micro 4D HBIM relates further to 

16 specific individual changes to the building fabric, for example the additional or removal of specific 
17 

18 architectural feature such as a door or window. Whilst not directly implemented in this study, the aspect 
19 

of 4D HBIM is an area for future research and would also need to include the ability to extend the 
21 

22 temporal based concept to intangible data such that any intangible information could be related to a 
23 

24 specific point in time. 

26 

27 

28 

29 
4.1.2 HBEP: Tangible Cultural Heritage 

31 

32 Donato and Biagini (2016) developed a framework for specifying the LOD of heritage buildings based 
33 

34 on the AIA specification (AIA, 2013). Further Biagini et al. (2016) implemented the AIA approach for 

36 specifying the LOD of geometric objects, producing a model aligned to LOD300. However, these do 
37 

38 

39 
not align with the geometric properties of many heritage buildings and subsequently Andrews et al. 

(2015) specify 4 grades of geometric detail when producing models of heritage buildings ranging from 41 

42 
Level 1 providing a Basic Outline to Level 4, which presents detailed architectural models. Whilst all 43 

44 
of these LOD definitions are useful, there is still a range of subjectivity when producing HBIM and this 

46 

47 needs to be accounted for and specified in the HBEP. 
48 

49 

51 

52 The structure of the geometry is a critical aspect of a HBIM, particularly when the project is being 
53 

54 developed as part of a collaborative team. Naming conventions used to identify individual specific 

56 elements within a BIM are well documented and can take several forms. In the UK naming conventions 
57 

58 are based on the BS1192: 2007 document in combination with the Unified Classification for 
59 
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1 

2 

3 Construction Industry (Uniclass) to generate human and machine-readable identifiers. Within the HBEP 
4 

the naming convention is identified for the project and this can also be used to form a linking mechanism 
6 

7 

8 
for intangible data. Limited standardised information exists for the naming of BIM objects within a 

9 
HBIM context and so it was proposed to implement the standard contained with BS1192: 2007. 

11 

12 

13 

14 
4.1.3 HBEP: Intangible Cultural Heritage 

16 

17 Within the UK Level 2 BIM process, the Level of Information (LOI) refers to the amount of non-
18 

19 
graphical (attribute) information attached to graphical objects within the model. Donato et al. (2017) 

21 
discuss a possible framework for which includes LOI for HBIM and how this can be used to attach 22 

23 

24 appropriate historical information to geometric objects in the model. Specifically the initial prototype 

26 framework discussed in the study (ibid), develops the concept of categorising information according to; 
27 

28 who, what, when, where and why. This approach serves to provide some discussion on how this data 
29 

could be stored and in a database format, which could be searched using database query techniques. 
31 

32 However, LOI in this case is focused on the typology of the architectural structure rather than the 
33 

34 intangible heritage aligned to the model. 

36 

37 

38 

39 
Defining a Level of Intangible Cultural Heritage 

41 

42 Categorising intangible heritage is a difficult task as it is fluid by its very nature and constantly evolving 
43 

44 (Cang, 2007). Building on previous research, which identified published information and participatory 

46 social media to obtain heritage information, this work initially sought to develop a method to specify 
47 

48 and categorise a Level of Intangible Cultural Heritage (LOICH) into 3 classifications. 
49 

51  LOICH1 - Desk Study/Published information 
52 

53  LOICH2 - First Person accounts 
54 

 LOICH3 - Interactive Social Media 
56 

57 

58 

59 

19 



 

 

 

 

International Journal of Building Pathology and A
daptation

5

10

15

20

25

30

35

40

45

50

55

60

International Journal of Building Pathology and Adaptation 

1 

2 

3 Using the definitions from UNESCO (2003) each of these Levels could contain more specific
4 

information on the type of intangible heritage ranging from oral traditions to skills. Noting the fluidity 
6 

7 
of these, a further classification could be added to the LOICH to determine the specific origin of 

8 

9 
typology of the intangible information (Figure 4). In addition to providing a common framework for 

11 
the generation and documentation of LOICH within the HBIM, the above can also be used to ensure a 12 

13 

14 standardised naming convention is applied to all elements of intangible data within the project. 

16 

17 

18 

19 

21 

22 

23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 

39 

41 

42 

43 

44 

46 

47 

48 

49 

51 
Figure 4: LOICH definition framework and naming convention 52 

53 

54 

56 

57 The overall approach to identifying and naming intangible heritage data, drew inspiration from the 
58 

59 current processes identified in BS1192 (BSI, 2015). By adopting a similar approach, a level of 
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1 

2 

3 consistency can be maintained across both tangible and intangible aspects of the HBIM and can also 
4 

support a more standardised naming convention for all digital data (both tangible and intangible) stored 
6 

7 
in the Common Data Environment (CDE). Furthermore, it should be noted that intangible data can be 

8 

9 
aligned to various aspects of the geometric BIM dataset and so this features in the naming convention. 

11 
To support the naming of intangible heritage data digital containers and storage in the CDE, a digital 12 

13 

14 toolkit was implemented (Figure 5) based on the definition framework above. This allowed naming to 

16 be consistent across the collaborative project and could then also be used during the linking process to 
17 

18 geometric elements of the BIM through the CDE 
19 

21 

22 

23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 

39 

Figure 5: Intangible Heritage Container Naming Toolkit 41 

42 

43 

44 

46 The quality assessment of the intangible information is also something that requires attention during 
47 

48 the HBIM development. This is an area of future research, but should include a method to semantically 
49 

categorise the quality of the intangible data gathered as part of the BIM process. This will provide the 
51 

52 ability to give a confidence level to the information provided to the user of the HBIM. 
53 

54 

56 

57 
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1 

2 

3 4.2 Implementing a CDE for Tangible and Intangible BIM data 
4 

6 Aligning to current BIM processes and supporting the collaborative development of a HBIM, a CDE 
7 

8 should be implemented to hold all the tangible data and either contain, or collate, links to intangible 
9 

heritage data. Donato et al. (2018) noted the potential of web based portals to also hold intangible data 
11 

12 which could be linked to geometric virtual objects in the model. A CDE was implemented using the 
13 

14 principles set down in BS1192: 2007 but extended to suit a HBIM application. Using Autodesk A360, 

16 the structure of the CDE project folder was divided into Tangible Heritage and Intangible Heritage, 
17 

18 
with subsequent sub folders for each building within the project (Figure 6). 

19 

21 

22 

23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 

39 

41 

42 

43 

44 

46 Figure 6: Structuring a CDE for HBIM 
47 

48 

49 

51 The naming convention for the tangible and intangible containers followed BS1192:2007, and the 
52 

53 structure of tangible data included Shared, Published and Archived folders, which were populated as 
54 

the project progressed. In addition, the naming convention of the folder containers, and the files, 
56 

57 implemented Uniclass 2015 for tangible data, whilst the approach discussed previously for the naming 
58 

59 
of intangible data was implemented. 
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1 

2 

3 

4 

6 4.3 Implementing Tangible HBIM 

7 

8 
Autodesk Revit was selected as the tool to support the generation of the tangible HBIM. This tool is the 

9 

most prolific BIM authoring tool in the UK at the present time (NBS, 2017) and is also extensively used 11 

12 
in previous research focusing on HBIM. The project involved the creation of 5 individual models of 13 

14 
buildings across the site. In accordance with the developed HBEP, and using the LOD specification set 

16 

17 out by Heritage England, each building and subsequent elements were generated to LOD 3 noting that 
18 

19 ‘outline of the building/structure represented as a solid object with all architectural features and major 

21 service detail included using generic components’ (Andrews et al., 2015). In addition, each modeled 
22 

23 element had a Revit Shared Parameter entitled ‘Tangible LOD’. This defaulted to state LOD3, however 
24 

if more detail could be added, or not enough data was available this was changed to allow a future audit 
26 

27 

28 
to be undertaken of objects within the model. 

29 

31 

32 
An initial full 3D laser scan was obtained for the site based on the 2016 condition of the dilapidated 33 

34 
buildings and this was supplemented by additional drone surveys undertaken to capture further internal 

36 

37 details. The laser scan data contained a full range of measurement data providing a minimum of 6mm 
38 

39 point spacing which provided an initial backdrop for geometric modelling. The modelling process from 

41 laser scan (Figure 7) followed the processes highlighted in published scan to BIM projects. This 
42 

43 established workflow for the creation of heritage BIM has been proven in previous studies. (Laing et 
44 

al., 2015; Apollonio et al., 2017; Lopez et al., 2017). 
46 

47 
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1 

2 

22 

23 Figure 7: Using Scan to BIM methodologies for geometric modelling existing building 
24 

26 

27 

28 Due to the degraded nature of the buildings and in order to develop full geometric models further 
29 

research was undertaken to supplement the laser scan data. Regional and national archives were 
31 

32 searched to find a wide range of information, which could support the modelling process. Architectural 
33 

34 
plans and photographs, specifically showing the architecture of the buildings from the specified era, 

36 
were able to show some features which could then be used during the modelling process. This element 37 

38 

39 of the research process also identified a specific building which no longer existed (Boiler building no.1) 

41 which was added to the site in the 1920's to meet expanding production on the site but had been 
42 

43 completely destroyed (Figure 8). Using this data, a 3D model was generated showing the detailed 
44 

construction and structure of the building fabric. 
46 
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1 

2 

32 Figure 8: Boiler House no.1 demolished due to 2004 fire damage created from planning drawings and 
33 

34 
photographs 

36 

37 

38 

39 
4.4 Implementing Intangible data into HBIM 

41 

42 In order to capture intangible heritage data of the site whilst it was operational, a multi-faceted approach 
43 

44 was taken to data collection. In order to provide a base Level of Intangible Cultural Heritage (LOICH1), 

46 

47 
a thorough desk study was undertaken of the history of the site including written accounts of working 

48 
practices, photographs and documents related to the operation of the building. It is recognised that 49 

51 photographs could also be classified as contributing to the creation of tangible/geometric modelling. 
52 

53 However, for the purposes of this study they were also deemed as sources of intangible data. During its 
54 

operation, the site was one of the largest employers within the City and often several generations would 
56 

57 spend their entire working lives employed on the site. The working conditions, and nature of the 
58 

59 buildings, provided a range of intangible heritage, such as specific working practices, rituals and social 

25 
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1 

2 

3 practices. Initially, a six-month data collection exercise was undertaken by members of the CoP, 
4 

capturing a range of intangible data about the site. Each piece was documented, named and stored in 
6 

7 
the CDE as described in the HBEP. 

8 

9 

11 

12 
In order to further develop the level of intangible data and create LOICH2 for the project, a qualitative 13 

14 
data collection approach was implemented as discussed previously. The unstructured interviews 

16 

17 provided participants with the opportunity to discuss all aspects of the building, its structure, operation, 
18 

19 the practices and the impact on the community (Labhart, 2017). The data was audio and video recorded 

21 and the files were thematically analysed and categorised based on which building or part of the site was 
22 

23 being discussed and which Intangible Heritage Type the information aligned to. The files were then 
24 

divided into smaller media-bites and stories based on the location. 
26 

27 

28 

29 

If these aspects of intangible data were connected to a building or the site, markers were used as place 
31 

32 
holders to link the intangible data to the 3D geometric model (Figure 9). This concept is adapted from 33 

34 
the development of semantic information based ‘totems’ (Pärn and Edwards, 2017), which provide the 

36 

37 ability to geolocate information not connected to a specific geometric element within a BIM 
38 

39 environment. Whilst this previous work focused on COBie data and allowed the user to input data via 

41 an API, the approach here utilised shared parameters to link to the external database held within the 
42 

43 CDE. Where data could be attributed to room objects created in the BIM authoring software or 
44 

individual geometric objects, Shared Parameters were generated and linked to each object within the 
46 

47 Revit file, ensuring consistency. 
48 

49 

51 

52 

53 

54 
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58 
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1 

2 

31 

32 Figure 9: Creating links between Tangible and Intangible data within the HBIM 
33 

34 

36 

37 In order to develop the link between the tangible and intangible data, the shared parameter facility 
38 

39 within Autodesk Revit was utilised (Figure 9). This methodology allowed for an extensible template 

41 file to be created which can be reused on other HBIM projects. The individual shared parameters were 
42 

43 then attached to the project files and specifically the full range of object types within the Revit file. 
44 

Initially a Boolean based parameter was implemented to detect whether the object had intangible data 
46 

47 
attached. This could then be used in downstream visualisation activities to highlight which objects 48 

49 
contained intangible heritage information. In addition, further text-based parameters held information 

51 

52 relating to a brief synopsis of any intangible data and the LOD used for the geometric modelling. URL 
53 

54 based parameters were implemented to hold a hyperlink to the intangible data stored on the CDE. 
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1 

2 

3 4.5 HBIM Presentation Mechanism 
4 

6 For the purpose of this study, the approach taken was to retain the ability to visualise the tangible and 
7 

8 intangible data within the ecosystem of traditional BIM software tools. As such Autodesk Navisworks 
9 

was implemented as the method to view the tangible and intangible heritage BIM data through a visual 
11 

12 interface. As the software tool provides the ability to view and interrogate non-graphical data within 
13 

14 the BIM database, it provides opportunity to access the intangible data through a geometric interface. 

16 In order to undertake this aspect, the BIM data was analysed using the parameters attached to objects 
17 

18 

19 
in the BIM authoring tool. Using the parameter-based search tools within Navisworks, all objects that 

had intangible data attached were selected and highlighted to differentiate them from other objects. 21 

22 

23 Using a freely available add-in tool (Properties+) a specific dialogue tool was implemented to show 
24 

only the intangible heritage data parameters when objects were selected or ‘clicked’. This presented the 
26 

27 user with hyperlinks to intangible data stored in the CDE, which was then launched in a new window 
28 

29 to allow viewing of the information (Figure 10). 
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1 

2 

32 

33 
Figure 10: Visualising HBIM data within Autodesk Navisworks 34 

36 

37 

38 

39 5. Discussion and Future work 

41 
The study reported in this paper has implemented a collaborative based approach to develop a large 

42 

43 
scale HBIM that bought together tangible and intangible heritage information. The ability to bring 44 

together this full set of data surrounding a building could have significant consequences during any 46 

47 

48 renovation work undertaken during an adaption project. It can be seen from the review of literature that 
49 

much of the work relating to HBIM is focused on the technical development of models, and these often 
51 

52 report on the variative methods of modelling from laser scan data. Furthermore, many of the previous 
53 

54 studies report on the modelling of individual buildings or assets. This study went beyond this technical 

56 approach to implement a collaborative process, aligned to the Level 2 BIM process to develop a full 
57 

58 HBIM incorporating tangible and intangible data. The definition of intangible heritage data, according 
59 
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1 

2 

3 to UNESCO, is very board and so a level of flexibility is required to ensure the BIM data sets can 
4 

incorporate this. Very often HBIM will be required on projects where renovation works are due to take 
6 

7 

8 
place. In these cases, the value of the intangible data can be significant to both the design, construction 

9 
and facilities management teams. For the design teams it can give insight into the historic design 

11 
philosophy of the building and as such provide guidance to future interventions. For the construction 12 

13 

14 and asset management teams any intangible data can identify historic significance of elements of the 

16 building which can influence construction methods and future maintenance schedules. 
17 

18 

19 

21 The use of a Common Data Environment to hold all information provides a scalable and flexible 
22 

23 approach for the management of data. Intangible heritage data is not something that has been formalised 
24 

in the context of HBIM generation, and this work has sought to bring about a broad structure to allow 
26 

27 

28 
this to be categorised. The development of the LOICH can be viewed as a parallel stream to the current 

29 
Level of Information for non-heritage BIM. Whilst it is acknowledged that this is a first step into 

31 
providing a definition, future work can help to further categorise this into a more robust approach to 32 

33 

34 identify and categorise intangible data. The issue relating to quality of intangible data sources can be 

36 further explored aligned to opportunities for linking social media-based data into the HBIM for live and 
37 

38 on-going capture of intangible heritage data. 
39 

41 

42 

43 Successful digitization of cultural heritage information in HBIM requires a standard information format, 
44 

which is represented in the Industry Foundation Classes (IFC) for BIM. Current IFC format requires 
46 

47 expansion to incorporate quantitative and qualitative assets including connecting tangible and intangible 
48 

49 
data and this is also an area of future research. 

51 

52 

53 

54 
6. Conclusions 

56 

57 Existing literature demonstrates that within the BIM paradigm, Heritage BIM is a dedicated research 
58 

59 area that has gained substantial traction since the term was first used in in the first decade of the twenty-
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1 

2 

3 first century. There is a substantial amount of research bestowing the benefits of BIM based 
4 

technologies for the development of individual models of heritage buildings. There is, however, limited 
6 

7 

8 
work which discussed the use of a collaborative BIM process in the creation of HBIM. Furthermore, 

9 
there is a paucity of work which focuses on the integration of both tangible and intangible cultural 

11 
heritage information in a HBIM. For the purposes of the use of HBIM within renovation construction 12 

13 

14 projects, this combination of data could be useful to support a number of activities. It could be seen that 

16 many of the HBIM examples previously reported are based on individual assets (or buildings) and as 
17 

18 such the use of the collaborative BIM process involving a development team is moot. Furthermore, it 
19 

could be argued intangible heritage data is often too ad-hoc to be incorporated into the HBIM and the 
21 

22 value of the data to the design, construction and asset management teams not fully appreciated. 
23 

24 

26 

27 

28 
The project reported in this paper implemented a multi method research methodology to develop a 

29 
distinct approach to the production of a HBIM. By undertaking the development of a HBIM of a multi 

31 
building, historic industrial site, a collaborative approach was undertaken and led to the development 32 

33 

34 of a neoteric HBEP which drew on knowledge from prevailing research and the knowledge of a 

36 Community of Practice. Unlike more conventional BEP, the HBEP identified the need for both tangible 
37 

38 and intangible heritage data, and presented a method to structure this within a HBEP document. 
39 

Building on the intangible aspect of the data, the work proposed a method to define and categorise 
41 

42 intangible data within a BIM approach. The introduction of the concept of Level of Intangible Cultural 
43 

44 Heritage (LOICH) and an approach to implement a CDE to underpin the collaborative HBIM 

46 development was key to this element. The development of tangible geometric data followed a well 
47 

48 
described approach, however the collection of qualitative intangible data involved both interview and 

49 

focus groups methodologies. The data was then combined through the CDE to provide a holistic HBIM, 51 

52 

53 which can now be used by designers, contractors and the asset management team during the renovation 
54 

works undertaken on the site. 
56 

57 

58 

59 

31 
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Figure 1: Research approach for the study 
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Figure 2: Historical developments of the Springfield site 
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Figure 3: Framework for HBEP development 
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Figure 4: LOICH definition framework and naming convention 
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Figure 5: Intangible Heritage Container Naming Toolkit 
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Figure 6: Structuring a CDE for HBIM 
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Figure 7: Using Scan to BIM methodologies for geometric modelling existing building 
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Figure 8: Boiler House no.1 demolished due to 2004 fire damage created from planning drawings and 

photographs 
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Figure 9: Creating links between Tangible and Intangible data within the HBIM 
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Figure 10: Visualising HBIM data within Autodesk Navisworks 
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	31 
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	46 
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	th 
	49 
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	approach 
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	 Develop a method for defining a level of intangible cultural heritage for inclusion in development 
	3 

	4 
	of a HBIM
	6 7 
	 Implement the HBIM process and develop a digital model that incorporates both tangible and 
	8 9 
	intangible heritage data 
	11 
	Through the implementation of the work the authors are seeking to provide a blueprint for future work 
	12 

	13 
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	14 

	16 17 18 19 
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	22 
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	26 
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	27 28 
	are non-physical 
	29 
	31 32 33 


	2. Prevailing Heritage BIM approaches 
	2. Prevailing Heritage BIM approaches 
	34 

	36 
	BIM as a paradigm is focused on the philosophy of creating a database containing connected 3D 38 
	37 

	geometric and informational data about the objects (Eastman et al., 2011). BIM, as a process, is now 
	39 

	generally defined and is the use of digital models and data to support the full range of the lifecycle of a 
	41 

	42 
	built asset, from design through to operation (NBS, 2016). Whilst BIM is often now referred to as a 
	43 

	44 
	noun and a verb, the use of Heritage BIM (HBIM) is most often referred to as the development of an 
	46 47 individual digital model (or repository) containing geometric information. 49 
	48 

	51 52 53 Volk et al. (2014) suggest that there are various methods for capturing survey data, which can 54 
	subsequently be used in the development of a BIM. Along with existing documentation, laser scanning 
	56 
	and photogrammetry is often seen as the starting point for HBIM, accurately capturing the 58 
	57 

	buildings/sites physical and structural data (Khodier et al., 2016). In the UK, 3D laser scanning was 
	buildings/sites physical and structural data (Khodier et al., 2016). In the UK, 3D laser scanning was 
	59 

	1 2 identified by Historic England as an important aspect of the cultural heritage process and as such a 
	3 


	4 
	guidance document ‘3D Laser Scanning for Heritage’ was published in 2007 and then subsequently 
	6 7 
	revised in 2018 (Historic England, 2018). The guidance covers issues surrounding available 
	8 

	technologies, resolution and the procurement process. However, one of the key issues to understand is 
	9 

	11 
	what should be modelled geometrically in 3 dimensions and the scope of any modelling to ensure cost 
	12 13 14 effectiveness (Morrical, 2017). Tang et al. (2010) summarise the ‘Scan to BIM’ process in three distinct 
	16 stages, including the capture of data in the form of a point cloud, pre-processing of data such as merging 17 18 multiple scans together and finally the geometric modelling using a BIM authoring tool (Lopez et al., 19 
	2018). Whilst this can yield accurate results, it is noted by Xoing et al. (2013) that this is still a manual 
	21 process and can be subject to mistakes and requires experienced operators. 23 24 
	22 

	26 27 
	Several authors have reported workflows for incorporating laser scan data into the BIM process and 
	28 

	workflow which is now becoming a de-facto standard (Laing et al., 2015; Apollonio et al., 2017; Lopez 
	29 

	31 
	et al., 2017). However, Counsell and Taylor (2017) highlight that a significant amount of time and cost 
	32 33 is taken up when modelling the geometry of the HBIM from laser scan data. In order to counter this, 
	34 

	36 they believe HBIM should focus on the production of lower resolution ‘semantic’ BIM which could 37 38 provide a representation and then be linked to intangible data or even accurate scan data of the building 39 
	where appropriate (DURAAK, 2016). Some previous work is seeking to resolve this critical issue by 
	41 
	developing methods to automatically extract geometric objects from point cloud data (Wang et al., 43 
	42 

	2015). However, in a similar approach to the approach of Xiong et al. (2013), the work is based on the 
	44 

	production of 2D polygons rather than full 3D geometric entities. Ochmann et al. (2016) did develop 
	46 

	47 
	an approach to automatically generate indoor parametric models from point cloud data, whereas Sharif 
	48 

	49 
	et al. (2017) developed an approach to automatically identify specific pieces of equipment within a 
	51 52 dense point cloud. In order to remove this need to generate geometric models either manually or 54 
	53 

	automatically, Poux et al. (2017) have began to develop semantic queries on point cloud data sets. 
	56 57 Whilst this does not produce geometric entities it does provide the ability to integrate non graphical 58 59 data directly into point clouds which could streamline usage in the BIM workflow. 
	1 2 3 4 
	6 Where geometric modelling is undertaken using a manual process, there are some difficulties when 7 8 using current software tools to develop the geometry of cultural heritage models (Bregianni, 2013). 9 
	Some previous efforts in the field of HBIM have sought to adopt the power of BIM tools to generate 
	11 
	repetitive architectural features in standardised libraries (Fai and Sydor, 2013) including such elements 13 
	12 

	as columns (Apollonio et al., 2012). However, Logothetis et al., (2015) note that the non-standard aspect 
	14 

	of heritage architecture provides challenges surrounding the implementation of HBIM as the built assets 
	16 

	17 18 
	are comprised of components and materials whose geometry and characteristics are not representative 
	19 

	of current building objects. Building deformities can also cause an issue in library creation, as they can 
	21 22 differ widely and the properties of the original element may not match the current element properties. 24 
	23 

	Folwell (2015) describes how this can be overcome by including “lateral and vertical deviation” 
	26 27 information as non-graphical parameters of the 3D element. 28 29 
	31 
	Throughout the geometric modelling of the heritage asset, the Level of Detail (LOD) ensures that the 33 model meets the requirement and the time/cost constraints in balance with the required outputs. To 
	32 
	34 

	further support the issue of LOD for heritage-based projects, Historic England has defined four levels 
	36 

	37 38 
	of graphical detail when generating 3D geometry in HBIM projects (Antonopoulou and Bryan, 2017). 
	39 

	Whilst these provide a level of guidance during the development stage, there is yet to be a full global 
	41 42 
	standard established for heritage projects and this has often led to individual projects developing their 
	43 44 
	own bespoke standard (Folwell, 2015). Building on the work of the EU funded Valhalla Project in 2003, 
	46 47 Counsell and Taylor (2017) proposed a framework for HBIM and cultural heritage that included 48 49 integrating additional tangible heritage data through use of sensors and recording of materials. 
	However, they also discuss the potential to include intangible aspects through inclusion of location52 
	51 
	-

	specific intangible cultural heritage and using the HBIM for community engagement. 
	53 

	54 
	56 57 58 59 
	1 2 The use of the BIM process for existing buildings is continually developing (Lin et al., 2016) and some 
	3 

	4 
	previous research has investigated taking elements from the standardised UK ‘Level 2’ BIM process 
	6 7 
	into the heritage domain. This has included the development of Employers Information Requirements 
	8 

	(EIR) for heritage construction projects (Dwairi et al., 2017; Dwairi and Mahdjoubi, 2017). This 
	9 

	11 
	approach focused on the geometric modelling of tangible assets but did not consider intangible heritage 
	12 13 14 data. Jordan-Palomar et al. (2018) provided a critical review of current BIM protocols and heritage 
	16 intervention approaches. Specifically, the work noted the lack of clarity of these approaches. 17 18 19 
	21 2.1 Intangible Heritage Data in HBIM 
	22 23 Vecco (2010) highlights the importance of intangible heritage, noting that whilst there is need to 
	24 

	26 recognise and record material heritage, non-physical aspects are increasingly important. Lenzerini 27 28 (2011) argues that cultural heritage is becoming increasingly important as the fusion of civilisations is 29 
	leading to a level of uniformity across the globe, thus the need to record all aspects of cultural heritage 
	31 
	related to historic buildings is becoming critical. UNESCO (2003) highlighted the need to record 33 intangible data and have this geo-referenced including Web 2.0 recordings. Counsell and Taylor (2017) 
	32 
	34 

	noted at the present time the inclusion of intangible data is based on a push of data from expert to 
	36 

	37 38 
	participant and this can often require management to be maintained. However, with the emergence of 
	39 

	social media and the now ubiquitous use of tagging using the ‘hashtag’ there exists a methodology to 
	41 42 
	have more dynamic data aligned to the geometric objects (Donatao et al., 2018). One issue surrounding 
	43 44 
	the use of ‘uncontrolled’ participatory input is the level of certainty of the information and the 
	46 47 management of the quality of the data (ibid). 48 49 
	51 
	Dore & Murphy (2012) did propose that a 3D digital geometric model could contain historical 53 information about the creation, origin and chronology of heritage objects. These could then be linked 
	52 
	54 

	to historical documents in different formats i.e. manuscripts, 2d floor plans and sections, photos or voice 
	56 

	57 58 
	recordings. Fai et al. (2011) also suggested that a BIM could contain non-graphical ‘intangible’ data 
	recordings. Fai et al. (2011) also suggested that a BIM could contain non-graphical ‘intangible’ data 
	59 

	1 2 such as photographs and oral histories, however this was not implemented into the project being 
	3 


	4 
	discussed. It has also been noted that many HBIM models do not follow this approach and do not add 
	6 7 
	information that is non-architectural (Saygi, 2013). One of the reasons for this limited implementation 
	8 

	is the lack of a comprehensive solution speciﬁcally designed to model and manage semantically 
	9 

	11 
	enhanced 3D models of historic buildings (Tobias, 2016). 
	12 13 14 
	16 17 Fassi et al (2016) postulated that more interactive functions within 3D models would be required to 18 19 enhance the uptake and thus could support the inclusion of intangible heritage data within the context 
	21 of HBIM. The authors suggested a ‘read and write’ mode where the model could be asked questions 22 
	and VR could be used to compare present and past, and to assess and quantify the changes caused by 24 
	23 

	time. Whilst there has been some limited previous research which has postulated the inclusion of 
	26 27 
	intangible data within a HBIM, these have not been fully implemented. Furthermore, there appears no 
	28 

	specific methodology to categorise the intangible data such that it aligns with prevailing approaches to 
	29 

	31 
	BIM development. On many projects/buildings, the intangible data has shaped the form and function 
	32 33 of the building and so this can impact any future renovation work. 
	34 

	36 37 38 
	3. Research Approach and Methodology 
	39 

	41 
	In order to achieve the aim of this wide-reaching study, the design of the research combined multiple 
	42 

	43 
	research methods (Figure 1). Secondary data analysis, focused on prevailing issues surrounding HBIM, 
	44 

	46 
	identified a number of issues relating to tangible and intangible heritage data. In addition a HBIM 
	47 

	48 
	Community of Practice (CoP) was established (Pyrko et al., 2017) that engaged a number of researchers 
	49 
	who were to be involved in the development of HBIM. Using a convenience-based sampling approach, 52 53 the members of the CoP were selected from a cohort of postgraduate researchers who each had a range 54 
	51 

	of practical experience of implementing the BIM processes and technologies in new build and 
	56 57 renovation projects and could bring experiences to this study (Table 1). 58 59 
	1 2 3 4 
	6 7 8 9 
	11 12 13 14 
	16 17 18 19 
	21 22 23 
	CoP #ID 
	CoP #ID 
	CoP #ID 
	Job Title 
	Industry Focus 
	Years of BIM Experience 

	1 
	1 
	Digital Specialist 
	Architecture 
	3 

	2 
	2 
	Digital Engineer 
	Civil Engineering 
	2 

	3 
	3 
	BIM Technician 
	Architecture 
	5 

	4 
	4 
	HBIM BIM Researcher 
	Architecture 
	10 

	5 
	5 
	Architectural Technologist 
	Architecture 
	3 

	6 
	6 
	Architectural Technologist 
	Architecture 
	4 

	7 
	7 
	Quantity Surveyor 
	Construction Management 
	6 

	8 
	8 
	Building Surveyor 
	Heritage Survey 
	2 


	Table 1: Community of Practice for HBIM development 
	24 
	26 27 28 29 The use of a CoP as a research approach to support this project was chosen as it provided the ability for 
	31 the collaboration of like-minded individuals to focus on a specific research problem (Denscombe, 32 2008). Furthermore, the CoP approach was selected for this work as it mirrored the core concepts of 34 
	33 

	the development of a collaborative HBIM. In particular Coombs et al. (2017) suggest that a CoP offers 
	36 
	three main characteristics; shared domain of interest (the development of a HBIM), a community that 
	37 

	38 
	interacts and learns (BIM development team) and development of shared practice (creation of new 
	39 

	modelling approaches synthesised in a Heritage BEP). Initially, the use of the CoP in the research 
	41 

	42 43 
	process helped to shape the development of a Heritage BIM Execution Plan (HBEP) which would 
	44 
	46 underpin the implementation of the project. 47 48 49 
	51 52 53 54 
	56 57 58 59 
	3 4 6 7 8 9 11 12 13 14 16 17 18 19 21 22 23 24 26 27 28 29 31 32 33 34 36 37 38 39 41 42 43 
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	44 
	Figure 1: Research approach for the study 
	46 47 48 49 
	Following the development of the HBEP, the implementation of HBIM followed a three-phase 
	51 

	52 53 approach to; a) develop tangible HBIM geometry, b) collate intangible heritage information and c) 54 
	integrate these into a full HBIM database via a Common Data Environment. The collation of intangible 
	56 
	57 heritage data was undertaken using unstructured interviews. A purposive sampling method was 58 employed for the selection of interviewees and in particular a homogeneous approach was implemented 
	59 

	1 2 whereby the individuals interviewed shared similar jobs and life experiences of working on the site 
	3 

	4 
	during operation (Etikan et al., 2016) The interviews were undertaken during a site visit of previous 
	6 7 
	employees of the site (n=21) who worked in the buildings in a range of various roles during the time 
	8 

	period specified for the HBIM development. Further interviews (n=7) were undertaken with other 
	9 

	11 
	individuals who were engaged in the site operations and maintenance to develop further knowledge 
	12 13 14 (Table 2). The interviews were facilitated by members of the CoP and an unstructured approach was 
	16 taken as this allowed the participants to provide their own social realities and history of the buildings 17 18 (Zang and Wildemuth, 2009). Furthermore, the use of a focused unstructured interview (Gray, 2013; 19 
	Jamshed, 2014) allowed the interviewee to freely discuss topics pertaining to intangible data about the 
	21 buildings, whilst also allowing the focus to be constrained to the tangible elements of the site. 23 24 
	22 

	26 27 28 29 
	31 32 33 34 
	36 37 38 39 
	41 42 43 
	Company Role 
	Company Role 
	Company Role 
	Site Visit Interviews Number of employees 
	Follow up Interviews Number of Employees 

	TR
	Male 
	Female 
	Male 
	Female 

	Company Management 
	Company Management 
	3 
	-
	-
	-

	Brewery Operatives 
	Brewery Operatives 
	12 
	2 
	2 
	-

	Administration Staff 
	Administration Staff 
	-
	4 
	-
	3 

	Building Maintenance 
	Building Maintenance 
	-
	-
	2 
	-

	Total 
	Total 
	15 
	6 
	4 
	3 

	TR
	21 
	7 


	Table 2: Intangible Data - Interview Participants 
	44 
	46 47 48 49 During the ongoing development of the HBIM, a small focus group session was held with stakeholders 
	51 including researchers, former employees and representatives of the facilities management team of the 52 53 new owners (Table 3). The purpose of the focus group was to discuss the presentation of the HBIM 54 
	model and the approaches used to combine tangible and intangible heritage data, identifying the most 
	56 
	appropriate way to document the intangible data in relation to the geometric model. A focus group was 
	57 

	58 
	identified as the most appropriate way to elicit thoughts from the range of stakeholders involved in the 
	identified as the most appropriate way to elicit thoughts from the range of stakeholders involved in the 
	59 

	1 2 creation and potential use of the HBIM. Moderated by a member of the CoP, the focus group approach 
	3 


	4 
	gathered feedback and the allowed ideas for linking tangible and intangible data and potential uses of 
	6 7 
	the HBIM to be explored within a social context (Breen, 2006). Liang et al. (2018) noted that a focus 
	8 

	group allowed participants to react and or be inspired by others and this was deemed beneficial as the 
	9 

	11 
	diverse range of knowledge both about the technical BIM aspects and the knowledge of the building, 
	12 13 14 would provide a rich set of information. The results of the focus group were recorded, and key actions 
	16 were identified which then fed into the ongoing development of the overall HBIM. 17 18 19 
	21 22 23 24 
	26 27 28 29 
	31 32 33 34 
	36 37 38 Table 3: Focus Group Participants 39 
	Focus Group member 
	Focus Group member 
	Focus Group member 
	Background 
	Experience of BIM/HBIM 
	Justification for Inclusion 

	1 
	1 
	BIM Researcher 
	Y 
	Knowledge of HBIM Development 

	2 
	2 
	BIM Researcher 
	Y 
	Knowledge of HBIM Development 

	3 
	3 
	Estates Management 
	Y 
	Potential future user of HBIM 

	4 
	4 
	Brewery Administration 
	N 
	Knowledge of the office areas of the building 

	5 
	5 
	Brewery Operative 
	N 
	Knowledge of the building layouts and working practices 

	6 
	6 
	Brewery Operative 
	N 
	Knowledge of the building layouts and working practices 


	41 42 The focus of the research implementation was the 12-acre Springfield site is located towards the North 44 
	43 

	East of the City of Wolverhampton in the UK. The site was originally bought in 1873 by William Butler 
	46 
	to house his growing brewing business, with the initial Springfield Brewery opening in 1874. 
	47 

	48 
	Occupying one of the largest single sites in the town, during the 1880’s (Figure 2), the brewery 
	49 

	51 
	underwent a large expansion programme and a range of new buildings were added to the site. These 
	52 53 
	new buildings supported the increasing operational capacity, utilising the natural spring water available 
	54 
	56 from the location and making use of the main line rail network adjacent to the site. The brewery 
	57 58 functioned successfully until its eventual closer in 1991, when the buildings were mothballed and left 59 
	to fall into disrepair (Parker, ND). During this period, buildings on the site were listed as Grade 2 by 
	1 2 Historic England, noting the historic value to the City and its culture (Historic England, 1991). From 
	3 

	4 
	an architectural perspective, the buildings themselves were visually reminiscent of a wider number of 
	6 7 
	brewery buildings constructed in the late Victorian era (Pearson, 1999). A range of interconnecting 
	8 

	buildings made of up several high-level blocks, which included numerous decorative features, whilst 
	9 

	11 
	the buildings also made use of cast iron frame and Staffordshire Blue Brick (Historic England, 1991). 
	12 13 14 The buildings themselves demonstrate a range of architectural styles relating to the eras of construction 
	16 including large arched windows and Flemish bond brickwork. From an urban perspective, the site was 17 18 key to the development of the town as it was one of the largest employers during the early era and 19 
	historically became a social focus for the town with the inclusion of social clubs and the location of a 
	21 
	news journal for all employees. The site also became the location of a town war memorial following 23 
	22 

	the first World War (Parker, ND). 
	24 

	26 27 28 29 
	31 32 33 34 
	36 37 38 39 
	41 42 43 44 
	46 47 48 49 
	51 52 53 54 
	56 57 58 59 
	3 4 6 7 8 9 11 12 13 14 16 17 18 19 21 22 23 24 26 27 28 29 31 32 33 34 36 37 38 39 41 42 43 44 
	1 2 
	46 47 Figure 2: Historical developments of the Springfield site 49 
	48 

	(Sources: a,b,c) Parker, ND; d) Arnold, 2006; e) Express and Star, 2015; f) Brennan, 2017) 
	51 52 53 54 
	After its closure the site was allocated as a conservation area for the City, however in 2004 a fire 
	56 57 
	destroyed several of the buildings and left others structurally unstable (Express and Star, 2015). A 
	58 59 
	further fire in 2005 damaged more of the site, leaving many of the buildings unrecognisable and led to 
	further fire in 2005 damaged more of the site, leaving many of the buildings unrecognisable and led to 
	1 2 the controlled demolition of some elements of the site. As the buildings fall further into disrepair and 
	3 


	4 
	in order to support future renovation and adaption, the creation of a HBIM including tangible and 
	6 7 
	intangible heritage information will support future design, construction and operation. Specifically, the 
	8 

	HBIM can used by the design and construction team to ensure any renovation and conservation works 
	9 

	11 
	were undertaken with due regard for any relevant intangible cultural heritage. 
	12 13 14 
	16 
	17 4. Project Implementation 
	17 4. Project Implementation 
	18 19 
	Based on the research methodology presented above, this work implemented a collaborative BIM 
	21 
	process to develop a HBIM that contained both tangible and intangible cultural heritage data. 
	22 

	23 24 
	26 27 
	28 4.1 Developing a Heritage BIM Execution Plan (HBEP) 
	28 4.1 Developing a Heritage BIM Execution Plan (HBEP) 
	29 
	In order to support the development of a HBIM undertaken using a collaborative approach, this study 
	31 proposed the development of a HBEP to manage the process and ensure consistency. Initially, an outline 
	32 

	33 
	framework was developed based on secondary research and the experiences of the CoP. This drew 
	34 

	36 
	reference from the range of BIM Execution Plans (BEPs) which follow similar approaches to that 
	37 

	generated from Penn State University (McArthur and Sun, 2015). Whilst the documents vary for each 
	38 

	39 
	project, key themes emerge in each of the templates relating to; the development, detail and structure 
	41 42 43 of the 3D geometric model, the amount of information/data attached to the 3D model, the management 44 
	of the project and the technology to be used in the delivery of the project. Drawing on previous 
	46 47 knowledge and the CoP established for the study, a framework was developed to support the creation 48 49 of a HBEP (Figure 3). 
	51 52 53 54 
	56 57 58 59 
	26 27 
	Figure 3: Framework for HBEP development 
	28 29 
	31 32 
	33 4.1.1 HBEP: Project Management Information 34 
	33 4.1.1 HBEP: Project Management Information 34 
	The key function of the HBEP is to provide a consistent platform for the development of a collaborative 
	36 

	HBIM. A specific set of data is required for the management of the project and to ensure all those 
	37 

	38 39 
	engaged in the development are operating to the same standards. The ‘HBIM project aim’ will identify 
	41 
	42 the strategic requirement for the project and the client need. The ‘location’ of the project will require 43 44 the HBEP to specify the geographic location of the project. In addition, this aspect of the HBEP will 
	46 also require a ‘coordinate system’ to be established for the project such that collaborators in the 
	47 48 development can ensure that when any individual HBIM are federated to a single model database they 49 
	are spatially correct. 
	51 52 53 54 
	A further critical element of the development of the HBIM is the specification of a date (or date range) 
	56 

	of the model being developed. Stefani et al (2010) highlighted that heritage assets will often have 
	57 

	58 59 
	existed in numerous different states throughout the lifecycle due to creation, destruction, union, division 
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	3 4 6 7 8 9 11 12 13 14 16 17 18 19 21 22 23 24 
	1 2 etc. When generating or gathering both tangible and intangible heritage data for inclusion in a HBIM, 
	3 

	4 
	this aspect can significantly affect the geometric modelling. Within the date range, the HBEP could 
	6 7 
	refer to 4D HBIM, which could elucidate the change in the building over time. Furthermore, the it is 
	8 

	postulated that 4D HBIM could be either Macro or Micro level. From the perspective of tangible HBIM, 
	9 

	11 
	macro 4D HBIM can relate to changes to the entire building or urban fabric, which may include 
	12 13 14 demolition and reconstruction of new buildings on an existing site. Micro 4D HBIM relates further to 
	16 specific individual changes to the building fabric, for example the additional or removal of specific 17 18 architectural feature such as a door or window. Whilst not directly implemented in this study, the aspect 19 
	of 4D HBIM is an area for future research and would also need to include the ability to extend the 
	21 
	temporal based concept to intangible data such that any intangible information could be related to a 23 
	22 

	specific point in time. 
	24 

	26 27 28 
	29 4.1.2 HBEP: Tangible Cultural Heritage 
	31 
	Donato and Biagini (2016) developed a framework for specifying the LOD of heritage buildings based 33 on the AIA specification (AIA, 2013). Further Biagini et al. (2016) implemented the AIA approach for 
	32 
	34 

	specifying the LOD of geometric objects, producing a model aligned to LOD300. However, these do 
	36 

	37 38 
	not align with the geometric properties of many heritage buildings and subsequently Andrews et al. 
	39 

	(2015) specify 4 grades of geometric detail when producing models of heritage buildings ranging from 
	41 42 
	Level 1 providing a Basic Outline to Level 4, which presents detailed architectural models. Whilst all 
	43 44 
	of these LOD definitions are useful, there is still a range of subjectivity when producing HBIM and this 
	46 47 needs to be accounted for and specified in the HBEP. 48 49 
	51 
	The structure of the geometry is a critical aspect of a HBIM, particularly when the project is being 53 developed as part of a collaborative team. Naming conventions used to identify individual specific 
	52 
	54 

	elements within a BIM are well documented and can take several forms. In the UK naming conventions 
	56 

	57 58 
	are based on the BS1192: 2007 document in combination with the Unified Classification for 
	59 
	1 2 Construction Industry (Uniclass) to generate human and machine-readable identifiers. Within the HBEP 
	3 

	4 
	the naming convention is identified for the project and this can also be used to form a linking mechanism 
	6 7 
	for intangible data. Limited standardised information exists for the naming of BIM objects within a 
	8 

	HBIM context and so it was proposed to implement the standard contained with BS1192: 2007. 
	9 

	11 12 13 14 
	4.1.3 HBEP: Intangible Cultural Heritage 
	16 
	Within the UK Level 2 BIM process, the Level of Information (LOI) refers to the amount of non
	17 
	-

	18 
	graphical (attribute) information attached to graphical objects within the model. Donato et al. (2017) 
	19 

	21 
	discuss a possible framework for which includes LOI for HBIM and how this can be used to attach 
	22 23 appropriate historical information to geometric objects in the model. Specifically the initial prototype 
	24 

	26 framework discussed in the study (ibid), develops the concept of categorising information according to; 27 28 who, what, when, where and why. This approach serves to provide some discussion on how this data 29 
	could be stored and in a database format, which could be searched using database query techniques. 
	31 
	However, LOI in this case is focused on the typology of the architectural structure rather than the 33 
	32 

	intangible heritage aligned to the model. 
	34 

	36 37 38 
	39 
	39 
	Defining a Level of Intangible Cultural Heritage 

	41 42 Categorising intangible heritage is a difficult task as it is fluid by its very nature and constantly evolving 43 (Cang, 2007). Building on previous research, which identified published information and participatory 
	44 

	social media to obtain heritage information, this work initially sought to develop a method to specify 
	46 

	47 
	and categorise a Level of Intangible Cultural Heritage (LOICH) into 3 classifications. 
	48 

	49 
	51  LOICH1 - Desk Study/Published information 52 53 
	 LOICH2 - First Person accounts 
	54 
	 LOICH3 - Interactive Social Media 
	56 57 58 59 
	Figure
	1 2 Using the definitions from UNESCO (2003) each of these Levels could contain more specific
	3 

	4 
	information on the type of intangible heritage ranging from oral traditions to skills. Noting the fluidity 
	6 
	of these, a further classification could be added to the LOICH to determine the specific origin of 
	7 

	8 
	typology of the intangible information (Figure 4). In addition to providing a common framework for 
	9 

	11 
	the generation and documentation of LOICH within the HBIM, the above can also be used to ensure a 
	12 13 14 standardised naming convention is applied to all elements of intangible data within the project. 
	16 17 18 19 
	21 22 23 24 
	26 27 28 29 
	31 32 33 34 
	36 37 38 39 
	41 42 43 44 
	46 47 48 49 
	51 
	Figure 4: LOICH definition framework and naming convention 
	52 53 54 
	56 
	57 The overall approach to identifying and naming intangible heritage data, drew inspiration from the 58 59 current processes identified in BS1192 (BSI, 2015). By adopting a similar approach, a level of 
	Figure
	1 2 consistency can be maintained across both tangible and intangible aspects of the HBIM and can also 
	3 

	4 
	support a more standardised naming convention for all digital data (both tangible and intangible) stored 
	6 
	in the Common Data Environment (CDE). Furthermore, it should be noted that intangible data can be 
	7 

	8 
	aligned to various aspects of the geometric BIM dataset and so this features in the naming convention. 
	9 

	11 
	To support the naming of intangible heritage data digital containers and storage in the CDE, a digital 
	12 13 14 toolkit was implemented (Figure 5) based on the definition framework above. This allowed naming to 
	16 be consistent across the collaborative project and could then also be used during the linking process to 17 18 geometric elements of the BIM through the CDE 19 
	21 22 23 24 
	26 27 28 29 
	31 32 33 34 
	36 37 38 
	39 
	Figure 5: Intangible Heritage Container Naming Toolkit 
	41 42 43 44 
	46 The quality assessment of the intangible information is also something that requires attention during 47 48 the HBIM development. This is an area of future research, but should include a method to semantically 49 
	categorise the quality of the intangible data gathered as part of the BIM process. This will provide the 
	51 ability to give a confidence level to the information provided to the user of the HBIM. 
	52 

	53 54 
	56 57 58 59 
	56 57 58 59 
	1 2 

	Figure
	3 4.2 Implementing a CDE for Tangible and Intangible BIM data 
	4 
	6 Aligning to current BIM processes and supporting the collaborative development of a HBIM, a CDE 7 8 should be implemented to hold all the tangible data and either contain, or collate, links to intangible 9 
	heritage data. Donato et al. (2018) noted the potential of web based portals to also hold intangible data 
	11 
	which could be linked to geometric virtual objects in the model. A CDE was implemented using the 13 
	12 

	principles set down in BS1192: 2007 but extended to suit a HBIM application. Using Autodesk A360, 
	14 

	the structure of the CDE project folder was divided into Tangible Heritage and Intangible Heritage, 
	16 

	17 
	with subsequent sub folders for each building within the project (Figure 6). 
	18 

	19 
	21 22 
	23 24 
	26 27 28 29 
	31 32 33 34 
	36 37 38 39 
	41 42 43 44 
	46 Figure 6: Structuring a CDE for HBIM 47 48 49 
	51 The naming convention for the tangible and intangible containers followed BS1192:2007, and the 52 
	structure of tangible data included Shared, Published and Archived folders, which were populated as 54 
	53 

	the project progressed. In addition, the naming convention of the folder containers, and the files, 
	56 
	implemented Uniclass 2015 for tangible data, whilst the approach discussed previously for the naming 
	57 

	58 
	of intangible data was implemented. 
	59 

	1 2 3 4 
	6 4.3 Implementing Tangible HBIM 7 
	Autodesk Revit was selected as the tool to support the generation of the tangible HBIM. This tool is the 
	8 

	9 
	most prolific BIM authoring tool in the UK at the present time (NBS, 2017) and is also extensively used 
	11 12 
	in previous research focusing on HBIM. The project involved the creation of 5 individual models of 
	13 14 
	buildings across the site. In accordance with the developed HBEP, and using the LOD specification set 
	16 
	17 out by Heritage England, each building and subsequent elements were generated to LOD 3 noting that 18 19 ‘outline of the building/structure represented as a solid object with all architectural features and major 
	21 service detail included using generic components’ (Andrews et al., 2015). In addition, each modeled 22 
	element had a Revit Shared Parameter entitled ‘Tangible LOD’. This defaulted to state LOD3, however 24 
	23 

	if more detail could be added, or not enough data was available this was changed to allow a future audit 
	26 27 
	to be undertaken of objects within the model. 
	28 

	29 
	31 32 
	An initial full 3D laser scan was obtained for the site based on the 2016 condition of the dilapidated 
	33 34 
	buildings and this was supplemented by additional drone surveys undertaken to capture further internal 
	36 
	37 details. The laser scan data contained a full range of measurement data providing a minimum of 6mm 38 39 point spacing which provided an initial backdrop for geometric modelling. The modelling process from 
	41 laser scan (Figure 7) followed the processes highlighted in published scan to BIM projects. This 42 
	established workflow for the creation of heritage BIM has been proven in previous studies. (Laing et 44 
	43 

	al., 2015; Apollonio et al., 2017; Lopez et al., 2017). 
	46 47 48 49 
	51 52 53 54 
	56 57 58 59 
	3 4 6 7 8 9 11 12 13 14 16 17 18 19 21 
	1 2 
	22 23 Figure 7: Using Scan to BIM methodologies for geometric modelling existing building 24 
	26 27 Due to the degraded nature of the buildings and in order to develop full geometric models further 29 
	28 

	research was undertaken to supplement the laser scan data. Regional and national archives were 
	31 
	searched to find a wide range of information, which could support the modelling process. Architectural 
	32 

	33 
	plans and photographs, specifically showing the architecture of the buildings from the specified era, 
	34 

	36 
	were able to show some features which could then be used during the modelling process. This element 
	37 38 of the research process also identified a specific building which no longer existed (Boiler building no.1) 
	39 

	41 which was added to the site in the 1920's to meet expanding production on the site but had been 42 43 completely destroyed (Figure 8). Using this data, a 3D model was generated showing the detailed 44 
	construction and structure of the building fabric. 
	46 47 48 49 
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	1 2 
	Figure 8: Boiler House no.1 demolished due to 2004 fire damage created from planning drawings and 
	32 

	33 
	photographs 
	34 

	36 37 38 39 
	4.4 Implementing Intangible data into HBIM 
	4.4 Implementing Intangible data into HBIM 
	41 
	In order to capture intangible heritage data of the site whilst it was operational, a multi-faceted approach 
	42 

	43 
	was taken to data collection. In order to provide a base Level of Intangible Cultural Heritage (LOICH1), 
	44 

	46 
	a thorough desk study was undertaken of the history of the site including written accounts of working 
	47 

	48 
	practices, photographs and documents related to the operation of the building. It is recognised that 
	49 
	photographs could also be classified as contributing to the creation of tangible/geometric modelling. 
	51 

	52 53 However, for the purposes of this study they were also deemed as sources of intangible data. During its 54 
	operation, the site was one of the largest employers within the City and often several generations would 
	56 
	57 spend their entire working lives employed on the site. The working conditions, and nature of the 58 buildings, provided a range of intangible heritage, such as specific working practices, rituals and social 
	59 

	1 2 practices. Initially, a six-month data collection exercise was undertaken by members of the CoP, 
	3 

	4 
	capturing a range of intangible data about the site. Each piece was documented, named and stored in 
	6 7 
	the CDE as described in the HBEP. 
	8 9 
	11 12 
	In order to further develop the level of intangible data and create LOICH2 for the project, a qualitative 
	13 14 
	data collection approach was implemented as discussed previously. The unstructured interviews 
	16 
	17 provided participants with the opportunity to discuss all aspects of the building, its structure, operation, 18 19 the practices and the impact on the community (Labhart, 2017). The data was audio and video recorded 
	21 and the files were thematically analysed and categorised based on which building or part of the site was 22 
	being discussed and which Intangible Heritage Type the information aligned to. The files were then 24 
	23 

	divided into smaller media-bites and stories based on the location. 
	26 27 28 29 
	If these aspects of intangible data were connected to a building or the site, markers were used as place 
	31 32 
	holders to link the intangible data to the 3D geometric model (Figure 9). This concept is adapted from 
	33 34 
	the development of semantic information based ‘totems’ (Pärn and Edwards, 2017), which provide the 
	36 
	37 ability to geolocate information not connected to a specific geometric element within a BIM 38 39 environment. Whilst this previous work focused on COBie data and allowed the user to input data via 
	41 an API, the approach here utilised shared parameters to link to the external database held within the 42 
	CDE. Where data could be attributed to room objects created in the BIM authoring software or 44 
	43 

	individual geometric objects, Shared Parameters were generated and linked to each object within the 
	46 
	Revit file, ensuring consistency. 
	47 

	48 49 
	51 52 53 54 
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	31 
	32 Figure 9: Creating links between Tangible and Intangible data within the HBIM 33 34 
	36 
	37 In order to develop the link between the tangible and intangible data, the shared parameter facility 38 within Autodesk Revit was utilised (Figure 9). This methodology allowed for an extensible template 
	39 

	file to be created which can be reused on other HBIM projects. The individual shared parameters were 
	41 

	42 
	then attached to the project files and specifically the full range of object types within the Revit file. 
	43 

	44 
	Initially a Boolean based parameter was implemented to detect whether the object had intangible data 
	46 47 
	attached. This could then be used in downstream visualisation activities to highlight which objects 
	48 49 
	contained intangible heritage information. In addition, further text-based parameters held information 
	51 
	52 relating to a brief synopsis of any intangible data and the LOD used for the geometric modelling. URL 53 54 based parameters were implemented to hold a hyperlink to the intangible data stored on the CDE. 
	56 57 58 59 
	1 2 3 
	4.5 HBIM Presentation Mechanism 
	4 
	6 For the purpose of this study, the approach taken was to retain the ability to visualise the tangible and 7 8 intangible data within the ecosystem of traditional BIM software tools. As such Autodesk Navisworks 9 
	was implemented as the method to view the tangible and intangible heritage BIM data through a visual 
	11 
	interface. As the software tool provides the ability to view and interrogate non-graphical data within 13 
	12 

	the BIM database, it provides opportunity to access the intangible data through a geometric interface. 
	14 

	In order to undertake this aspect, the BIM data was analysed using the parameters attached to objects 
	16 

	17 18 
	in the BIM authoring tool. Using the parameter-based search tools within Navisworks, all objects that 
	19 

	had intangible data attached were selected and highlighted to differentiate them from other objects. 
	21 22 Using a freely available add-in tool (Properties+) a specific dialogue tool was implemented to show 24 
	23 

	only the intangible heritage data parameters when objects were selected or ‘clicked’. This presented the 
	26 27 user with hyperlinks to intangible data stored in the CDE, which was then launched in a new window 28 29 to allow viewing of the information (Figure 10). 
	31 32 33 34 
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	32 33 
	Figure 10: Visualising HBIM data within Autodesk Navisworks 
	34 
	36 37 38 
	39 5. Discussion and Future work 
	The study reported in this paper has implemented a collaborative based approach to develop a large 
	41 

	42 
	scale HBIM that bought together tangible and intangible heritage information. The ability to bring 
	43 

	44 
	together this full set of data surrounding a building could have significant consequences during any 
	46 47 48 renovation work undertaken during an adaption project. It can be seen from the review of literature that 49 
	much of the work relating to HBIM is focused on the technical development of models, and these often 
	51 
	52 report on the variative methods of modelling from laser scan data. Furthermore, many of the previous 53 54 studies report on the modelling of individual buildings or assets. This study went beyond this technical 
	approach to implement a collaborative process, aligned to the Level 2 BIM process to develop a full 57 
	56 

	HBIM incorporating tangible and intangible data. The definition of intangible heritage data, according 
	58 

	59 
	1 2 to UNESCO, is very board and so a level of flexibility is required to ensure the BIM data sets can 
	3 

	4 
	incorporate this. Very often HBIM will be required on projects where renovation works are due to take 
	6 7 
	place. In these cases, the value of the intangible data can be significant to both the design, construction 
	8 

	and facilities management teams. For the design teams it can give insight into the historic design 
	9 

	11 
	philosophy of the building and as such provide guidance to future interventions. For the construction 
	12 13 14 and asset management teams any intangible data can identify historic significance of elements of the 
	16 building which can influence construction methods and future maintenance schedules. 17 18 19 
	21 The use of a Common Data Environment to hold all information provides a scalable and flexible 22 
	approach for the management of data. Intangible heritage data is not something that has been formalised 24 
	23 

	in the context of HBIM generation, and this work has sought to bring about a broad structure to allow 
	26 27 
	this to be categorised. The development of the LOICH can be viewed as a parallel stream to the current 
	28 

	Level of Information for non-heritage BIM. Whilst it is acknowledged that this is a first step into 
	29 

	31 
	providing a definition, future work can help to further categorise this into a more robust approach to 
	32 33 identify and categorise intangible data. The issue relating to quality of intangible data sources can be 
	34 

	36 further explored aligned to opportunities for linking social media-based data into the HBIM for live and 37 38 on-going capture of intangible heritage data. 39 
	41 42 Successful digitization of cultural heritage information in HBIM requires a standard information format, 44 
	43 

	which is represented in the Industry Foundation Classes (IFC) for BIM. Current IFC format requires 
	46 
	expansion to incorporate quantitative and qualitative assets including connecting tangible and intangible 
	47 

	48 49 
	data and this is also an area of future research. 
	51 52 53 54 
	6. Conclusions 
	6. Conclusions 
	56 
	Existing literature demonstrates that within the BIM paradigm, Heritage BIM is a dedicated research 
	57 

	58 
	area that has gained substantial traction since the term was first used in in the first decade of the twenty-
	area that has gained substantial traction since the term was first used in in the first decade of the twenty-
	59 

	1 2 first century. There is a substantial amount of research bestowing the benefits of BIM based 
	3 


	4 
	technologies for the development of individual models of heritage buildings. There is, however, limited 
	6 7 
	work which discussed the use of a collaborative BIM process in the creation of HBIM. Furthermore, 
	8 

	there is a paucity of work which focuses on the integration of both tangible and intangible cultural 
	9 

	11 
	heritage information in a HBIM. For the purposes of the use of HBIM within renovation construction 
	12 13 14 projects, this combination of data could be useful to support a number of activities. It could be seen that 
	16 many of the HBIM examples previously reported are based on individual assets (or buildings) and as 17 18 such the use of the collaborative BIM process involving a development team is moot. Furthermore, it 19 
	could be argued intangible heritage data is often too ad-hoc to be incorporated into the HBIM and the 
	21 value of the data to the design, construction and asset management teams not fully appreciated. 23 24 
	22 

	26 27 
	The project reported in this paper implemented a multi method research methodology to develop a 
	28 

	distinct approach to the production of a HBIM. By undertaking the development of a HBIM of a multi 
	29 

	31 
	building, historic industrial site, a collaborative approach was undertaken and led to the development 
	32 33 of a neoteric HBEP which drew on knowledge from prevailing research and the knowledge of a 
	34 

	36 Community of Practice. Unlike more conventional BEP, the HBEP identified the need for both tangible 37 38 and intangible heritage data, and presented a method to structure this within a HBEP document. 39 
	Building on the intangible aspect of the data, the work proposed a method to define and categorise 
	41 
	intangible data within a BIM approach. The introduction of the concept of Level of Intangible Cultural 43 
	42 

	Heritage (LOICH) and an approach to implement a CDE to underpin the collaborative HBIM 
	44 

	development was key to this element. The development of tangible geometric data followed a well 
	46 

	47 
	described approach, however the collection of qualitative intangible data involved both interview and 
	48 

	49 
	focus groups methodologies. The data was then combined through the CDE to provide a holistic HBIM, 
	51 52 which can now be used by designers, contractors and the asset management team during the renovation 54 
	53 

	works undertaken on the site. 
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