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1. INTRODUCTION 

This dissertation investigates the applicability of Building Information Modelling (BIM) in 

heritage conservation practice. Although BIM technology has been widely adopted in the 

last decade by the Architecture, Engineering, and Construction industries (AEC), the 

integration of BIM strategies in historic building conservation is still open to debate. 

 

1.1. Research question 

As BIM refers both to a new philosophy for building design, construction and 

management, as well as the software tools developed to facilitate these processes, it 

became necessary to define the research question in two parts:  

1. Is BIM philosophy applicable in the field of heritage conservation?  

2. Is the currently available BIM technology able to meet the specific demands of 

conservation practice? 

 

This dissertation locates the research question within the framework contemporary 

practice, focusing on, but not restricted to, the AEC industry in the UK. 

 

1.2. Methodology 

A research methodology based on practice has been selected as most suitable in addressing 

the research question stated above. In order to develop an appropriate methodology for this 

dissertation, a number of relevant models of creative practice research have been reviewed, 

focusing on academic research at postgraduate level. The practice-led methodology that 

was eventually adopted is twofold: an extensive literature review provides the necessary 

technical and theoretical foundations; practical work situated in a professional practice 

environment applies this knowledge to a real-world problem. Several research methods and 
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techniques have been selected to support the core practice module, including archival 

research, interviews, site inspections, surveys, CAD drawing, and 3D modelling. A 

justification for the methodology is provided in section 4.2. 

 

1.3. Aims and objectives 

The overall aim of this dissertation is to increase awareness of the potential of BIM for 

heritage conservation in academic studios and professional practice. This aim includes 

target topics: 

a. the potential of BIM philosophy for heritage conservation;  

b. key limitations in the current use of BIM for cultural heritage conservation;  

c. the integration of digital survey techniques in a BIM workflow for conservation 

practice;  

d. proposal of an improved mixed-methods approach for the implementation of BIM 

in contemporary conservation practice;  

e. alternatives for optimising the use of BIM for historic buildings. 

 

In order to achieve the research aim stated above, three research objectives have been 

defined. 

1. The theoretical and technical foundations on BIM for heritage conservation will be 

presented through a review of existing knowledge in the field.  

2. This dissertation will establish a methodological framework for practice-based 

research in the field, which can be used as a basis for future research.  

3. The potential and current limitations of BIM for conservation practice will be 

shown through the development, application, and evaluation of BIM strategies for 

conservation in the environment of real-world practice.  
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1.4. Justification for research 

Although the origins of current BIM platforms can be traced back to the 1980s1, and the 

concept of 3D information modelling much earlier than that,2 interest in BIM has been 

increasing exponentially in the last few years. In the UK, in particular, the adoption of BIM 

technology is promoted by active government involvement;3 BIM is presented as a 

paradigm shift in computer-aided design and information technology for the AEC 

industries.4  BIM claims to offer a holistic approach for design and construction spanning 

the entire life-cycle of the building. A BIM model can incorporate information on 

geometry, spatial relationships, materials, structural and thermal performance, quantities, 

project management, and post-construction facilities management; thus, making BIM 

technology an all-around tool for the AEC industries.  

  

In the UK, the conservation sector is estimated to represent 42% of all activity in the AEC 

industry.5 Taking into account that BIM was developed specifically to aid in the design and 

construction of new buildings and despite active research on the adaptation of BIM strategies 

for existing buildings, there is still confusion as to the successful adoption of BIM 

technology in everyday conservation practice. This dissertation aims to contribute to the field 

by looking at BIM strategies from both the new-build and conservation industries and 

investigates ways in which they can be applied in practice for historic building conservation.  

 

                                                           
1 Charles Eastman, BIM Handbook: A Guide to Building Information Modeling for Owners, Managers, 

Designers, Engineers, and Contractors (Hoboken, N.J.: Wiley, 2008), 29; and Martin Simpson, "A 

Definition of BIM", The Structural Engineer 91, no. 11 (2013): 7. 
2 Douglas Englebart, Augmenting Human Intellect: A Conceptual Framework (Menlo Park, CA: Stanford 

Research Institute, 1962), 4. See appendix 3, p. 73. 
3 BIM is central in government strategies for the construction sector, aiming at reducing capital costs, increasing 

productivity, and lowering the carbon footprint. See “Construction 2025” (July 2013) and “Government 

Construction Strategy” (May 2011), documents available online www.official-documents.gov.uk. 
4 Richard Garber, BIM Design: Realising the Creative Potential of Building Information Modelling 

(Hichester, West Sussex, United Kingdom: Wiley, 2014), 25. 
5 Ingval Maxwell, Integrated Digital Technologies in Support of Historic Building Information Modelling: 

BIM4Conservation (HBIM) (COTAC, 2014), 14. 
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1.5. Summary of content 

This dissertation investigates the current state of knowledge on BIM in an extensive 

literature review in chapter 2, which establishes the theoretical and technical foundations of 

the field and looks at existing knowledge from both the new-build and conservation sectors. 

The literature review highlights the need for more dedicated research on the practical aspects 

of BIM for heritage and suggests practical research as a method for further investigation.   

 

Following the literature review, chapter 3 examines creative practice methodologies 

employed in academic research at postgraduate and doctoral levels in the UK and abroad. 

This review of existing methodologies was used as a basis for developing the research 

methodology of this dissertation, in accordance with the third research objective. 

 

Chapter 4 presents the core module of the research methodology, referred to as 

‘practicum’, which involved situated practical work under professional studio conditions in 

Summerhall, Edinburgh. In this chapter, following a justification of the research 

methodology employed for this dissertation, the results of practice are presented, including 

the BIM strategies developed in response to project conditions and goals, as well as an 

overview of practical work. In the end, these results are evaluated in relation to the wider 

theoretical and technical context provided by the literature review.  

 

The last chapter presents a discussion as to the success of the research methodology in 

relation to the particular research question, aim, and objectives. BIM for heritage 

conservation is a relatively new field of research and presents many opportunities for 

future investigation. In response to the research question, the dissertation concludes with a 

justification for the following argument: although BIM philosophy is ideally suitable for 

heritage purposes, BIM adoption in conservation practice is hindered by the current 

limitations of BIM software.  
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2. LITERATURE REVIEW 

2.1. Introduction 

ΒΙΜ is presented as the most recent ‘revolution’ in computer-aided design and information 

technology for the AEC industries. Growing adoption of BIM by the professional world 

within the last decade has been facilitated by the emergence of several new BIM-enabled 

software and complemented by increasing multi-disciplinary research activity at an 

international level. In the UK and abroad, rigorous, widely accessible research into BIM 

has only developed over the last few years, induced in part by active government and 

industry interest.6  

 

The literature review will present the state of knowledge on BIM in the new-build and the 

conservation sectors. This investigation will locate the key sources of information, identify 

the main issues and areas of interest addressed in the literature, and point out gaps in the 

knowledge and opportunities for further research. The purpose of this review is to provide 

the theoretical and technical foundations of the field as a basis for further work.  

 

 Notes on terminology 

The phrases ‘BIM for heritage’, ‘BIM for conservation’, ‘BIM for historic buildings’, and 

their variations are used interchangeably in the literature to denote the application of BIM 

in the heritage sector. In some publications, the terms ‘Historic Building Information 

Modelling’ or ‘HBIM’ are used for the same purpose.7 This appears to be slightly 

problematic, because HBIM originally referred to a specific method developed by M. 

                                                           
6 Academic interest has also increased in recent years. A number of UK universities are now offering 

postgraduate courses on BIM: searching for “BIM” MSc programmes on UCAS returned 23 different 

programmes. http://ukpass.prospects.ac.uk/pgsearch/ (accessed July 15, 2015).   
7 Most notably in the COTAC report, see Maxwell. 

http://ukpass.prospects.ac.uk/pgsearch/
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Murphy of the Dublin Institute of Technology.8 To avoid confusion, in this dissertation the 

term ‘HBIM’ will be used solely to refer to Murphy’s method; a new acronym, (H)BIM, is 

introduced as a generic reference to BIM applications in conservation.  

 

 Definition of BIM 

British standard PAS 1192-2:2013 defines Building Information Modelling (BIM) as "the 

process of designing, constructing or operating a building or infrastructure asset using 

electronic object-oriented information."9 Elsewhere, BIM is defined as “a digital 

representation of physical and functional characteristics of a facility. A BIM [model] is a 

shared knowledge resource for information about a facility forming a reliable basis for 

decisions during its life-cycle, defined as existing from earliest conception to 

demolition.”10 Regardless of the formal definition, most experts agree that BIM describes a 

process, rather than a specific software or even a digital object (model): BIM refers to a 

framework for “sharing structured information” between project stakeholders.11   

 

In technical terms, BIM can be described as object-based parametric modelling, a digital 

technology with origins in mechanical systems design.12 The modelling process involves 

the assembly of ‘intelligent’ parametric objects into a virtual representation of a building or 

facility. The use of parametric components, which “consist of geometric definitions and 

associated data and rules”, are central to BIM philosophy.13 Various types of information, 

                                                           
8 For more information regarding HBIM, see also section 2.3.3.3. 
9 PAS 1192-2:2013: Specification for information management for the capital/delivery phase of construction 

projects using building information modelling (London: BSI, 2013), 3.  
10 Definition by the American National Building Information Modelling Standard Project Committee, quoted 

in Maxwell, 7. 
11 Simpson, 6. 
12 Eastman, 29. For an overview of the development of BIM and its origins in the work of Douglas Englebart, 

see appendix 2. 
13 Eastman, 14. 
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including material properties, cost, structural and environmental performance, are 

integrated in a structured way within the building model, which constitutes a digital 

information system. It is therefore evident that BIM differs from CAD and 3D modelling 

software, which are mostly limited to the digital representation of geometric information. 

Richard Garber argues that in BIM emphasis is placed, not on visualisation, but rather on 

simulation. A BIM model, empowered by the information attached to building 

components, operates like a virtual diagram of how the actual building is expected to 

perform.14 In a way, BIM can turn geometric abstractions into concrete, constructible 

structures - in Garber's words, it turns the virtual into actual.15  

 

Building Information Modelling for cultural heritage, or (H)BIM, is a specialised area of 

research with links to several separate disciplines: conservation studies, computing for 

architecture and engineering, digital 3d modelling, informatics, surveying, geomatics, 

construction management, facilities management, cultural heritage documentation, 

architectural practice, and conservation practice. It would be impossible for research at 

postgraduate (MSc) level to detail all the main research topics. It is, therefore, necessary to 

focus on specific areas, while keeping in mind the broader epistemological context.

 

 Sources of information  

Due to the fast pace of development of BIM and the fields of digital modelling and digital 

heritage in general, the most up-to-date research is not, as a rule, found in printed books, 

but rather journals, periodicals, and most importantly online. Electronic content is being 

constantly updated to reflect the latest developments in the field. 

                                                           
14 Garber, 184. 
15 Ibid., 147. 
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1. Academic research 

Much of the existing knowledge on BIM and (H)BIM comes from academic research 

papers, published in peer-reviewed journals or presented in dedicated conferences and 

symposia.16 The majority of papers included in these publications are products of academic 

research (experimental, developmental, case studies), but there are also a few cases of 

independent researchers and professionals presenting examples from their own practice. 

These publications offer insights into a range of topics, from theoretical considerations, 

technical issues of heritage modelling, and case studies of conservation projects adopting 

BIM strategies—usually within an academic framework.  

 

2. Professional journals 

Professional journals, such as The Structural Engineer, have published articles or special 

issues on BIM.17 These usually differ from research papers published in academic journals, 

because they tend to focus on the application of BIM in everyday professional practice, 

present case studies, and discuss the practical limitations of currently available platforms. 

Experimental or developmental research is not often (or ever) part of the discourse in these 

publications. This gap between academic research and professional practice is identified as 

an obstacle for progress in the field. 

                                                           
16 Examples of relevant academic journals include: Automation in Construction; Journal of Information 

Technology in Construction;  International Journal of Architectural Computing; International Journal of 3-

D Information Modeling; Applied Geomatics; Engineering, Construction and Architectural Management; 

Journal of Preservation Technology, Journal of Building Information Modeling. Perhaps the most complete 

sources of information are the archives of the International Society for Photogrammetry and Remote Sensing 

(ISPRS), the CIPA symposia, and eCAADe (Education in Computer Aided Architectural Design in Europe) 

yearly conferences. CIPA symposia present the latest international developments on digital heritage research, 

which often discuss, or are relevant to, the topic of BIM for cultural heritage. CIPA and ISPRS archives are 

available online. For more information, see http://cipa.icomos.org/index.php?id=2, 

http://www.isprs.org/publications/archives.aspx, and http://www.ecaade.org/.   
17 Very few articles in professional journals refer to specifically (H)BIM or BIM for existing structures. Two of 

these appear in special BIM issue of The Structural Engineer. See Jim McNally, Rob McDonough, and Paul 

Brindle, "Manchester Town Hall Transformation Programme: The Use of BIM in a Major Heritage 

Refurbishment Project," The Structural Engineer 91, no. 11 (2013): 40-49; and Tony Bassett and Carl Brookes, 

"Working with Existing Structures in a Model Environment," The Structural Engineer 91, no. 11 (2013): 32-37. 

http://cipa.icomos.org/index.php?id=2
http://www.isprs.org/publications/archives.aspx
http://www.ecaade.org/
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3. Reports, codes, and standards 

Reports and policy documents constitute the third group of sources on BIM, which contain 

reviews of the adoption of BIM by the AEC industry, guidance on BIM and associated 

tools and techniques, and good practice standards. A BIM standard, titled Framework for 

Building Information Modelling (BIM) Guidance, is currently under development by BSI.18   

 

Presently, the most important official document for (H)BIM in the UK is the COTAC 

report on Integrating Digital Technologies in Support of Historic Building Information 

Modelling: BIM4Conservation (HBIM), published in April 2014.19 This publication 

presents a significant step in increasing awareness of BIM within the conservation sector.  

  

For the past 5 years, the NBS have been publishing a yearly National BIM Report, which 

investigates how UK building design professionals are adapting to the use of BIM.20 The 

NBS website also provides guidance, good practice standards, case studies, and tools for 

the successful implementation of BIM by the UK AEC industry. However, the NBS 

reports are not investigating BIM for historic buildings, or the conservation sector in 

general. In fact, there are currently no studies on the adoption of BIM specifically within 

the conservation sector: an omission that should be rectified with dedicated research.21 

                                                           
18 See PD ISO/TS 12911:2012: Framework for Building Information Modelling (BIM) Guidance (London: 

BSI, 2012). 
19 COTAC (Council on Training in Architectural Conservation) is a UK-wide organisation that works closely 

with the National Heritage Training Group, English Heritage, Historic Scotland, Cadw, the Northern Ireland 

Department of Environment, professional institutions and amenity societies. COTAC has organised two 

dedicated conferences on BIM and other digital technologies for historic buildings: The COTAC Conference 

2013: A Digital Future for Traditional Buildings, and COTAC Conference 2012: Past Caring? BIM and the 

refurbishment of older buildings. The results of these conferences are presented in Maxwell. See also 

http://www.cotac.org.uk/.  
20 Available at http://www.thenbs.com/topics/BIM/reports/index.asp.  
21 An MSc dissertation by Liam Donohoe, “Laser scan based BIM use for architectural conservation: a viable 

survey tool?,” University of Edinburgh (2013) included a questionnaire survey on BIM adoption by conservation-

accredited practices in Scotland. However, because of the low number of replies, the survey was inconclusive.  

http://www.cotac.org.uk/
http://www.thenbs.com/topics/BIM/reports/index.asp
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4. Other relevant research 

There are a number of research publications not directly related to BIM, which 

nevertheless can offer valuable insights into the (H)BIM process. Academic research on 

issues of cultural heritage, such as digital survey techniques, remote sensing, digital 

documentation, virtual heritage and heritage management are particularly important.   

 

Furthermore, it is worth considering the research output from sources not specifically linked 

to conservation. There are several dedicated BIM publications that concern themselves solely 

with issues surrounding the design, construction, and management of new buildings. These 

publications are still relevant for (H)BIM, since many of the issues identified and solutions 

proposed in the new-build sector are applicable in conservation projects.   

 

Finally, an interesting area of research, which is perhaps less accessible and, as such, often 

overlooked in relation to everyday BIM practice, is research into the creative use of BIM 

and parametric modelling. Publications such as the AD Primers present novel approaches 

for the implementation of BIM developed by some of the world’s most forward-thinking 

architecture practices.22 These approaches might not be directly transferrable to everyday 

conservation practice, due to their use of advanced modelling techniques and expensive 

software, but the lessons learned and shared by the international digital avant-garde can 

inform BIM practices across the AEC industries. 

 

  

                                                           
22 See Garber, and section 2.2.3.  
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 Main areas of research 

In this literature review, two main aspects of BIM, or ‘themes’, have been identified: 

 Building Information Modelling as a process (emphasis on "modelling"), focusing on 

issues such as collaboration, interoperability, information exchange, and the use of 

BIM to manage the entire building life-cycle (the cradle-to-grave sustainable 

philosophy); and 

 BIM as the "building information model", a representation of 3D geometric and non-

geometric information and its supporting documentation and specifications.23 

 

The distinction between the two is not always clear; however, most of the literature on 

BIM for the new-build sector seems to focus on BIM as a process and its related issues. On 

the other hand, research on BIM for heritage looks mostly at BIM as the model, 

concentrating on problems of geometric representation and the integration of 

heterogeneous datasets, including survey information, into the BIM model.  

 

Therefore, the literature review is divided in two parts:  

1. BIM for new design and construction, including examples from mainstream 

practice as well as the ‘digital avant-garde’;24 and  

2. BIM for heritage conservation, which includes a discussion on the integration 

of digital survey methods and a presentation of three key (H)BIM approaches. 

 

  

                                                           
23 For the distinction between model-ing as a process and the model as a digital object see definitions in 

Eastman, 267; also PD ISO/TS 12911:2012, 1. 
24 Mario Carpo, “Foreword”, in Garber, 12. 
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2.2. BIM for new-build projects  

 BIM as process 

The British Standard Framework for BIM Guidance defines ‘building information 

modelling’ as the “process of managing information related to the facilities and projects in 

order to coordinate multiple inputs and outputs, irrespective of specific implementations.”25 

Elsewhere in the literature, it is stated that “BIM is not about software, it is about the flow of 

information.”26 However, in practice such processes are not without problems: key issues 

include collaboration between consultants, information exchange formats and protocols, and 

interoperability between different BIM-enabled platforms.  

 

There seems to be a consensus in the literature that the adoption of BIM can—and should—

transform the established processes of design practice.27 Architecture and engineering firms, 

as well as construction companies and contractors, must plan for new BIM-enabled strategies 

for project delivery; a significant investment of time and resources is required. On the other 

hand, BIM technology has received criticism for its limitations as a tool for the design 

process; BIM has been perceived to constrain rather than enable the creative potential of 

modern design practices.28 This issue is almost completely overlooked in publications from 

mainstream practice, which focus on the success of BIM for facilitating collaboration and 

organising design and construction processes. The following section presents two prominent 

case studies that discuss the application of BIM in mainstream practice.29 The creative 

potential of BIM for the new-build industry is examined subsequently. 

                                                           
25 PD ISO/TS 12911:2012, 1. 
26 Simpson, 7.  
27 Dominik Holzer, "BIM's Seven Deadly Sins," International Journal of Architectural Computing 4, no. 9 

(2011): 475. 
28 Ibid., 468. 
29 These projects were presented in a special BIM issue of The Structural Engineer, written by members of 

the respective structural engineer teams responsible for BIM modelling.  
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 BIM in mainstream practice 

The first case study concerns HMYOI Cookham Wood facility in Kent, the first of four 

projects in the Ministry of Justice’s pilot “Early Adopter Programme” for the adoption of 

BIM Level 2, in accordance with the strategic goals set by the UK government.30 The main 

goal for the design team was to develop a “fully coordinated, multi-discipline federated 3D 

model.”31 The article focuses on how BIM influenced—even completely changed—the design 

and construction process, by forcing different paths for communication and inter-disciplinary 

collaboration. Issues such as the specification of deliverables, future use and ownership of BIM 

models, methods of data transfer, and data standards were included in early strategic 

discussions. The early definition of “BIM fundamentals” led to the development of a ‘BIM 

Execution Plan’, which the authors consider a key document for any BIM project.32   

 

Similar issues regarding inter-disciplinary collaboration and the management of increased 

volumes of information within a BIM workflow are discussed in the second case study: the 

refurbishment project of Manchester Central Library and Town Hall extension.33 

Although this project involved a historic building of great heritage value, the discussion rarely 

relates to the heritage aspects of the project. The article focuses mostly on how the use of 

BIM facilitated the collaboration of different consultants on the project and its benefits in 

terms of cost and scheduling improvements. Finally, in this project, as well as at Cookham 

Wood, the client—Manchester City Council and Ministry of Defence respectively—were 

instrumental in urging for the use of BIM from the early stages of the project until potentially 

post-construction.  

                                                           
30 The “Early Adopter Programme” is part of the MoJ’s plan to meet the 2016 goal set by the government for BIM 

Level 2 implementation in all public sector projects. See “Government Construction Strategy” (May 2011). On 

BIM maturity levels, see diagram in appendix 3. David Glennon and Allan Brown, "HMYOI Cookham Wood: 

The First Government Scheme Adoption of BIM Level 2," The Structural Engineer 91, no. 11 (2013): 12.  
31 Ibid., 13. 
32 Ibid., 13. This document (BEP) is a central concept in PAS 1192:2013. 
33 McNally, McDonough, and Brindle, 40.  
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Both case studies are very similar in their approach and point-of-view regarding BIM as a 

collaborative, inter-disciplinary process for design and construction. The key issues of 

collaboration and interoperability are further discussed below.  

 

Collaboration is a central concept of BIM philosophy: the ability to facilitate the sharing 

of information between the members of a design team in a structured and controlled way is 

one of the key requirements of any BIM platform. Nowadays, most BIM software allow 

for collaboration of multiple users simultaneously on the same model; changes made in the 

central model are automatically updated and viewed by all users. This reduces the 

probability of serious mistakes during the design phase, which results in increased 

productivity and reduced costs during the construction phase.  

 

However, a single BIM platform cannot solve every aspect of a design or construction project. 

Most practices that use BIM have established more or less complex workflows that include 

several interrelated software tools. Dominic Holzer describes such systems as 'digital 

ecologies' or 'digital software ecologies'.34  The success of digital ecologies, and by extent BIM 

workflows, depends on interoperability—the meaningful exchange of data between different 

software platforms.35 Due to programming constraints, the way software describe or encode 

geometry differs between platforms, therefore requiring a process of 'translation'.  Currently, 

there are important obstacles in a seamless transition between platforms, which make a 

functional digital ecology very difficult to achieve with most commercially available software. 

The IFC standard is an attempt to address these issues, but it has not been entirely successful 

up until now.  

                                                           
34 Holzer, 469. 
35 The term interoperability is used to describe “issues relating to the flow of information and the ease with 

which information from one software can be used and interpreted by another.” Simpson, 7. 
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 Creative use of BIM 

Following the investigation into BIM adoption in new-build mainstream practice, this 

section of the literature review investigates the potential of BIM as a design tool. 

Contributions to the topic originate in the field of avant-garde architecture and design, 

which seems worlds apart from conventional conservation practice. However, the lessons 

learnt by the ‘digital elite’ can be useful in informing practice for the entire AEC industry.  

 

Garber’s BIM Design: Realising the Creative Potential of Building Information Modelling 

(AD SMART02) is an important publication, as it constitutes one of the few comprehensive 

sources that shift the focus of BIM away from the strictly 'managerial' approach to issues of 

creativity and modern design culture. BIM, or rather common BIM practices, have been 

criticised as being an impediment for design, particularly in the early stages of a project.36 

Creative freedom is believed to be restricted by the limitations of BIM components and pre-

installed component libraries: the open-ended, iterative design process is confined to the 

choice and assembly of pieces out of a catalogue. Instead, this book is unique because it 

consistently addresses BIM as a creative tool and places BIM at the core of creative processes.  

 

In order to use BIM as a creative tool, Garber advocates the creation of custom content by 

designers in order to support their design intent with customised material and take control 

over the design process, rather than relying on the inevitably limited libraries included in 

most software packages.37 This argument is supported by a number of case studies, where 

innovative use of BIM software is incorporated into modern a design culture. Such 

methods can be applicable in conservation, as historic building construction does not 

conform to modern standards and, by extent, standard BIM libraries.  

                                                           
36 Holzer, 468. 
37 Garber, 26. 
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2.3. (H)BIM: BIM for heritage conservation  

 BIM as the information model 

Following the discussion of BIM as process, this section examines BIM as a shared system 

of building information, which includes both geometric and non-geometric information.38 

Building components (walls, doors, windows, furnishings) are represented geometrically 

with the required level of detail both in 2D and 3D interconnected views. Non-geometric 

information is also represented in the model: materials, colour, cost, model and 

manufacturer data, etc. This is particularly important in the field of cultural heritage, where 

non-geometric information can include both tangible and intangible values Each BIM 

platform has a set of different types of information (attributes) pre-programmed in the 

software, but new properties can easily be added in accordance with specific project needs. 

All this information is structured and object-oriented, namely information is always linked 

to the building element it logically refers to.  

 

 Digital survey methods 

Regarding geometric information, the COTAC report highlights the initial input of survey 

data as crucial to the success of a conservation project.39 The quality of the intervention 

depends to a certain degree on the quality of the survey—as seen in the Manchester 

Library project.40 Modern technology offers a variety of digital survey techniques for fast, 

reliable, and highly-accurate collection of data. This is a vast field of research, with 

                                                           
38 A ‘building information model’ is defined as “shared digital representation of physical and functional 

characteristics of any built object, including buildings, bridges, roads, process plant”. PD ISO/TS 12911:2012, 

1. The information model “comprises of three parts: documentation, non-graphical information and graphical 

information.” PAS 1192-2:2013, 48. 
39 The COTAC report goes as far as to redefine the role of BIM in the life-cycle of a building based on the 

role of early survey data, by adapting the CIC BIM life-cycle diagram to suit conservation projects. Maxwell, 

13. See appendix 3. 
40 The integration of highly accurate point cloud data was instrumental for the success of the digital 

fabrication process followed for manufacturing the ceiling panels. McNally, McDonough, and Brindle, 44. 
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contributions by classical topography and modern digital methods; it would be impossible 

to cover modern survey techniques in the limited space provided here. An overview of the 

most relevant techniques and their limitations are presented in the following sections: 

1) Laser scanning 

2) Photogrammetry and image-based techniques 

3) Integration of point clouds in BIM models 

4) A hybrid point cloud / BIM approach. 

 

2.3.2.1. Laser scanning: problems and limitations 

Laser scanning is a fast, reliable, non-contact survey technique, which is becoming 

increasingly popular for heritage documentation.41 Laser scanners capture spatial geometry 

by sweeping a laser beam in a grid fashion over the target areas and then calculating the 

relative position of each point where the beam reflects on a surface. Modern scanners can 

capture thousands or even up to a million points per second,42 with a very high degree of 

accuracy. These points constitute what is referred to as a ‘point cloud’ (fig.  1); information 

on 3D position (x, y, z coordinates), colour (RGB value), and laser intensity can be stored 

in simple ASCII files or inserted in specialised software for further processing. (fig.  2) 

The final point cloud can be stored as a record of as-built geometry or used for the 

production of deliverables: 2D drawings, 3D models, BIM, 3D and 4D visualisations.43  

                                                           
41 Valuable information on laser scanning, on-site problems, equipment, and processing of point cloud data 

was provided by members of Historic Scotland’s Digital Documentation Group, during a site survey in 

Edinburgh Castle. See appendix 11. 
42 The ScanStation P30 and P40 models by Leica can capture up to 1 million points per second. See 

http://www.leica-geosystems.us/en/Leica-ScanStation-P30-P40_106396.htm (accessed July 16, 2015).  
43 E. Christofori and J. Bierwagen, "Recording Cultural Heritage Using Terrestrial Laser Scanning," ISPRS XL-

5/W2 (2013): 184. This article offers a succinct overview of key practical issues faced by professionals who work 

with TLS.  
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Fig.  1: Stirling Castle, Palace South Façade scan shot. Example of 3D visualisation of point cloud captured through laser 

scanning. Stirling Castle, Palace South Façade scan shot. Historic Scotland and the Digital Design Studio at Glasgow 

School of Art, 2009. Source: http://cyark.org/. 

 

Fig.  2: Sample point cloud dataset, including 3D coordinated, RGB colour values and laser intensity. Source: Christofori 

and Bierwagen, 184. 

Some of the issues with using laser scan data are inherent in the nature of the survey 

process: Christofori and Bierwagen identify the huge point cloud datasets as the main 

problem of laser scanning.44 The sheer volume of laser scan data can make their use 

prohibitive due to hardware and software limitations: many 3D modelling software either 

cannot incorporate large point clouds or their insertion results in prohibitively long 

processing and scene reconstruction times. According to most research papers, TLS 

technology is currently at a peak;45 however, there is not a single software solution for 

processing point cloud data and producing the required deliverables, which becomes a highly 

complex process involving a multitude of different applications and skills. 

                                                           
44 Christofori and Bierwagen, 186. 
45 Ibid., 189. 



26 

 

2.3.2.2. Photogrammetry and image-based techniques 

Classical photogrammetry is a non-contact survey technique that allows the extraction of 

accurate 3D geometric data from a set of photographs. It is widely used by surveyors for 

heritage documentation applications, as it produces highly accurate and visually detailed 

geometric data; disadvantages include the need for expensive photographic equipment and 

specialised software.  

 

However, in the last few years, a new method for capturing 3D geometry has emerged 

based on photogrammetric and computer vision techniques.  ‘Structure from Motion’ 

(SfM) is a low-cost and user-friendly process which can be easily applied by non-experts 

for the documentation and recording of objects of different scales (artefacts, architectural 

fragments, entire buildings). Unlike traditional photogrammetry, which requires the 

accurate 3D positioning of cameras or a large number of ground control points (GPC), SfM 

software resolve camera positions and recreate the 3D geometry of a scene by identifying 

matching features in several images of the same object, taken from varying angles.46 The 

results can be presented as point clouds or 3D mesh objects. However, image processing is 

carried out in an automatic or semi-automatic way: most SfM software operate as ‘black 

boxes’,47 where the user has little or no knowledge or influence over the process. This 

makes such applications much easier to use, but only at the cost of losing control over the 

process; a reliable assessment of metric accuracy is impossible to achieve with common 

SfM software. Therefore, these techniques must be used with extreme caution: although 

                                                           
46 M. Westoby et al., "‘Structure-from-Motion’ Photogrammetry: A Low-cost, Effective Tool for Geoscience 

Applications," Geomorphology 179 (2012): 300. 
47 C. Santagati, L. Inzerillo and F. Di Paola, "Image-Based Modeling Techniques for Architectural Heritage 

3D Digitalization: Limits and Potentialities," ISPRS XL-5-W2 (2013): 555-60. 
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image-based modelling can be valuable for heritage documentation, it can in no way 

substitute a properly controlled survey carried out by qualified professionals.48 

 

2.3.2.3. From point cloud to BIM  

It is apparent, both from the COTAC report and a great number of other sources,49 that, 

while survey techniques become rapidly more efficient, accurate, fast, and easy-to-use, 

architectural modelling tools, and particularly BIM platforms, are not providing adequate 

solutions for the seamless integration of survey data in building information models. 

Although some software, such as Autodesk Recap, facilitate the insertion of point clouds into 

CAD and BIM platforms, a time-consuming and labour-intensive process of manual 3D 

modelling is still necessary in order to convert survey data into native BIM geometry. This 

results in an overall inefficient BIM workflow. Although there is significant research interest 

into this area, it seems that a fast, reliable technique for converting survey data into a fully 

functional, semantically-enriched building information model is yet to be determined.50   

 

2.3.2.4. Hybrid BIM models   

An alternative approach for the inclusion of point cloud data into BIM models is proposed 

by Bassett and Brookes, which does not involve modelling the existing structure, as 

previously suggested. The as-built model of the building consists of the point cloud itself, 

while proposed interventions alone can be modelled using parametric BIM families. The 

                                                           
48 In digital photogrammetry, as with all surveying techniques, accuracy can be calculated mathematically by 

the specialised surveyor operating the software. Such calculations are usually impossible with SfM software, 

where processes are not transparent. Moreover, it is the surveyor’s responsibility to design the survey 

according to the object and the tolerances specified; conservation professionals of other disciplines are not 

qualified to perform such calculations, which results in surveys of unknown quality. This author is grateful to 

Dr.-Ing. Antonios Antonopoulos, Surveying Engineer, for his professional opinion regarding the various 

surveying techniques presented in this section.  
49 See ISPRS, CIPA conferences, and other specialised publications on geomatics, in bibliography. 
50 For an overview of techniques for obtaining a BIM model from point cloud data, see N. Hichri et al., 

"From Point Cloud to BIM: A Survey of Existing Approaches," ISPRS XL-5/W2 (2013): 343-348. 
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hybrid (point cloud and BIM) model provides a quick way to perform basic interference 

checks between proposed solutions and the existing fabric and create compelling 

visualisations at early design stages.51  However, with this method, the existing structure is 

not truly part of the intelligent BIM model—it carries no information other than geometric: 

the point cloud is used simply "a backdrop for BIM".52 

 

 (H)BIM approaches 

As mentioned in the previous section, BIM allows the representation of both geometric and 

non-geometric information in a single model, including both tangible and intangible values. 

Properties, such as significance and authenticity, can be included in a BIM model, referenced 

to specific elements. These include building components (walls, windows, roofs, etc) and also 

spaces: rooms are explicitly defined in BIM and can be associated with specific kinds of data 

(pre-defined or custom) such as use, occupant, accessibility, significance, and others. This 

creates the potential for enhancing the geometric model with a vast array of structured 

information (including historical documents, photographs, and any other kind of digital file), 

thereby treating BIM as a central hub for all information relating to a heritage asset.53  

 

There are a number of publications and research projects that deal with the implementation 

of BIM for the documentation of cultural heritage. Key issues include the need for multi-

disciplinary coordination, inclusion of heterogeneous data, geometric interoperability, and 

data-transfer protocols. There is also significant research output on experimental methods, 

software development, and novel applications of commercially available software tools. The 

following section presents a number of key articles and case studies.  

                                                           
51 Bassett and Brookes, 35. 
52 Ibid., 33. 
53 A similar view was expressed by Dr. Vajira Premadasa, Major Projects Team, Historic Scotland, during an 

interview on February 06, 2015, discussing the adoption of BIM by Historic Scotland, see appendix 10. 
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2.3.3.1. Architectural Information Modelling 

‘Architectural Information Modelling’ (AIM), a BIM-based approach for heritage 

applications is proposed in Pauwels et al. This method provides a framework for the 

inclusion of more abstract, theoretical, or historical knowledge for documentation and 

virtual heritage purposes, rather than the strictly construction-oriented building 

components of regular BIM. In AIM, the model contains two kinds of information: 

concrete geometric information and explicit research material; and abstract or implicit 

information.54 In this way, the model becomes a central hub for all available information 

and documentation.  

 

The modelling process is of particular interest, as it begins with an abstract spatial structure 

of interconnected volumes, which is then populated with building elements (walls, floors, 

etc) to create the full model. Information is added gradually, as research progresses, 

appended to the appropriate elements—spaces or components. In this way, the BIM model 

is allowed to grow ‘organically’ and mature as the project develops. The modelling 

strategy could be successful in circumventing a key problem with BIM software: the lack 

of ambiguity or ‘fuzziness’, which is inherent in early design phases or, in the case of 

existing structures, caused by lack of sufficient survey data.55 

 

Finally, an important feature of AIM is the ability to conduct a time-based analysis of the 

model. Information regarding the phases of development (the date or period of each 

element) can be incorporated in the model and viewed in one comprehensive timeline.  

                                                           
54 Pauwels et al., 2.  
55 The difficulty in managing the transition from ‘fuzzy’ early design models (sketches) to full BIM 

assemblies of construction-specific building components s highlighted in Holzer, 468 and Coates et al., “The 

limitations of BIM in the architectural process” (Hong Kong, China: ICSU, 2010).  
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This function is available in current BIM platforms and could be particularly useful for 

documentation, heritage reports, and conservation plans. 56  

 

2.3.3.2. BIM and heritage documentation 

An importance case study on the application of BIM for heritage documentation is the 

Batawa project: a BIM model was created for use as a digital archive to aid with the 

conservation and planned redevelopment of 600 hectares of land including the historic 

factory town of Batawa, Canada.57 The project focuses on the integration of multi-scale 

heterogeneous datasets—ranging from topographic to construction detail level—into a 

single BIM model. This case study presents similarities with Pauwels et al., in the diversity 

of data types included and the importance of time-based representation.58 Regarding the 

modelling process, the authors state that “the existing workflows for leveraging point cloud 

data towards BIM is still in its infancy.”59 For this reason, although 3D laser scan data 

were available, the BIM model for each building was based on archival drawings, while 

site inspections, photographs, and the point cloud itself were used to assure the accuracy of 

the model.60  

                                                           
56 The BIM platform used in this article is Autodesk’s Revit 2008, which includes the “Phases” tool, present in 

all subsequent versions of Revit. In fact, a comparison of Revit Phases and ArchiCAD’s similar “Renovation 

Filter” revealed the superiority of the former: Revit Phases are detailed and fully customisable. One case study 

that employed ArchiCAD Renovation filter for time-based organisation of building features is S. Boeykens, C. 

Himpe, and B. Martens, “A case study of using BIM in Historical Reconstruction. The Vinohrady synagogue in 

Prague,” in Proceedings of the 30th International Conference on Education and Research in Computing Aided 

Architectural Design in Europe, Prague, Czech Republic (Prague: eCAADe, 2012). 
57 Batawa is a small town in South-eastern Ontario with industrial heritage value. It was a planned 

community for the Bata Shoe Company factory, which opened in 1939. The case study is presented in Fai et 

al., “Building Information Modelling and Heritage Documentation” (paper presented in the XXIII CIPA 

Symposium - Prague, Czech Republic - 12/16 September 2011).  
58 In Fai et al., this was done in Autodesk’s Navisworks, a BIM-enabled project management software tool. 

The use of multiple inter-related platforms constitutes a ‘digital ecology’, as mentioned previously.  
59 Fai et al., 4.  
60 This approach was informed by previous work presented in Attar et al., "210 King Street: A Dataset for 

Integrated Performance Assessment," in Proceedings of the 2010 Spring Simulation Multiconference: 11-15 

April, Orlando, FL, USA, 2010, 27-30. A similar modelling approach is presented in M. Del Giudice and A. 

Osello, "BIM for Cultural Heritage," ISPRS XL-5/W2 (2013): 225-29. 
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There seems to be a consensus in the literature that, although point cloud data are a 

valuable source of highly accurate geometric data, there does not exist at present an 

efficient way to model within a 3D BIM environment directly on point cloud data—using 

commercially available platforms, without need for scripting and custom plug-ins. Some 

answers are provided by experimental methods and research into software development for 

automatic or semi-automatic generation of BIM from digital survey data; one of these is 

examined below. 

 

2.3.3.3. HBIM 

Historic Building Information Modelling (HBIM) is a novel approach for creating intelligent 

3D models of historic buildings by integrating historic architectural information and digital 

survey data. This method is the result of original research carried out at the Dublin Institute 

of Technology and has been presented in several papers co-authored by Maurice Murphy.61 

The core of HBIM is a parametric library of historic building elements, based on the rules of 

classical architecture and 19th century pattern books and supported by a method for mapping 

these objects onto meshes constructed from point cloud data. The method is based on 

Graphisoft’s ArchiCAD BIM platform and was developed using GDL scripting.  

 

Published research on HBIM includes implementation of the process on neo-classical 

buildings. Although successful in expediting BIM modelling, this reverse-engineering 

process has certain shortfalls: its application may be limited to certain architectural styles, 

due the irregularity and non-uniformity of many types of historic structures. The use of 

parametric elements may be useful for modelling (neo-)classical architecture, which 

                                                           
61 Maurice Murphy, "Historic Building Information Modelling (HBIM) For Recording and Documenting 

Classical Architecture in Dublin 1700 to 1830" (PhD diss., Trinity College Dublin, 2012). Also Connor Dore 

and Maurice Murphy, "Integration of HBIM and 3D GIS for Digital Heritage Modelling" (paper presented in 

the Digital Documentation Conference, Edinburgh, 2012). For full list of articles, see bibliography. 



32 

 

adheres to a strict architectural vocabulary, but would be less successful with medieval or 

vernacular historic types, which typically include random irregular forms.  

 

Moreover, the use of standardised parametric building elements cannot accommodate 

random deformations and defects in the historic fabric, which are particularly significant for 

conservation work. This point is raised by Christofori and Bierwagen, who note: “Creating 

models in that kind of direction [BIM] has to have in mind the current restrictions on 

creating the individual parts of the object with true deformation. Not all things can be shown 

absolutely correctly right now with the current BIM tools.”62 It can be argued that this is a 

limitation of most research proposing automatic production of BIM models from survey 

data: the attempt to form a standard mathematic description of structures that are inherently 

irregular, using geometric (parametric) rules, is highly problematic.   

 

Finally, most point cloud to BIM approaches accept the compromise that the point cloud 

remains the primary source of accurate as-built information.63 This must also happen in 

HBIM, where the accuracy of the final model cannot be calculated in relation to the 

original digital survey data, due to the manual process of adjustment for achieving optimal 

alignment. Even more inaccuracies are entered in the BIM model due to the use of ideal 

architectural types to fit real-world situations. However, this approach is valuable, because 

it allows for fully intelligent architectural elements to be composed quickly into a historic 

building model. The accuracy of the final model is a point of debate; as the method stands 

now, accuracy is left at the discretion of the modeller.  

 

                                                           
62 Christofori and Bierwagen, 185. 
63 This point was suggested by V. Premadasa, appendix 10. 
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2.3.3.4. Automatic generation of BIM 

Automatic generation of BIM from digital survey data is a new fast-developing field of 

research; Murphy’s work is perhaps the most widely publicised. 64 Although very 

promising, experimental ‘point cloud to BIM’ techniques are still very far from 

commercial application. Their use depends very much on programming and scripting 

knowledge, which is unattainable for most heritage professionals. On the other hand, 

inclusion of non-geometric information can be achieved in relatively simple ways using 

currently available BIM software. The following section presents the overall conclusions 

drawn through the evaluation of existing literature, as examined in this chapter.  

 

 

  

                                                           
64 Other experimental methods worth looking at, but outside the remit of this dissertation are Luca De Livio, 

"Methods, formalisms and tools for the semantic-based surveying and representation of architectural 

heritage," Applied Geomatics (2012): 1-25; Yusuf Arayici, "Towards building information modelling for 

existing structures," Structural Survey 26, no. 3 (2008): 210 – 222; Simone Garagnani, Building Information 

Modeling and Real World Knowledge: A Methodological Approach to Accurate Semantic Documentation 

for the Built Environment,” in Digital Heritage Conference, Oct. 28 2013-Nov. 1 2013, Marseille (IEEE, 

2013), 489-496. 
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2.4. Conclusions  

Based on the literature on BIM for the new-build sector, and in particular the case studies 

examined in section 2.2.2, it becomes apparent that BIM strategies can leverage 

considerable advantages for large and complex building projects, from the early planning 

stages until post-construction. This is applicable to both the new-build and the 

conservation sectors; judging by the success of the Manchester City Library project. The 

low percentage of (H)BIM case studies in professional journals suggests that the 

conservation sector is more resistant to the adoption of BIM than the rest of the AEC 

industry. It is unclear whether that is due to the limitations of BIM software or rather a 

symptom of a ‘conservative’ approach to new technologies in conservation practice. 

 

Some innovative BIM strategies are presented in Garber’s book and other similar 

publications;65 these projects belong in the world of international avant-garde design and 

include the most technologically advanced solutions to creative problems in current 

professional practice. Garber, in particular, seems to take for granted the ease and expertise 

of practitioners with advanced digital technologies and the availability of high-end 

software solutions. This is certainly not a representative sample of the AEC industry in any 

country. Even so, the intricate digital ecologies that sustain the creative use of BIM in 

digitally advanced or experimental projects can be of interest to conservation professionals. 

BIM strategies developed by the avant-garde could be potentially adapted as models for 

practice in heritage-related projects.   

  

In the field of conservation, the advantages of using modern digital survey techniques, such 

as laser scanning and photogrammetry, are well documented in the literature: accurate and 

                                                           
65 Mark Burry, Scripting Cultures: Architectural Design and Programming (Chichester, UK: Wiley, 2011), 248 



35 

 

detailed data can be provided by fast, non-contact methods. On the other hand, digital survey 

data can be difficult to work with due to the volume of information, cost (of appropriate 

software and training, and difficulty in integrating point cloud data in current BIM platforms. 

While surveyors and other specialists continue to improve techniques for data capture and 

are able to produce fast, accurate, and reliable survey data, the methods for integrating that 

data in BIM processes need to be further developed, possibly through collaboration betweern 

software designers and conservation professionals of various disciplines.  

 

Furthermore, in an area traditionally dominated by surveyors, a new trend has been 

identified in the literature for low-cost documentation techniques targeted at the non-

expert. Semi-automatic image-based techniques are being used as a fast, inexpensive 

solution for heritage documentation, and even laser scanners are being promoted by 

suppliers as all-around tools for everyday use.66 Most experts though seem to agree that 

these techniques must be applied with caution, and could never supplant proper survey 

methods, applied by qualified professionals.67  

 

Regarding BIM strategies for heritage conservation, it has become apparent from the 

review of relevant approaches that a lot of research remains to be undertaken in order to 

formulate a holistic approach to heritage conservation using BIM technology. As Pauwels 

et al. and Fai et al. demonstrated, the BIM framework is uniquely suitable for collecting, 

organising, and presenting heterogeneous data, which is particularly important for 

conservation-related projects. The currently available BIM platforms, however, created for 

                                                           
66 Christophori and Bierwagen, 183. 
67 “TLS Systems still have to be regarded as Survey Equipment that have to be used having survey standards, 

setups and workflows in mind as well as the individual Object and its surrounding and the purpose the 

Laserscan is made for!” Christofori and Bierwagen, 184.  
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the new-build construction and management industry, seem ill-suited to address the 

particular issues involved in handling historic buildings, and particularly their irregular 

geometries, forcing practitioners into the time-consuming process of working around the 

shortcomings of the technology available to them. Research into this area is promising, but 

it is not yet clear to what extent it can offer a viable approach for conservation. 

 

In conclusion, the literature review has demonstrated categorically that research founded 

on practice is the only way to engage with the subject at hand and the particular research 

question: the applicability of BIM in conservation.68 This is evidenced by the large number 

of research papers structured around a case study or project.69 Action-oriented, situated 

research places the researcher in a real-world situation where they are required to respond 

to practical, rather than theoretical, problems. Research is shaped by practical constraints, 

resources, and limitations: software availability and expertise, time, cost, availability of 

archival material and historical information, access to survey equipment and techniques. 

These issues are critical to the success of BIM in practice and cannot be successfully 

investigated in a theoretical setting.70 As the first step in establishing a practice-based 

methodology for this dissertation, a review of creative practice methodologies in academic 

research is conducted in the following chapter. 

  

 

                                                           
68 Specifically, this is true for the second part of the question: the suitability of current BIM software for 

conservation practice.  
69 Examples include Fai et al., Pauwels et al., Attar et al., as well as numerous papers on HBIM co-authored 

by Murphy. This type of research paper is rather common in the field of (H)BIM. For full list of sources, see 

bibliography.  
70 The difference between conducting an experiment (including the design, construction, and use of 

apparatus) and deriving knowledge from archives in Peter Galison, Image and Logic: A Material Culture of 

Microphysics (Chicago: University of Chicago Press, 1997), 2. 
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3. REVIEW OF CREATIVE PRACTICE METHODOLOGIES 

The conclusions drawn from the literature review suggest practice-based research as the 

recommended methodology for this dissertation. Consequently, this chapter investigates 

existing creative practice methodologies employed in academic research at postgraduate 

and doctoral levels in the UK and abroad.71 It also presents some of the arguments 

surrounding these methodologies in the fields of art, design, and architecture (ADA). The 

purpose of the review is to inform the methodological approach adopted in this 

dissertation, which is developed in chapter 4, according to the particularities of the project.  

 

3.1. Terminology 

There seems to be significant confusion surrounding the terminology and regulations 

governing the relationship of practice and research in the academic disciplines of art, 

design, and architecture (ADA). Some clarifications on terminology are offered by 

Nieddeder and Roworth-Stokes, who carry out a systematic investigation into the terms 

used for different types of creative practice in art and design research, such as “practice-

based research”, “design-based research”, “reflective practice”, and others.72  

                                                           
71 The sources on creative practice at postgraduate (Masters) level are few, other than descriptions of courses 

on offer from various universities. A reference guide on creative practice methods is available on the ECA 

website (https://ecaace.wordpress.com/creative-practice-referencesresources-2006/, accessed July 26, 2015). 

As mentioned on the website, the list of resources is mainly targeted at Creative Practice PhDs, but may be 

useful for postgraduate students who are using practical and creative PhD models. Similarly, a paper 

proposing a model for postgraduate practice-based research from James Cook University, Australia, also 

focuses on PhD research. See D. Davis, "A Working Model for Postgraduate Practice Based Research across 

the Creative Arts," in Proceedings of the 3rd Doctoral Education in Design Conference (DED3), October 14-

17, Tsukuba, Japan (2003), 15-24. 
72 The authors define research on one end of the spectrum as “the systematic inquiry to the end of gaining 

new knowledge”, while on the other end practice is used to refer to “professional practice (in art, design, etc.) 

or to processes usually used in professional and creative practice to produce work for any purpose other than 

the (deliberate) acquisition of knowledge”. For a full list of related terms, see Kristina Niedderer and 

Seymour Roworth-Stokes, “The Role and Use of Creative Practice in Research and its Contribution to 

Knowledge,” in Proceedings of the IASDR International Conference 2007, ed. S. Poggenpohl (Hong Kong: 

IASDR and Hong Kong Polytechnic University, 2007), 6. 
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Prior to the Research Assessment Exercise (RAE) in 1992, the Art & Design departments 

of UK academic institutions undertook both research and practice: these pursuits were 

separate, with research being conducted within the humanities tradition and practice more 

oriented to professional activity.73 After 1992, the use of practice within academic research 

was legitimised,74 resulting in the adoption of a host of related terms to define practices 

covering the entire spectrum between practice and research activities. In the following 

sections, a number of methods of creative practice research will be examined, in particular 

Frayling’s model of research in art and design and a model for practice-led research.     

 

3.2. A model for creative practice research  

This section examines the three-part model of creative practice research proposed by 

Frayling, probably the most frequently cited and accessible work on creative research 

methodologies.75 Frayling proposes a strong defence of practice, pointing out that the 

tension between practice and research in art and design is based on an artificial antithesis: 

“Research is a practice, writing is a practice, doing science is a practice, doing design is a 

practice, making art is a practice.”76  

 

By adapting Read's model of education through art, Frayling distinguishes between three 

main categories of research in art and design: 77 

 Research INTO art and design, which involves historical, aesthetic or perceptual, and 

theoretical research in art, following traditional research paradigms (art history research). 

                                                           
73 Ibid., 5. For the effects of RAE on creative practice research, see Judith Mottram, Chris Rust, and Jeremy Till, 

AHRC Research Review: Practice-Led Research in Art, Design and Architecture, November 2007, 17. 
74 Niedderer and Roworth-Stokes, 5. 
75 Mottram, Rust, and Till, 11. 
76 Christopher Frayling, Research in Art and Design (London: Royal College of Art, 1993), 4. 
77 Ibid., 5. 
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 Research THROUGH art and design, which includes the following types:78 

o materials research (technical or technological research);  

o development work, for example, "customising a piece of technology to do 

something no-one had considered before, and communicating the results";  

o action research, "where a research diary tells, in a step-by-step way, of a practical 

experiment in the studios, and the resulting report aims to contextualise it. Both 

the diary and the report are there to communicate the results, which is what 

separates research from the gathering of reference materials."79  

 Research FOR art and design, where the role of research is restricted to the collection 

of reference material in support of the artefact creation. 

 

The second category, research through practice, where practice serves a research purpose, 

is the type most closely associated with practice-led research, defined by the AHRC as 

“research in which the professional and/or creative practices of art, design or architecture 

play an instrumental part in an inquiry”.80  

 

3.3. Practice-led research in ADA  

The 2007 AHRC Research Review presents the results of a 10-month investigation into 

practice-led research in ADA, in the UK and abroad. Practice-led research is recognised as 

an established research methodology in the creative arts; practice is perceived as a natural 

                                                           
78 This, according to Frayling, was the second largest category of degrees at the Royal College of Art, 

London at the time and it was known also as ‘degree by project’, involving studio work and a research report 

for an MPhil degree, and studio work plus a more extensive research report for a PhD. 
79 This emphasis on the communication of research and its importance, particularly for creative disciplines, is 

repeatedly stressed in the AHRC report. This is unlike professional artistic-creative practice, where the 

viewer is often allowed to create their own interpretation of the artefacts or other creative outcomes. 
80 Mottram, Rust, and Till, 11. 
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environment of inquiry for researchers in ADA, particularly ‘practitioner’ academics, who 

(instinctively) view “the methods of practice as methods of inquiry”.81  

 

Practice-led research has received criticism for its contributions to knowledge in relation to 

more conventional methods of research.82 When attempting to assess practice-led research 

in a conventional way, creative practice methodologies might appear less rigorous than 

approaches developed in the humanities or sciences. According to the authors, however, 

practice itself is not research; it is the explicit understanding of how the practice 

contributes in an inquiry that makes practice part of a rigorous research methodology.83 

 

It is essential to keep in mind that there are many different forms of practice-led research 

according to the discipline, researcher, and particular research question.84 An important issue 

raised in this report and elsewhere is the significance of the creative outcome (artefact) in 

relation to the written account of the process and justification of practice, which can vary 

greatly from case to case. Some argue that the artefact can be presented as is, without any 

written explanation, as per the example of professional artistic practice. Others go as far as to 

suggest that, in research, the knowledge associated with an artefact (usually communicated 

in writing) is more important than the creative outcome itself,85 thus making practice 

subservient to research. In any case, the balance between writing and creative outcome 

appears to be a central issue in establishing a practice-led research methodology. 

 

  

                                                           
81 Ibid., 10. 
82 Ibid., 5. 
83 Ibid., 11. 
84 Ibid., 10. 
85 Ibid., 12. Quoting Scrinever (2000).  
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3.4. Practice-led versus practice-based research  

It is perhaps precisely the prominent role of writing that distinguishes practice-led research 

from other related types of research involving a practical component. The terms ‘practice-

based’ and ‘practice-led’ research are often used interchangeably, even by the researchers 

themselves, propagating the confusion around proper terminology in creative practice research. 

However, according to Linda Candy of the Creative and Cognition Studios at the University 

of Technology, Sydney, there is a fundamental difference between the two approaches.  

 

"Practice-based research is an original investigation undertaken in order to gain new 

knowledge partly by means of practice and the outcomes of that practice. Claims of 

originality and contribution to knowledge may be demonstrated through creative outcomes 

which may include artefacts such as images, music, designs, models, digital media or other 

outcomes such as performances and exhibitions [...] Whilst the significance and context of 

the claims are described in words, a full understanding can only be obtained with direct 

reference to the outcomes. 

 

Practice-led research is concerned with the nature of practice and leads to new 

knowledge that has operational significance for that practice. […] In a doctoral thesis, the 

results of practice-led research may be fully described in text form without the inclusion of 

a creative outcome. The primary focus of the research is to advance knowledge about 

practice, or to advance knowledge within practice. Such research includes practice as an 

integral part of its method and often falls within the general area of action research. The 

doctoral theses that emerge from this type of practice related research are not the same as 

those that include artefacts and works as part of the submission."86   

                                                           
86 Linda Candy, Practice Based Research: A Guide (Sydney: Creativity and Cognition Studios, University of 

Technology, 2006): 1. 
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According to Candy, the aim of practice-led research is to study the process of practice 

itself and how to improve it, as opposed to practice-based research where the main aim is 

the creative outcome (artefact, performance), set in its theoretical or historical context. It is 

worth noting the similarities between Candy’s definition of practice-led research and the 

model for research through practice proposed by Frayling—in particular the action 

research type. In Frayling’s model, (written) documentation of the creative process 

(practice) is of paramount importance for the research methodology, tipping the balance 

between text and artefact in favour of the former.87 Candy seems to take the argument a 

step further, accepting that practice-led research can be fully communicated without the 

inclusion of a creative outcome.  

3.5. Conclusion 

In this chapter, a number of different creative practice models for academic research have 

been examined. Some of the issues highlighted were the necessity of locating practical 

processes within a sound research methodology (practice may be a research method, but 

not a methodology by itself), as well as the importance of documentation for practice. 

Since the models examined were developed in creative disciplines, some careful 

consideration of their adaptation to a technical subject will be necessary. The following 

chapter introduces the practical work carried out in relation to this research, including a 

justification for the methodological approach, which was developed on the basis of the 

conclusions from the reviews of BIM literature and creative practice methodologies.   

                                                           
87 Frayling, 5. 



43 

 

4. PRACTICUM 

4.1. Introduction 

This chapter presents the practical research module of this dissertation, or ‘practicum’, which 

took place during April-June 2015 at Summerhall, Edinburgh. Following a short introduction 

to the site and project, a justification for the research methodology is presented in section 4.2. 

The results of practice will be presented next, including the development of a BIM strategy for 

the project and an overview of practical work. Finally, the last section provides an evaluation 

of the results of practice and discusses these conclusions in relation to key themes identified 

through the literature review.  

 

 The site 

The site—and subject—of practice was Summerhall in Edinburgh, a vibrant hub for creative 

activity in the South-east corner of the Meadows, including exhibition spaces, workshops, a 

cafe and shop, as well as office spaces for technology start-ups. The site includes seven 

buildings of different ages and styles (Table 1); an overview of the historical development of 

Summerhall is provided in appendix 4.2. The oldest building on site is the former Hope Park 

Congregational Church (E) in Lombard Romanesque style. The site developed throughout 

the 20th century as the campus for the Royal (Dick) School of Veterinary Studies. The main 

building of the former College (A) was designed in the early 20th century in a Baroque style, 

while a similar but less elaborate style is displayed by its contemporary island range (F). A 

first phase of expansion in the late 1930s resulted in the construction of the L-shaped extension 

(C) by Lorimer & Matthew, while the Brutalist tower block (D) and small animals clinic (B) 

were added in the late 1960s by Alan Reiach, Eric Hall and Partners in a second phase of 

development. Summerhall is a site of heritage and architectural significance, as well as strong 

communal value. The diversity in style, age, construction, and use of buildings on a single site 

makes Summerhall an intriguing case study for the use of BIM in heritage conservation.  



44 

 

 

Fig.  3: Site map of Summerhall, Edinburgh. The numbering of the individual building blocks is explained in table 1. 

Source: Digimap.  

 

 

Block  Description Age Style Architect Listing  

A Original main block and wings to 
rear courtyard 

1913-1925 Edwardian 
Baroque 

David McArthy B (48536) 

B Small animals clinical unit and 
research labs on Summerhall 
Square 

1966-1973 Brutalist Alan Reiach, Eric 
Hall and 
Partners 

B (48536) 

C Teaching block on Hope Park 
Terrace 

1937-1940 Restrained 
Classical 

Lorimer & 
Matthew 

B (covered by 
extent of 
48536) 

D Tower block of teaching labs and 
offices (TechCube) 

1966-1973 Brutalist Alan Reiach, Eric 
Hall and 
Partners 

B (48536) 

E Former Hope Park and Buccleuch 
Congregational Church 

1876 North Italian 
Romanesque 

Sutherland & 
Walker 

B (27060) 

F Former small animals clinic (island 
range) 

1913-1925 
with later 
alterations 

 David McArthy B (covered by 
extent of 
48536) 

G  Stables (along the east boundary-
marked F in map) 

1913-1925 
with later 
alterations 

 David McArthy B (covered by 
extent of 
48536) 

Table 1: Description of individual buildings in Summerhall, as marked on the site map, including age, style, architect, 

and listing. The entire site is listed B, under two different designations. 
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 The project 

The practical research module of this dissertation was treated as part of a wider project for 

Summerhall, which involved the development of an integrated BIM model of the entire site 

to inform future decisions regarding the care, maintenance, and management of the historic 

buildings of Summerhall. The BIM model would constitute a central source of information 

and platform for multi-disciplinary collaboration to inform different types of analysis, 

documentation, and proposals. Possible deliverables include: condition surveys, 

conservation plan, maintenance plan, proposals for reuse and adaptation, proposals for 

repairs, presentation and exhibition material. The commercial applications of this project 

coincided with a research agenda, which promoted an investigation into developing BIM 

strategies for complex conservation-led projects, using Summerhall as a case study.  

 

4.2. Methodology 

 Definition of methodology 

The establishment of a robust research methodology for this dissertation is based on existing 

models of creative practice in academic research, as examined in chapter 3, adapted to fit the 

constraints of this particular project. Two types of creative practice research were identified 

as most relevant for this dissertation: practice-led research as defined by L. Candy; and the 

model of research through art and design as proposed by Frayling, particularly the 

‘development work’ and ‘action research’ types.88 These models were developed in creative 

disciplines and had to be adjusted to suit a technical subject. The core research method is 

termed ‘practicum’, a word used to denote a practical course, usually in medical education, 

which involves the application of theoretical knowledge in a professional setting.89  

                                                           
88 See section 3.2.   
89 Practicum is defined as “a course of study for teachers, doctors, nurses, etc., that involves actually working 

in the area of study and using the knowledge and skills that have been learned in a school.” 

http://www.merriam-webster.com/dictionary/practicum (accessed July 15, 2015).  
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The practicum took place on site in Summerhall during six weeks in April-June 2015 and 

involved action-based, situated, supervised research under professional studio conditions. 

The research was primarily focused on studying the processes of practice themselves—in 

this case, BIM in conservation—for the purpose of improving practice, in accordance with 

the research aim stated in section 1.3. Therefore, the research purpose of the practical work 

was to develop a method for BIM implementation in conservation practice, by adapting 

existing methods known through research to suit the constraints of the case study. 

 

A combination of research techniques was used in the practicum including archival 

research, site inspections, surveys (using photography, direct measurements and 

photogrammetric techniques), CAD drawing, and 3D modelling. Within this research 

methodology, the creative outcome of the practicum is considered less important than the 

process of arriving at that outcome. The present report, which includes a written account 

and rigorous contextualisation of practice within a wider theoretical and technical 

framework, takes precedence over the creative outcome. In this way, the methodology 

adopted for this research bears closer resemblance to practice-led research in ADA and 

Frayling’s research through art and design.  

 

 Resources and limitations 

In research by practice, in-depth theoretical knowledge of the subject is applied to a real-

world problem. The success of practice, therefore, relies partly on sound theoretical 

foundations—which justifies the necessity for an extensive review of the existing 

literature— and partly on negotiating the constraints posed by the realities of the specific 

project. The physical realities of the research situation have an instrumental role in shaping 

research by practice: this is true of many types of research, but becomes particularly 

explicit in experimental physics. In Image and Logic, Galison discusses the multiple 

simultaneous constraints posed on experimental research by the limitations of the 
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instruments used to conduct the experiments.90 Experimental research and, by inference, 

any type of practical research is constrained by the realities of the researcher’s 

microenvironment: this is what Galison calls ‘the inner laboratory’.91 Consequently, it is 

essential to include the resources available to the researcher and their limitations in any 

discussion of a practical research methodology.  

 

4.2.2.1. Software 

The software available for the practicum in many ways determined the course of the 

project. Revit LT 2015 was used for BIM modelling, together with Rhinoceros for detailed 

3D modelling and AutoCAD for producing and modifying 2D drawings. Agisoft 

PhotoScan was used to capture the 3D geometry of main facades using photographs 

(Structure from Motion technique). Finally, Photoshop and Illustrator were used for image-

processing and production of presentation material.  

 

The main obstacle for practice was posed by limitations of the BIM software used. Revit 

LT is marketed as a ‘lighter’—and less expensive—version of the full Revit suite. In 

comparison to Revit, Revit LT lacks a number of key features that pose considerable 

restrictions on interoperability, collaboration, and advanced modelling capabilities. These 

issues are extensively discussed in appendix 5.   

 

4.2.2.2. Survey data 

Surveying and photographic equipment included: SONY NEX-5 camera with 18-55mm 

zoom lens, Leica D510 laser distometer and tripod, tape measurers. At this stage of the 

project, due to budget and authorisation constraints, it was impossible to commission or 

conduct a full survey of the site, resulting in a lack of reliable survey data.  

                                                           
90 Galison, 15. 
91 The ‘outer laboratory’ or macroenvironment in Galison’s terms might be said to reflect the conditions of 

the wider Summerhall project, discussed in section 0. Galison, 4. 
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4.2.2.3. Archival material 

Archives and online databases were consulted, particularly as background research for 

Hope Park Church. Supporting documentation was also available, such as a heritage report 

on Summerhall, a development plan, funding appraisal, and others. However, research into 

the available historical sources revealed a serious, and partly inexplicable, lack of archival 

material for Hope Park Church.92 The opposite was true for the former Veterinary College: 

at the RCAHMS archives alone the extensive Lorimer collection included a large number 

of historical drawings from different stages of the project, which were not always reliable.  

 

4.2.2.4. Existing drawings 

A large number of existing drawings was available, although many proved outdated. Their 

accuracy was not reliable and had to be verified on site with direct measurements.  

 

4.2.2.5. Human resources 

Three undergraduate students assisted with CAD work and 3D modelling, mainly in 

Rhinoceros. Their experience and skill with the software varied.   

 

4.2.2.6. Accessibility 

Full access was provided to all areas of the site, including rooftop and basement areas, for 

surveys and site inspections; however, the buildings were in use most of the time, so 

disruptions to daily activities had to be avoided when possible. 

  

                                                           
92 For a full list of sources and archival material, see appendix 4.  
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4.3. BIM strategy 

Following the definition of a practice-led methodology, this section discusses the basic 

principles of the BIM strategy followed in the project. This method was developed through 

internal discussions to suit the particular research conditions, as discussed previously.  

 

Taking into account the lack of detailed survey data at the beginning of the project, the 

process started with the creation of a low- to mid-range accuracy model, based on existing 

drawings verified with direct measurements on site. The strategy proposed a process of 

constant development from a ‘crude’ to a detailed model, which would reflect new 

knowledge acquired through research and survey. The generic components used in the first 

(basic) model would be replaced with more refined types and parametric families, designed 

to the exact specifications of the elements on site. This included geometric data, 

knowledge on materials or the internal structure of buildings, historical information and 

any other type of tangible or intangible data relevant to the project. The process of 

‘organic’ development is fully supported by BIM software, but it required care in the 

selection of the families and types used to model various elements.  

 

Due to computing limitations and collaboration issues in Revit LT, it was necessary to 

separate the Summerhall model into a number of interconnected smaller models, resulting 

in manageable file sizes. The obvious solution in this case was to partition the site by 

creating a separate model—therefore a separate Revit file—for each building block: seven 

blocks were identified on site.93 (fig.  3) Then the individual Revit files for each block were 

linked into a main project file using the “Link Revit” function of the software. The 

visibility settings for each block within the main project file could be customised, so all, 

                                                           
93 Some, like the main Summerhall building (block A) could be further partitioned, if necessary, into a 

number of wings.  



50 

 

some, or none of the blocks would be visible at a time. (fig.  4) Any changes made to the 

individual block models would automatically update in the main project file, which should 

always reflect the current stage of project development. 

 

 

Fig.  4: Partial Revit model of Summerhall, showing (from left to right) the Main Building (A), TechCube (D), Lorimer 

& Matthew extension (C), and Hope Park Church (E). The buildings were modelled in individual Revit files, which were 

linked into the main Summerhall file. 

 

As part of the BIM strategy, it was decided to select one of the buildings on site to use as a 

small-scale case study or pilot programme for the method under consideration, before 

repeating the same to the rest of the site. The former Hope Park Congregational Church (E) 

was ideal as a case study for a number of reasons: interesting architectural detailing, 

significant main elevation (project priority), heritage value, and accessibility. The case 

study building was the focus of research in terms of the practicum, including historical and 

archival research, surveying, and modelling work. An overview of the techniques 

employed to model the Church are presented in the following section. Due to space 

limitations, the details of practical work are located in appendices 7 and 8, which should be 

consulted when indicated.  
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4.4. Practical work 

 Project phases 

The practical work can be roughly categorised into four, not strictly chronological, phases, 

which developed according to factors such as accessibility, availability of sources and archival 

material, software, cost and scheduling constraints. These phases are outlined below.  

 

4.4.1.1. Data collection  

This phase involved both archival and historical research, as well as site surveys, including 

direct measurements and photographic surveys. The main facades of two buildings (blocks 

E and A) were photographed according to certain specifications, to be used later for 

modelling those elevations using an image-based technique.  

 

4.4.1.2. Data processing 

This phase included the organisation of archival material, existing drawings, and 

documentation material for the site. Various digital files were viewed, assessed, and 

converted into usable formats.94  

 

4.4.1.3. Modelling 

Most of the work in this phase concentrated on creating a BIM model for the case study 

building, the former Church, to be used as a prototype for the development of the entire 

project. This was the area of most interest for research purposes, detailed in section 4.4.2). 

 

4.4.1.4. Deliverables 

The goal for this project was to create a fully integrated BIM model of the entire site that 

could (potentially) support a variety of deliverables, including condition surveys, a 

                                                           
94 For instance, a large number of existing drawings of the building had to be converted from PDF to DWG 

format (conversion performed in Adobe Illustrator), and further edited in AutoCAD on the basis of site 

surveys and direct measurements to reflect recent changes in the buildings or to correct drawing errors.  



52 

 

conservation plan, and a maintenance plan. At the end of the practicum, the project was 

still in its feasibility stage, which naturally did not include the production of these 

deliverables. The creative outcome of the practicum was four presentation boards, 

designed as promotional material for the project to be used in client meetings or potentially 

exhibited in Summerhall (included in appendix 9).  

 

 Modelling Hope Park Church 

This section details the approach adopted for creating a BIM model of Hope Park Church, 

which was used as a case study for BIM implementation in the Summerhall project. A 

different modelling strategy was followed for the external envelope and the internal spaces, 

due to the varying degrees of significance and project priorities attached to different rooms 

or facades of the building.   

 

4.4.2.1. External envelope 

Due to software limitations and the lack of detailed survey data, a novel approach to 

modelling the external envelope was devised for the street elevation of Hope Park Church, 

and applied consecutively for the main facade of block A. This method involved the use of 

three main software applications (PhotoScan, Rhinoceros, Revit LT), thus creating what 

has been referred to in the literature as a ‘digital ecology’ for the project. The details of this 

3D modelling method are presented in appendix 7. 

 

The first step of the method involved the production of a textured 3D model of the facade 

using Agisoft PhotoScan, a Structure from Motion desktop application. This software extracts 

geometric information from a selection of photographs and recreates the 3D geometry of the 

object, following a multi-stage process. The geometry captured in PhotoScan can be exported 

in several different formats and file types: point cloud, (textured) 3D mesh, orthophotographs. 
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The textured 3D model can also be used as primary data showing the as-is condition of the 

object to be archived for documentation purposes.95 In this case, the 3D mesh model was 

exported to Rhinoceros to be used as a reference for solid 3D modelling.96 The mesh was 

scaled based on reference points measured on site. The entire facade was then rebuilt in detail 

as a solid in Rhino and later exported (in DXF format) to Revit LT, where it was referenced in 

the building model as ‘linked CAD’ files. The 3D modelling method adopted for the facade of 

Hope Park Church is exhibited in one of the presentation boards (fig. 5).    

 

 

 

 

Fig.  5: Presentation board for Hope Park Church, presenting the 3D modelling strategy followed for the project, 

including the following steps (from left to right): point cloud exported from Photoscan, solid model created in Rhino 

(wireframe), Rhino model inserted in Revit and referenced in the BIM model (far right).  

                                                           
95 A textured 3D model is in many cases significantly more informative than a 2D photograph. A textured 3D 

model can be viewed using many 3D modelling applications, including free or open-source options, and provide 

information on material, condition, relative size of objects etc. As applied here, the method does not produce 

accurate geometric information, but it is a visually compelling 3D representation of a real-world situation.  
96 Rhino, a powerful 3D modelling software was used to create a 3D solid model of the facade, since that was 

impossible in Revit LT—massing tools are not available in LT versions. 
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4.4.2.2. Internal structure 

The internal structure of the case study was modelled entirely in Revit LT, based on 

existing 2D drawings, which were verified on site with direct measurements.97 The quality 

of available geometric information (accuracy, level of detail) was reflected in the mid-

range accuracy, basic model. The Church was modelled using generic elements (generic 

walls, floors, doors etc.), which would later be substituted with detailed components, 

custom designed to fit the realities of the site. At the end of the practicum, this process was 

still in its early phases.  

 

The need to include various types of non-geometric information was an important 

requirement for the BIM model; this included material properties, condition, heritage-

related properties such as significance, as well as archival material, existing drawings, and 

photographs—essentially any kind of digital file. As different types of information are 

relevant to different types of analysis or deliverables, the need to include a wide range of 

non-geometric data had been considered as part of the BIM strategy.  

 

Even though not all relevant data types are pre-programmed in the software (for example, 

‘significance’ is too specific a property to be available in the generic libraries included in 

commercial applications), Revit has the option of creating a wide range of new custom 

properties linked to specific element types. This capability was exploited in the project to 

ensure the Revit model could become a central point of reference for all relevant types of 

data. For details on programming new parameters and including links, see appendix 8. 

 

  

                                                           
97 Since there was not a complete set of drawings for the Church, some elements had to be surveyed and site 

and drawn in 2D, before being modelled in 3D in Revit.  
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 Results and outcome  

At the end of the practicum, the Summerhall project was still in its feasibility stage and the 

BIM model was at an early stage of development. Therefore, the benefits of the BIM 

strategy adopted in the project had not been yet made obvious. However, based on the 

results of the case study, the model is expected to perform as planned on a larger scale and 

be able to support the required outcomes. The following section offers an assessment of the 

results of practice and attempts to locate the BIM strategy developed for Summerhall 

within the wider theoretical context provided by the review of existing literature.  

 

4.5. EVALUATION  

 BIM as a central hub of building information 

The BIM strategy for Summerhall provides options for the integration of heterogeneous 

datasets (geometric and non-geometric information) within a single model, which will then 

inform various types of analysis and planning for the site. Revit, as most BIM platforms, 

can incorporate a wide variety of tangible or intangible information linked to specific 

components of the model; the data can be in the form of component parameters (graphical 

or non-graphical data) or external digital files. In this way, the BIM model becomes a 

central hub for all types of relevant information and, by inference, BIM becomes more than 

a 3D modelling tool, but rather a method for structuring and managing building 

information.98 The idea of BIM as a tool for information management seems to be 

particularly suitable for heritage documentation with the inclusion of abstract, theoretical, 

or historical knowledge, as shown by the ‘Architectural Information Modelling.99  

  

                                                           
98 BIM could be defined as “Building Information Management”. Simpson, 6. 
99 See section 2.3.3.1.   
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 Survey data as the basis for BIM 

The importance of survey data for (H)BIM has been concluded emphatically from the 

literature review, a fact corroborated by the results of the practicum. In the Summerhall 

project, the BIM strategy was developed specifically in response to the lack of accurate, 

detailed, current survey data, resulting in a basic BIM model which would later be refined by 

incorporating the results of subsequent surveys. This strategy of model evolution during the 

development of a project is similar to the approach adopted by Pauwels et al., although in that 

case the additional information referred mostly to historical, abstract, or theoretical material.  

 

The 3D modelling process in Revit was based on existing 2D drawings, which were verified 

on site using direct measurements. This was the only option for the practicum, due to 

limitations in acquiring digital survey data at that stage of the project. However, similar 

approaches have been adopted in a number of case studies examined in the literature, such as 

Fai et al., Attar et al., and Del Guidice and Osello, although in those cases accurate point 

cloud data had been available. There seems to be a consensus that modelling directly on 3D 

point cloud data, where allowed by the BIM software, is counter-productive and 2D CAD 

drawings are preferable as a basis for modelling.100 This claim could not be verified in the 

practicum due to the lack of relevant data and the limitations of the software version used.101  

 

A key issue for a successful BIM strategy is the specification of geometric accuracy and level 

of detail in the model. As mentioned already, the level of detail of the model would increase 

with time, as more information became available through survey. However, the final level of 

detail would not be uniform across the site, but specific to individual spaces or external 

elevations, according to the significance of the elements and the specific purpose of the model.102 

                                                           
100 See section 2.3.3.2.  
101 Even if point cloud data had been available, Revit LT does not support their integration in the model.  
102 A key document used to assess significance was the heritage report written by A. Wright, which 

influenced decisions on level of detail in the model.  
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The same could not be said for the degree of geometric accuracy in the model. The 

maximum accuracy possible in BIM was restricted by the advanced modelling limitations 

of Revit LT,103 regardless of the availability of accurate survey data. Some BIM 

professionals argue that only mid-range accuracy is realistically possible to achieve for 

intelligent BIM models using currently available modelling tools and techniques.104 On the 

other hand, attempting to model everything exactly as is, with absolute faith to geometry 

and detail, might not feasible in a real-world context: 3D modelling is a labour-intensive 

and time-consuming process, which can only be undertaken if the rewards justify the cost. 

In the Summerhall project, decisions regarding the accuracy and level of detail of the 

model, as well as the types of information to be included, were always connected to the 

purpose the model would eventually serve.  

 

 Software limitations 

In contemporary practice, software is perhaps the key resource for a conservation project. 

The software used and their limitations shape the strategies developed to address design 

and construction problems, a fact demonstrated categorically in the practicum. The 

limitations of Revit LT in relation to the demands of the Summerhall project have already 

been discussed in detail.105 The particular modelling method adopted in the practicum was 

tailored to the specifications of Revit LT; had a different software been available, the BIM 

strategy would have been altered to reflect that. It can be concluded that, in any given 

project, the design team is required to develop a strategy by utilising the software that is 

available to them, factoring in the purchase and training costs, as well as the level of 

experience and skill with different platforms. Although these issues are instrumental in 

                                                           
103 Irregular geometries are impossible to model without dedicated massing tools, as discussed in appendix 5.  
104 Christofori and Bierwagen, 185 (as discussed in section 2.3.3.3); see also interview with Vajira 

Premadasa, Historic Scotland in appendix 10.  
105 See appendix 5. 
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practice, they rarely form part of the discussion in the literature, suggesting a distinct 

advantage of practice-led research in the field.  

 

 Image-based 3D modelling  

The image-based technique adopted for modelling the external envelope, as outlined in 

section 4.4.2.1, involved the use of Structure from Motion software, which has been 

presented in the literature as a fast, inexpensive, easy-to-use technique for heritage 

documentation. It should be noted, however, that the result of this 3D modelling method 

(final model) does not constitute an accurate as-built survey. The accuracy of the recreated 

geometry in PhotoScan cannot be assessed without the use of ground control points (GCP), 

surveyed with precision on site using a Total Station. Moreover, the accuracy of the final 

model is further compromised by the process re-building the geometry in Rhino, which 

only approximates the geometry imported from PhotoScan and is therefore not precise. 

The results also depend to a certain degree on choices the individual modeller makes; 

sections modelled by different people might vary considerably.106  

 

Even so, the modelling method adopted for the facade of Hope Park Church provides a 

fast, easy way for quickly modelling the external envelope of a historic building with high 

visual fidelity. It is can be extremely useful for the production of high-quality visualisation, 

presentation, and documentation material, as in the case of the presentation boards 

produced for Summerhall.107 However, the use of automatic image-based techniques for 

survey purposes by non-experts should be handled with caution, as the lack of control over 

                                                           
106 This was observed in practice. Sections of the façade of block A which were modelled by two different 

students showed differences in the way the 3D model was constructed, even though one of them was using 

the results of the other as a template for modelling.  
107 Appendix 8. 
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the process has an impact on geometric precision. Image-based modelling techniques 

cannot substitute survey methods, but they can be used in conjunction with them.  

 

 BIM case study 

The selection of a small-scale case study for the development of BIM strategies and 

workflows proved to be a successful method of first-time BIM implementation from a small-

scale architecture practice. Hope Park Church was an excellent case study for developing 

methods and techniques to be later applied to larger and more complex buildings and the site 

as a whole. Therefore, it can be concluded that a ‘BIM case study’ can be a very helpful tool 

for conservation practices who are interested in adopting BIM workflows.  

 

 Future use of the model 

One of the issues raised during the development of the BIM strategy was the question 

regarding the future use of the model. BIM is promoted as a tool for the entire life-cycle of 

a building, a principle often quoted in the literature;108 there are, however, certain practical 

problems regarding its implementation. The main obstacles include constraints posed by 

the software, such as cost, compatibility, and interoperability, but also the need to 

continuously update the model in order to reflect potential changes to the buildings. It can 

be concluded that, in order to be useful as a management tool the BIM model cannot 

remain static; regular updates are necessary to keep the model relevant. As seen in the 

literature (case studies in section 2.2.2), client interest determines, to a certain degree, the 

future of the BIM model in later stages of the building life-cycle.  

 

                                                           
108 Maxwell, 13. See CIC diagrams in appendix 3. 



60 

 

5. CONCLUSIONS 

As stated in the introduction, the aim of this dissertation is to increase awareness of the 

potential of BIM for heritage conservation in academic and professional practice. This final 

chapter will evaluate how the dissertation has addressed the research aims and objectives, 

assess the success of the research methodology, and conclude with a justification for the 

argument proposed in the introduction, as a response to the research question:  

1. Is BIM philosophy applicable in the field of heritage conservation?  

2. Is the currently available BIM technology able to meet the specific demands of 

conservation practice? 

 

5.1. Addressing research aims and objectives 

 Objectives 

The dissertation has addressed the particular research objectives in the following way. 

 

An extensive literature review on the current state of knowledge on BIM and (H)BIM, 

presented in chapter 2, has provided the necessary theoretical and technical foundations for 

undertaking any further research, through an examination of BIM practices in both the 

new-build and conservation sectors.  

 

In response to the second objective, creative practice models employed in postgraduate 

academic research have been reviewed in chapter 3, as a basis for developing an 

appropriate practice-led methodology for this dissertation. A justification for the 

methodological approach in relation to the particularities of the Summerhall project has 

been provided in 4.2. The particular practice-led methodology developed for Summerhall 

can be used as a model for further academic research in the field. 
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The practical work was based on the theoretical and technical foundations provided by the 

literature review and developed according to the research methodology and the specific 

constraints posed by the Summerhall project. The results of the practicum, as evaluated in 

section 4.5, have demonstrated conclusively the potential of BIM as a central information 

framework for heritage conservation projects; at the same time (H)BIM is currently limited 

by software constraints, particularly regarding the integration of digital survey data.   

 

 Aims 

The research has addressed the research aim and the five particular target topics (a-e) stated 

in the introduction, through both theoretical and practical work (chapters 2 and 4 

respectively). In detail, based on the conclusions of the literature review and evaluation of 

the practicum, the dissertation has responded to the five target topics in the following ways: 

 

As concluded from the literature review, BIM provides a highly efficient framework for 

incorporating heterogeneous datasets, including non-geometric intangible values, within a 

single 3D model in a structured, object-oriented way;109 a fact confirmed by the practicum, 

as discussed in section 4.5.1. The philosophy of BIM as a structured information system 

incorporating a wide variety of data types seems ideally suited to the requirements of the 

heritage sector and particularly to complex conservation projects. Examples from the new-

build sector in section 2.2.2 suggest that BIM strategies can be successful in increasing 

productivity through multi-disciplinary collaboration, a model applicable also in 

conservation practice. 

 

                                                           
109 Pauwels et al. 
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Both the literature review and the practicum have highlighted the constraints posed on 

practice by the current limitations of BIM software, mainly geometric interoperability and 

the integration of survey data. It is unclear at this point whether a solution is possible using 

mid-range commercially available software or if a completely novel BIM system for 

heritage is necessary. It is also possible that high-end, customisable BIM software, such as 

Siemens NX (Siemens), Generative Components (Microstation), Catia (Dassault 

Systèmes), and Digital Project (Gehry Technologies) might offer solutions to the particular 

problems of conservation practice; however, their price range makes such software 

scarcely accessible for conservation practice. 

 

In regards to digital survey techniques, the literature suggests conclusively that modern 

survey techniques are instrumental to the success of BIM for existing buildings—

especially in the case of historic buildings, where requirements for documentation can be 

extremely sophisticated. However, in practice, budget and other constraints might limit the 

availability of sophisticated digital survey options, as seen in the practicum but rarely 

mentioned in the literature. The integration of survey data in BIM software is still highly 

problematic and currently the field of vigorous research activity, which has to this date 

provided no definitive solutions for conservation practice. 

 

The research has been inconclusive in specifying a definitive approach for BIM application 

in conservation practice. Rather than proposing a typical, best-practice BIM solution to fit 

any conservation project, the conclusion at the end of this research seems to be that no 

such BIM protocol exists. Based on the results of the practicum, this author would suggest 

that the optimal (H)BIM strategy is the development of appropriate BIM protocols on a 

case-by-case basis: each design team should create their individual ‘digital ecologies’ by 
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utilising the tools (software, skills) available to them, modified accordingly to suit the 

conditions of each specific project. 

  

Finally, regarding the optimisation of (H)BIM approaches, between academic research on 

the automatic generation of BIM models from survey data and custom scripting to support 

digital workflows within professional practice,110 it appears that there is realistically no 

definitive solution to current BIM limitations for conservation practice. Based on all the 

information available at the end of this dissertation, it appears that, efforts up to date for 

making BIM tools more historic building friendly are not radical enough to counteract the 

rigidity of processes created specifically for the new-build sector. It is hoped that, in the 

future, software developers will respond to pressure from the heritage industry in 

improving BIM platforms, if not dedicated tools specifically for the conservation sector. 

Moreover, conservation professionals should embrace the opportunity to evolve their 

processes by incorporating new technologies creatively within their practice.  

 

5.2. Evaluation of methodology 

The research carried out as part of this dissertation could be separated in two parts: 

1. theoretical foundations were provided by the review of existing literature; while 

2. practical work applied that knowledge to a real-world project.  

Based on the results of the literature review and the evaluation of the practicum, it can be 

concluded that the practice-led methodology adopted for this dissertation has been successful 

in investigating BIM for contemporary conservation practice, by addressing the theoretical 

and technical issues highlighted in the literature within the environment of practice. The 

                                                           
110 Scripting is suggested as a solution for improving routine office processes to save time, which presumes a 

high level of skill with programming languages that is rarely accessible in practice. See Burry. 
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practicum was shaped by the constraints of practice; to some extent these constraints have 

limited what was possible to achieve in practice of the research goals set initially. On the 

other hand, professional conservation practice must also engage with and accommodate 

similar constraints, a fact which is under-represented in existing literature. Therefore, it could 

be concluded that the promotion of further research based on similar practice-led 

methodologies would be beneficial to advancing the state of knowledge in the field.  

 

5.3. Addressing the research question 

In response to the research question, the following argument has been proposed: BIM 

philosophy is suitable, if not ideal, for conservation purposes, but current BIM tools are 

limited in their effectiveness for conservation practice. The validity of this statement is 

supported by the findings of both theoretical and practical research undertaken as part of 

this dissertation, which have amply demonstrated both the potential of BIM philosophy 

and limitations of BIM software for conservation practice. The practicum, in particular, has 

demonstrated the obstacles posed by BIM software, but also the possibility of successfully 

managing these constraints by exploiting the diverse skills of the project team and 

developing custom strategies for each design project. Based on these results, this author 

would suggest that a higher level of integration between BIM strategies and conservation 

practice is a prerequisite for real progress in the field. BIM offers a new philosophy for 

conservation practice and suggests new, technology-empowered roles for conservation 

professionals. BIM-led conservation could be the next step for contemporary, 

technologically-savvy practice within the conservation sector.  
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6. APPENDICES 
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1. Glossary 

Building information model A ‘building information model’ is defined as “shared 

digital representation of physical and functional 

characteristics of any built object, including 

buildings, bridges, roads, process plant”. PD ISO/TS 

12911:2012, 1. The information model “comprises 

of three parts: documentation, non-graphical 

information and graphical information.” PAS 1192-

2:2013, 48. 

 

Building information modelling “The process of designing, constructing or 

operating a building or infrastructure asset using 

electronic object-oriented information.” PAS 1192-

2:2013, 1. 

 

Interoperability The term interoperability is used to describe “issues 

relating to the flow of information and the ease with 

which information from one software can be used 

and interpreted by another.” Simpson, 7. 
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2. Origins of Building information modelling 

The origins of modern BIM software can be traced back to object-based parametric modelling 

technology developed for mechanical systems design in the late 1980s. The first modern BIM 

platform was ArchiCAD, developed in Budapest by Gábor Bojár in the 1980s. The end of the same 

decade saw the emergence of Pro/ENGINEER by PTC, a software using constrain-based 

parametric modelling.111 Revit, which is probably the most popular BIM software at an 

international scale and the software of choice for the practicum, was released much later, in 2002, 

by Autodesk, which had acquired it shortly before from a start-up company.112  

 

However, the earliest theoretical conception of Building Information Modelling can be found in a 

1962 paper by Douglas Englebart, titled Augmenting Human Intellect: A Conceptual Framework, 

presenting research carried out at the Stanford Research Institute, California with the support of the 

Air Force Office of Scientific Research. Long before the term ‘Building Information Modelling’ 

was even invented, Englebart’s work created the conceptual framework, upon which later research 

built and extended. In the following excerpt, Englebart gives an example to illustrate a possible 

system based on his theoretical model.  

 

"Let us consider an augmented architect at work. He sits at a working station that has a visual 

display screen some three feet on a side; this is his working surface, and is controlled by a 

computer (his "clerk" ) with which he can communicate by means of a small keyboard and various 

other devices. 

 

He is designing a building. He has already dreamed up several basic layouts and structural forms, 

and is trying them out on the screen. The surveying data for the layout he is working on now have 

already been entered, and he has just coaxed the clerk to show him a perspective view of the steep 

hillside building site with the roadway above, symbolic representations of the various trees that are 

to remain on the lot, and the service tie points for the different utilities. The view occupies the left 

two-thirds of the screen. With a "pointer," he indicates two points of interest, moves his left hand 

                                                           
111 An overview of the origins of BIM is presented in Eastman, 29. 
112 Eastman, 57. For data on the adoption of different BIM platforms by the AEC industry in the UK, see 

Farzad Khosrowshahi and Yusuf Arayici, "Roadmap for Implementation of BIM in the UK Construction 

Industry," Engineering, Construction and Architectural Management 19, no. 6 (2012): 623. The NBS 

National BIM Report 2015 mentions “Since we started running the survey in 2010, Autodesk AutoCAD has 

consistently been the most used software package for building design in the UK.” The predominance of Revit 

over other BIM platforms is suggested also in the NBS International BIM Report 2013, available online 

http://www.thenbs.com/.  
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rapidly over the keyboard, and the distance and elevation between the points indicated appear on 

the right- hand third of the screen. 

 

Now he enters a reference line with his pointer, and the keyboard. Gradually the screen begins to 

show the work he is doing--a neat excavation appears in the hillside) revises itself slightly, and 

revises itself again. After a moment, the architect changes the scene on the screen to an overhead 

plan view of the site, still showing the excavation. A few minutes of study, and he enters on the 

keyboard a list of items, checking each one as it appears on the screen, to be studied later. 

 

Ignoring the representation on the display, the architect next begins to enter a series of 

specifications and data--a six-inch slab floor, twelve-inch concrete walls eight feet high within the 

excavation, and so on. When he has finished, the revised scene appears on the screen. A structure 

is taking shape. He examines it, adjusts it, pauses long enough to ask for handbook or catalog 

information from the clerk at various points, and readjusts accordingly. He often recalls from the 

"clerk" his working lists of specifications and considerations to refer to them, modify them, or add 

to them. These lists grow into an evermore-detailed, interlinked structure, which represents the 

maturing thought behind the actual design. 

 

Prescribing different planes here and there, curved surfaces occasionally, and moving the whole 

structure about five feet, he finally has the rough external form of the building balanced nicely with 

the setting and he is assured that this form is basically compatible with the materials to be used as 

well as with the function of the building. 

 

Now he begins to enter detailed information about the interior. Here the capability of the clerk to 

show him any view he wants to examine (a slice of the interior, or how the structure would look 

from the roadway above) is important. He enters particular fixture designs, and examines them in a 

particular room. He checks to make sure that sun glare from the windows will not blind a driver on 

the roadway, and the "clerk" computes the information that one window will reflect strongly onto 

the roadway between 6 and 6:30 on midsummer mornings. 

 

Next he begins a functional analysis. He has a list of the people who will occupy this building, and 

the daily sequences of their activities. The "clerk" allows him to follow each in turn, examining 

how doors swing, where special lighting might be needed. Finally he has the "clerk" combine all of 

these sequences of activity to indicate spots where traffic is heavy in the building, or where 

congestion might occur, and to determine what the severest drain on the utilities is likely to be. 
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All of this information (the building design and its associated "thought structure") can be stored 

on a tape to represent the design manual for the building. Loading this tape into his own clerk, 

another architect, a builder, or the client can maneuver within this design manual to pursue 

whatever details or insights are of interest to him--and can append special notes that are integrated 

into the design manual for his own or someone else's later benefit. 

 

In such a future working relationship between human problem-solver and computer 'clerk,' the 

capability of the computer for executing mathematical processes would be used whenever it was 

needed. However, the computer has many other capabilities for manipulating and displaying 

information that can be of significant benefit to the human in nonmathematical processes of 

planning, organizing, studying, etc. Every person who does his thinking with symbolized concepts 

(whether in the form of the English language, pictographs, formal logic, or mathematics) should be 

able to benefit significantly."113  

 

In this passage, many of the key concepts and processes of modern BIM platforms are presented in 

outline: inserted survey data, multiple views (perspectives, floor, plans sections -"a slice of the 

interior"), reference lines, specifications, revising of the on-screen representation according to 

changes in element specifications, automatic lists of specifications (material take-offs, schedules), 

3D navigation, sun studies, functional analysis (functions, occupation of spaces, doors, lighting), 

utilities integration, collaboration between architect, client and contractor. The concept of the 

information model is clearly presented: "the building design and its associated 'thought structure'."  

 

  

                                                           
113 Douglas Englebart, Augmenting Human Intellect: A Conceptual Framework (Menlo Park, California: 

Stanford Research Institute, 1962), 4-6.  
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3. BIM diagrams 

Some key concepts of BIM, such as BIM maturity, BIM for the entire building life-cycle, and the 

effects of BIM on productivity and project phasing, are represented in a number of widely-

publicised diagrams, which are often included in research papers, books, and presentations on BIM. 

These diagram are included as reference material in this appendix. 

 

 

 

 

 

 

 

 

 

Fig.  6: Diagram showing effort/effect over time in BIM and traditional project processes, by Patrick MacLeamy, 

AIA/HOK. Source: Holzer, 470. This diagram is supposed to illustrate the difference in project phasing caused by BIM 

adoption. In a BIM workflow (line 4), more effort goes into the early stages of design, when changes have relatively low 

cost (line 2). This contrasts with traditional workflows, where the main input of effort is concentrated later in the project, 

during the construction documentation phase. Errors and changes in that phase have a greater impact on productivity, due 

to increased cost of rectifying these mistakes in that stage of the project.  
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Fig.  7: Diagram showing the role of BIM in the building life-cycle. This diagram was created by CIC and refers to the 

new-build industry. Source: Maxwell, 13. 

 

 

Fig.  8: The CIC diagram adapted to reflect the role of BIM in the life-cycle of historic buildings. Source: Maxwell, 14. 
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Fig.  9: The Bew-Richards diagram of BIM maturity levels. Source: PAS 1192:2013. Copyright: Mark Bew and Mervyn 

Richards.  

A brief description of what each level of BIM maturity entails is provided in Maxwell, 8. 

Level 0: Unmanaged CAD, probably 2D, with paper (or electronic paper) as the most likely data exchange mechanism. 

Level 1: Managed CAD in 3D or 3D format using BS1192: 2007 with a collaboration tool providing a common data 

environment, possibly some standard data structures and formats. Commercial data managed by standalone finance and 

cost management packages with no integration. 

Level 2: Managed 3D environment held in separate “BIM(M)” tools with attached data. Commercial data managed by an 

ERP. Integration on the basis of proprietary interfaces or bespoke middleware could be regarded as “pBIM” (proprietary). 

The approach ma utilise 4D Programme data and 5D cost elements. 

Level 3: Fully open process and data integration enabled by IFC/IFD. Managed by a collaborative model server. Could 

be regarded as iBIM or integrated BIM(M) potentially employing concurrent engineering processes.   
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4. Historical research 

As mentioned in section 4.4.1, the first phase of the practical work involved the collection of 

various types of data using methods such as site surveys and historical research. These activities 

focused mostly on the case study building, former Hope Park Congregational Church (block E), 

which had been selected as a pilot project for the development of a viable BIM strategy for the 

entire site. This appendix presents the results of historical research carried out mainly during the 

second and third weeks of the practicum. The purpose of this research was to support the modelling 

process by providing information on the history and development of the building in the context of 

the Summerhall site.  

 

4.1 Sources consulted 

A number of online sources, existing documents, and historical archives were consulted as part of 

the background research for the Summerhall project. A list of sources is provided below: 

1. Ordnance survey and other historical maps, consulted online at http://maps.nls.uk/. 

2. PastMap, available at http://pastmap.org.uk/.  

3. Listed building descriptions for “Hope Park & Buccleuch Congregational Church, Hope Park 

Terrace” (ref: 27060) and for “Summerhall, the Royal (Dick) School of Veterinary Studies” 

(ref: 48536), available online at http://data.historic-scotland.gov.uk/.  

4. Entries for “Hope Park Independent Church”, “Sutherland & Walker”, and “John Russell 

Walker” in the Dictionary of Scottish Architects, available online at 

http://www.scottisharchitects.org.uk/.  

5. Photographic records for Hope Park Church and the extensive Lorimer archive for 

Summerhall, held at RCAHM, Bernard Terrace, Edinburgh. Archives catalogue consulted 

online at http://canmore.org.uk/.  

6. Edinburgh City Archives, City Chambers, Royal Mile.  

7. Andrew Wright, “University of Edinburgh, The Royal (Dick) Veterinary College, Summerhall: 

Heritage Report” (May 2011). Available online http://www.summerhall.co.uk/about/a-brief-

history-of-summerhall/ (accessed May 7, 2015).   

8. John Gifford, Colin McWilliam, and David Walker, The Buildings of Scotland: Edinburgh 

(Middlesex, England: Penguin Books, 1984).  

9. Malcolm Cant, Edinburgh: Sciennes and the Grange (Edinburgh: J. Donald Publishers, 1990). 

10. “New Independent Church, Hope Park Terrace”, The Scotsman, May 22, 1875, accessed online 

at http://search.proquest.com/ through the NLS website.  

 

http://pastmap.org.uk/
http://data.historic-scotland.gov.uk/
http://www.scottisharchitects.org.uk/
http://canmore.org.uk/
http://search.proquest.com/
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11. Research into the history of the site has by no means concluded: a number of key sources were 

identified, but not consulted due to the time constraints and research priorities of the 

practicum. The most important of these is probably the archive of the University of Edinburgh 

Estates Office, which could possibly hold material on the interventions carried out in the early 

1980s, when the University acquired the former Church building. 

 

4.2 A brief history of the site 

Summerhall is located at the South-east corner of the Meadows in Edinburgh. In the heritage report 

he prepared for the site in 2011, Andrew Wright traces the early history of Summerhall parallel to 

the development of the Meadows during the first half of the 19th century. A brewery had been on 

site since the beginning of the 18th century, while Summerhall House and its formal garden 

occupied most of the current site since the beginning of the 19th century. (Fig.  10) Summerhall 

House was eventually overridden by the opening of Hope Park Terrace in 1862114 and subsequent 

erection of Hope Park United Presbyterian Church in 1867 on designs by Peddie & MacKay. Hope 

Park Congregational Church (originally called Hope Park Independent Church) was built nine 

years later to the East of what remained of Summerhall House. (Fig.  12) It was designed by James 

Sutherland alone and built in 1876 in partnership with John Russell Walker.115 Hope Park 

Congregational Church was designed in North Italian, or Lombardy, Romanesque style, which, 

according to Wright, suggested “contemporary French Second Empire stylistic overtones”.116 

 

The next phase of Summerhall began in the early 20th century, when the Dick Veterinary School 

relocated its campus to new buildings designed by David McArthy (1913-1925). The main building 

in particular faces the Meadows with a strong civic presence and contains a number of interesting 

spaces, specifically designed for the Veterinary College, such as the anatomy lecture theatre and 

the dissection room. During the 20th century, the campus was developed in successive phases of 

expansion. The first one included the erection of a new L-shaped wing by Lorimer & Matthew in 

1937-40. (Fig.  15) The United Free Church at the North-west corner of the site had fell into 

disrepair and was eventually demolished in 1949.117 That corner of the site was covered in the 

second major expansion of the campus by a Brutalist tower block (block D, now known as 

‘TechnCube’) designed in the late 1960s by esteemed Edinburgh practice Reiach, Hall & Partners. 

                                                           
114 John Gifford, Colin McWilliam, and David Walker, The Buildings of Scotland: Edinburgh (Middlesex, 

England: Penguin Books, 1984), 250. 
115 Source http://www.scottisharchitects.org.uk/building_full.php?id=212601 (accessed May 30, 2015).  
116 Andrew Wright, “University of Edinburgh, The Royal (Dick) Veterinary College, Summerhall: Heritage 

Report” (May 2011), 11. 
117 Malcolm Cant, Edinburgh: Sciennes and the Grange (Edinburgh: J. Donald Publishers, 1990), 199.  
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The same architects designed a second modernist building (block B) to the rear of Summerhall 

Square to house the small animals’ clinic.  The last phase of expansion involved the addition of 

Hope Park (and Buccleuch) Congegational Church, which had fell into disuse and was acquired by 

the University in 1985.118 The building was converted into a refectory and kitchen (basement), 

teaching spaces (ground floor), and laboratory spaces (top level). The church interiors were 

completely stripped out, with the exception of the main staircase, and the space was divided using 

the standard, functional style for public buildings of the time.119 The comparison of historic 

photographs of the interiors (Fig.  20) (Fig.  21) and the present condition of the building reveal the 

extent of the 1980s interventions. Interestingly, the building has been listed since 1977 and the 

listing description was never updated to reflect the changes to the interior.120 Site inspection 

revealed that in some cases the modern finishes simply covered the historic ones, as is the case in 

the entrance lobby, where the original decorative floor tiles are hidden behind the modern carpet. 

There is also evidence that some plaster cornices might still survive hidden inside the 1980s 

suspended ceilings.    

 

In 2011 the Royal (Dick) College of Veterinary Science, which had been officially part of the 

University of Edinburgh since 1951, moved from Summerhall to a new campus in Easter Bush. 

After a phase of uncertainty as to the future of the site, Summerhall was acquired by its current 

owners, the McDowell family, who converted it into a “hub for creative activity”, introducing 

exhibition spaces, artists’ workshops, cafe and shop, pub, and office spaces for technology start-

ups.121 Nowadays, Summerhall has a strong presence in the city and the local community as an arts 

venue. During the Edinburgh Festival, Summerhall is Fringe Venue 26.  

 

 

  

                                                           
118 Cant, 200. 
119 Wright, 28. 
120 Listed building description included in section 4.4. 
121 Information available online at http://www.summerhall.co.uk/. 



76 

 

4.3 Archival material  

This section presents the main historical and archival material recovered from the RCAHMS 

archive and the NLS website in relation to Hope Park Church.     

 

The historic maps of the NLS collection provided important information as to the development of 

the site. The following maps were consulted:  

 Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - 

Sheet 40 (surveyed 1852, published 1854) (Fig.  10);  

 William Johnston, Plan of Edinburgh, Leith and suburbs, 1856;   

 John Bartholomew, Hislop’s new plan of Edinburgh & Leith with suburbs, 1856 (Fig.  11);  

 J. Sulman, Edinburgh, 1868;  

 Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - 

Sheet 40 (surveyed 1877, published 1878-81) (Fig.  12) (Fig.  13);  

 William Johnston, Johnstons' plan of Edinburgh, Leith, Portobello and environs, 1888;  

 John Bartholomew, Bartholomew's Plan of the City of Edinburgh with Leith & Suburbs, 1893;  

 Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - 

Sheet III.12.7 (surveyed 1893, published 1895);  

 John Bartholomew, Plan of Edinburgh and Leith, 1912 (Fig.  14);  

 National Grid maps, 1940s-1960s, NT2672NW (surveyed 1946, published 1948) (Fig.  15).  

 Ordnance Survey map, June 2015. Source: Digimap. (Fig.  16) 

 

 

Fig.  10: Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - Sheet 40 (surveyed 

1852, published 1854). The map shows the site of Summerhall House and gardens before the opening of Hope Park 

Terrace. Source: NLS.   



77 

 

 

Fig.  11: John Bartholomew, Hislop’s new plan of Edinburgh & Leith with suburbs ... constructed for the Post Office 

Directory / by John Bartholomew, 1856. This is the first map that shows the newly-opened Hope Park Terrace. Only the 

North side of the street has been constructed. 

 

 

 

Fig.  12: Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - Sheet 40 (surveyed 

1877, published 1878-81). This is the first map that shows Hope Park Congregational Church, as well as Hope Park 

United Presbyterian Church, which has been demolished. The map includes the ground floor internal layout of the 

Church, which is significant as there are no historical drawings documenting the interiors of the Church.  
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Fig.  13: Ordnance Survey Large Scale Scottish Town Plans, 1847-1895, Town Plan of Edinburgh - Sheet 40 (surveyed 

1877, published 1878-81). Detail showing the ground floor plan of Hope Park Church. 

 

 

Fig.  14: John Bartholomew, Plan of Edinburgh and Leith, 1912. First map showing the Royal Veterinary College 

building. 
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Fig.  15: National Grid maps, 1940s-1960s, NT2672NW (surveyed 1946, published 1948). The map shows Hope Park 

Terrace with the Church and the Lorimer & Matthew extension to the Royal (Dick) Veterinary College.  

 

 

 

Fig.  16: Ordnance Survey map, June 2015. Source: Digimap. 
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The extensive Lorimer archive, held at RCAHMS, contains a large number of drawings related to 

the extensions and redesign of the College by Lorimer and Matthew in the 1930s and 1940s. 

However, Hope Park Church is not included in these drawings, as it was not at the time part of the 

college campus. The only relevant drawing is an elevation of the extension building (block C) on 

Hope Park Terrace, which contains a partial elevation of the Church (Fig.  17).  

 

 

Fig.  17: Elevations of Royal (Dick) Veterinary College extensions, dated July 1937, contained in the Lorimer archive 

(LOR E/226/15/3), held at RCAHMS. Catalogue number: SC 1140073, RCAHMS.  

 

The most important sources of historical information on Hope Park Church were four historic 

photographs held in the RCAHMS archives. In the absence of historical drawings,122 these 

photographs are the only credible sources of information particularly on the interiors of the Church 

prior to the remodelling carried out in the early 1980s by the University of Edinburgh.     

                                                           
122 The usual sources (Dean of Guild, RCAHMS, Dictionary of Scottish Architects) were consulted, but no 

historical drawings were located.  
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Fig.  18: “Hope Park Terrace - looking West from Clerk Street, showing Hope Park and Buccleuch Congregational 

Church; Hope Park United Free Church and entrance to Melville Drive.” Edinburgh Photographic Society Survey of 

Edinburgh and District, Ward XIV George Square, dated 1914. Catalogue number D 13149, RCAHMS.  

 

Fig.  19: "General view of the front facade seen from the North West." Photograph dated 13.02.1980. Catalogue number: 

ED 11736, RCAHMS.  



82 

 

 

Fig.  20: "Interior view seen from the South." Photograph dated 13.02.1980. Catalogue number ED 11738, RCAHMS. 

This photograph is important as it shows the interior gallery and organ at the South end of the Church, which were 

removed during the remodelling of the early 1980s.  

 

 

Fig.  21: "Interior view seen from the North." Photograph dated 13.02.1980. Catalogue number ED 11737, RCAHMS.  
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Fig.  22: Table of primary sources relating to Hope Park Church. 
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4.4 Listed building descriptions 

HOPE PARK & BUCCLEUCH CONGREGATIONAL CHURCH 
HOPE PARK TERRACE (Ref:27060) 

This building is in the Edinburgh, City Of Council and the Edinburgh Burgh. It is a 
category B building and was listed on 29/04/1977.  
Group Items: N/A, Group Cat: N/A, Map Ref: N/A. 

  

Description 
  
Sutherland & Walker 1876.  
  
North Italian Romanesque, elaborately detailed. 2-tier and basement 5-bay frontage, railed 
basement area with high quality iron work between stone dies, giant pilasters to level of springing 
of arches of upper tier, triple-arched windows at lower tier, overarched bipartites with tympana 
pierced by circles at upper level: E entrance bay slightly advanced and raised one stage as tower, 
projecting round arched porch with arcaded parapet, pedimented tower stage has round arched 
and keyblocked triple windows in angle pilasters, French pavilion roof.  
  
Plain galleried interior with flat ceiling, original furnishing. 

  
Notes 
Ecclesiastical building in use as such. 

  
References 
No references. 
  
 
Accessed April 29, 2015. Source:  http://data.historic-

scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:27060,hope%20park%20church. 

 

SUMMERHALL, THE ROYAL (DICK) SCHOOL OF 
VETERINARY STUDIES (Ref:48536) 

This building is in the Edinburgh Council and the Edinburgh Burgh. It is a category B building and 
was listed on 12/03/2002. 
Group Items: N/A, Group Cat: N/A, Map Ref: NT 2625 7248. 
 

Description 
David McArthy, 1909-1916; later additions to rear. 11-bay Edwardian Baroque college building; 
substantial later additions of 7-storey and basement laboratory tower (Block D) to NW and 4-storey, 
rectangular-plan animal treatment facility (Block B) to SE by Alan Reiach, Eric Hall and Partners, 1969-
1971 (T A Jamieson, project architect; Blyth & Blyth, structural engineers), in New Brutalist style. 

  
1909-1916 COLLEGE BUILDING: 11-bays. 3-storey and basement 3-bay centre pavilion with 2-
storey and basement 3-bay wings linked to pedimented single bay outer pavilions. Pink ashlar. 
Balustraded parapet. Projecting central pavilion with channelled pilasters to corners and mullioned 
and transomed tripartite windows; entrance and Venetian window to 1st floor flanked by giant Ionic 
columns bearing segmental pediment; bowed steps to 2-leaf glazed timber-panelled door with 
sunburst fanlight in blocked round-arched surround with segmental pediment and blocked flanking 
columns on pedestals. Linking bays divided by giant Ionic columns. Channelled pilaster strips to 

http://data.historic-scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:27060,hope%20park%20church
http://data.historic-scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:27060,hope%20park%20church
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pedimented outer bays; tripartitie windows with Ionic colonnettes bearing segmental pediments at 
1st floor. Stone balustrade to basement area at central pavilion, cast-iron railings to outer wings.  

  
INTERIOR: glazed vestibule (bevelled glass) with 2-leaf timber-panelled glazed door with broken 
pediment, leading to timber-panelled stair hall. Ionic-columned Imperial staircase with turned 
balusters and moulded timber handrail; stained glass Venetian window with memorial to William Dick. 

  
Modern glazing. 

  
BLOCK D (1967-1971): 7-storey and basement, square-plan laboratory tower, with chamfered 
corners, sunken lecture theatre wing on its south-east and a single-storey link to 1916 building to S. 
Reinforced concrete construction with brick and blockwork infill. Pre-cast concrete spandrel panels, 
ribs and 'Derbyshire Spar' aggregate panels; compound-coated slate-grey steel (Galbestos) ribbed 
panels; ceramic facing tiles. Red-coloured tiles to ground and 1st floors. Windows set in reddish 
pre-cast spandrel panels, continuing on the chamfered corners. Bays articulated by vertical smooth 
white ribs. Limited fenestration to 6th floor, mostly clad in ribbed compound panels, similar to fascia 
of link to original building. Interior: laboratories completely refurbished and the remaining original 
features. 

  
BLOCK B (1967-1971): 4-storey, rectangular-plan extension forming SE wing to original building, 
enclosing courtyard. Adjoining 1916 building at 3rd and 4th floors with pend entrance to courtyard 
below. 

  
Enclosed steel bridge links at 1st floor adjoining earlier courtyard buildings to rear. Reinforced 
concrete construction with brick and blockwork infill. Red-tinted aggregate panels with facing tiles 
to lower storeys. The stair tower has opaque panels of moulded glass, its sides clad in the reddish 
ceramic tiles. S (principal) elevation: external stair leading to 1st floor entrance, glazed doors with 
row of windows set in a timber frame. Continuous bands of timber-framed windows to 2nd and 3rd 
floors. N (courtyard) elevation: fenestration similar to S, with ground floor windows and a projecting 
glazed stair. Pend fitted with wrought-iron gates. Interior: plain interiors with some hardwood 
detailing; relatively unchanged from original. Linking bridge is a later addition. 
 

Notes 
The Veterinary College was founded by William Dick (1793-1866), an Aberdeenshire farrier's son, 
who studied anatomy in Edinburgh, went to the London Veterinary College in 1817, and returned to 
set up his own veterinary college in Edinburgh. The original premises were on the site of Dick's 
forge in Clyde Street; the statue of a recumbent horse (by John Rhynd, 1883) inSummerhallPlace 
formerly crowned the building in Clyde Street. Among Dick's students were the founders of 
veterinary schools in Canada, the USA, Australia and Ireland. The design of the building is 
significant for the expanse of fenestration appropriate to its function. The College became a faculty 
of the University of Edinburgh in 1964. Block D is a significant work of late Scottish Modernism, 
acting as a landmark, rising up at the east end of the Meadows and marks the edge of the 
University area. It appears to be engaged in a skyline dialogue with the twin towers of George 
Square. Of these, the Appleton Tower was also by Reiach¿s practice. Although the red sandstone 
of the 1916 building may have determined the colour of the cladding slabs, there is no other local 
precedent informing its striking appearance. The main influence on the building form is the 
Economist building, in London, by Alison and Peter Smithson (1964). Block B, which is more 
overtly functional, may also be influenced by the Smithson's sense of rectilinear formality. Its fittings 
are typical of Scottish institutional buildings of the period. 

 

References 
Dean of Guild 26th December 1912 and 27th February 1913. C H Stewart, THE PAST HUNDRED 
YEARS: THE BUILDINGS OF THE UNIVERSITY OF EDINBURGH (1973) p35. J Gifford, C 
McWilliam, D Walker, BUILDINGS OF SCOTLAND: EDINBURGH (1984) p243. 
 
Accessed April 29, 2015. Source: http://data.historic-

scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:48536,Summerhall. 

http://data.historic-scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:48536,Summerhall
http://data.historic-scotland.gov.uk/pls/htmldb/f?p=2200:15:0::::BUILDING,HL:48536,Summerhall
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4.5 Description from The Scotsman  

A description of the design for the new church on Hope Park Terrace by James Sutherland was 

published in The Scotsman on May 22, 1875. The description of the main elevation mostly matches 

the current condition, while the ground floor interior matches the floor plan included in the OS map 

of 1877 (Fig.  10). The description of the basement layout is slightly problematic, as there is no 

archival material to compare it to; the site inspection was also inconclusive due to the extensive 

interventions of the 1980s, which included the installation of a kitchen and refectory in the 

basement level of the former Church. The following is a direct transcript from The Scotsman, 

accessed online through the NLS website.  

 

"The Independent congregation at present worshipping in Richmond Place Church, of which Rev. 

Mr Wemyss is pastor, having sold the building they now occupy, are about to build a handsome 

new Church at Hope Park Terrace, on the site to the east of the yard of Mr Mackenzie, builder. The 

style adopted by the architect for the building is Romanesque. The external elevation will consist of 

a projecting porch at the upper or east end with balustrade and arched doorway, supported by 

pillasters with carved caps. This portion of the building extending over the porch will be carried up 

as a tower, with pediment in each face. The body of the church will be divided into four bays by 

pillasters running the whole height of the building; each bay on the ground floor being filled in 

with an arcade of three coupled windows, with moulded caps, arch, and vases, and ornamented 

hood moulding. The upper row, divided from the lower by horizontal string courses, will be of a 

more ornate description, and will consist of a two-light window, with pierced circular cinquefoiled 

light within a containing arch in each bay, the outer arch being ornamented with incided work, 

carved keystones,, and moulded hoods, while the supporting pillasters will have carved caps and 

moulded bases. The whole will be crowned with a massive cornice, with carved blocks, 

surmounted by a balustrade. The total length of the building will be about 73 feet by 46 feet wide 

over walls. The entrance will be at the east or upper end, through the projecting porch already 

referred to, which will lead into a spacious corridor 1 feet wide running across the whole width of 

the building. The body of the church will be entered directly from this corridor by two doorways, 

placed equidistant from the side walls, and a handsome stair on each side will lead to the galleried. 

These galleries will be only two seats and a passage deep at the sides, but five seats deep at the 

back. Accommodation will be provided in the back gallery for the organ and choir. At the other end 

of the building will be placed the minister's platform, which will be of chaste and simple design. 

Behind the platform will be a recessed arch, with angle shafts, carved caps, and ornamental 

alternate voussoirs. The ceiling will be coved, pannelled, and moulded, with centre flower in each 

panel, pierced for ventilation, the vitiated air being carried away by means of Howorth's patent 

screw-ventilators. In the sunk floor of the building there will be a large hall, to hold 150 persons, 
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with two rooms adjoining it, to be used as Sunday School rooms. Each of these will accommodate 

56 persons, and when necessary there rooms can be thrown into the hall, thus giving 

accommodation for upwards of 260. There will also be on this level a minister's vestry, with stair 

up to the church; deacons' room, a ladies' room communicating with the church corrider, and a 

keeper's house, comprising kitchen, room, bed-closet, pantry. There will be an area in front to give 

light and access to sunk flat. The church will be seated to accommodate 650 persons, and will cost 

about £4000. The architect is Mr James Sutherland, 12 Lauriston Gardens. The work is already in 

progress." 
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5. Software limitations 

Software is a crucial resource in modern architectural practice, naturally including the conservation 

sector. In this particular instance, the specific version of the BIM software available at this stage 

was of particular importance: Revit LT 2015. The following section contains observations relating 

to the specific BIM platform available for the practicum and conclusions based on the practice. 

 

Revit LT is marketed as a ‘lighter’ version of Revit with all the basic functionalities of a BIM 

platform. However, the features ‘missing’ from Revit LT are absolutely key for a project involving 

an existing building of a historic style, such as the model-in-place and advanced 3D modelling 

options. Moreover, collaboration (worksharing and interference checks) is not possible in Revit LT; 

only a single person can work on one Revit file at a time, which is counter-productive especially in 

large projects, where several people have to be able to access and edit the model concurrently.  

 

There are also issues with interoperability, the transfer of data from one software to the other. In 

this project, the problem was especially intense when attempting to import geometries modelled in 

Rhinoceros into Revit. Common file formats, such as SAT and OBJ, are not supported in Revit LT. 

The only viable option for a ‘Rhino to Revit’ workflow is to use the DXF (3D polysurface) format. 

However, the imported geometry is clumsy and obviously has none of the functionality of native 

Revit geometry (parameters, non-geometric information).  

 

A feature-by-feature comparison of Revit LT and Revit (2016 versions) is presented in  

table 2. A similar comparison for the 2015 versions was available as a PDF document online 

(removed from the official Autodesk website, to be replaced with the 2016 version).123 Cross-

examination of both tables reveals very little difference between the 2015 and 2016 versions.  

 

It has been concluded from the practice that Revit LT cannot fulfil a number of basic needs of conservation projects, 

particularly relating to irregular or non-standard geometries (practically anything that is not standard contemporary 

design). However, the price difference between Revit LT and Revit, which offers more advanced solutions to these 

problems, is considerable, as shown in  

table 3.  

 

                                                           
123 Document accessed online on August 2, 2015 at 

http://www.imaginit.com/portals/4/documents/Revit%20Revit%20LT%202015%20Comparison%20Matrix.pdf. 



89 

 

Another problem with Revit platforms in general, which proved to be an almost insurmountable 

obstacle, is that Revit versions are not backwards-compatible: a Revit file saved in the 2015 version 

cannot be opened at all with an earlier version of Revit. In practice, this means that everyone 

involved in the project (in every workstation, desktop or laptop computer), including any 

consultants that might need to query or edit the Revit model, must work in the same version of 

Revit (same year). Considering the cost of updating to a new version (multiplied by the number of 

workstations), this requires a significant investment on the part of the design team and their 

collaborators.  

  

PRODUCTS 

 

 

 

Revit LT 2016   Revit 2016  
(in Building Design 

Suite Premium or 

Ultimate) 

 

DESKTOP SUBSCRIPTION 

Pay-as-you-go access ✓ ✓ 

Up-to-date software ✓ ✓ 

Online support ✓ ✓ 

Scalable licensing ✓ ✓ 

3D ARCHITECTURAL MODELING 

Architectural wall, curtain wall, floor, roof, ceiling, 

and column 

✓ ✓ 

Design options ✓ ✓ 

Loadable component ✓ ✓ 

Room and area ✓ ✓ 

Site design ✓ ✓ 

Stair by component, ramp, and railing ✓ ✓ 

Anti-aliasing ✓ ✓ 

Construction modeling parts and assemblies  ✓ 

Stair by sketch  ✓ 
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STRUCTURAL MODELING 

Structural walls, floor slab, and foundation ✓ ✓ 

Structural columns, beams, and braces ✓ ✓ 

Slanted columns and trusses  ✓ 

Reinforcement  ✓ 

MECHANICAL, ELECTRICAL, AND PLUMBING ENGINEERING 

HVAC duct systems  ✓ 

Piping and plumbing systems  ✓ 

Power and lighting systems  ✓ 

ADVANCED 3D MODELING 

Create groups for repeating elements ✓ ✓ 

Family editor environment ✓ ✓ 

In-place modeling1 ✓ ✓ 

Conceptual massing, adaptive components  ✓ 

PRESENTATION AND VISUALIZATION 

Sketchy lines ✓ ✓ 

Realistic view styles ✓ ✓ 

Orthographic and perspective views, walk-

throughs 

✓ ✓ 

Photorealistic rendering in the cloud2 (A360 

Rendering) 

✓ ✓ 

Photorealistic rendering materials ✓ ✓ 

Photorealistic rendering within the product  ✓ 

Ray trace (in-canvas rendering)  ✓ 

View filters  ✓ 
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ANALYSIS 

A360 energy analysis for Revit3  ✓ 

Area analysis  ✓ 

Analytical model  ✓ 

Structural loads and boundary conditions  ✓ 

A360 structural analysis for Revit4  ✓ 

Heating and cooling loads  ✓ 

Massing studies  ✓ 

Solar studies6  ✓ 

DOCUMENTATION 

2D detail lines, 2D detail components ✓ ✓ 

Revision tracking ✓ ✓ 

Dimensioning, tagging, and annotation ✓ ✓ 

Phasing ✓ ✓ 

Schedules, material takeoff ✓ ✓ 

COLLABORATION 

Interference check, copy/monitor  ✓ 

Worksharing (multiuser environment)  ✓ 

Shared coordinates among projects  ✓ 

Revit Server  ✓ 

LINKING OTHER REVIT FILES 

Link files from other Revit applications ✓ ✓ 

Tag and schedule elements in link files ✓ ✓ 

Copy/Paste elements from links  ✓ 
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Customize the visibility of linked models  ✓ 

LINKS/IMPORTS 

DWG™, DXF file format, TrustedDWG 

technology, images 

✓ ✓ 

IFC ✓ ✓ 

DGN, SketchUp, DWF markup ✓ ✓ 

Point cloud, Decal  ✓ 

EXPORTS 

DWG, DXF, DGN, DWF, DWFx ✓ ✓ 

Walk-throughs and images, FBX, NWC5 ✓ ✓ 

Room/Area Reports, Schedules ✓ ✓ 

Solar studies6 ✓ ✓ 

IFC ✓ ✓ 

SAT, ADSK, gbXML, ODBC, family types  ✓ 

APPLICATION PROGRAMMING INTERFACE (API) 

Third-party application programming interface 

(API) 

 ✓ 

 

Table 2: Comparison of Revit LT versus Revit. Source: http://www.autodesk.com/products/revit-

family/compare/compare-revit-products (accessed July 15, 2015). Key features for (H)BIM missing from Revit LT have 

been highlighted in yellow. 

1 Walls only in Revit LT. 

2 Available to Maintenance Subscription customers of Revit LT, Revit Architecture, Revit MEP, and Revit 

Structure software during the term of their Subscription. 

3 Available to Maintenance Subscription customers of Building Design Suite (Premium, Ultimate), 

Infrastructure Design Suite (Ultimate), Revit Architecture, and Revit MEP during the term of their Subscription. 

4 Available to Maintenance Subscription customers of Building Design Suite (Premium, Ultimate), 

Infrastructure Design Suite (Ultimate), Plant Design Suite (Premium, Ultimate), and Revit Structure during the 

term of their Subscription. 

5 To enable the NWC export feature, install the Navisworks NWC Export Utility available on autodesk.com. 

6 Only still images are available for solar study export. 

 



93 

 

PRODUCTS  

 

 

 

Revit LT 2016   Revit 2016  
(in Building Design Suite 

Premium or Ultimate) 

 

Price of new stand-alone license  £1,050.00 
 

£4,600.00 
  

Table 3: Comparison of Revit LT and Revit prices. Prices checked on official Autodesk UK online store 

http://store.autodesk.co.uk/store/adsk/en_GB/html/pbPage.All-Product-Listing_en_GB (accessed July 15, 2015). 

 

This discussion has presented some of the problems and limitations associated with the particular 

BIM platform used in the project. It has been concluded from the practicum that Revit LT is not a 

suitable option for most conservation projects. Revit (full version) is offers better solutions to the 

problems faced in the practice, which are absolutely critical for the conservation sector 

(interoperability, advanced geometric modelling capabilities, compatibility). The literature suggests 

that even Revit (as opposed to Revit LT) cannot resolve these issues conclusively. However, Revit 

is generally a mid-range BIM tool and, depending on the demands of specific conservation 

projects, more high-end platforms or custom software solutions might be necessary for sustaining a 

reliable digital ecology.  
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6. Research notebook 

Documentation has a critical role in many forms of research: experimental work in physics, 

biology, and the natural sciences, action research in the social sciences, and practice-related 

research in the arts, design, and architecture. In the last category, the importance of documentation 

for research through art and design is highlighted by Frayling, particularly in relation to the ‘action 

research’ type.124 

 

The role of documentation in practice-led research is further explored in a paper by Nimkulrat,125 

where documentation is a record that serves as evidence of the creative process.126  The practice of 

meticulous record-keeping borrows protocols developed in the natural and physical sciences for 

recording fieldwork and experimental data and adapts them to creative practice. For example, the 

laboratory notebook, as described in Ebel, Bliefert, and Russey’s The Art of Scientific Writing, 

although primarily intended for researchers in chemistry and other sciences, is also relevant to 

recording creative practice. Records of work, according to the authors, must include 

comprehensive, but detailed notes of all procedures, processes, materials and equipment involved, 

recorded immediately and systematically and kept in a permanent location. "A bound, paginated, 

dated format is always specified" for a laboratory notebook.127  

Following the models proposed for recording practice, particularly the detailed instructions in Ebel, 

Bliefer, and Russey discussed above, an electronic version of the laboratory notebook was used to 

record the details of day-to-day practice during the six weeks of practicum. The Evernote online 

platform was selected as the medium, as it ensures immediate and constant accessibility to the 

notebook through different electronic devices and ensures the safety and permanence of the 

research records. Notes taken in different locations were transcribed to this electronic journal at the 

end of each working day. Screen snapshots, digital files documenting progress in modelling, 

images and other data types (in digital formats) could easily be appended to the written description. 

While in the creative arts visual media, such as photography, drawing or sketching, might be more 

suitable for the documentation of the research progress,  verbal written accounts formed the basis 

for the documentation of the practicum, which was in any case more process- rather than product-

oriented. 

                                                           
124 The importance of a ‘diary’ for the documentation and communication of research in Frayling, 5. 
125 Nithikul Nimkulrat, "The Role of Documentation in Practice-Led Research," Journal of Research Practice 

3, no. 1 (2007): 1-8.  
126 Ibid., 5. 
127 Hans Ebel, Claus Bliefert, and William Russey, The Art of Scientific Writing: From Student Reports to 

Professional Publications in Chemistry and Related Fields (Weinheim, Federal Republic of Germany: VCH, 

1987), 12. 
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The following section is an abridged version of the research notebook covering the six weeks of 

practical work on site at Summerhall, Edinburgh. The notebook followed the template of a research 

notebook, with separate entries for every day of work. The notes contain an overview of the tasks 

carried out, results, and plans for further work, as well as thoughts on the practice and its relation to 

research questions. Details for tasks such as surveys and software settings were recorded separately 

in a bound notebook for future reference; a selection of them has been transcribed to Evernote. 

 

 

2015.04.20 Monday 

Goal: develop a BIM framework for Summerhall. 

Started work getting to know previous research and existing documentation on the building and project. 

Compiled notes from heritage report, GVA development plan, listing descriptions, CANMORE. 

 

2015.04.21 Tuesday 

A.  Wright Heritage Report: notes on history and significance, including analysis of significance for 

external envelope (see below).  
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Collection of existing drawings of the site: latest version of each set apart for printing.  

Development of BIM strategy: general project strategy, partitioning the site, data structures. 

 

2015.04.22 Wednesday 

Discussion of partitioning options and significance aspects. Project priorities based on Wright’s 

assessment of significance. This discussion resulted in basic diagram for project planning (see below).   

 

 

 

Developed project overview and targets. Priorities and timetables will be determined by funding 

options. Conclusion: phasing the model will be more appropriate than partitioning (to correspond with 

the phases of the project -loosely). 

 

Dissertation  

Regarding dissertation: shift from theoretical, qualitative-quantitative methods to research by practice. 

Research by practice: method originates in the natural sciences. Different in that the researcher is an 

active component in this methodology. The research affects the object, but it also affects the researcher.  

Advantages of research by practice: in-depth theoretical knowledge applied to a real-world problem. 

Ethics of practice. Robust methodology, based on empirical information, scientific process. 

Proposed title: Parametric design methods (modelling) for (heritage) conservation.  
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Revit strategy  

Topics: structure of project, individual Revit files linked to main project file, file structure, linking 

information into model, need for standard practices, survey data options and accuracy, modelling 

options and level of detail, worksharing. end-user consideration, interoperability.  

Walls can start as generic and take material information later. 

Where accurate model of a space is necessary, we can model elsewhere and import geometry. To have 

the functionality, we need to consider lowering geometric accuracy and finding alternative ways to 

represent the information. 

The model will act as an information hub providing links to all the information we collect, linked to 

specific elements of the model. The Revit model is a method to structure and manage information. 

Geometry would not be a priority. 

Link sketches, measurements, condition surveys, photos to mass faces representing elevations and floor 

plans (or rooms). Link to folder (e.g. for multiple photos), or link multiple times to same destination.  

Create standards of practice: write down instructions for modelling, naming, worksharing protocols etc. 

This is to ensure a consistent approach throughout the site.  

Central filing system. Store families, templates and all external files in central location. Consider how to 

manage the information. 

Consider the end-user: how can they use the information - access the model? Need for someone to 

manage the Revit file - manage the building through Revit. As a management tool the Revit file is not 

"frozen in time" - it needs to be regularly updated in order to stay relevant. 

Conceptual diagram of data structures in Revit (see below).  
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2015.04.24 Friday 

Organised project file system (folder structure hosted in main server for access through network). 

Started on information fields by element type (decision pending). 

 

2015.04.27 Monday 

Research into funding options for Summerhall.  

 

Dissertation 

Methodology is developed as the research proceeds when doing research by practice. Methodology is 

retrospective (it will have to be finalised at some point). Look into creative practice methodologies in 

academic research (postgraduate level). 

 

 

2015.04.28 Tuesday 

Further research into funding options. Organised options into spreadsheets.  

 

 

2015.04.29 Wednesday 

Selection of case study building 

Focus on the former church (block E) as case study for the entire site in terms of BIM strategy. The 

methodologies developed for this small-scale project will be then applied in consecutive phases to the 

other buildings on site (block A probably next).   

 

Block E is ideal as a case study as it has: detailing (staircase balustrades, external elevations), 

significant elevations (level 2 in Wright’s assessment), plant (boiler room) in basement. 

 

The work will begin by setting up a low-res (mid- to low-range accuracy) model in Revit, which will be 

informed by archival research and on-site survey. 

 

Dissertation 

Proposed title: Parametric design methods in architectural conservation: the contemporary heritage 

project. 

The dissertation will look into bringing parametric methods into mainstream conservation practice. The 

case study of Hope Park Terrace Church will then inform the approach for the conservation of the entire 

Summerhall site.  

Look into: book about scripting and table in Pavillion Cerussi showing the interrelationships between 

different software and techniques (including programming like Matlab + Autolisp). 
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Visit to RCAHMS, Bernard Terrace 

Until the 1980s, the church was not really part of Summerhall (the Vet. College). It makes sense then, 

that the material in the RCAHMS archive on Summerhall did not in fact include any information on the 

church.  

Quote on the Royal (Dick) Veterinary College, Summerhall from: Gifford, John, and Colin 

McWilliam. Edinburgh. Pevsner Architectural Guides: Buildings of Scotland. Middlesex, England: 

Penguin Books, 1984. 

"Fag-end Wrennaiscance by David McArthy" and "akward ribbed tower" on the North corner by Alan 

Reiach, Eric Hall & Partners.  

 

Information from CANMORE 

Hope Park and Buccleuch Congregational Church, built in 1875-6 by Sutherland & Walker.  

Architectural notes NT27SE 509 26306 72580 

5 photographs are listed on Canmore:  

ED 

11736 

General view of the front facade seen from the 

North West.  

    RCAHMS  

ED 

11737 

Interior view seen from the South.      RCAHMS  

ED 

11738 

Interior view seen from the North.      RCAHMS  

D 

13149 

EPS/40/4 Photograph with text: 'Hope Park 

Terrace - looking West from Clerk Street, 

showing Hope Park and Buccleuch 

Congregational Church; Hope Park United Free 

Church and entrance to Melville Drive'. 

Edinburgh Photographic Society Survey of 

Edinburgh and District, Ward XIV George 

Square  

Edinburgh 

Photographic 

Society  

1914 RCAHMS  

DP 

087186 

Photographic Survey of Edinburgh and District 

Ward XIV George Square. EPS/1 Map of the 

district with lists of the streets surveyed. This 

EPS collection contains 81 mounts bearing 

labelled and dated photographs and some 

engravings of buildings in this area, with the 

names of the photographers, mainly taken 1911-

1914 with some earlier ones including copies of 

D.O. Hill's work. The survey includes 

Greyfriars Churchyard, Lawnmarket, 

Grassmarket, Lauriston, George Square etc. 

Purchased from Edinburgh Photographic 

Society by SNBR for £50, 1947.  

Edinburgh 

Photographic 

Society  

1911 RCAHMS  

EPS 

40 

Card folder containing photographs of Clerk 

Street, Hope Park Terrace, South Clerk Street 

and West Preston Street. Front cover has pencil 

notes describing the photographs inside. 

Edinburgh 

Photographic 

Society  

1914 RCAHMS  

http://canmore.rcahms.gov.uk/en/details/360991/
http://canmore.rcahms.gov.uk/en/details/360991/
http://canmore.rcahms.gov.uk/en/details/361002/
http://canmore.rcahms.gov.uk/en/details/361002/
http://canmore.rcahms.gov.uk/en/details/361004/
http://canmore.rcahms.gov.uk/en/details/361004/
http://canmore.rcahms.gov.uk/en/details/776338/
http://canmore.rcahms.gov.uk/en/details/776338/
http://canmore.rcahms.gov.uk/en/details/1212441/
http://canmore.rcahms.gov.uk/en/details/1212441/
http://canmore.rcahms.gov.uk/en/details/1214821/
http://canmore.rcahms.gov.uk/en/details/1214821/
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Edinburgh Photographic Society Survey of 

Edinburgh District, Ward XIV George Square.  

EPS 

40/4 

EPS/40/4 Photograph with text: 'Hope Park 

Terrace - looking West from Clerk Street, 

showing Hope Park and Buccleuch 

Congregational Church; Hope Park United Free 

Church and entrance to Melville Drive'. 

Edinburgh Photographic Society Survey of 

Edinburgh and District, Ward XIV George 

Square 

Edinburgh 

Photographic 

Society  

1914 RCAHMS  

 

 

 

 

 

 

 

 

 

 

Based on the information on Canmore, it looks like there is not much information and no drawings of 

the church available at RCAHMS. Should consider other options such as the Dean of Guild archive or 

Edinburgh planning authority archive. 

There is a lot of information on Summerhall at RCAHMS. This involves photographic surveys (modern 

survey from 2004 in two green boxes held in the library room) and a full set of drawings from the 

Lorimer archive.  

 

Lorimer archive 

LOR/E/226/1 .... LOR/E/226/62 

Full set of drawings (62 rolls of several drawings each) of the extension to the Royal Dick, including 

surveys of the original buildings. Numerous plans, sections, and elevations, together with detail 

drawings etc. Excellent archive for information on the historic use of the buildings. 

Checked: nos 1-16 very briefly. This is time-consuming and at this point the drawings in this archive 

have no relevance to the project. They will be useful later on, when we proceed to other buildings. 

 

Conclusion - Priorities 

The church can be an excellent case study in terms of developing methodologies for the entire site, but 

it presents difficulties in locating archival material, since by itself it's not a particularly significant 

building and until very recently it was not included in the Summerhall - Royal Dick site.  

To do: start building a model in Revit. This model does not need to be accurate or detailed. The survey 

will be done later, and that information will be inserted into the crude model to create a really accurate 

and fully detailed virtual record of the building.  

 

 

2015.04.30 Thursday 

Verified floor plans of Church by direct measurements on site (quick survey with laser EDM and steel 

tape). Also established the main levels by taking measurements in the two staircases (North and South). 

Converted PDF to DWG. 

http://canmore.rcahms.gov.uk/en/details/349295/
http://canmore.rcahms.gov.uk/en/details/349295/
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Revit strategy 

Worksharing is not available in Revit LT, which is the version installed in 2 workstations (Revit LT 

2015). 1 workstation has the full suite, but the 2013 version, which means we cannot use it for 

collaboration (only possible with the same edition of Revit).  

This is an important issue for the BIM strategy. Software limitations (certain options are not available in 

LT versions, difficulty working between different editions) and also the prohibitive cost of 

upgrading/acquiring new software for several workstations pose certain restrictions on what we can do.  

The worksharing issue is resolved by deciding that, for now, only one person will work at each building 

at one time. 2 people can work on the same building (not file) by dividing the work into: general 

modelling work / development of component families to be used in the model.  

As stated previously, the priority now is to set up a ‘crude’ model in Revit. Accuracy and detail are not 

the issue. Because of current restrictions and limitations, we will need to operate under a general 

dichotomy: on the one hand there is a low-res fully-functional Revit model, which will be used as an 

information hub for the project, and on the other hand there is the high-accuracy geometric detail, which 

will be modelled either separately in Revit or, more likely, in Rhino, and imported as ‘dumb’ geometry 

into the model. For views where functionality is more important than geometry, Revit elements will be 

used. Renderings etc will be done externally, and if necessary imported in Revit. Modelling at this stage 

is more like sketching: broad strokes only. Detail and accuracy will come at a later stage.  

Started modelling the Church in Revit, based on existing floor plans and direct measurements to specify 

levels and heights. Started with basement. Inserted walls (close to the recorded thicknesses - EVERY 

wall is different - why? Should verify), rooms tagged correctly, doors. Tomorrow: windows, floors. 

Modelling the entire building in this way should not take more than 3 full days (Wednesday). 

Parametric families created separately for 2-light and 3-light windows.  

 

2015.05.01 Friday 

Finished model of block E (except staircases). 

 

2015.05.05 Tuesday 

Visit to RCAHMS 

Searched Summerhall drawings (LOR E/226/10, 11, 15,16). Only useful drawing for block E elevations, 

drawing E/226/15/3 (photographed, low-res copy in website). 

Three photographs held in one of the boxes (under Hope Park Terrace), took photocopies (94c.) and 

photos: external (main elevation), 2 internal (useful for historic interiors).  

Contacted Edinburgh University Etates Office for information on Church.   

 

2015.05.06 Wednesday 

Archival research 

Visited Plan Store (18 Cockburn St) and City Archives at City Chambers (253 High Street) to look for 

information or drawings on the church. There is no entry about the church on the Dean of Guild 
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Archives. At City Archives I was given a photocopy of the listing description by Historic Scotland 

(already had the information).  

Contacted St Augustine United Church (merged with Hope Park Congregational in 1979) in case they 

have information. No archives are held about Hope Park Church.  

From the Dictionary of Scottish architects: Hope Park Congregational Church was designed by James 

Sutherland, and completed in partnership with John Russell Walker. No archival material mentioned.  

 

Dissertation 

Justification for study: why is this research important in architecture/architectural conservation? 

Opinion: the architect is no more the grand designer, architecture has become a more collaborative 

process and BIM is certainly the right tool to facilitate that.  

 

2015.05.07 Thursday 

Updated project overview table.  

Prepared for site survey: tagged elements in Revit, printed drawings, created survey spreadsheets for 

rooms, doors, windows. Started with upper floor (currently housing art exhibition, but less busy).  

 

 

 

 

 

 

 

Surveyed room finishes (walls, floor, ceiling, skirting, and cornice) in every room. Recorded current use 

of the spaces. Data imported in Excel spreadsheets and created pdf drawings marking accessibility of 

rooms.   

Observations relating to the modern (1980s) interventions: It appears that the entire gallery interior was 

gutted and probably R/C slab inserted to create the current first floor. Comparing the current situation 

with the two interior photographs recovered from RCAHMS, it appears that the South staircase was 

inserted in the place of the church organ. On the North wall, the existing column is not in the 

photograph. Perhaps one of the columns on the ground floor supporting the timber gallery was relocated 

there? 

There used to be 3 doors on the North wall: the central is higher than the two other ones, which are 

pushed against the corner. This suggest that the door to the left (West) opened to the existing staircase 

landing, while the middle one must have opened to a corridor probably at the current level. So how was 

the door to the right accessed? Some serious intervention has been done to that area, a theory supported 

by the fact that the floor of E- 1.05 is different from the rest, appears timber and rather haphazardly put 

together -perhaps a temporary solution? So was there a second staircase, mirroring the existing one, 

which was removed to create more space at first and ground floor levels, or what? 
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2015.05.08 Friday 

Historic development of Church: looking at the historic photographs again and the symmetrical 

arrangement of the interior elevation of the North wall of the original church hall, and combining that 

with a. the different floor on E - 1.05 and b. the odd end of the old staircase on the ground floor, 

possibility of major intervention on that corner of the building.  

The answer was found in the OS map (large scale town plans) revised in 1877, which includes the 

ground floor of the church (public building). There was indeed a second staircase (or a second wing to 

the existing staircase). The wall dividing that space from the main church hall appears original. Also, 

looking at the drawings, the door between G.04 and G.05 could very well be original (at least the 

opening is) as it checks out between the modern drawings and the historic photograph. I would expect to 

find evidence of this on the ground floor (hidden between that disgusting floor finish), as well as in the 

closed opening on the dividing stone wall on first ground floor.  

 

 

2015.05.20 Wednesday 

Agisoft PhotoScan tests 

Started with medium-scale test of the upper part of the porch on Hope Park Terrace. Full details and 

software settings recorded on notebook.  

Total processing time: under 1 hour. 

Results: Satisfactory. 

Next phase: Hope Park Elevation. 

 

2015.05.21 Thursday 

Modelling church facade in PhotoScan. All the different settings used recorded on lab notebook. 

Results: satisfactory. Visual fidelity if satisfactory, however in the absence of better survey data, this 

method can only be used for mid-res modelling. Measurements taken with laser distometer (Leika 
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D510) mounted on tripod for section drawing through the tower/main entrance. Orthophotographs 

exported from PhotoScan (JPG). Can be used for presentation material. Also, 3D mesh exported as DXF 

for use in Rhino (and potentially referencing in Revit).  

Modelling of the façade in Rhino, using the mesh exported from PhotoScan. Elevation drawn in 

Autocad based on the orthophoto. Finished elevation at the end of today 

(Section_Elevation_on_scale_.dwg). 

 

 

2015.05.22 Friday 

Presentation board 01 for Church building, based on orthophoto exported from PhotoScan. Basic editing 

in Photoshop. Layout composed in Illustrator. To be used as a template for the other buildings on site.  
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2015.05.26 Tuesday 

Target: repeat the process developed for the church elevation to the main building facade (PhotoScan, 

2D section, presentation board). This should be finished by the end of the week.  

Took photographs for left and central part of the facade. Working on part 1 (left). Long processing 

times to create the dense cloud (high accuracy). 

Goal for the day: finish part 1 and part 2 today as dense cloud and mesh. 

PhotoScan ran batch actions overnight for combined elevation (all steps, fixed parameters as per 

previous observations). It should take several hours to run all.  

Tomorrow: get basic measurements with laser distometer. Scale mesh and export orthophotos. 

 

 

2015.05.27 Wednesday 

Briefed new intern on Summerhall project strategy (modelling in Rhino for referencing in Revit) and 

the archival research to be carried out on Thursday. Compiled list of catalogue reference numbers from 

RCAHMS that might contain an elevation of the main building (to be checked on Friday).  

PhotoScan file for the combined elevation ready, had to redo parts of it for a better result. Produced the 

final image (best possible quality with those photographs, acceptable for this phase). 

 

 

2015.05.28 Thursday 

Tried exporting Rhino model (polysurfaces only) as a DXF and imported to Revit. The model is only 

rendered as a wireframe, and there is absolutely no way to change that. Revit simply does not recognise 

the surfaces. Will need to find a different way to import the Rhino model, but there are several 

limitation due to the LT version (.sat format not available). 

 

 

2015.05.29 Friday 

Visit to RCAHMS. Requested additional items LOR E/226/1-10 to double check for elevation/section 

drawings. No such drawings exist. Notes kept on what each item contains for future reference. 

Finished elevation of the main building (Photoshop with line drawing from Autocad). Inserted 

Photoshop file in Illustrator for presentation board. The drawing remains to be tagged with areas of 

interest / problem areas. 

 

2015.06.01 Monday 

Preparation of presentation boards for the church and main building. 

Worked on church elevation in PhotoScan again, to include the dies and railings (important detail, 

significant decay in sections around porch). Orthophotograph exported. Line drawing in Autocad: 
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include railings to elevation. Combined the original orthophotograph with new line drawing in 

Photoshop. Notes added in Illustrator file:  

Missing parapet, as indicated by the historical research (archival material). On the roof inspection 

photographs, the roof of the entrance porch is noted to leak heavily. One theory that would explain this 

and the extreme, localised deterioration of the stone on the upper part of the porch is that, when the 

parapet was removed, the flat roof and especially the wall head was not repaired properly, resulting in 

water ingress and saturation of the stone, which cracked under frost action, leading to loss of material. 

Ironwork of high quality, severely damaged in at least 2 places around the porch. 

Staining and algal growth of stone on lower part of building (mostly basement level.  

 

2015.06.02 Tuesday 

Work on presentation boards. Revit model of internal spaces with mesh and solid model from Rhino 

referenced (shows process). Composition on board.  

 

2015.06.03 Wednesday 

Work on presentation boards. 

 

2015.06.05 Friday 

Finished final presentation board for main building (Illustrator file and PDF). 

Boards sent to printer.  
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7. PhotoScan-to-Revit workflow 

This appendix describes the method used for creating textured 3D models of building facades 

(main elevations of Hope Park Church and Main Building) using an image-based 3D modelling 

technique. This is referred to in the literature as ‘Structure from Motion’ (SfM), a low-cost and 

user-friendly process integrating photogrammetry and computer vision technique, which can be 

easily applied by non-experts for the documentation and recording of objects of different scales 

(artefacts, architectural fragments, entire buildings). 

 

7.1 Software 

This 3D modelling technique involved the use of Agisoft PhotoScan, a SfM desktop-based 

application.128 PhotoScan is “a stand-alone software product that performs photogrammetric 

processing of digital images and generates 3D spatial data, to be used for GIS applications, cultural 

heritage documentation, and visual effects production.”129 PhotoScan (Standard and Professional 

versions) was selected for the Summerhall project over other SfM software due to prior knowledge 

of the software by this author.130 

 

7.2 Camera specifications 

The selection of the camera model is of the utmost importance in classical photogrammetry, which 

usually requires professional cameras with special specification lenses. On the other hand, image-

based modelling techniques and most SfM software function quite well with basic compact 

cameras.131 In the first test phase of modelling, a SONY NEX-5 camera with an 18-55mm f/3.5-6.3 

lens was used for photography. The basic specifications for the camera used are shown in table 4: 

 

 

 

                                                           
128 Applications of Structure from Motion techniques for heritage documentation are presented in C. 

Santagati, C., L. Inzerillo, and F. Di Paola; and D. Andrews, J. Bedford, and P. G. Bryan, "A Comparison of 

Laser Scanning and Structure from Motion as Applied to the Great Barn at Harmondsworth, UK," 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences (2013). 
129 From the official Agisoft website http://www.agisoft.com/ (accessed July 22, 2015). 
130 An introduction to this technique was provided during a site survey conducted by the Digital 

Documentation Group of Historic Scotland in Edinburgh Castle. Details of the process are provided in 

appendix 11. On a separate occasion, this author experimented with Agisoft PhotoScan to produce 3D 

models of small-scale architectural details.  
131 A Nikon Coolpix L22 is used in Santagati et al., 557. 
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Basic Specifications 

Full model name: Sony Alpha NEX-5 

Resolution: 14.20 Megapixels 

Sensor size: 
APS-C 

(23.7mm x 15.6mm) 

Kit Lens: 
3.00x zoom  
18-55mm  

(27-83mm eq.) 

Extended ISO: 200 - 12,800 

Shutter: 30 - 1/4000 

Max Aperture: 3.5 

Table 4: Camera specification. Source: http://www.imaging-resource.com/PRODS/NEX5/NEX5DAT.HTM. 

It should be noted that, in photogrammetry and SfM techniques, it is necessary for all photographs 

in a scene to be taken with a fixed focal length. When using a zoom camera, as in this case, the lens 

needs to be immobilised, as a small change in the focal length would render the photographs 

useless in PhotoScan. This was carefully observed during the field work. It should be noted that a 

zoom lens at 19mm focal length is far from ideal for photogrammetric purposes; however, these 

settings were selected as they allowed the photographs to be taken at a closer distance, while 

capturing a large part of the target object at each shot. 

 

7.3 Testing 

Prior experience with PhotoScan was limited to small-scale objects and architectural details, so it 

was necessary to invest time in the beginning of the project to the applicability of the same 

technique to larger-scale objects. PhotoScan tests were carried out on 20-21.05.2015 during the 4th 

week of the practicum. The object selected for the first trial was the upper part of the entrance 

porch of the Church on the Hope Park Terrace elevation. This part of the façade had been marked 

as an area of interest during the initial inspection, because of the intricate architectural detailing and 

significant decay of the stonework.132  

                                                           
132 The accurate survey and 3D modelling of the porch was important for conservation purposes; initial 

thoughts included 3D milling for stone replacements and 3D printing of prototypes for some of the 

architectural details. 
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Fig.  23: The upper part of the entrance porch of the Church on Hope Park Terrace, used for the initial PhotoScan trial. 

 

As mentioned in the bibliography, image-based techniques require the least time on site from all 

geometry capture techniques. Time spent on site was limited to approximately 20 minutes for the 

test project. However, timing proved significant: due to the position of the sun behind the building, 

it was only possible to take pictures when clouds were obstructing the glare. This enforces the point 

that lighting conditions on site are critical for photogrammetry and other image-based techniques.  

 

Once a sufficient number of photographs were obtained, they were imported in PhotoScan 

(Professional edition, in trial mode). In the first trial 8 images of the porch were used. The 

modelling process in PhotoScan follows a number of specific steps, outlined below.  

1. Apply masks to images: select which area in each image should be included in the model. 

In this instance, only the upper part of the porch was to be included. Masking can be time-

consuming, especially if the scene contains a large number of photographs.  

2. Align photos (accuracy: high, do not constrain by mask). In this step of the workflow, the 

software calculates the relative positions of the images by recognising a number of 

homologous points (called “tie points”) across all images in the scene.  

3. Build dense cloud (quality: medium, depth filtering: aggressive). Based on the estimated 

camera positions (previous step) and the photographs themselves, PhotoScan builds a point 

cloud, similar to that obtained from laser scanning. Depth filtering uses different 
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algorithms to sort out outliers (distant points that occur usually due to errors, badly-focused 

images, noise, or poor texture in some elements of the scene). Aggressive filtering will sort 

out most of the outliers, but might also result in loss of fine details. The point cloud in 

some of the darker areas, such as the door panels, was of rather poor quality with many 

outliers, which could be removed manually at this stage. 

4. The fourth stage in the standard modelling workflow is the reconstruction of a 3D 

polygonal mesh model, usually from the dense cloud data (face count: medium, surface: 

arbitrary, interpolation: enabled). A polygonal mesh is a collection of vertices, edges, and 

faces (in this case triangles, hence a triangle or triangular mesh) that is used in computer 

graphics as a method of geometric representation. Meshes can be inserted and viewed in 

most 3D modelling software, including most BIM platforms; however meshes are not 

easily editable, except in dedicated software such as Meshlab. 

5. In creating the mesh model, when PhotoScan encounters large areas without any points, it 

uses certain algorithms to close the holes to create a continuous surface: that feature is 

called interpolation, and although it creates a mesh model with better visual accuracy 

(looks more accurate), in truth a lot of the geometric information is invented and can lead 

to documentation errors. For surveying purposes interpolation should be disabled when 

creating meshes. In many papers, specialised software tools are used in post-processing to 

fix holes and discontinuities in the mesh model.133  

6. The last step is the creation of textures for the reconstructed geometry (mesh model). 

Furthermore, the textured model can be used to generate orthophotographs.134  

7. The model was scaled in PhotoScan, using markers (control points) directly measured on 

site using a Leica D510 laser distometer. This is not the correct process for a proper 

photogrammetric survey of the façade, where a large number of control points would have 

to be accurately surveyed using a Total Station. However, for the purposes of this trial and 

as a modelling – rather than survey - technique for the feasibility stage of the project, the 

use of 3-4 markers surveyed by hand-held distometer was considered adequate.  

 

  

                                                           
133 Meshlab is used for the post-processing of the mesh model in Santagati et al., 556. 
134 For more information on this process, see Agisoft PhotoScan help files. Orthophotos or orthoimages are 

photographs which have been geometrically rectified so that the scale is uniform. An orthophoto combines 

the image qualities of a photograph with the geometric qualities of a parallel projection, like a 2D drawing: it 

is possible to accurately measure distances directly on the orthophoto, something that is impossible with 

regular photographs.  
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7.4 Export options 

In this PhotoScan-to-Revit workflow, the results of modelling in PhotoScan were exported in two 

different formats: 3D mesh model in DXF format and orthophotographs in JPG format. The 3D 

mesh can be imported in Rhinoceros for further editing and use as reference for solid 3D 

modelling. Orthophotos can be overlaid with 2D cad drawings of the elevation and/or used by 

themselves as presentation material or reference images for condition surveys.  

 

 

Fig.  24: Visual appearance of main stages in PhotoScan 3D modelling. Sparse cloud (tie points) (a), dense point cloud 

(b), mesh (c), and textured mesh (d). 

The results of intermediate stages can also be exported, according to project requirements. (Fig.  

24) For visualisation and recording purposes, the best choice is the textured mesh model, which can 

be viewed in PhotoScan or imported into other 3D modelling software (in some 3D file formats 

texture atlases are exported in separate files, which can be imported in software such as 

Rhinoceros, Autodesk Maya, and others). Each modelling format (point cloud, mesh, solid, 

textured mesh) has a different visual appearance (fig. 25) and offers various editing possibilities. 
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The choice of format for saving, exporting, archiving, and further editing depends on project goals 

and availability of software. The variety of export options in PhotoScan allows great flexibility in 

designing a workflow for the project, based on deliverables and project goals, as well as 

availability and user expertise with other software platforms. PhotoScan is a great tool for 

conservation, because it allows for the creation of a variety of different “digital software 

ecologies”. 

 

 

Fig.  25: Appearance of different 3D model formats: mesh (a), textured mesh (b), point cloud (c), solid view of mesh (d). 
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7.5 Model accuracy 

Resolution is one of the fundamental concepts of photogrammetry, which influences the accuracy 

of photogrammetric methods – not to be confused with the resolution of the digital image. 

Resolution is related to the measure of the pixel size as projected on the object: essentially, the 

smaller the pixel size on the object, the more detail is captured by the photograph. Resolution is 

determined by the camera alone (lens and sensor), irrespective of the software used to process the 

images. The formula for calculating resolution is:  

 

𝑝𝑖𝑥𝑒𝑙 𝑠𝑖𝑧𝑒 𝑜𝑛 𝑜𝑏𝑗𝑒𝑐𝑡 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑜𝑏𝑗𝑒𝑐𝑡 × 𝑑𝑖𝑔𝑖𝑡𝑎𝑙 𝑝𝑖𝑥𝑒𝑙 𝑠𝑖𝑧𝑒

𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
            (1) 

 

In this formula, the digital pixel size is entirely dependent on camera specifications: 

 

𝑑𝑖𝑔𝑖𝑡𝑎𝑙 𝑝𝑖𝑥𝑒𝑙 𝑠𝑖𝑧𝑒 =
𝑠𝑒𝑛𝑠𝑜𝑟 𝑠𝑖𝑧𝑒

𝑖𝑚𝑎𝑔𝑒 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
            (2) 

 

As evident from the formula, the size of a single pixel as projected on the object is directly 

proportional to the distance the photograph was taken from: the further away from the target one is, 

the larger the pixel size, resulting in a decrease of resolution and image quality. Therefore, the 

distance from which the object is to be photographed has to be determined based on the required 

resolution and accuracy of the resulting 3D model (taking into account all other factors, such as focal 

length, sensor size, image resolution, etc). Other factors affecting the quality of the technique are 

various camera settings, such as aperture, shutter speed, and ISO, which need to be adjusted manually 

based on lighting conditions on site.135 Due to lack of technical expertise, standard settings were used 

instead, which did not seem to detract from the quality of the outcome.  

 

In the test project discussed in this section, the resolution of the 3D model produced with 

PhotoScan has been estimated in relation to the size of a single pixel projected on the object. This 

gives a measure of the maximum level of detail that can be captured with this technique, using this 

particular camera with the following settings: 

Distance: 2.5m – 16m 

Focal length: 19mm 

Sensor size:  23.7mm x 15.6mm 

Image resolution: 4592 x 3056 (14 MP) 

                                                           
135 This process was followed during the photography session at Edinburgh Castle. Manual adjustments to the 

camera settings were made to ensure maximum quality of the photographs.  
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Based on equation (2), the digital pixel size in this camera is 0.0051mm, which gives the size of the 

pixel as projected on the object, using equation (1), at a range between 0.67mm and 4.29mm.  

 

This is only a rough estimate, which does not take into account lens distortions and other factors. 

Nevertheless, it gives a measure of the resolution of the model, which in turn determines the 

maximum accuracy that can be achieved through this method. No estimate of tolerances can be 

given at this stage, as Ground Control Points (GCP) were not used at this stage, due to 

unavailability of equipment and time constraints. Moreover, the accuracy of the method is not 

uniform across all areas of the model, a factor influenced by the positions of the photographs (it 

was not possible to take pictures from certain angles and especially from above, without special 

apparatus or scaffolding. 

 

7.6 Further testing and modelling work 

Regardless of the uncertainty surrounding the metric accuracy of this technique for capturing 3D 

geometry, the visual accuracy136 was considered sufficient for the purposes of the project. Several 

repetitions of the process were conducted, using the same photographs, but varying the settings for 

each modelling stage, in order to optimise the results. Tests were also conducted regarding mesh 

decimation, the use of algorithms for reducing the number of vertices and faces in a mesh by a 

certain number, to make the resulting file lighter and easier to process. Mesh decimation was tried 

first in PhotoScan and later in Rhino. It was necessary to decimate the mesh before using it in 

Rhino, because exported meshes of over 100,000 faces proved impossible to handle in Rhino. The 

meshes created in PhotoScan, even decimated by a large factor, resulted in files too large to be 

directly inserted in Revit: the software ‘crashed’ after every attempt.  

 

Once the tests were concluded, the same workflow was applied to modelling the entire elevation of 

Hope Park Church. The same steps were repeated in PhotoScan, modifying the settings as 

necessary to optimise the results. The main outcome of this process was the 3D mesh, which was 

exported to Rhino for further modelling. (fig. 26) An orthophotograph of the façade, created in 

PhotoScan, was exported and used as presentation material. ( 

Fig.  27)  

                                                           
136 ‘Visual accuracy is a term used by Santagati et al., which is not to be confused with metric accuracy. 

Visual accuracy does not have a strict mathematical definition, like metric accuracy, but is useful in 

estimating whether modelling was successful in creating a good likeness for the real object. It should be used 

with caution and clearly distinguished from metric accuracy and tolerance of a 3D survey. 



115 

 

 

Fig.  26: Perspective view of the mesh of the Church facade, created in PhotoScan. The mesh was later exported in DXF 

format, to be used in Rhino as a basis for further modelling work. It proved impossible to insert this mesh directly in 

Revit, although the software recognised DXF files. However, even significantly reduced in complexity, this type of mesh 

resulted in files too large to be processed in Revit, which ‘crashed’ after every attempt.  

 

 

Fig.  27: Orthophotograph of the facade of Hope Park Church, exported in JPG format from PhotoScan. 
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Modelling in Rhinoceros was carried out by three undergraduate architecture students with prior 

experience with the software. At first, a simple model was created which would later be elaborated, 

as more survey data was gathered, to include the full detail of the main façade. At first, simplified 

versions of the architectural details (mouldings, capitals, decorative reliefs) were created as 

extrusions of simple profiles. These solids were grouped together to create a single object 

representing the entire façade. That model could then be exported in DXF format and imported in 

Revit. The reason for using Rhino is that the same level of detail and ease of use would not be 

possible in Revit LT. It is also important to note that the level of expertise with Rhino modelling 

far surpassed the team’s Revit modelling skills, justifying the decision to model in Rhino, at least at 

that stage of the project. This decision would be revised after the feasibility stage was concluded 

and an integrated BIM strategy for Summerhall would be established. 

 

The method selected was to export the 3D mesh model in the DXF format, which could be 

imported and viewed in several applications, including AutoCAD, Rhino and Revit. It was decided 

that the 3D mesh created in PhotoScan would be used together with existing drawings and a few 

direct measurements as a reference for modelling the entire façade as a collection of solids in 

Rhinoceros. This 3D solid model would be developed gradually in Rhino as the project progressed 

and more accurate survey information became available. The model, saved in the native 

Rhinoceros format (3DM), can be exported at any point as DXF and inserted using the “Import 

CAD” command in Revit. It should be noted that the imported DXF model is not a smart object in 

the way native BIM elements are ‘intelligent’. It cannot be further edited inside Revit, but can only 

be viewed in 2D or 3D within the Revit environment. This method, however, was the only option 

when using Revit LT version, which lack the in-place mass tools, which would allow the user to 

create the detailed 3D geometry within Revit itself. 

 

 

Fig.  28: Rhino model of the façade (blue wireframe) referenced in the Revit model.  
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8. Revit 

8.1 Parameters 

As mentioned in the literature review (section 2.3.1), a BIM model can incorporate various types of 

information, both geometric and non-geometric. The purpose of the model determines the type of 

data that need to be included: e.g. information on the condition of various elements would be 

crucial for a maintenance plan, therefore it should be included it in a model created for that 

purpose. Although each type of element in BIM software has a number of properties, or 

‘parameters’, pre-programmed in the software (for example, a generic ‘door’ in Revit has ‘width’, 

‘height’, ‘material’, ‘model’, ‘cost’, and other properties), these properties obviously do not cover 

every type of information necessary for each different type of analysis. For example, properties 

such as ‘condition’ or ‘significance’, which are important for the documentation of a historic 

building, are not included in Revit by default. Revit (and Revit LT) give the option of programming 

new parameters, i.e. defining new types of information that can be inserted in the model, according 

to project requirements. One example is included here from the practice.  

 

In the context of Summerhall and the case study in particular, it was consider useful to include the 

significance of individual rooms as part of the heritage analysis of the site.137 In this case, 

‘significance’ was a property that referred to a certain class of objects (‘rooms’): it was therefore 

possible to programme a new parameter called ‘significance’, associated with the existing ‘room’ 

type, which could take 5 different options: ‘high’, ‘significant’, ‘moderate’, ‘some significance’, 

‘no significance’. (Fig.  30) This meant that every room in the model could include the level of 

significance as an instance parameter. (Fig.  29)  

                                                           
137 This was suggested by the Heritage Report, which included an assessment of the relative significance of 

each room and external elevation of the buildings.  
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Fig.  29: In this image from the Revit modelling environment, a room (E-G.07) is selected in the model. The specified 

level of significance selected for this room (S3, Moderate) is displayed on the properties list (left side of the screen). 

 

 

 

Fig.  30: This image shows the 'Parameter Properties' window, used to programme new parameters in Revit. In this case, 

'significance' is created as a 'text', 'instance' parameter, referring to 'Rooms'. The 'Edit Tooltip' window on the right shows 

the prompt used to specify the different categories.  
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8.2 Links 

As mentioned previously, the real power of BIM is its ability to integrate heterogeneous data 

(geometric and non-geometric) within a single model. In the case of a heritage asset this can also 

include archival material, existing drawings, photographs, detail drawings, survey data, sketches, 

manufacturer and model information and specifications—essentially any kind of digital file. All 

this information has to be linked to the specific elements within the model where it was relevant.138 

In Revit, this was done using the ‘URL’ parameter type, which could be programmed, like any 

other parameter (see ‘significance’ in previous section) in relation to specific element classes. One 

example is mentioned below.  

 

In the case study building, it was considered important for documentation purposes to include a 

photograph of each one of the original windows on the ground and upper floors. Moreover, in some 

cases detailed survey sketches of the window frames had been created during the site survey. Both 

sketches and photographs were included in the model by creating two new parameters for window 

types: ‘Photograph’ and ‘Survey Sketch’. URL parameters link external files to specific elements in 

the model, through a specified file path. In this way, archival material, historic drawings and 

photographs, as well as any other type of digital document can be appended to the model, which 

then becomes a central hub for all building information.  

 

The purpose of this appendix was to provide examples to show the potential of the software used to 

expand the range of information included in the BIM model. The list of properties can be defined 

according to project requirements and computing limitations.  

                                                           
138 Since these options were not pre-programmed in the software, the ‘Link’ option had to be created as a new 

parameter for each type of external file, for each component type in the model: for example, a new field 

called ‘Photograph’ was inserted in the ‘Window’ family type, using the ‘URL’ parameter type. This gave 

the option of linking an external file (photograph) to each window element in the model 
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Fig.  31: The new parameters 'Photograph' and 'Survey Sketch are included in the properties list for the window selected 

in the model. By selecting one of the options, for instance ‘Photograph’, the software opens the external JPF file of the 

photograph that is stored in the computer and has been associated through the file path to the specific model element it 

refers to.  

 

 

Fig.  32: The Parameter Properties window used to programme the 'Photograph' parameter. This was created as a 'URL' 

parameter referring to windows. 
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9. Creative outcome 

The creative outcome of practice included a set of four presentation boards used as promotional 

material for the Summerhall BIM project. As mentioned in the text, this is only one of many 

possible deliverables from a fully integrated BIM model of the site. The boards were produced 

during the first week of June 2015. They present the state of the Summerhall project, still in its 

feasibility stage, at the end of the practicum. As detailed in section 4.2.1, within the particular 

methodological context of this dissertation, an extensive discussion of the creative outcome is not 

necessary. In this respect, the methodology adopted here is closer to practice-led research as 

defined by L. Candy, rather than practice-based research methods widely used in postgraduate and 

doctoral research projects in Architecture, Art, and Design (ADA).  

 

The boards present the results of the 3D modelling process, described extensively in appendix 0. 

Board 01 and 03 refer to block E, former Hope Park Congregational Church, used as a case study 

or pilot programme for the BIM strategy developed for Summerhall. The 3D modelling approach 

adopted for the external envelope is the focus of these boards. The first one (01) is structured 

around a rectified photograph (orthophotograph) of the main elevation, created with PhotoScan. 

Areas of interest in terms of fabric condition are tagged in the orthophotograph. The exact same 

process was repeated for the main elevation of block A (Summerhall, main building); the results 

are exhibited in board 02.  

 

Board 03 and 04, on the other hand, present the modelling process (PhotoScan-Rhino-Revit) 

applied to the external envelope of blocks E and A respectively, including intermediate steps 

(PhotoScan point cloud, solid modelling in Rhino, model inserted in Revit as independent object, 

referenced within the full Revit model). The boards are completed with information on the 

organisation and future stages of the project.  

 

The boards were produced in Adobe Illustrator, using visual material edited in Adobe PhotoScan, 

originally exported in different formats from PhotoScan, Rhino, and Revit. The boards were printed 

in ‘heavy’ presentation paper, mounted on styrene boards of dimensions 841mmx594mm (01, 03), 

1682mmx594mm (02 and 04).   
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10. Interview with Vajira Premadasa, Historic Scotland 

As part of the investigation into existing knowledge in BIM for conservation applications, contact was 

made with Dr. Vajira Premadasa, architect with the Major Projects Team of Historic Scotland. An 

interview took place in February 6, 2015, at Longmore House, Edinburgh. The discussion was loosely 

structured around a number of discussion points, which related to his work with BIM for Historic 

Scotland projects, as well as general ideas on BIM for heritage. Notes from the interview are included 

below, grouped under the basic themes of the discussion.  

 

 

Are current BIM platforms suitable for historic buildings? If not, why? What are the main 

limitations of BIM in relation to historic building modelling? 

BIM was primarily created for new architecture, i.e. for designing buildings from scratch AND 

building with modern materials and techniques. Trying to fit this philosophy with existing structures 

and particularly historic architecture is not without its problems. In existing architecture the 

specifications of building elements are not evident automatically, but require special 

survey/investigation. For historic buildings, specifications are much more difficult to determine since 

building materials are not standardised or uniform. However, failing to incorporate that information to 

the model makes it simply a "BM" (building model), since the "i" (information) is missing. Another 

challenge is the use of parametric objects, which are not particularly useful in medieval or vernacular 

architecture, where the elements are usually unique, i.e. not conforming to a model or type, like 

classical or Georgian architecture.  

 

Is BIM the technology able to meet the demands of heritage conservation? 

The short answer is no. The UK government’s goal for 2016 (BIM level 2 for all public projects) 

seems rather premature. The AEC community is not ready to adapt BIM and implement it consistently. 

BIM technology is still relatively new and conservation architects in particular seem especially 

reluctant to adopt new tools, much like it happened 20 years ago with CAD. This is perhaps a sign of 

the conservation community's tendency to separate itself from the rest of the AEC sector.  

 

If there is a gap between the demands of conservation practice and the available software, do 

conservation professionals or software companies have to make the first step to bridge it? 

Probably both. Conservation professionals need to be more open to new technologies, and software 

companies need to realise building conservation is not a niche market, but a really significant section 

of the AEC industry.  

 



127 

 

Is it preferable to promote separate BIM software for historic buildings or adapt the existing 

ones to become more ‘historic building friendly’?  

It would be better to make the existing platforms more suitable for historic buildings instead of having 

separate software solutions for historic buildings. The conservation community should not become 

isolated from the rest of the AEC industries.  

 

How does BIM fit into Historic Scotland's goals for heritage documentation and management? 

What are the expected outcomes from using BIM? 

It is still very early days for BIM in Historic Scotland, BIM work is carried out more as a proof of 

concept. BIM is used to model projects that require building works or interventions, not ruins. It is 

expected that the BIM model will be used for the management, maintenance and repair of these 

properties, acting as a central hub of building information. The model is based on data taken from 

laser scans. The philosophy of using BIM, in order to take advantage of its strengths and compensate 

for its limitations, is to differentiate between the object record (geometric information), which is the 

point cloud, and the building model (various types information). The two are of course interlinked, but 

the model is mainly about the completeness of information represented (emphasis on the “I” of BIM), 

while geometric accuracy relies on the cloud itself, used together with the model. 

 

What is the survey-to-BIM workflow adopted here? 

The laser scan data is registered and inserted in Autodesk Recap as an IMP file. In Recap, the cloud is 

decimated (resolution reduced to 5mm grid) to make the file size manageable and thenexported as 

PTX to Revit. Modelling is the process of interpreting the point cloud. The degree to which building 

elements are faithful to the cloud, i.e. the resulting accuracy of the model, depends on this manual 

process and is related to the purpose of the model and the experience of the person modelling. Since 

regular building elements cannot be used for most of historic structures (arches, vaults, buttresses) the 

modelling is done using model-in-place components. This does limit functionality, but since the 

materials are not easy to define anyway, it seems the resulting functionality of the model is sufficient 

given current software limitations. In fact, one of the early mistakes, in Vajira’s opinion was the use of 

parametric objects across the board, which involved the time-consuming processing of modelling 

custom parametric families for every element type. However, depending on project scope, scale and 

particular architecture, it might be worth taking the time to create parametric families, e.g. for 

windows. A good rule is that not everything needs to be modelled, since too much detail is not 

conducive to productivity or efficiency—also results in large file sizes. 

 

Is HS working with external partners on BIM? 

Historic Scotland is working with COTAC, which just started a “BIM for conservation” section, 

together with English Heritage, ICOMOS, and other public organisations.   
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Does HS plan to provide the conservation sector with guidance on BIM, such as case studies, 

guides, standards? 

These are still the early days of BIM implementation, but in due course Historic Scotland will release 

case studies and perhaps guidance manuals for conservation professionals regarding the application of 

BIM in conservation projects. 
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11. Laser scanning at Edinburgh Castle, Digital Documentation Group, 

Historic Scotland 

 

Based on an initial review of existing literature on BIM for heritage conservation, it was clear that 

digital survey methods are of critical importance within a BIM workflow for historic buildings. At 

present, laser scanning in particular is becoming ever more popular for the recording of diverse 

heritage assets. In Scotland, important steps in laser scanning implementation for heritage 

documentation have been taken by Historic Scotland and the dedicated Digital Documentation Group, 

who, working in partnership with Glasgow School of Art’s Digital Design Studio, have embarked on 

two high-profile projects: the ‘Scottish TEN’, involving the documentation of five Scottish and five 

international World Heritage Sites, as well as the ongoing ‘RAE’ project, aiming at obtaining laser 

scan surveys of all 345 Ancient Monuments and Sites in State Care.139  

 

After initial contact with members of the Digital Documentation team regarding their experience with 

laser scanning and data processing for BIM modelling, this author was invited to join members of the 

DigiDoc team, James Hepher and Alan Simpson, for one day of on-site survey work at Edinburgh 

Castle, which took place on February 12, 2015. The work included three main tasks:  

 

Task 1: Photographing of small-scale stone relief of Mons Meg under entrance vault, for use in 

Agisoft PhotoScan. The end result, after data processing in the office, would be a detailed, textured 3D 

model of the relief, to be used for documentation purposes, as reference material during the technical 

conservation of the real Mons Meg canon. Certain specifications must be followed for photographs 

used in PhotoScan: the photographs should be taken using a lens with a fixed focal length, such as a 

NIKOR 50mm, with the camera set on manual and settings adjusted according to lighting conditions. 

For PhotoScan specifically, 8-10 pictures of good-quality are sufficient for this type of object. Special 

attention should be paid to camera focus: fuzzy details in close-up photographs should be avoided.  

 

Task 2: Laser scanning a series of rooms in the French Prison using a Leica P20, as well as 

photography for providing 3D textures to the point cloud, using a NIKON DSLR camera mounted on 

tripod with ‘nodal ninja’ (Fig.  33). For the photography, the same camera was used as before, but with 

a different lens, a NIKOR 14-24mm. Scanning and photography took place while the spaces were 

open to the public. Scanning had to be posed regularly in order to allow visitors to circulate without 

                                                           
139 Maxwell, 21. See also http://www.historic-

scotland.gov.uk/index/heritage/technicalconservation/conservation-initiatives/laserscanning.htm. 
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compromising the survey data. Depending on the quality/resolution settings, scanning time at each 

position varies usually between approximately 1-6 min.  

 

Task 3: Laser scanning a private sitting room, hallway, staircase and office spaces behind the Great 

Hall, using a Faro 3D scanner. Compared to Leica P20, the Faro scanner is significantly lighter (with a 

smaller, lighter tripod) and easier to transport. An interesting feature surveyed with the Faro scanner 

was the laird's lug cavity, located inside a cupboard in the executive manager's office on the second 

floor. The cavity was boarded up with bricks, but sounds from the Great Hall carried very well. 

Because the Faro scanner is so light, it was possible to place it inside the cavity.  

 

This experience proved highly informative regarding the practicalities of laser scanning and 

photogrammetric techniques, which are often inadequately documented in research publications. The 

first task in particular was important for introducing this author to PhotoScan, which was later used in 

the practicum, for large-scale applications.  

 

 

 

Fig.  33: Photograph of the author with Alan Simpson of the DigiDoc team, during a photography session in the French 

prison, using a DSLR camera mounted on the 'nodal ninja'. Credits: James Hepher. Source: https://twitter.com/Hephe1 

(accessed July 28, 2015). 
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Orléans: Éditions HYX, 2007.  

Hacking, Ian. Representing and Intervening: Introductory Topics in the Philosophy of Natural 

Science. Cambridge: Cambridge University Press, 1983. 

Hajian, Hamid, and Burcin Becerik-Gerber. "A Research Outlook for Real-Time Project Information 

Management by Integrating Advanced Field Data Acquisition Systems and Building Information 

Modeling." In Computing in Civil Engineering, 2009, 83-94. Accessed June 17, 2015. 

doi:10.1061/41052(346)9.  



137 

 

Hassani, F., and M. Rafiee. "An Experience In Cultural Heritage Documentation In Iran Using A Low-

Cost Technique." ISPRS - International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences XL-5/W2 (2013): 313-18. Accessed January 15, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-313-2013.  

Hichri, N., C. Stefani, L. De Luca, P. Veron, and G. Hamon. "From Point Cloud To Bim: A Survey Of 

Existing Approaches." ISPRS - International Archives of the Photogrammetry, Remote Sensing and 

Spatial Information Sciences XL-5/W2 (2013): 343-48. Accessed January 15, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-343-2013.  

HM Government. “Construction 2025.” July 2013. Accessed June 14, 2015. www.official-

documents.gov.uk.  

Hofer, Michael, Simon Flöry, Barbara Thuswaldner, Qi-Xing Huang, and Hilke Thür. "Digital 

Anastylosis of the Octagon in Ephesos." Journal on Computers and Cultural Heritage V, no. N 

(2006): 1-27. Accessed June 10, 2015. http://dmg.tuwien.ac.at/fg4/papers/tr171.pdf.  

Holzer, Dominik. "BIM's Seven Deadly Sins." International Journal of Architectural Computing 4, 

no. 9 (2011): 463-80. Accessed June 14, 2015. doi:10.1260/1478-0771.9.4.463.  

Ioannides, Marinos. 3D Research Challenges in Cultural Heritage: A Roadmap in Digital Heritage 

Preservation. Berlin: Springer, 2014.  

Ioannides, Marinos. Progress in Cultural Heritage Preservation 4th International Conference, 

EuroMed 2012 : Limassol, Cyprus, October 29-November 3, 2012 : Proceedings. Heidelberg: 

Springer, 2012.  

Kapp, Paul. "“So, Can You Revit?” Historic Preservation Design Education and Digital Media." 

Preservation Education & Research 2 (2009): 15-26. Accessed July 1, 2015. http://www.ncpe.us/wp-

content/uploads/2012/06/KAPP.pdf.  

Kraft, Bernold, and Wolfgang Huhnt. "Geometrically Complete Building Models." Accessed July 1, 

2015. https://www.academia.edu/12434817/Geometrically_Complete_Building_Models.  

Khosrowshahi, Farzad, and Yusuf Arayici. "Roadmap for Implementation of BIM in the UK 

Construction Industry." Engineering, Construction and Architectural Management 19, no. 6 (2012): 

610-35. Accessed December 10, 2015. doi:10.1108/09699981211277531.  

Laakso, Mikael, and Arto Kiviniemi. "The IFC Standard - A Review of History, Development, and 

Standardisation." Journal of Information Technology in Construction 17 (2012): 134-61. Accessed 

July 1, 2015. http://www.itcon.org/2012/9.  



138 

 

Laing, Richard, and Jonathan Scott. "3D High-definition Scanning: Data Recording and Virtual 

Modelling of the Built Heritage." Journal of Building Appraisal 6, no. 3 (2011): 201-11. Accessed 

July 1, 2015. doi:10.1057/jba.2011.8.  

Maccioni, Alessandro, Jared Keen, Andrew Weir, and Peter Winslow. "Jumping in at the Deep End: 

How a Small Company Applied BIM to a Huge Project." The Structural Engineer 91, no. 11 (2013): 

24-30. Accessed June 16, 2015. http://www.istructe.org.ezproxy.is.ed.ac.uk/.  

Manuel, A., C. Stefani, L. De Luca, and P. Veron. "2D/3D Semantic Annotation towards a Set of 

Spatially-oriented Photographs." ISPRS - International Archives of the Photogrammetry, Remote 

Sensing and Spatial Information Sciences XL-5/W2 (2013): 415-20. Accessed July 1, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-415-2013.  

Maxwell, Ingval. “Integrating Digital Technologies in Support of Historic Building Information 

Modelling: BIM4Conservation (HBIM).” COTAC, 2014. 

McNally, Jim, Rob McDonough, and Paul Brindle. "Manchester Town Hall Transformation 

Programme: The Use of BIM in a Major Heritage Refurbishment Project." The Structural Engineer 

91, no. 11 (2013): 40-49. Accessed June 16, 2015. http://www.istructe.org.ezproxy.is.ed.ac.uk/.  

Mottram, Judith, Chris Rust and Jeremy Till. AHRC Research Review: Practice-Led Research in Art, 

Design and Architecture. [Version 2: November 2007] Accessed June 16, 2015. 

http://arts.brighton.ac.uk/__data/assets/pdf_file/0018/43065/Practice-Led_Review_Nov07.pdf 

Murphy, Maurice. “Historic Building Information Modelling (HBIM) For Recording and 

Documenting Classical Architecture in Dublin 1700 to 1830.” PhD diss., Trinity College Dublin, 

2012. Accessed January 14, 2015. http://www.academia.edu/. 

Murphy, Maurice, Eugene Mcgovern, and Sara Pavia. "Historic Building Information Modelling 

(HBIM)." Structural Survey 27, no. 4 (2009): 311-27. Accessed December 20, 2014. 

http://dx.doi.org/10.1108/02630800910985108.  

———. "Historic Building Information Modelling – Adding Intelligence to Laser and Image Based 

Surveys." ISPRS - International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences XXXVIII-5/W16 (2011): 1-7. Accessed January 15, 2015. 

doi:10.5194/isprsarchives-XXXVIII-5-W16-1-2011.  

———. "Historic Building Information Modelling – Adding Intelligence to Laser and Image Based 

Surveys of European Classical Architecture." ISPRS Journal of Photogrammetry and Remote Sensing 

76 (2013): 89-102. Accessed January 15, 2015. http://dx.doi.org/10.1016/j.isprsjprs.2012.11.006.  

———. "Parametric Vector Modelling of Laser and Image Surveys of 17th Century Classical 

Architecture in Dublin." In VAST 2007: The 8th International Symposium on Virtual Reality, 



139 

 

Archaeology, and Intelligent Cultural Heritage ; 5th EUROGRAPHICS Workshop on Graphics and 

Cultural Heritage, Brighton, UK, November 26-30, 2007, edited by David Arnold, Franco Niccolucci, 

and Alan Chalmers. Aire-la-Ville, Switzerland: Eurographics Association, 2007.  

NBS. “National BIM Report 2015.” Accessed June 15, 2015. 

http://www.thenbs.com/topics/bim/articles/nbs-national-bim-report-2015.asp 

Niedderer, Kristina and Seymour Roworth-Stokes. (2007). “The Role and Use of Creative Practice in 

Research and its Contribution to Knowledge.” In S. Poggenpohl, (ed.) Proceedings of the IASDR 

International Conference 2007. Hong Kong: IASDR and Hong Kong Polytechnic University, 2007. 

Accessed July 25, 2015. http://niedderer.org/IASDR07SRS.pdf.  

Nimkulrat, Nithikul. "The Role of Documentation in Practice-Led Research." Journal of Research 

Practice 3, no. 1 (2007): 1-8. Accessed June 15, 2015. http://eds.a.ebscohost.com.ezproxy.is.ed.ac.uk/. 

Ntregka, A., A. Georgopoulos, and M. Quintero. "Photogrammetric Exploitation of Hdr Images for 

Cultural Heritage Documentation." ISPRS Annals of Photogrammetry, Remote Sensing and Spatial 

Information Sciences II-5/W1 (2013): 209-14. Accessed June 17, 2015. doi:10.5194/isprsannals-II-5-

W1-209-2013.  

Oreni, D., R. Brumana, A. Georgopoulos, and B. Cuca. "Hbim For Conservation And Management Of 

Built Heritage: Towards A Library Of Vaults And Wooden Bean Floors." ISPRS Annals of 

Photogrammetry, Remote Sensing and Spatial Information Sciences II-5/W1 (2013): 215-21. Accessed 

June 17, 2015. doi:10.5194/isprsannals-II-5-W1-215-2013.  

“Parametric Building Modeling: BIM's Foundation.” Autodesk whitepaper, 2007. Accessed June 15, 

2015. 

http://images.autodesk.com/latin_am_main/files/Revit_BIM_Parametric_Building_Modeling_Jun05.p

df.   

PAS 1192:2013: Specification for information management for the capital/delivery phase of 

construction projects using building information modelling. London: BSI, 2013. Accessed July 21, 

2015. https://bsol.bsigroup.com/. 

Paul, Norbert, and André Borrmann. "Geometrical and Topological Approaches in Building 

Information Modelling." Journal of Information Technology in Construction 14, no. Special Issue 

(2009): 705-23. Accessed January 14, 2015. http://www.itcon.org/2009/46.  

Pauwels, Pieter, R. Verstraeten, R. De Meyer, and J. Van Campenhout. "Architectural Information 

Modelling for Virtual Heritage Application." In Proceedings of the 14th International Conference on 

Virtual Systems and Multimedia. Archaeolingua, 2008. 18-23. 



140 

 

PD ISO/TS 12911:2012: Framework for Building Information Modelling (BIM) Guidance. London: 

BSI, 2012. Accessed July 21, 2015. https://bsol.bsigroup.com/.  

Pedelì, Corrado. "An Interdisciplinary Conservation Module For Condition Survey On Cultural 

Heritages With A 3D Information System." ISPRS - International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences XL-5/W2 (2013): 483-87. Accessed June 16, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-483-2013.  

Penttilä, Hannu, Marko Rajala, and Simo Freese. "Building Information Modelling of Modern Historic 

Buildings: Case Study of HUT / Architectural Department by Alvar Aalto." Paper presented in the 

25th eCAADe Conference. Frankfurt-am-Main, Germany, 2007. Accessed June 17, 2015. 

http://cumincad.scix.net/cgi-bin/works/Show?ecaade2007_124. 

Pisu, C., and P. Casu. "Cloud Gis And 3D Modelling To Enhance Sardinian Late Gothic Architectural 

Heritage." ISPRS - International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences XL-5/W2 (2013): 489-94. Accessed July 13, 2015. doi:10.5194/isprsarchives-

XL-5-W2-489-2013.  

Rasztovits, S., and P. Dorninger. "Comparison Of 3D Reconstruction Services And Terrestrial Laser 

Scanning For Cultural Heritage Documentation." ISPRS - International Archives of the 

Photogrammetry, Remote Sensing and Spatial Information Sciences XL-5/W2 (2013): 513-18. 

Accessed June 15, 2015. doi:10.5194/isprsarchives-XL-5-W2-513-2013.  

Santagati, C., L. Inzerillo, and F. Di Paola. "Image-Based Modeling Techniques for Architectural 

Heritage 3D Digitalization: Limits and Potentialities." ISPRS - International Archives of the 

Photogrammetry, Remote Sensing and Spatial Information Sciences XL-5-W2 (2013): 555-60. 

Accessed June 16, 2015. doi:10.5194/isprsarchives-XL-5-W2-555-2013.  

Saygi, G., G. Agugiaro, M. Hamamcıoğlu-Turan, and F. Remondino. "Evaluation Of Gis And Bim 

Roles For The Information Management Of Historical Buildings." ISPRS Annals of Photogrammetry, 

Remote Sensing and Spatial Information Sciences II-5/W1 (2013): 283-88. Accessed June 15, 2015. 

doi:10.5194/isprsannals-II-5-W1-283-2013.  

Schevers, Hans, John Mitchell, Paul Akhurst, David Marchant, Stuart Bull, Kevin McDonald, Robin 

Drogemuller, and Chris Linning. "Towards Digital Facility Modelling for Sydney Opera House Using 

IFC and Semantic Web Technology." Journal of Information Technology in Construction 12 (2007): 

347-62. Accessed June 17, 2015. http://www.itcon.org/2007/24.  

Seinturier, J., C. Riedinger, A. Mahiddine, D. Peloso, J.-M. Boï, D. Merad, and P. Drap. "Towards A 

3D Based Platform For Cultural Heritage Site Survey And Virtual Exploration." ISPRS - International 

Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences XL-5/W2 (2013): 

573-78. Accessed June 15, 2015. doi:10.5194/isprsarchives-XL-5-W2-573-2013.  



141 

 

Simpson, Martin. "A Definition of BIM." The Structural Engineer 91, no. 11 (2013): 6-9. Accessed 

June 16, 2015. http://www.istructe.org.ezproxy.is.ed.ac.uk/.  

Skarmeas, George. "From HABS to BIM: Personal Experiences, Thoughts, and Reflections." APT 

Bulletin 41, no. 4 (2010): 47-53. Accessed June 19, 2015. http://www.jstor.org/stable/41000038.  

Soria-Medina, A., J. Martinez, P. Arias, J. Armesto, and A. Z. Buffara-Antunes. "Three-Dimensional 

Modeling of the Romanesque Church of Santa Maria de Castrelos (Vigo – Spain) Using Terrestrial 

Laser Scanner." ISPRS - International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences XL-5/W2 (2013): 601-04. Accessed June 16, 2015. doi:10.5194/isprsarchives-

XL-5-W2-601-2013.  

Tang, Pingbo, Daniel Huber, Burcu Akinci, Robert Lipman, and Alan Lytle. "Automatic 

Reconstruction of As-built Building Information Models from Laser-scanned Point Clouds: A Review 

of Related Techniques." Automation in Construction 19 (2010): 829-43. Accessed June 28, 2015. 

doi:10.1016/j.autcon.2010.06.007.  

Temizer, T., G. Nemli, E. Ekizce, A. Ekizce, S. Demir, B. Bayram, F. H. Askin, A. V. Cobanoglu, and 

H. F. Yilmaz. "3D Documentation Of A Historical Monument Using Terrestrial Laser Scanning Case 

Study: Byzantine Water Cistern, Istanbul." ISPRS - International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences XL-5/W2 (2013): 623-28. Accessed June 15, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-623-2013.  

Tucci, G., V. Bonora, and N. Guardini. "Analysis of the Factors Affecting 3D Models Resolution – 

Application to the Recording of Vaults in Sangallo’s House." ISPRS Annals of Photogrammetry, 

Remote Sensing and Spatial Information Sciences II-5/W1 (2013): 307-12. Accessed June 15, 2015. 

doi:10.5194/isprsannals-II-5-W1-307-2013.  

Turabian, Kate L., and John Grossman. A Manual for Writers of Term Papers, Theses, and 

Dissertations. 7th ed. Chicago: University of Chicago Press, 2007. 

Westoby, M.j., J. Brasington, N.f. Glasser, M.j. Hambrey, and J.m. Reynolds. "‘Structure-from-

Motion’ Photogrammetry: A Low-cost, Effective Tool for Geoscience Applications." Geomorphology 

179 (2012): 300-14. Accessed July 22, 2015. doi:10.1016/j.geomorph.2012.08.021.  

Wilson, L., A. Rawlinson, D. S. Mitchell, H. C. Mcgregor, and R. Parsons. "The Scottish Ten Project: 

Collaborative Heritage Documentation." ISPRS - International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences XL-5/W2 (2013): 685-90. Accessed June 16, 2015. 

doi:10.5194/isprsarchives-XL-5-W2-685-2013.  

Wong, Johnny, Xiangyu Wang, Heng Li, Greg Chan, and Haijiang Li. "A Review of Cloud-Based 

BIM Technology in the Construction Sector." Journal of Information Technology in Construction 19 

(2014): 281-91. Accessed January 14, 2015. http://www.itcon.org/2014/16.  



142 

 

Wright, Andrew. “University of Edinburgh, The Royal (Dick) Veterinary College, Summerhall: 

Heritage Report” (May 2011). Available online (accessed May 7, 2015).   

Xiong, Xuehan, Antonio Adan, Burcu Akinci, and Daniel Huber. "Automatic Creation of Semantically 

Rich 3D Building Models from Laser Scanner Data." Automation in Construction 31 (2013): 325-37. 

Accessed June 17, 2015. doi:10.1016/j.autcon.2012.10.006.  

 

Websites 

http://canmore.org.uk/. 

http://cipa.icomos.org/index.php?id=2 

http://cyark.org/. 

http://data.historic-scotland.gov.uk/. 

http://digimap.edina.ac.uk/ 

http://maps.nls.uk/. 

http://pastmap.org.uk/ 

http://www.autodesk.com/ 

http://www.bibme.org/ 

http://www.cotac.org.uk/  

http://www.creativityandcognition.com/ 

http://www.digitalmeetsculture.net/digital-heritage/ 

http://www.historicengland.org.uk/?ehpopup 

http://www.historic-scotland.gov.uk/ 

http://www.isprs.org/Default.aspx 

http://www.leica-geosystems.us/en/HDS-Laser-Scanners-SW_5570.htm 

http://www.scottisharchitects.org.uk/ 

http://www.summerhall.co.uk/ 

http://www.thenbs.com/topics/BIM/reports/index.asp 

https://ecaace.wordpress.com/creative-practice-referencesresources-2006 

https://evernote.com/ 

http://canmore.org.uk/
http://data.historic-scotland.gov.uk/
http://pastmap.org.uk/
http://www.scottisharchitects.org.uk/

