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 FORWORD 11 

FINDING INNOVATIVE APPROACHES FOR IMPROVING 
PEOPLE WELL-BEING IN HOUSING 

 
In the late years in Europe only buildings with added value found viability 
in the building market. For a long time, sustainability has been this 
differentiating factor that applied to buildings offering the needed 
consideration inside the market.  

Public initiatives, especially the European Union, lead the process of 
obtaining better buildings. In 2002, the EPBD (Energy Performance in 
Buildings Directive) made the development of national regulations for 
promoting the reduction of energy used by buildings and the resulting CO2 
footprint mandatory. This initiative has not been as successful as desired. 
Every country developed their own regulation standards setting different 
levels of what is considered sustainable depending on their own 
circumstances in respect of the environment, energy resources etc.  In some 
cases these decisions were purely political. 

These nationally approved methodologies of procuring sustainable 
buildings may be categorized in many countries as ambiguous, for 
investors, designers, constructors and purchasers cannot find reliable and 
validated criteria for obtaining an effective sustainable building. 
Furthermore, the voice of the end user is not considered within the process.  

Involving the user implies putting comfort and well-being at the centre 
of the process. The need for better spaces must look for healthy spaces and 
therefore for healthy buildings. Accordingly finding new architectural 
solutions need innovative design/construction professionals able to offer 
new approaches and share their expertise.  
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USE OF INNOVATIVE TOOLS, BIM TECHNOLOGIES, ENERGY 
ANALYSIS IN OBTAINING HEALTHY BUILDINGS 

 
Evaluating the degree of healthiness of buildings is a complex task that has 
found a real useful help from technologies emanating from industrial 
processes. Simulation tools that allow a total control of the building process 
are starting to be implemented widely in construction. Building Information 
Modelling (BIM) tools are offering greater possibility of analysing and 
predicting more accurately building performance from preliminary designs 
and providing continuous evaluation during design development and 
construction stages.  

The simulation tools currently available enable designers to deal with   
users' comfort and well being as a key important design factor. Accurate 
predictive modelling during the design process is a significant step forward 
in delivering not only sustainable integrated design/building solutions but 
also elevates the degree of healthier buildings. 

All the buildings that reach this level can be nominated as innovative 
and are free from subjective labels; as what is evaluated is users’ comfort 
and well being which naturally includes energy efficiency and a harminious 
relationship with the environment. 
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WORKGROUP SESSION: BIM AND INNOVATION 

BIM and Innovation theme includes the following research areas: 

- Finding innovative approaches for improving people well-
being in buildings; design and construction through the use of BIM 
tools 

- Use of innovative tools (BIM) to analyse the energy 
performance of buildings 

- Design Building Systems and Techniques  

- Retrofit 

- Innovative simulation tools in the process of 
designing/building  

 





 

 

NUCLEAR ARCHITECTURE 

Perceptions of Architectural Technology 

FRANCES ROBERTSON 
Sheffield Hallam University 
f.j.robertson@shu.ac.uk 

AND 

STEPHEN EMMITT  
The University of Bath 
S.Emmitt@bath.ac.uk 
 

Abstract. In this paper we explore the implications of pluralist 
curricula for architectural technology. This includes the potential 
effects on strengthening the identity of the architectural technology 
profession and the academic development of the discipline. This 
latter relies, arguably, on research being explicit in CIAT’s eight 
mandatory threshold standards. This work concentrates on one of the 
Chartered Institute of Architectural Technologist’s (CIATS’s) key 
subjects; 'design', defined as detail design for the architectural 
technologist. In postulating a philosophy of architectural technology 
epistemology with a focus on detail design, the pedagogy of 
architectural detailing in practice and academia is investigated: the 
associated roles of creativity and conditioning are explored. The 
interrelationship between conceptual design and construction 
processes in practice is outlined, identifying the role of the detail 
design specialist (architectural technologist) in the management of 
design and production information. Thus is identified the future 
architectural technologists’ specialisation of nuclear architecture: the 
total quality construction created by quality of thinking which 
permeates from and to detail design for assembly/disassembly and 
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production within a collaboratively mechanised AEC team. A theory 
of nuclear architecture and an associated approach to detail design 
pedagogy are postulated, aiming to promote a revised perception of 
the definition of design for the architectural technologist. How this 
theory can be applied to the creation of a paradigmatic student 
project, themed on designing for disassembly as a key future focus of 
‘Healthy Building’ design is introduced for future exploration. This 
future research into detail design, the authors propose, should be 
predicated on the appropriate methodology related to the 
epistemology of a design-based area of the architectural technology 
discipline. The roles of Professional, Statutory and Regulatory 
Bodies (PSRB) in the evaluation and subsequent dissemination of 
this detail design pedagogy, with the aim of strengthening the 
architectural technology discipline are emphasised.  
Keywords: Philosophy of architectural technology epistemology; 
Pedagogy of architectural detailing; Theory of nuclear architecture; 
Dissemination of detail design pedagogy; Strengthening the 
architectural technology discipline 

1. Introduction 

The 2014 Quality Assurance Agency’s (QAA’s) subject benchmark 
statement (SBS) for Architectural Technology (QAA, 2014), devised and 
reviewed every seven years in collaboration with the Chartered Institute of 
Architectural Technologists (CIAT), industry and subject specialists, is less 
prescriptive than previous versions. The aim of this SBS is to provide 
guidance and not prescription, allowing a variety of interpretations by 
accredited Higher Education Institutions (HEIs), creating a plurality of 
architectural technology curricula in the United Kingdom. There is an 
additional requirement for the curriculum to map to CIAT’s eight 
mandatory threshold standards of achievement, which graduates of 
Architectural Technology from accredited HEIs must achieve. CIAT, one 
of the main Professional, Statutory and Regulatory Bodies (PSRB) for 
architectural technology education, has published guidance (CIAT, 2015) 
for mapping these threshold standards against the four key subjects of 



 NUCLEAR ARCHITECTURE 17 

design, technology, management and practice as outlined in the 2014 SBS. 
It is of note that the key subjects of ‘design’ and ‘technology’ are separated 
in this mapping guidance: in mapping an area of the curriculum which has a 
focus on detailing, it will not necessarily be mapped to the indicative 
content related to ‘design’. The SBS is limited to threshold and typical or 
‘modal’ levels of performance expected of a graduate in the subject: there 
can be an avoidance of desirable skills and addressing excellence (Yorke, 
2001). Yorke (2001), counsels that the SBS represent general expectations 
about standards and are not statements of standards and thus can be too 
vague, generic and devoid of aspiration.  

1.1. THE PLURALIST ARCHITECTURAL TECHNOLOGY CURRICULA 

The AT curriculum evolves to reflect current and future needs for practice 
in the Architecture, Engineering and Construction (AEC) sector. This must 
be coupled with the need to provide an exciting and challenging academic 
programme which develops the discipline (Wienand, 2013). The 2014 SBS 
affords HEIs more autonomous creativity with the curriculum, enabling a 
pluralist expansion of the architectural technology discipline.  

The 2014 SBS statement includes a section 2: ‘Defining principles’: 
architectural technology is defined as being’ integral to the design of 
buildings and structures’ (QAA, 2014, page 7). It claims that the subject is 
based on fundamental principles of science and engineering ‘applied to 
achieve optimum functionality’ (QAA, 2014, page 7), efficient and durable 
in construction and sustainable over its life-cycle. All AT degrees should 
develop students’ knowledge and critical appraisal of four key aspects; 
design, technology, management (newly introduced since the 2007 SBS), 
and practice in both a national and international context. The CIAT 
guidance on the mapping of the course content to the benchmarking (CIAT, 
2015) includes associating these four key aspects to eight mandatory 
threshold standards. 

The associated checking of the mapping of the AT curricula in HEIs 
against the current QAA benchmark is done by the CIAT through their 
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accreditation processes. CIAT produce a report on the quality of provision 
which outlines whether; the provision meets the current threshold standards 
for the academic content of the curriculum; it is of an acceptable standard 
for professional requirements; and that it provides exciting and challenging 
teaching and learning environments.  These reports are not published 
making it difficult for HEIs to gauge the relative standard of their provision 
and to seek out exemplary academic practice. Crucially, whilst the myriad 
of interpretations of the benchmark statement allow for creativity in 
curricular devisal across HEIs, it is not easy to keep track of the expansion 
of the discipline. The resultant pluralist curricula the authors argue might 
be to the detriment of a clear and focussed identity for the academic 
discipline of architectural technology. 

1.2. RESEARCH: STRENGTHENING THE IDENTITY OF THE 
ARCHITECTURAL TECHNOLOGY PROFESSION 

Architectural technology (AT) is believed to be, theoretically, a viable 
vehicle for the integration of research and teaching (Emmitt, 2006). The 
technologies applicable to the building profession have multiplied in 
number and complexity in the recent past (Emmitt, 2012). The detail design 
of buildings requires design knowledge of how they are put together, used 
and eventually taken apart or re-used (Emmitt, 2002) involving many 
different professions and participants in the AEC sector; architectural 
technologists, architects, interior designers, structural engineers, services 
engineers, environmental consultants, design/BIM/project/construction 
managers, surveyors, builders, specialist sub-contractors and building 
component designers/manufacturers. Architectural technology as a 
discipline has evolved considerably since the early 1990s. The CIAT 
(previously the British Institute of Architectural Technologists; BIAT) as a 
professional body, created by its professional, academic and student 
members, has gained associated strength and identity, both in the academic 
development of the discipline and the perception of the professional roles 
of the architectural technologist. 
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The separation of design from technology in architectural education and 
practice allowed the specialisation of architectural technology to emerge: 
architectural technology is the art of building which fuses the three separate 
realms of artistic, practical and procedural skills (Emmitt, 2002). The remit 
of the architectural technologist is in the detail and jointing of architectural 
components; they are the ‘constructive link’ (SAAT, 1984) between design 
and production (Emmitt, 2002). Research provides evidence of the future 
practice of the architectural technologist: it should explore whether there 
will be no pragmatic design without technology in the face of advances in 
architectural technology, ICT, building procurement methods, detail design 
for production and building life-cycle considerations. The authors aim to 
reinforce the need for AT research to provide evidence of the subsequent 
strengthening of the discipline through the recombination of design and 
technology. 

1.3 RESEARCH: TEACHING AND LEARNING RELATED TO PRACTICE 

In the UK the discipline of architectural technology is located 
predominantly in ‘teaching-led’ institutions, which affords their distinctive 
contribution as offering first class teaching and applying the knowledge 
gained from research to practical problems (Dearing Report, 1997). 
Moreover, it is the relationship between research and (student/researcher) 
learning that is critical (Brew and Boud, 1995). Academics’ and students’ 
roles need to be examined as collaborators in the process of learning in 
carefully-devised teaching situations which aim to disseminate effectively 
the knowledge necessary for the future development of the discipline 
(Neumann, 1996). Academics should be offered continuously the 
opportunities to develop their own practice through participating in the 
exemplary practice of others (Brew and Boud, 2013). 

In relating pedagogy to practice, some aspects of AT practice require 
conditioning; training building on a priori knowledge and understanding; 
whilst others require creativity: questioning of the normative behaviours 
and conventional values. 
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If a research project is a quest for knowledge, then the constraints and 
parameters of the search need to be recognised; likened to a 'game' 
(Wittgenstein, 1968) with rules to be followed as with Thompson’s (2013) 
‘morphological construct’. In the theoretical development of a discipline, 
research projects that push the boundaries of its conventional epistemology, 
perhaps involving playing an entirely different ‘game’ are crucial to the 
widening of knowledge about that discipline. So, in order to construct the 
methodology of the research and then to participate in the postulation and 
creation of new knowledge, cognition of the rationale underlying what is 
being discovered is necessary. This becomes even more challenging if this 
is innovative and unrelated to normative practices. 

1.4. THE DEFINITION OF DESIGN AS DETAIL DESIGN FOR THE 
ARCHITECTURAL TECHNOLOGIST 

The QAA SBS for AT, 2014 does not advise explicitly on the learning, 
teaching and assessment (LTA) of detail design in the curriculum (QAA, 
2014). However, its importance to the professional body was evinced in 
December 2014 when the CIAT, during the AT accredited Programme 
Leaders’ Conference, held a session on detail design during which 
universities that were considered as exemplars of good LTA practice were 
invited to present to the attendees. Prof. Sam Allwinkle PPBIAT, MCIAT, 
Chair of the CIAT Education Board, provided a statement on detail design 
which was relayed to the attendees. He defines architectural technology as 
the technology of architecture and an essential design function. He states 
that the architectural technologist must be educated in the anatomy and 
physiology of buildings. Allwinkle promotes that the professional practice 
of architectural technologists and the subject discipline of architectural 
technology are inherent to details and detailing, as these are critical to the 
successful construction and performance of buildings.   

Furthermore, architectural technology being a subject that integrates 
theoretical, practical and professional activities has a pedagogical focus on 
the practical application of theory and the development of skills which 
enhance employability. The simulation of real-life, inter-disciplinary, 
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collaborative scenarios and practical sessions, preferably in a 
studio/problem-based learning environment is advocated (QAA, 2014). 

2. The Epistemology of Detail Design 

In investigating and determining the epistemology of architectural 
technology, this must be related to accepted types of knowledge acquisition 
and their relevant structures for the area under investigation. Most scientific 
disciplines have followed the empiricist, positivist approach i.e. that 
knowledge is out there fixed, waiting to be discovered. The researcher 
infers knowledge about the real world by observing it, thus obtaining 
empirical knowledge by induction (the traditional Naturalist epistemology), 
particularly relevant for aspects of the AT discipline related to technical 
knowledge and building science. However, other subject areas such as 
architectural detail design, management, and the acquisition of skills to 
enhance employability follow a different epistemological model, that of 
socially-constructed knowledge through experience and enquiry (Brew and 
Boud, 1995). It is proposed that AT disciplinary knowledge can be divided 
into two types; discrete, factual knowledge applied to solve a problem or 
provide an answer, or knowledge gained through the creative process of 
learning to organise  and make sense of ideas into a framework in order to 
gain a deeper understanding of the problem by actually engaging in 
problem solving. Detail design, the authors contend, belongs to both types.  

2.1. THE ROLES OF CREATIVITY VERSUS CONDITIONING 

There are two major learning environments for detail design; the academic 
and practice contexts. In the latter, it is often expected that the involvement 
of architectural technologist creates more certainty in the aims and 
objectives of the construction project (Thompson, 2013). Assumptions are 
of super-efficient ‘automata’, whom employers want to act like robots 
rather than thinkers (Thompson, 2013) who do not slow the production 
process down by taking time to think and question. Technical excellence in 
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the commercial world is often antithetical to individuality and 
inventiveness. In practice there is no room for misinterpretations of objects 
in architectural details: these objects are not impressions but 
materializations which need to be capable of being specified, 
communicated, procured and constructed within an inter-disciplinary 
complex whole without ambiguity and/or risk. In architectural practice the 
more experienced detail designer is adept at making correct judgements; 
the risk of inexperienced staff making decisions is avoided.  

An educational project allows experience and knowledge to be accrued 
about making correct and accurate decisions in an assimilated work-related 
context if the educators are experienced practitioners. An emphasis on 
conditioning and training within architectural technology education 
perpetuates this whereas, any educational programme which also has a 
focus on thinking and reflection on practice (Schön, 1983) allows each 
individual human ‘player’ possibilities for exploration and discovery which 
are then taken, attitudinally, into future practice. Experimentation in 
academia and a nurturing of resistance and dissent in the name of progress 
can enable exploration of creative detailing.  

If the acquisition of skills in detail design is akin to the acquisition of 
effective communication in language, the education of detail design needs 
to recognise that we do not so much as learn a language as participate in it 
(Wittgenstein, 1968) and our relationship with language is not one of 
subject and object as we are active participants and players in the 
evolutionary changes to language (Snodgrass and Coyne, 1997). Thus, the 
participants in the activity of detail design will have idiosyncratic and 
individual interpretations of the re-combination of the constructional 
elements. There will be correct judgments but also a myriad of correct 
combinations which, despite idiosyncrasies, are appropriate.  

2.2. THE PARADOX: PROFESSIONAL PRACTICE IS DESIGN 

A profession such as architectural technology is presumed to build its 
professional knowledge and evolve as a discipline by instrumental 
problem-solving through the rigorous and logical application of scientific 
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theory and technique (Schön, 1983). The discipline of architectural 
technology is identified as having a basis in scientific rationality; this is 
then applied logically to derive solutions to problems using professional 
skills and attitudes (Schein, 1973). This Technical Rationality is implicit in 
normative investigations of the relationship between research and practice 
and in the resulting curricula of professional education (Schön, 1983). 

Schön (1983) contends that in order to frame the problematic and 
complex situations in practice, a non-technical process of identifying the 
objectives is necessary and this relies on making sense of 'confusing 
messes' in the realm of problems of greatest human concern, rather than the 
identification of clear problems of practice which can be solved applying 
research-based theory and techniques.  

Herbert Simon, (1996) identifies that all professional practice is 
fundamentally concerned with design and thus to educate for the 
professions, a student needs to be provided with training grounded in the 
'science of design' (perhaps an oxymoron), or more to the point; the science 
of the design of architectural technology. This entails the extraction of 
'well-formed' problems from the messes of practice, which is, the authors 
recognise, a formal model of sorts (Schön, 1983).  

2.3. A COMPARISON OF THE PEDAGOGY OF ARCHITECTURAL 
DETAILING IN ACADEMIA AND PRACTICE 

The normative sequence for AT education is to learn the scientific 
foundation which underpins the discipline, apply this to real-world, 
simulated situations and eventually to experience professional practice 
through live projects or work-based learning. This does not always suit 
research into practical knowledge where the method for solving practical 
problems does not always fit into a rational, formulaic approach: technical 
design solutions in practice are not always a puzzle to be solved but often a 
problem to be dealt with because, due to their complexity, they necessitate 
divergent rather than convergent thinking (Schein and Kommers, 1972). 
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It might seem that the investigation into the AT curriculum and its LTA 
strategies are within the institutionalised realm of Technical Rationality, 
making it simple to research based on the natural sciences. In practice, 
where the myriad of methods of identifying and solving divergent problems 
with varying degrees of success seems impossibly nonsensical, human 
behaviour plays a huge part. Furthermore, the AT curriculum is designed 
and, therefore, to make sense of the myriad of interpretations of its 
benchmarking requires an acknowledgement of its devisal being often 
subjective. So whilst research into architectural technology might be based 
appropriately on the model of Technical Rationality this will not be 
appropriate where the research methodology needs to account for human 
behaviour. 

Architectural technology education and the particular learning material 
often relates to fixed, quantifiable, discrete knowledge and is predicated on 
the learners assimilating factual knowledge. However, architectural 
technology detailing involves design, especially when the project is non-
prescriptive and relies on creativity. A research project should account for 
the mindset that creates similarities or difference (Thompson, 2013) as 
opposed to one that adheres to established formulaic analysis and 
recombination; i.e. approaching a problem using deductive reasoning to 
obtain a solution. Only if the study of designing relates to the manipulation 
of discrete, identifiable things as methodological combinations and re-
combinations, or as analogous language elements, can it be researched 
within the domain of natural science. For the purist like Plato (Snodgrass 
and Coyne, 1997), the correct and logical operation of numbers in 
mathematics is the paradigm for a certain solution to a problem. The 
Logical Positivists, of which Wittgenstein was one, sought to formulate a 
language of science which was devoid of subjectivity. This postulates an 
'atomic language model' of understanding. 

The authors contend that technical design is not always a pre-
determined puzzle to be solved but is often a pre-defined problem with 
open-ended possibilities: a creative journey which necessitates regular and 
on-going activity in order to explicate understanding gained along the way. 
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This analysis and development of projected solutions forms the basis of the 
regular dialogue with tutors. The budding designer in the educational 
setting is encouraged to questions their prejudices, understandings and 
narrow-minded conceptions of solutions to allow self-discovery and an 
edifying experience for both the learner and the educator or 'designer-
interpreter' (Snodgrass and Coyne, 1997). This is necessary for the 
promotion of creative practices often lacking in the practice setting where 
the architectural technologist is conditioned and encouraged not to embark 
on a voyage of discovery, partly because of time constraints and the 
economic benefit of tried and tested solutions and partly because they are 
often restricted to solving other people's pre-determined architectural 
problems.  

2.4. THE INTERRELATIONSHIP BETWEEN CONCEPTUAL DESIGN AND 
CONSTRUCTION PROCESSES IN PRACTICE 

To investigate the established 'game play' (Thompson, 2013) of 
architectural technology practice, it needs to be established whether 
professional activity is sequential, prescriptive, related to the natural 
sciences, making use of purely deductive reasoning, only related to 
quantitative data analysis and always based on clear, identifiable objectives 
or whether it is often a design activity and a voyage of discovery.   

If it is the latter, this human activity of designing needs to be studied 
within the realm of the human behavioural sciences (Snodgrass and Coyne, 
1997). If designing is in the context of practice, only an interpretative 
understanding of the situation can arise rather than an establishment of 
objective knowledge or truth, because the way by which this understanding 
emerges, according to Snodgrass and Coyne (1997), is not through the use 
of method but by the operation of the 'hermeneutical circle'. Snodgrass and 
Coyne (1997) contend that the atomistic language model, which has often 
been used to codify the design process as sequential steps in a logical 
process (derived from Positivist theory), is a fundamental misapprehension 
of design activity which does not have a basis in formal logic but in the 
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human and hermeneutical sciences based on processes of understanding 
and interpretation. In researching architectural technology practice and the 
central activity of detail design, the methodology must be appropriate for 
this human-based activity. This might be at odds with the perception in AT 
practice of a sequential design to construction process predicated on the 
RIBA stages of work (RIBA, 2013) which is often used to devise and 
structure AT design projects in academia as a simulation of practice.  

2.5. THE ROLE OF THE DETAIL DESIGN SPECALIST IN THE 
MANAGEMENT OF DESIGN AND PRODUCTION INFORMATION 

If design can be managed (Emmitt, 1999), arguably, the best people to 
manage design would be the designers. Architectural design technologists 
are taught to design within constraints of time and cost; they are educated 
within a culture where detail design and its management; newly included in 
the 2014 SBS, (QAA, 2014); are not at odds. Perhaps in the education of 
the architectural technologist, the inculcation of good 'design' as that which 
lends itself to efficient management , could provide the industry with those 
who have a mindset which can resolve the dichotomy of unchecked design 
creativity and the requirement for definable solutions that can be managed. 
Emmitt (1999) believes the design manager must be familiar with and able 
to design. He also states that any building is only as good as its details and 
that this phase of the design process is poorly researched. The traditional 
model for the studio project is its sequential phasing based on the RIBA 
Plan of Work (RIBA, 2014), predicated on every project having four 
distinct, yet sequential, phases; briefing, design, production information 
and site supervision. This is now extended to include the life-cycle of the 
building: detail design for disassembly being a key aspect. More 
importantly, Emmitt (1999) believes that information management, not 
design, is crucial to competitive service provision. Research into the role of 
the detail design specialist in the management of design and production 
information in the differing realms of academia and practice is crucial to 
maintaining the competiveness of the professional architectural 
technologist. 
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3. The Challenge of Creative Detailing: Assimilation versus Creativity 

It is a relatively simple task to create a detail design curriculum content 
which maps to the AT SBS. Detail design pedagogy is normally focussed 
on the  assimilation of standard or robust details but it is the learning, 
teaching and assessment of creative detailing which present a challenge for 
the architectural educator: the normative assimilation of standard detailing 
inhibits an innovative approach to detail design thinking and reflective 
decision-making (Emmitt et al, 2004).  

If we analogise the assimilation of standard details to understanding a 
language type structure, logically we cannot understand the whole of a 
language (complete detail) until we understand the parts (component 
elements) and their meanings (the building fabric representations) which, 
paradoxically, need an understanding of the whole (conventional detailing 
language). If this is analogized to the interpretation of a given detail by the 
inexperienced student, clues are picked up so that a projected understanding 
of what is being seen emerges; this is then related back to the whole from 
which an estimation of a correct formulation is interpreted. We carry on 
back and forth progressively correcting the parts in relation to the whole 
and the whole in relation to the parts based on an understanding which 
advances in this manner until a conclusion is drawn. The final 
interpretation might be wrong but the means by which the understanding is 
gained is a critical activity and if this were to be documented, discussed and 
assessed, a useful habit is initiated. It is this to-and-fro reflection which is 
the central learning activity. This is the interpretation of details which 
begins when a student is first presented with an example of a 2D detail. In 
order to interpret it some kind of basic apprehension is necessary. 
Sometimes students fail to find the image intelligible and the tutor has to 
provide a basic explanation of what they are looking at by helping them to 
make sense of it as we cannot rely on tacit understanding of something 
which is completely new to us. There is not always a reliance on 
circumspective perception (Heidegger, 1962).  
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The students’ perception of the visual experience of the detailed 
assemblage is accompanied by thinking (with the tutor as a catalyst for this 
action) and when this triggers recognition, ‘knowing’ occurs (Wittgenstein, 
1968). The experience of seeing when there is recognition is different to 
someone seeing the same object with no familiarity: the tutor needs to 
differentiate learners’ experiences within the same group with the same, 
given learning objective. To analogise Wittgenstein’s rabbit-duck 
(Wittgenstein, 1968, Fig.1): the student who sees a ‘rabbit’ when they 
should see a ‘duck’ will perpetuate the misperception and, thus, 
misconception of the represented object. Too often, students do not have a 
clue what they are seeing especially with 2D graphical representation of 
building elements. 

 

 
 

Figure 1. Wittgenstein's rabbit-duck (Wittgenstein, 1968, p 194e) 

When the drawing contains multiple objects the misconception can be 
multiplied: here confusion arises and clarity cannot be gained even with an 
interpreter. Constructing physical, scaled models is perhaps the nearest 
substitute for the representation of reality, but 1:1 construction has the 
benefit of no approximation to reality, and the associated spatial 
‘materialization’. The Building Information Model whilst allowing a 3D 
visualisation of the architectural design requires an interpretation of the 
model for the associated detail design information. The model is not 
constructed at the ‘nuclear/atomic’ level at present and so can be misread 
by an inexperienced viewer. 
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The copying of standard details becomes futile when the student is 
required to create imaginatively the architectural design which they are 
simultaneously attempting to resolve at the nuclear level. The latter relies 
less on applying a technique than on making sound judgments 
(Wittgenstein, 1968). The role of the interpreter (tutor, made even more of 
a challenge if the student is not a native English speaker) in helping the 
student to critically reflect on 2D and 3D detail design explorations is 
crucial. The interpreter deciphers how the representation of the construction 
presented in tutorials; in graphical or model form; is an assemblage of parts 
designed to solve problems of constructional stability, thermal 
performance, building regulation compliance, aesthetics, cost, 
environmental design, water penetration, cold-bridging and, in the focus of 
this paper, assembly/disassembly. In order for understanding to happen, the 
student needs to conceptualize that this is a graphic representation and 
cognize the symbolic representation. If the student sees the actual physical 
representation of the construction 1:1, or even better participates in a 
constructional exercise, in model form or on site, they are able to use their 
other senses of touch and their body to feel the weight of the objects and 
handle the bulk of the objects. They gain an immediate recognition of that 
object and an emphatic ‘naming’ of what it is: there is little ambiguity and 
the perception has changed into materialization (Wittgenstein, 1968). This 
is why the teaching about detail design uses video, photographs, full-size 
constructional exercises, and site visits for students to cognize building 
construction elements.  

3.1. APPLYING THE RESEARCH: DESIGNING FROM THE INSIDE OUT 

An interesting concept is that an architectural designer who designs a 
building from the outside in (the usual process for architectural design 
education) will design a very different building to a designer who designs 
from the inside out (Simon, 1996). The hypothesis is that the design of 
buildings for disassembly forces a consideration of and a search for 
alternative, satisfactory assemblies at a detail design level which requires 
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design thinking and a priori knowledge of detailing. This exploration at a 
nuclear level; focussing on the ‘nucleus’ or the ‘knot’ (Emmitt et al, 2004); 
is the remit of the architectural design technologist and their education 
should re-emphasise the creative design of architectural technology through 
exciting and challenging educational exercises. Relating to architectural 
design and detail resolution there is an iterative process between the 
conceptual architectural design and the conceptual detail design (Emmitt et 
al, 2004). A creative approach to detail design thinking and decision-
making within academia would permeate subsequently throughout the 
industry. For this to be initiated, it needs to be understood that the 
interrelationship between conceptual design and construction is recognised, 
enabled and explored through educational mechanisms (Emmitt et al, 
2004). Ideally in practice, the conceptual designer should also create the 
detailing and this is where the architectural technologist, who also has 
specialism in design, is ideally placed to ensure the continuity between, and 
the management of, design information and production information 
(Barrett, 2011).  

In the AEC sector this is not one person's responsibility but a team 
effort. The design and assembly/disassembly of buildings has become 
increasingly complex requiring many specialists creating fragmentation of 
a dynamic and often chaotic process towards the final goal of client and 
user satisfaction. This is a dialogic process with competing participants 
which does have sequential activities which can be optimised by the 
application of rational, mathematical modelling i.e. the knowledge gained 
about cost, construction sequence and environmental design through the 
application of simulation techniques and computer modelling. The 
specialist architectural design technologist is educated to question the 
validity of architectural creations which are not technically resolved. Theirs 
is the future specialisation of 'nuclear' architecture (Emmitt et al, 2004); the 
total quality construction created by quality of thinking which permeates to 
detail design for assembly/disassembly and production within a 
collaboratively mechanised AEC team.  
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3.2. CONCLUSION: REVISING PERCEPTIONS OF AT: PROMOTING THE 
FUTURE SPECIALISATION OF NUCLEAR ARCHITECTURE 

There is little research into the philosophy of detail design decision-making 
and this should include an exploration of an integrated approach to creative 
detail design, production and the management of the process (Emmitt et al, 
2004).  

The compositional language of design at the detail level and the 
symbolism of the constructional syntax is not an allegory of a metaphorical 
concept: a fiction. Rather, it is an auto-biography of the detail designers' 
poetics of assemblage and technological capabilities. It tells the story of its 
assembly and disassembly, its life-cycle and epilogue, its part in the local 
and global ecosystems and, ultimately, its contribution to humanity. The 
education of the architectural technologist should celebrate and promote 
creativity at the nuclear level. 

For the discipline of architectural technology, what needs to be 
established is whether a mindset of enquiry, innovation and creativity is 
valued in academia and how this relates to expectations of technical design 
ability required for practice. It is essentially about dialogic versus logical 
design. Research should inform academia and practice and the role of 
PSRBs in the evaluation and dissemination of paradigmatic detail design 
pedagogy, is critical to the strengthening of the architectural technology 
discipline and its perception as a specialist profession. 
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Abstract. Building Information Modelling (BIM) provides a shared 
source of information about a built asset, which creates a 
collaborative virtual environment for project teams. Literature 
suggests that to collaborate efficiently, the relationship between the 
project team is based on sympathy, obligation, trust and rapport. 
Communication increases in importance when working 
collaboratively but effective communication can only be achieved 
when the stakeholders are willing to act, react, listen and share 
information.  Case study research and interviews with Architecture, 
Engineering and Construction (AEC) industry experts suggest that 
synchronous face-to-face communication is project teams’ preferred 
method, allowing teams to socialise and build rapport, accelerating 
the creation of trust between the stakeholders. However, virtual 
unified communication platforms are a close second-preferred option 
for communication between the teams. Effective methods for virtual 
communication in professional practice, such as virtual collaboration 
environments (CVE), that build trust and achieve similar 
spontaneous responses as face-to-face communication, are necessary 
to face the global challenges and can be achieved with the right 
people, processes and technology. This research paper investigates 
current industry methods for virtual communication within BIM 
projects and explores the suitability of avatar interaction in a 
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collaborative virtual environment as an alternative to face-to-face 
communication to enhance collaboration between design teams’ 
professional practice on a project. Hence, this paper presents 
comparisons between the effectiveness of these communication 
methods within construction design teams with results of further 
experiments conducted to test recommendations for more efficient 
methods for virtual communication to add value in the workplace 
between design teams. 
Keywords: building information modelling, collaborative virtual 
environments, virtual & augmented reality, professional practice. 

1. Introduction 

As the Architecture, Engineering and Construction (AEC) industry 
competes in a global economy Multi Office Execution (MOE) of projects is 
necessary to achieve quality services at competitive costs.  With MOE, 
there is a requirement for geographically dispersed teams to collaborate and 
communicate (Larsson, 2003) using virtual communication methods. 
Effective methods for virtual communication in professional practice, that 
build trust and achieve similar spontaneous responses as face-to-face 
communication, are necessary to face the global challenges and can be 
achieved with the right people, processes and technology. 

To understand how effective virtual communication methods are it is 
necessary to understand the difference between communication and 
collaboration. The Oxford Dictionary (2015) definition of collaboration is 
‘The action of working with someone to produce something’ and 
communication is ‘the imparting or exchanging of information by speaking, 
writing, or using some other medium’. The commonality between all 
definitions of Building Information Modelling (BIM) is that it is a shared 
source of information about a facility forming a reliable basis for decisions 
during its life-cycle (Eastman et al, 2012). This shared information is the 
result of the various project stakeholders input into a single source of data 
through individuals or organisations working together or collaborating to 
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address problems and deliver outcomes not effectively achieved by 
working separately or alone. 

According to Ward (2013), collaborating in a BIM environment requires 
a profound change to project team configuration, project infrastructure 
along with roles and responsibilities at both inter-organisational and intra-
organisational levels. Communication increases in importance when 
working collaboratively but effective communication can only be achieved 
when the stakeholders are willing to act, react, listen and share information 
(Emmitt et al, 2013). Ward (2013) also suggests that to collaborate 
efficiently the relationship between the project team is based on 
sympathy/obligation, trust and rapport, which he defines as ‘Social 
Capitol’.  This obligation encourages teams to openly share and 
communicate throughout the design process. The premise of this study is 
that the current virtual interactive relationship between the project team in 
the BIM environment does not encourage open communication or 
information sharing resulting in poor collaboration between the design team 
members. The research will investigate methods for effective 
communication to aid collaboration throughout the design process. The 
investigation will consider what the virtual relationship between the project 
team is, how the team collaborate/ communicate, what are the challenges to 
virtual communication between the BIM design team players and methods 
to improve their interaction.  

2. Review of Literature 

The literature reviewed for this paper considers team collaboration, 
traditional and virtual communication methods and the types of team 
players.  
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2.1. BIM TEAM COLLABORATION 

Project Design Team Collaboration is achieved through a coalition of 
multi-disciplined, multi-skilled individuals with varying values, attitudes 
and goals to deliver a project (Emmitt et al, 2013). Teams of individuals or 
organisations working together can address problems and deliver outcomes 
not effectively achieved by working alone or in silos. Since Building 
Information Modelling (BIM) is a shared source of information about a 
building (Ward, 2013) it encourages the design team to collaborate. This 
alliance between design team stakeholders to work collaboratively is not 
currently experienced by many organisations adopting BIM. This is likely 
due to a tradition of fractured adversarial relationships between project 
teams where a lack of trust between the teams does not encourage open 
sharing of information to aid collaboration (Macdonald, 2012). 
 To understand where the roadblocks in this process are, the next section 
explains the current methods for communication in a BIM project.  

2.2. COMMUNICATION 

Traditionally design teams have used Computer Aided Design (CAD) 
technology to automate hand drafting (Kouider et al, 2007) using traditional 
communication methods to collaborate throughout the project.  The 
adoption of BIM has advanced this process to provide a new method of 
communicating digital documentation about a building, its performance, 
planning, construction and operation (Eastman et al, 2012).   

Stempfle et al. (2002) proposed that communication allows for the 
thinking and problem-solving process of the design team through two 
methods, synchronous and asynchronous. Synchronous communication is 
when individuals or groups such as design teams communicate face to face 
through interactive dialogue by telephone, in meetings or with video 
conferencing. This method is cited as being essential for problem-solving, 
developing trust and exploring values amongst the design team 
stakeholders (Emmitt et al, 2013). Asynchronous is a communication 
method where the interaction between parties is not instant or where they 
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do not interface concurrently; correspondence media include mail, text 
messaging, post etc. Since synchronous communication is not always 
possible due to working hours, design team locations etc., additional 
methods of communication are required. Asynchronous communication is 
used when an instant response is not necessary or when the respondent is 
required to assimilate information before responding (Emmitt et al, 2013). 

TABLE 1: Synchronous & Asynchronous Communication (Adapted Groupware 
Time/Space Matrix) 

Location Synchronous (Same Time) Asynchronous (Different Time) 

Same 
Place 
Co-located 

Face-to-face Interactions 
Meetings, Shared table, over the 
shoulder discussion 

Continuous Task 
Team Rooms, Public displays, 
Shiftwork 

Different 
Place 
Remote  

Remote Interactions 
Videoconferencing, instant 
messaging, shared screens, 
Unified Communications System, 
dynamically linked models 

Communication & Coordinate 
Email, information issues/ model 
sharing (data drop), Document 
Management Systems 

2.3. VIRTUAL COMMUNICATION 

Synchronous communication or meeting face to face is an effective way to 
interact with the design team, to make decisions and agree actions but in 
this evolving industry, this is not always possible with the design team 
working in difference locations and often in different countries. One way 
for the design team to meet and communicate is virtually or to 
communicate from remote locations using information technology methods 
such as instant messaging (IM), videoconference, computer screen sharing 
etc. According to Leenders et al. (2003), communication technology is 
more effective when it is used to supplement rather than replace face-to-
face interaction since this does not provide the same spontaneous 
interaction between the team that face-to-face can.  Science Fiction and the 



40 E. HAYES AND N. SALEEB  

 

film industry have been depicting virtual environments where people can 
plug in and interact with each other virtually (The Matrix, 1999). The 
people in these environments take on humanoid features and synchronously 
communicate with each other (Avatar, 2009). This type of environment and 
humanlike interaction is not solely used in science fiction; a collaborative 
virtual environment (CVE) enables groups of people to collaborate and 
communicate together in a virtual environment (Schroeder et al, 2006). 
This is achieved through avatars, graphical representations of human 
characters, that converse with each other in a CVE or a virtual world such 
as Second Life or Open SIM (Ward, 2015). CVE’s were first used in the 
1980’s for military simulations such as pilot and combat training (Pečiva, 
2007).  

The computer gaming industry has been using avatars as first person 
representations since Maze War in 1973 and more recently with massively 
multiplayer online role-playing games (MMORPG). World of Warcraft, 
one of the most popular MMORPG’s (Tassi, 2014) in recent years, allows 
the players to select and customise a character (avatar) to work 
collaboratively with other characters in guilds (teams) to complete tasks 
and defeat opponents.  This collaborative working is supported by internal 
chat systems where the players can communicate through private chat 
(players can chat privately with each other) or guild chat where they can 
communicate as a group. Gamers also utilise communications systems or 
Voice over IP (VoIP) software to communicate with other gamers online. 
Technology advancements such as brain-computer interfaces will make this 
interaction more spontaneous. This is in addition to the presence of 
immersion using Virtual Reality, superimposition of virtual objects in real 
environments using Augmented Reality and Mixed reality using a 
combination of both (Cohen et al., 2015). 

2.4. DIGITAL NATIVES AND IMMIGRANTS 

A barrier to interactive communication and open collaboration with 
Building Information Modelling (BIM) projects may be the lack of 
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engagement by the design team with the tools and processes. For the design 
team to interrogate and interact with a project’s digital information they 
must be familiar with the digital tools such as BIM authoring software, 
review software etc. Yet design teams can comprise of different dynamics, 
work cultures and levels of experience (Levi, 2016). The senior team 
members could be more mature and experienced; the less experienced team 
members could be less mature, newly graduated, however, more technically 
savvy. This dynamic may have an impact on how the team engages with 
the digital tools in a BIM project. The junior team members’ generation has 
grown up in a digital era using mobile phones, computers etc. as an integral 
part of their life and are known as Digital Natives. According to Prensky 
(2001) they prefer graphics to text and expect to receive/exchange 
information rapidly. Digital Natives are suited to BIM process, which 
entails handling project information contained in a virtual environment 
accessed at any time as a graphic representation of the building. The 
opposite of this may be said of the more mature team member who has not 
grown up immersed in digital technology. Prensky (2001) describes them 
as Digital Immigrants who learnt a new language to engage and 
communicate with Digital Natives and their technology. The mature team 
members may feel uncomfortable with new technologies as described by 
Kouider et al. (2007), and as Prensky (2001) notes they retain habits from a 
non-digital past such as printing documents to read rather than reading on 
screen, requesting prints of drawings to review rather than utilising digital 
review tools etc. To encourage interactive communication and open 
collaboration with BIM projects the team needs to engage virtually rather 
than in a traditional synchronous or asynchronous form, which involves 
changing a mindset for the digital immigrants.  
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3. Research Rationale and Description 

The objective of the research was to explore the following: 
 The current virtual relationship between the BIM design team 
 The difference between collaboration and communication 
 The challenges to virtual communication between a BIM team  
 Project team interaction between different generations (digital natives 

and immigrants) 
 Alternative more efficient methods of virtual communication can add 

value in the workplace between design teams 
This was carried out with case study data collection through observation 
and semi-structured interviews with project teams along with industry 
expert interviews and finally experimentation of a proposed solution. 

3.1. CASE STUDY  

A Qualitative Case study research methodology was employed to 
investigate the current interaction and communication methods used by a 
project team during the design process of a live construction project, which 
was procured using BIM processes. This particular case study was selected 
for research as it involved a multi-disciplinary team co-located in three 
geographic locations where the team members interacted and 
communicated virtually throughout the project lifecycle.  

Team meetings were observed and project artefacts such as action lists 
were collected to study the effectiveness of the team interaction.  Figure 1 
is an example of a clash resolution meeting observed by the author, which 
was carried out virtually with a unified communication (UC) platform with 
Voice over IP (VoIP) and desktop sharing. 
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Figure 1.  Image of Clash Review Meeting over UC 

3.2. SEMI-STRUCTURED INTERVIEWS 

Thirteen (13) individual in-depth qualitative interviews were used for the 
case study research to collect data from the live BIM Project. The 
interviews were carried out with a selection of team members from 
different disciplines (as per Figure 2) in each of the co-located offices and 
were either face-to-face or via VoIP.  
 

 
Figure 2.  Chart demonstrating the cross-section of interviewees 

Also, four (4) semi-structured interviews were carried out with a 
purposive sample of industry experts from the architecture, engineering and 
construction (AEC) sector to collect data on current industry experience of 
virtual communication with Building Information Modelling projects.  
These interviews also sought the respondent’s opinion on virtual interactive 
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solutions for BIM projects. The interviews were carried out via VoIP and 
the interviewer took notes and recorded the audio for later data analysis.  

3.3. EXPERIMENTS 

The purpose of the experiments was to test the premise that more efficient 
methods for virtual communication can add value in the workplace between 
design teams. There were eight (8) experiment participants comprising of 
digital natives and immigrants from the case study project team. Two 
experiments were carried out in the work environment of one of the case 
study project offices at the same time over two days.  The first was the 
control experiment where a face-to-face meeting communication method 
was used to carry out a series of design coordination review tasks. The 
second used a Collaborative Virtual Environment (CVE) solution to carry 
out the same series of tasks. 

Hence, the only variable altered between the two experiments was the 
method of communication; face-to-face versus CVE avatars and medium. 
The same defined tasks were carried out for a particular area of the case 
study project and a federated review model was interrogated in both 
scenarios. An example of one of these tasks was the coordination of a 
congested ceiling void with multiple services (Figure 3). 
 

  

Figure 3.  Images of Physical Control (Left) and Virtual (Right) Experiments 
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The following software tools were used to carry out the experiments: 
 Review Model: A review model compiled from exports from the BIM 

authoring software federated in Autodesk Navisworks was used from 
the Case Study project. Navisworks Freedom was used to review the 
model. All the participants were experienced Navisworks users not 
requiring additional training. 

 Collaborative Virtual Environment (CVE): AvayaLive Engage is the 
virtual reality immersive collaboration space used. The participants 
communicated and interacted using personalized avatars within a 
customized pre-prepared virtual meeting room using audio and screen 
sharing.  Training was provided in advance as none of the volunteers 
had experience using a CVE prior to the experiment.  
An evaluation questionnaire was completed by each participant to 

compare the control and the virtual environments under the following 
topics: 
 Project Team Collaboration on BIM projects 
 Project Team Communication on BIM projects 
 BIM Collaboration and Communication 
 Digital Natives and Immigrants 
 Collaborative Virtual Environment 

4. Discussion of Results 

The results discussed below are based on qualitative data collected from the 
semi-structured interviews with team members from the case study project 
and purposive industry experts along with quantitative data collected from 
experiment evaluations. 
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TABLE 2.  Number of Respondents 

Data Source Respondents 

Case Study Interviews 13 
Purposive Interviews 4 
Experiments 8 

Total 25 

4.1. DIFFERENCE BETWEEN COLLABORATION AND COMMUNICATION 

The respondents were asked a series of questions to determine their 
understanding of collaboration and communication in a BIM project 
context. Regarding team collaboration, 14 out of 17 of both the case study 
and purposive interview respondents described it as working together, 
while only 3 referred to it as delivering or achieving a common goal. 
Communication was described by 12 out of 17 of the interviewees as a 
method to exchange information while 5 interviewees defined it as a 
method of collaboration. Results show indecisiveness and non-clarity in 
defining differences between collaboration and communication, hence 
indicating possible ineffectiveness in choosing the best methods to enhance 
them due to the vagueness of objectives for each term.  

4.2. VIRTUAL RELATIONSHIP / CHALLENGES BETWEEN THE BIM 
TEAM 

The data collected from both the case study and purposive interviews 
determined that the three main methods of virtual communication currently 
being used, often in tandem, in the construction industry are Unified 
Communication systems (Microsoft Lync / GoToMeeting – used by 11 out 
of 17 interviewees), BIM (Navisworks/ Revit Server used by 10 
interviewees) and Email (used by only 3 interviewees).  

When asked to discuss BIM team collaboration and virtual interaction 
12 out of 17 of both the case study and the purposive respondents agreed 
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that they experienced better collaboration, 5 respondents agreed that there 
was better coordination between disciplines and more understanding of the 
project. The cons experienced by the two groups of respondents were that 
more time was required as more coordination was possible with the virtual 
environment. 

Regarding challenges, 11of 13 of the case study and 3 of 4 of purposive 
respondents noted that virtual communication is not as effective as face-to-
face communication, as body language cannot be used to aid 
communication. This is a challenge to current virtual communication tools 
as Mehrabian’s (1981) 7%-38%-55% Rule explains that only 7% of 
communication is verbal with 38% being tone and 55% being gesture. 
Therefore, the respondents’ view is that 55% of the communication 
between the team is being lost through virtual communication methods. 
Technology problems such as slow Internet connections or problems 
sharing data were identified as challenges to virtual communication by the 
case study interviewees.  

4.3. PROJECT TEAM INTERACTION BETWEEN DIFFERENT 
GENERATIONS (DIGITAL NATIVES AND IMMIGRANTS) 

The interviewee dynamics for both the case study and purposive interviews 
were mostly digital immigrants (Table 3). This may be a reflection of 
typical project team dynamics where the more experienced team members 
such as discipline leads and project managers are older digital immigrants. 
This may also be said of the purposive group who by their selection for 
interview are experts with industry experience from BIM projects. 

TABLE 3.  Number of Digital Native and Immigrant Interview Respondents 

Data Source Digital Natives Digital Immigrants Total 

Case Study Interviews 3 10 13 
Purposive Interviews 0 4 4 
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The dynamics had an influence on some of the respondent’s answers to 
interview questions. This is most obvious in the responses to questions 
regarding the effectiveness of Virtual Communication and Collaborative 
Virtual Environments (CVE’s). The digital natives thought that a CVE built 
the same trust between the team as a face-to-face meeting, whereas 11 out 
of 13 digital immigrants believed face-to-face communication is required to 
build trust between the BIM team. In contrast to the above views by the 
respondents, 15 out of 17 of both digital immigrants and natives believed 
that a CVE will improve communication and engagement between the team 
and is as effective as face-to-face communication in agreeing better design 
solutions for coordination, clash resolution and discipline interfaces. These 
results would suggest that a CVE may have the potential to be a suitable 
solution for effective communication to aid collaboration throughout the 
design process. Further investigation through experiments of the CVE 
solution with avatars is discussed in the next section. 

4.3. MORE EFFICIENT METHODS FOR VIRTUAL COMMUNICATION 
CAN ADD VALUE IN THE WORKPLACE BETWEEN DESIGN TEAMS 

Results from the experiment respondents (Table 4 - using both real-life and 
the AvayaLive environments) demonstrate opinions similar to the interview 
results showing appetite for more effective virtual communication methods; 
4 out of 6 of the digital immigrants disagreed that the Virtual Environment 
aided the collaboration process and strongly agreed that the control 
environment aided it, whilst the remaining 2 immigrants and the 2 digital 
natives believed the virtual environment aided collaboration. When asked if 
the virtual environment built trust between the team, 50% of all 
respondents agreed it built trust in comparison to 50% who strongly agreed 
that the control environment built trust. Digital natives gave higher impact 
weighting for the CVE on both collaboration and trust. 



THE VIRTUAL INTERACTIVE RELATIONSHIP BETWEEN BIM PROJECT 
TEAMS  49 

TABLE 4.  Number of Digital Native and Immigrant Experiment Respondents 

Data Source Digital Natives Digital Immigrants Total 

Experiment Respondents 2 6 8 

5. Conclusion 

Comparisons between the analysed data collected from three main sources 
(case study observations and interviews, purposive interviews with industry 
experts and field experiments) were triangulated.  This provided initial 
direction on the current virtual relationship between the BIM design teams.  
The data collected also provided a sample of the AEC industries 
understanding of the difference between collaboration and communication 
along with the challenges to virtual communication such as technology 
issues and non-visual communication. Data was also collected from the 
interviewees and experiment volunteers to determine whether they were 
digital natives or immigrants.  Comparing the results theorised how each 
demographic responded to different communication/collaboration methods. 
The field experiments tested whether a virtual environment with avatars for 
interaction could result in better communication and collaboration through 
an improved virtual communication environment. Findings from the 
evaluations showed a discrepancy between opinions of the more senior 
members of the team (digital immigrants) as opposed to the younger 
members (digital natives) who favoured Collaborative Virtual 
Environments (CVE’s) for collaboration and trust. There were various 
reasons for the unfavourable results cited by the digital immigrants such as 
the technology was not responsive enough or it was difficult to view a 
model on a screen in the virtual environment, or lack of experience in the 
medium. However, the respondents supported this type of technology for 
future use for being closer to replicating face-to-face interaction then 
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current virtual solutions. Further research into CVE’s is necessary to 
resolve the issues cited by the respondents with the goal of having a virtual 
site meeting in a Building Information Model with avatars of the team 
members walking down the site and interacting spontaneously to resolve 
the building design before it is built. 
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Abstract. As BIM adoption continues, the goal of a totally 
collaborative model with multiple contributors is attainable.  Many 
initiatives such as the 2016 UK government level 2 BIM deadline are 
putting pressure on the construction industry to speed up the 
changeover. Clients and collaborators have higher expectations of 
using digital 3D models to communicate design ideas and solve 
practical problems. Contractors and clients are benefitting from cost 
saving scheduling and clash detection offered by BIM. Effective 
collaboration on the project will also give speed and efficiency gains. 
Despite this, many businesses of varying sizes are still having 
problems. The cost of the software and the training provides an 
obvious barrier for micro-enterprises and could explain a delay in 
adoption.  Many studies have looked at these problems faced by 
SME and micro-enterprises.   
Larger companies have different problems.  The efforts made by 
government to encourage them are quite comprehensive, but is 
anything being done to help smaller sectors and keep the industry 
cohesive?  
This limited study examines several companies of varying size and 
varying project type: architectural design businesses, main 
contractor, structural engineer and building consultancy. The study 
examines the barriers to a truly collaborative BIM workflow facing 
different specialities on a larger project and a contrasting 
small/medium project. 
The findings will establish that different barriers for each sector are 
actually pushing further apart, thus potentially creating a BIM-only 
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construction elite, leaving the small companies remaining on 2D 
based drawing.  
Keywords: BIM collaboration, BIM adoption, Government BIM 
policy 

1. Introduction 

As BIM technologies advance, the operator skill and information protocols 
need to advance too.   The most recent developments in the evolution of 
BIM tools have been to organise the collaboration functions of BIM.  The 
gains offered by maximising the efficiency of this process are potentially 
large as the construction industry can be notoriously bad at working 
together (Latham, 1994). 

1.1 CURRENT INITIATIVES 

The UK government have introduced standards of adoption of BIM 
technology and are expecting compliance with these standards by 2016 i.e. 
Level 2 BIM.  These will mainly affect the larger construction projects 
(over £5m project cost) and are mainly concerning collaboration and 
information exchange formats (PAS 1192-2:2013).    If the companies 
working on these projects wish to continue trading, it would be considered 
essential that they made the effort to adhere to these new standards.  
Compliance could be an expensive exercise however, with a large number 
of staff requiring re-training to use the new BIM software and procurement 
of new software licenses and computer hardware (BIM task group, 2015).   
Smaller companies, who have been using 2D based drawing packages such 
as AutoCAD or TurboCAD, have that expense too and these would be 
more significant to a business of much smaller turnover.  But these outfits 
may not be working on government projects and won’t have the same legal 
obligation to change their work methods so they would be inclined to stay 
with a CAD tool. 
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Governments are able to legislate in relation to their own projects, but 
are limited in their powers over private sector construction.  This selective 
regulation would appear to be another barrier to across-the-board BIM 
adoption.  And with the problems facing smaller businesses, these barriers 
could be creating a 2 tier system of BIM enabled medium/large scale 
designers and traditional CAD SMEs.  This paper will analyse the growth 
and proliferation of BIM with reference to more traditional CAD packages, 
establish whether a gap is being created and seek to suggest solutions. 
(Harty et al, 2016) 

1.2 ISSUES IN PRACTICE  

Despite the solutions that BIM can provide, it can generate some significant 
problems for small companies.  The increased initial drawing period has 
already been mentioned as an issue and knowing when this period is 
completed is the effected arising problem.  Due to the thinking required in 
drawing the parametric building components, The BIM environment is a 
tricky one for early conceptual design.  Several studies have been done to 
develop early pre-BIM design protocols to help this stage of the design 
(Leon et al, 2015). 
This would be minimal in a small project- an especially within one practice, 
but in a larger project spread across multiple offices, it could present a 
significant challenge.  Unclear definition of responsibilities within the 
design team can lead to problems with duplication of work and data.  Again 
these issues are proportional to the size of project and mainly affecting 
small companies not already needing to adhere to the level 2 BIM PAS 
standards. 
1.1 FUTURE STRATEGY 

The level 2 BIM standards are very comprehensive and are designed to get 
the industry on a level playing field.  However, technology is pushing 
forward and it is possible to achieve even more with BIM.  Level 3 BIM is 
much more all-encompassing – in that every part of the design, supply and 
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construction process is involved in the BIM model and connects the data 
chain from start to finish, helping create end-to-end efficiencies.  BIM level 
3 also takes the above PAS 1192-3:2014 standard and develops it fully with 
the BIM model being utilised to its full potential for facilities management. 

In some ways, BIM level 3 may be easier to implement.  One of the 
crucial points of level 2 specification is that, generally speaking, each 
contractor can make their own model to the previously mentioned BS 
standards and then exchange information later.  With level 3 there will be 
one central model held by one party (Barriers to BIM, 2013). 

2. Interviews /meetings 

The following section presents brief transcripts and appropriate highlights 
of the interviews with the various companies to get a good snapshot of the 
current state of the industry. 

2.1 KEIR CONSTRUCTION AND BDP, EDINBURGH- EUAN MACDONALD 

Analysis of BIM technology used for design of new Scott Sutherland 
School at RGU 

 Kier  Construction  UK-wide construction           
 BDP    International design practice 
 Project completion-   May 2015 
 Project duration-  16 months 
 Value-    £16 million  
 Other Typical  projects : large commercial, government and 

industrial. 
Euan MacDonald was the project manager for Keir construction, the 

main contractor.  The project was a design and build contract with BDP 
subcontracted as project architect.   BIM was used by BDP as the primary 
design tool for the project.  The main BIM Revit model was set up by a 
senior BIM manager and many ATs and project architects collaborated to 
add to the model. Some sub-contractors, notably mechanical and electrical 
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used the BIM model to add information into the project.  The vast majority 
of subcontractors still worked with AutoCAD drawings while in the digital 
domain or even just PDF/ hard copy tender and production drawings.  This 
produced a fair bit of extra work for BDP which offset some of the 
productivity gained by using a BIM model in the first place. Keir 
construction was mainly working from hard copy drawings produced by 
BDP.    

BIM was not used directly during the construction process for project 
management purposes, instead relying on a more company specific 
scheduling software.  It was used however for certain site meetings for 3d 
walkthroughs of ducts and risers as a primitive form of clash detection.  
Although Keir could see the benefits offered by BIM in a project, they 
already had a bespoke workflow with discrete standalone packages.  The 
large amount of training required to use project management flavours of 
BIM (such as Navisworks working with a Revit Model) would really 
hinder adoption and outweigh any benefits.  Especially as most designing 
would be sub-contracted out to a fully BIM enabled firm (such as BDP in 
this and other Design and build contracts) or the designs would arrive fully 
finished (in the case of a traditional contract). 

2.2 CHARCOALBLUE, LONDON 

 multi discipline consultancy focussed on design of performing arts 
buildings 

 projects worldwide, but with a focus on UK and US 
Charcoalblue usually works as a subcontractor for the main project 

architect.  They are based on the South Bank in London and now have 
offices in Melbourne, Bristol and New York.  Charcoalblue were the 
theatre consultants on the Sterling prize winning Everyman Theatre in 
Liverpool and also use their expertise in acoustics, theatre/ auditorium 
planning and lighting design for numerous private and commercial clients.  
The nature of their work depends on the interchange of design information 
with the project architect, client and contractors.  One would assume that 
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this would be the ideal for use of a BIM model, but even large projects are 
having significant problems in adoption of the new software.  

Charcoalblue have multiple packages in use- AutoCAD, Microstation, 
Vectorworks and Sketchup and this helps them deal with the variety of 
ways that project architects are designing. Though, as one would expect, 
this could lead to compatibility and communication issues.  They are well 
aware that BIM would seem to be the future of the industry and would like 
to steer in that direction.  With these sizes of projects however, the amount 
of software needing to be purchased, the amount of people requiring to be 
trained and time required to become fluent is a problem.  When companies 
such as Charcoalblue would seek to change their main drawing tool, 
everyone should change at the same time- in an ideal world. 

The 2016 level 2 BIM deadline is another factor to consider, as 
Charcoalblue are mostly dealing with publicly funded buildings. 

Designing theatre auditoriums has been tricky in Revit and a lot of 
projects are using Microstation or other more familiar packages to complete 
the auditorium and other design consultants are being employed to re-draw 
these into the Revit Model.  This will undoubtedly change as more 
designers become skilled in Revit and Autodesk/ third party plugin 
developers hone the software tools available. 

2.3 RJM ARCHITECTURE, ABERDEENSHIRE- ROSS MCWILLIAM 

 sole trader Architectural technologist 
 small scale commercial and domestic extensions and new-build 

dwellings 
RJM had been contemplating for some time, a possible move to Revit.  

The main attraction for him would be the ability to quickly generate 3D 
visuals and renderings to effectively sell design schemes to clients.  Private, 
domestic clients tend to be inexperienced in reading professional technical 
2D drawings and can find it hard to visualise the completed project and 
options.   

Ross had worked previously with a slightly larger local practice (again 
AutoCAD based) and they saw absolutely no mileage in aspiring to BIM 
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adoption for their future business.   RJM meanwhile could see some 
benefits even though, as a single person company, the main collaboration 
factors would not be applicable.  AutoCAD and Revit did however sit quite 
well together in a small practice.  Projects would find themselves more 
suitable to either platform. 

On-board functionality within Revit (native and via third party plug-ins) 
can be quite attractive for smaller operations.  The ability to produce 
renderings, quantity schedules and energy performance analysis all in one 
package certainly can speed up workflows.  Some of the new free 
accessories such as Autodesk iPad apps for sketching and survey recording 
are also useful.   The major barrier for Ross, however, would remain the 
cost of licenses- even for a Revit LT package. 

2.4 CUMMING AND CO ARCHITECTS, ABERDEEN- GRAEME HOGG 

 Aberdeen based Architectural practice with 10 employees 
 Mixture of small to medium size commercial and domestic projects 

Cumming and Co are a medium sized architectural practice using 
traditional CAD methods, but are engaged with the possibility of a move to 
BIM.  They have a reasonably varied portfolio of commercial and 
residential projects from single dwelling and conversions to large office 
complexes.   

 The company is well aware of the benefits of moving to BIM – 
especially the work-sharing on larger projects, but the time taken to re-train 
and the initial cost of the software are significant barriers.  The decision to 
use a fully enabled BIM model for a project does tend to rely on external 
forces and have been initiated by the client so far.  It is unclear whether this 
is to gain efficiencies in the construction process or to aid in the whole-life 
facilities management in the long term. 

Clients are now expecting high quality visuals and fast 3D rendering in 
Revit or 3DS max are becoming very powerful tools in communicating 
design strategies and options- especially when the client isn’t used to 
reading 2D drawings to change. 
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2.5 WRIGHT ASSOCIATES CONSULTING CIVIL AND STRUCTURAL 
ENGINEERS, ABERDEEN- GRAEME MACGREGOR 

 small to medium Aberdeen based engineering and construction 
management consultancy 

 very wide range of projects- from small domestic to large industrial 
Oil projects 

Wright associates are a long standing local firm using standard 
AutoCAD packages but are starting to move towards BIM.  They have a 
wide range of small to medium sized projects from small domestic 
extensions to larger commercial projects.  The collaborative nature of a 
structural engineering practice does largely dictate that they will work on 
whatever file format the initial project design is drawn on by the architect.  
According to Graeme, this is tending to be more frequently a Revit model 
and they are quite happy facilitate this.  The company can see many 
benefits offered to them by BIM- mainly the speed of drawing revision 
when Client alterations to the model come from the Architect.  They also 
see speed benefits when other key contractors/ designers such as 
Mechanical and Electrical are collaborating via the model.  This would then 
naturally reduce on site problems such as clash issues and scheduling.  

Smaller projects wouldn’t be helped by any of these points though and 
although Wrights do sometimes create BIM models from scratch, it 
wouldn’t be worth their while on a smaller job.   It still takes a lot of time 
to setup a proper Revit model and the man-hours can’t be justified. 

3. Analysis 

Although being limited in the range of data, the interviews do point to a 
disconnect in the construction industry.  Even larger operations are sticking 
to ‘Old school’ level 0 BIM methods of CAD and printed physical 
drawings.  Big collaborative projects such as the ones Charcoalblue are 
involved with are still varied and the lack of common software platforms 
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and workflows are forcing people to revert to CAD drawings to ensure 
compatibility.   This will obviously affect efficiencies. 
It does seem though that there is still a ‘momentum’ ongoing in BIM 
adoption and that most companies that can adopt are willing to do it.  They 
may already be there or will be there in the near future. 

Interviews with the smaller companies in this research show less 
urgency for adoption.  The complex standards required to achieve Level 2 
BIM compliance are far too much for a one or two-man operation to have 
time to deal with.  If they are making a living with existing methods and 
workflows, then why change? 

3.1 EDUCATIONAL FACTORS 

Another issue to be addressed is that a large number of students graduating 
in the near future may only be proficient in BIM software and integration 
with existing AutoCAD based company workflows could be difficult.  This 
will sort itself out eventually, but unless the company starts the BIM 
adoption themselves, there will be a messy and inefficient crossover period.  
The existing experience of senior members of the practice who may be 
unwilling to make the change to BIM might not be passed on to the new 
breed of BIM graduates. 

4. Conclusions  

4.1 CONCLUSIONS FROM RESEARCH 

BIM adoption is being influenced by the 2016 deadline only slightly for 
larger companies. This deadline seems of no real issue to SMEs.  
Official reports on BIM seem to have different purposes and agendas.  The 
Government based ones (BIM task group, 2015) lean towards a rosy view 
of BIM’s benefits, whereas the industry analysts are more balanced and tie 
in with the first hand evidence of this report. 
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Issues with cost of software/hardware and cost of/time taken for training 
are still the most significant barriers for small and large companies alike. 
Most parties are well aware of the benefits of adoption, but just have to 
balance barriers against these benefits 

4.2 GOVERNMENT & LEGESLATION 

The barriers are definitely creating a two tier system of BIM enabled 
medium/large scale designers and traditional CAD SMEs.  The smaller 
companies will find it increasingly difficult to expand and access larger 
scale work.  Also small companies working as sub-contractors on a large 
collaborative BIM project will find it difficult to keep up with the constant 
updating of BIM standards, as the collaboration landscape continues to 
change at a fast rate.  The tide of change will only accelerate as the 
aforementioned new graduates, exclusively using BIM, become part of the 
workplace.  All companies need to exchange data and it is only a matter of 
time until the new business start-up with only AutoCAD skills needs to 
train up.  By this time though, the same new business may have been left 
behind. 

As mentioned, it is very difficult for government bodies to directly 
effect change in the commercial sector.  It would however be in their (and 
the country’s) interest to legislate to promote small company BIM 
adoption.  It would encourage enterprise and company start-ups in this 
sector and the opportunity for a small company to grow.  It would promote 
excellence and good practice at all levels and encourages small companies 
playing a small part in a large collaborative project.  This point will also 
provide valuable career development for employees –who could otherwise 
be trapped on each side of the BIM ‘divide’. Regulation would also lead to 
economic gains due to efficiency savings. 

The Latham report and many others previously identified some of the 
inefficiencies in the construction industry.  A ‘two-tier’ construction 
industry would be incredibly inefficient and risk many small companies 
being left behind. (Constructing Excellence, 2015) 
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4.3 LIMITATIONS OF THIS STUDY 

The limitations of this research need to be taken on board when considering 
any of its recommendations- namely; 

 Geographic location of sample interviewees 
 Diversity of project sizes 
 Diversity of company sizes 
 Different experiences of companies of equal size & project size. 

This paper was originally written as a dissertation for an, as yet, unfinished 
honours degree and there was not the time or resources to increase the 
sample breadth.  Widening the geographical locations of the samples would 
have been advantageous too. 

5. Possible solutions 

As the government are driving the changes to larger projects, they could 
also be seen to be driving the aforementioned ‘divide’.  It would then seem 
appropriate that the government should introduce matching schemes to 
ensure that the whole AEC (Architecture, Engineering and Construction) 
industry move to the future together.  These solutions should be forward 
thinking and not only serve the purpose of keeping the industry coherent, 
but also use the opportunity to encourage new innovation and working 
practices.  The advances in BIM technology should be seen as positive and 
not just a problem to be solved.  This report considered financial incentives, 
but settled on changes in the planning rules as an effective possible 
solution. 

5.1 PLANNING APPLICATIONS  

Currently, council planning departments are trying to move from the 
traditional method of multiple copies of A1 drawings stuffed into small 
envelopes – to a more modern system online forms and pdf documents 
uploaded to the eplanning Scotland website.  This has already speeded up 
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the planning process and a digital model version would be the next logical 
advance (eplanning Scotland, 2015) 
It could be made compulsory to present a digital model for planning 
applications.  This digital model would feature regular sheets (in the same 
style as presented for applications now) that could be printed if needed by 
the planning authority.  The data format would need to be based on some of 
other BS and PAS standards in existence on large government collaborative 
projects.  There would be no real issue for data protection or protection of 
intellectual property- as it would be based on the same principals of ‘public 
realm’ planning documentation.   

5.1.1 Facilitating SOFTWARE 
Autodesk now have A360 viewer – which is an online web viewer for CAD 
formats.  Currently it supports a wide range of Autodesk formats including 
Inventor, AutoCAD and Revit.  Using a Revit model, it is possible to use 
A360 viewer to navigate from a webpage without the need for any special 
software or special training.  Perspective viewpoints can be set up and 
walkthroughs can be viewed.   Materials can be exploded, isolated and 
analyzed.  Traditional sheet views can also be attached as pdfs and printed 
off at the correct scale as required.  All this functionality remains un-
editable- which keeps control of the data embedded in the model and the 
intellectual copyright.  It works in a very similar way to how a pdf viewer 
works (Autodesk, 2016).  

This existing web browser viewer technology could be expanded to join 
separate models together to form a ‘virtual planning environment’.  The 
planning data could be used to analyze interaction between adjacent 
properties (overshadowing, streetview contexts etc.)  3D building data 
could also be recorded by national mapping agencies for production of 
future 3D mapping services.   

5.1.2 Benefits 
The potential for this would be enormous -as all kinds of data could be 
presented, added and analyzed by all kinds of branches of science and 
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business.   Geology information could also be added. 3D scans of historical 
monuments and statues could be added.  Ordnance survey mapping data 
(contour, height data, different map scales) could also be added.  Google/ 
Bing maps could also be attached (with all the streetview data).  A possible 
way of accessing this infinite amount of data could be in the same way as 
Ordnance survey tile data is issued via the digimap service.  With Digimap, 
2D tiles are downloaded and the new 3D BIM mapping services could take 
the form of downloadable ‘cubes’.  This concept could be developed with 
the help of Ordnance Survey’s Geovation project.  This is a new creative 
ideas network designed to get creative minds interested in location 
information and 3D modelling technology (Geovation UK, 2016). 

All design companies large or small need to go through the planning 
system, this would seem an easy way of bringing them back together.  Very 
small companies could also use this BIM viewer system to obtain design 
data from the main model as it does seem rather far-fetched that absolutely 
all contractors working on the project need to engage with BIM to achieve 
Level 3. 

5.2 SUMMING UP 

Level 3 BIM relies on the whole supply chain being involved in the BIM 
model for data exchange and if the industry develops a more pronounced 
‘split’, then this will become even more difficult to achieve.  It would be 
almost impossible to finish a (even large scale) project without using some 
small contractors (BIM task group, 2015) 

The general industry consensus does seem to be that BIM is the future 
and that the barriers are greater than the government protagonists suggest.  
But with more open discussion, grabbing new innovation opportunities and 
courage by all involved the journey could be faster and smoother (Barriers 
to BIM, 2013). 



66 J. LOVEDAY, T. KOUIDER AND J. SCOTT  

 

References  

BIM TASK GROUP BIM FAQs. Available from: http://www.bimtaskgroup.org/bim-faqs/ 
[Accessed 1/19/2016 2016]    

CONSTRUCTING EXCELLENCE. Constructing the team (the latham report). Available 
from:http://constructingexcellence.org.uk/resources/constructing-the-team-thelatham-
report/ [Accessed 11/17/2015 2015]  

ORDNANCE SURVEY Geovation.. Available from: https://geovation.uk/programme/#what 
[Accessed January, 12th 2016]  

BUILDING.CO.UK. Barriers to BIM. Available from: http://www.building.co.uk/barriers-
to-bim/5064486.article [Accessed January, 12th 2016]  

EPLANNING SCOTLAND.  Available from: https://www.eplanning.scot/ePlanningClient/ 
[Accessed January 25 2016]. 

 AUTODESK.  US: autodesk Inc. Available from: 
http://www.autodesk.com/products/a360/overview [Accessed January 20th] 

HARTY, J., KOUIDER, T. and PATERSON, G., 2016. Getting to Grips with BIM. 
Abingdon: Routledge.  

LEON, M., LAING, R., MALINS, J. and SALMAN, H., 2015. Building Information 
Modelling (BIM) in Design, Construction and Operations; Making collaboration work: 
application of a Conceptual Design Stages Protocol for pre-BIM stages pp. 205- 216. 



  

 

THE CONSERVATION OF OUR BUILT HERITAGE, IN 
PARTICULAR STATUES IN ABERDEEN, EVALUATED 
THROUGH A SOCIAL AND HISTORICAL CONTEXT AND 
THEIR IMPACT, THROUGH THE USE OF 3D SCANNING 
 

ANDREW SHAW, MARIANTHI LEON AND JONATHAN 
SCOTT 
Scott Sutherland School of Architecture, Robert Gordon University, 
Aberdeen, Scotland. 
a.r.i.shaw@rgu.ac.uk 
j.r.scott@rgu.ac.uk 

Abstract: Cultural heritage sites all over the world are at risk due to 
aggressive urban expansion, development, wars and general 
obsolescence. Not all objects are recorded in detail although they 
may have social and historical significance. For example more 
emphasis is placed on the recording of castles and palaces than on 
crofters’ cottages or tenement blocks, although their history can be 
just as rich. 
This paper will investigate the historic fabric of Aberdeen through 
the use of digital scanning, supported by a range of media including 
old photographs and paintings. Dissemination of social heritage 
through visualisations will be explored and how this can aid the 
understanding of space within the city or specific area. Focus will be 
given to the major statues/monuments within the context of the city 
centre, exploring their importance in their environment. In addition 
studying why many have been re-located away from their original 
site, the reasons why, and how we have perhaps lost some of the 
social and historical importance of why that monument was first 
located there. 
 It will be argued that Digital Media could be utilised for much more 
than re-creation and re-presentation of physical entities. Digital 
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scanning, in association with visualisation tools, is used to capture 
the essence of both the cultural heritage and the society that created 
or used the sites in association with visualisation tools and in some 
way re-enacting the original importance placed upon the monument 
in its original location, through adoption of BIM Heritage. 
Keywords: Conservation, Built Heritage, Visualisation, BIM 
Modelling, Digital Scanning 

1. Introduction 

Society over the past 200 years has become increasingly more sympathetic 
towards our built heritage. We have overall, become more engaged, taking 
an interest in what we think defines us as individuals and what makes us 
unique as a culture, whether that is through architectural style, 
constructional processes or intricate details. We have, in a way, become 
more respectful as a society in how we view our buildings and monuments, 
the people who shaped them and what they symbolise and stand for. Over 
the centuries there has been a shift in society’s thinking as to what we do 
with these structures and how best to preserve them for future generations.  

It is fair to draw numerous arguments to the way in which we, as a 
society, view our temporal heritage objects. In recent years a greater 
importance has been placed upon how we view our built environment and 
our heritage. In a generation where we seem to be more interested in our 
past, where we came from, who our ancestors were and what perhaps they 
have achieved it is only natural to view the wider picture. Our built 
environment speaks as much in volume about ourselves as a society as the 
great men and women that we feel represent us as a culture, a society, and a 
country. We build lofty monuments and buildings of stone so that we can 
remember people that our society has deemed of worthy note. Arguably our 
buildings are just as important and tell just as vivid a story as these 
characters, and in most cases, even outlasting them. It is with this view that 
much greater care and attention should be placed upon conserving what we 
already have. Society and history are so interlinked that one usually feeds 
from the other. Our social history determines what we construct. 
Monuments and our history determines, in many ways who we are socially. 
Our built environment is a living reminder of this construct, therefore it is 
argued that eliminating or tampering with our built heritage also sows the 
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seeds to eliminating and tampering with our social history and culture. 
Although not all buildings of note can be conserved there still needs to be a 
greater emphasis placed on the recording and documentation of them; city 
planning and expansion, wars, finance, nature and the elements all play 
their own roles in how we come to lose important sociocultural aspects of 
our temporal heritage.  

1.1 BUILT HERITAGE CONSERVATION: REASONS TO CONSERVE 
THROUGH DIGITAL FABRICATION 

“Primarily, buildings are conserved and preserved because they are useful 
& have value for their users, or because they testify to the identity of a 
national, ethnic or social group.” (Orbasli, A. 2008) Essentially conserving 
our heritage helps to give us a sense of place, an idea of who we are, who 
the men and women who came before us were and to an extent help to 
define ourselves as individuals. “Built Heritage continues to exist because it 
satisfies a need of society” (Laing, R. 2011) Built Heritage helps to define a 
city or landscape, an area that differs from others around it, in essence 
makes it unique no more so than in Aberdeen “The Granite City”. “There is 
the concept of heritage as a radical and subversive entity, defining a 
people’s sense of cultural alienation, particularly in liberation struggles 
within colonial societies.” (Turnbridge 1984; Western 1985; Hardy 1988) 
Socially this gives people a tremendous sense of place and in many ways 
pride as to what previous generations of the same society have created. “In 
part, Heritage can evoke a sense of nostalgia for a past period and is one of 
the reasons why people choose to visit historic towns and places of historic 
interest.” (Orbasli, A. 2008) “It is a link to the past.” (Orbasli, 1995) This is 
significant because heritage value extends across both its social history and 
its architectural design. “These old buildings do not belong to us 
only…they have belonged to our forefathers and they will belong to our 
descendants unless we play them false. They are not…our property, to do 
as we like with. We are only trustees for those that come after us.” (Morris, 
W. 1889)  It could be argued therefore that monuments and buildings are 
viewed as being ‘symbolic’ and that their preservation and maintenance is 
viewed as almost being an obligation, something that all generations should 
aim to treasure and keep for the generations to follow. 
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Conservation goes beyond the Palaces and Castles we are familiar with 
and advocate for conservation nationally through bodies such as Historic 
Scotland and National Trust. Although these bodies also conserve much 
smaller abodes they are recognised for their signature properties, “We 
shape our buildings, therefore they shape us.” (Churchill, W. 1948) this 
paper argues that smaller, less significant buildings are just as important  

2. City Planning – Conservation Development 

Over time towns and cities develop, they expand as the populace increases, 
they may change as industry and commerce expand or they may simply 
develop as technology progresses and the original layout of a city simply 
becomes no longer fit for purpose. They are organic entities, which evolve 
over time. In other words cities are almost living organisms; they adapt to 
suit life and are always changing shape and size as they develop. “The city 
is an ecosystem, in form a compilation of past and present layers providing 
a framework for the contemporary mechanisms of urban economy and 
life.” (Orbasli, A. 2000)  

From the 19th Century on, many western cities were revolutionised with 
the introduction of heavy industry, mass production and the greater 
requirement for mass transportation to carry these goods. The increase in 
transport links also allowed the evolving middle-classes to move out of the 
city centre and further afield, into the suburbs and outskirts of the city 
which was rapidly becoming choked with a blanket of coal dust, industrial 
fumes and the smells of industry. Naturally, these areas saw a greater influx 
of migrant populations, brought to the large cities through hope of work. 
Soon the cities themselves would be inundated with crude and often unsafe 
slum housing, where disease, overcrowding and death were all too 
common. In the post-industrialisation period, entire neighbourhoods were 
demolished, often along with the historically important buildings, which 
occupied them in slum clearances and new housing initiatives. “Many cities 
demolished historic downtown buildings as part of urban renewal projects, 
destroying valuable pieces of the community’s history.” (Ghosh, S. 1993)  

These areas soon developed into prime real estate and were much 
sought after; therefore high monetary value could be placed upon them. 
“Heavy handed renewal schemes paid very little respect to the original 
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scale, layout and city-scape, and many of the developments were real-estate 
driven.” (Maudlin. 2000)  

There has been in some cities (especially those on the European 
continent) a desire to preserve an area or district of the city to enable social 
and historical reflection, perhaps even a golden age in the cities 
development. The ‘Gothic Quarter’ in Barcelona for example has stunning 
areas of Baroque and Gothic Architecture. This area is strictly off limits to 
modern development and many of the city’s inhabitants are fiercely 
protective to keep it so.  “The old city exemplifies the human scale, 
individuality, care and craftsmanship, richness and diversity that are 
lacking in the modern plastic, machine made city with its repetitive 
components and large scale projects.” (Appleyard, 1979)  

Historic areas remain familiar in a changing environment and help to 
provide a sense of comfort and place for the city’s residents. “It can be 
contended that familiarity and stability form important elements in the 
perception of buildings, and this in turn suggests that conservation of the 
wider built environment may have positive social implications.” (Nasar 
1984, Imamoglu 2000: Nasar et al. 2005) 

Smaller developments and structures such as Doocots (also known as 
Dovecotes) for example can quickly and easily be erased as they become 
redundant and arguably require more attention. Doocots are historic 
buildings located all over Aberdeenshire and the United Kingdom. They 
were built traditionally to house pigeons or doves for their meat, eggs and 
dung as well as their feathers. “Thus Doocots have considerable 
significance, not only in terms of their architecture, but also in the wider 
context of agriculture, economic and social history.” (Scott, J. 2009) As 
demand for the commodities that the birds provided declined the buildings 
themselves began to fall into disrepair. A Doocot once located in what is 
now Union Terrace Gardens in the centre of Aberdeen has now 
disappeared, although was obviously of importance to the area as it 
appeared on many early maps of the city.  
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Figure 1. Paterson’s map of 1746 shows the location of the Union Terrace Doocot. 

2.1 CONSERVATION RISKS 

Although not new, conservation movements in the 18th and 19th Centuries 
saw a tremendous rise in society’s desire to preserve and protect what it 
believed to be buildings and monuments that were of historic or social 
importance. By in large before this time, greater emphasis was placed on 
restoring old buildings than actually conserving them. Writing in 1877, 
William Morris stated in his manifesto for the protection of ancient 
buildings that “It is for all these buildings, therefore, of all times and styles, 
that we plead, and call upon those who have to deal with them, to put 
protection in the place of restoration, to stave off decay by daily care, to 
prop a perilous wall or mend a leaky roof by such means as are obviously 
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meant for support or covering, and otherwise to resist all tampering with 
either the fabric or ornament of the building as it stands .” (William Morris, 
1877)  

There were however, varying views on the argument between 
conservation and restoration. Pickard has an opposing view to Morris 
suggesting that when a historic building is damaged by unforeseen events it 
should not just be repaired but completely restored to how it was before the 
incident. He believes that by doing this certain elements of “grandeur” 
(Pickard, 1996) may be added once the building is restored, thus in turn 
giving the public a view as to how the building looked in its first instance. 
However there is argument to suggest that this method reduces the ability 
to determine the changes that occurred and when they occurred as well as 
being increasingly detrimental to the character and history of the building, 
in essence, blurring the lines between old and new. There is also an 
argument to suggest that once something has been damaged by unforeseen 
events, for example by fire or flood, it should be left as is. 

 

 
Figure 2. Charles Rennie Mackintosh library destruction 

It would be difficult to restore monuments in such a manner when they 
are damaged beyond repair, unless there is a plan or record of what the 
monument looked like before it was destroyed it is hard to create an exact 
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replica. Due to the nature of monuments being carved as pieces of art by a 
highly skilled sculptor in many instances it would be almost impossible to 
replicate that expert’s hand exactly as the original, especially when it 
comes to monuments of the ancient era, where no records of their design or 
tools used may exist. It is therefore important that perhaps we look to 
modern ways of recording these monuments for the future through means 
such as digital scanning and photogrammetry, which would allow us to 
have a digital record of monuments and statues down to millimetre detail, 
even to the point of recognising how hard a chisel was hit to create the 
exact etch into the material.  

It is important that society does not take our built heritage for granted, 
“It is a finite material and cultural resource which, once destroyed, cannot 
be retrieved.” (Orbasli, A. 2008)  

There are numerous reasons why our built heritage can be lost; decay is 
one of the most common reasons for loss or deterioration of a building or 
monument. This occurs naturally in many cases, the constant shift in 
weather patterns can batter and erode the natural finishes and weather 
proofing of the built environment, therefore repair and tender maintenance 
is required. However, humans have accelerated and exacerbated this 
problem considerably. Acid Rain, pollution and human physical contact all 
contribute to the disappearance of our built heritage. The vibrations 
inflicted by traffic, over time, can impact on a building’s structure and even 
carrying out pile driving for new construction next to a historic structure 
can literally threaten to shake its very foundations. Great care must be taken 
when planning a new road or new structure next to a building or monument 
of historical importance. Greyfriars Bobby statue in Edinburgh is a perfect 
example; the actual metal finish has deteriorated so much on the dog’s nose 
due to human interaction that it is now a completely different colour to the 
rest of the statue and needs regular maintenance to repaint it. 

War, while inflicting great human and personal loss, also jeopardises 
and threatens the very fabric of our built environment.  A 1995 report into 
the Bosnian War calculated that 3,226 buildings officially listed on the 
national historic register of Bosnia’s Islamic, Catholic, Serb Orthodox and 
secular architectural heritage had been destroyed or seriously damaged. 
(Bevin, R. 2006) The destruction of a society’s cultural artefacts run deeper 
than simply destroying them because they pose a block to military advance, 
it is a deliberate attempt to eradicate the very existence of a culture. In these 
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situations architecture takes on a totemic quality. “A mosque, for example, 
is not simply a mosque; it represents to its enemies the presence of 
community marked for erasure. In these circumstances structures and 
places with certain meanings are selected for oblivion with deliberate 
intent.” (Bevan, R. 2006) 

  
Figure 3. Greyfriars Bobby Statue: Clearly showing deterioration on the nose 

The destruction of important regional or religious buildings is a 
deliberate attempt to erase the very fabric and history of a society’s culture. 
The emergence of ISIS is another example of extreme destruction of our 
built heritage. The Ancient city of Palmyra and the temple of Bel located 
there, as well as many statues and artefacts held in museums across Iraq 
and Syria have become victims to ISIS. These are two very extreme 
examples of the woven, interlinked patterns that exist between society and 
its built environment, an unmistakable chain that when threatened can aid 
the downfall of the very core of human culture.  

BIM Heritage for example is an accurate way for us to record our past 
and hold an accurate documentation of such. “Recording is a dynamic 
process that is a key element in successful conservation management.” 
(Counsell, J. 1999) Using BIM (Building Information Modelling) 
techniques would allow us to document our structures effectively. BIM 
largely focuses on new builds due to it being a recognised new form of 
construction programming, usually through software such as Autodesk 
Revit. The advantages with BIM are that at every stage of a project, all 
trades and professionals, with varying levels of interest, can easily view the 
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document. As well as having the costing, materials, specification tools 
present on BIM drawings it would also be supportive to include 
information on the heritage aspects of the building, allowing us to build up 
an accurate database for all the buildings in a particular street or square. 
Having these models and their respective information present would allow 
for a large area to be completely generated on screen, allowing town 
planners or heritage conservationists the ability to take greater care in 
understanding our built environment. “Recording so far as possible not 
only illustrates and describes a building but also demonstrates 
significance.” (Counsell, J. 1999) Not only this, it could, in theory allow 
software modellers to completely re-create entire towns and cities by 
connecting these various streets and squares together. Keeping perhaps the 
most accurate and effective method of visually demonstrating how a city 
has evolved or is evolving. This opens up huge advantages to helping 
engage the public with how their city once looked. Incorporating 
photogrammetry, 3D digitisation, BIM modelling, geographical and 
topographical surveys it would be possible, in time to create an entire city 
dating back as long as there is a visual record from which to go by. Work 
undertaken to piece together Parson Gordons’ map of Aberdeen from 1661 
as well as various sketches and paintings of the city would allow Medieval 
Aberdeen to become an interactive showpiece. This would be an excellent 
way to help reinforce ideas about the old city. Although modest in the 
beginning photo overlays can help to set foot to path onto greater 
possibilities of how powerful a tool visualisation and software modelling 
can be in allowing us to view our built heritage in a completely different 
view, thus allowing us to further our knowledge of our sociocultural past 
and help us to protect what is deemed collectively as important.  

This paper does not argue that all things should be conserved, but that 
all conservation, particularly less significant “smaller” aspects of our built 
heritage, are at risk due to multiple reasons. This paper does argue for their 
importance and significance and therefore a strategy for their conservation 
should be considered. One of these strategies is through the use of 
digitisation and visualisation.  
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Figure 4. 3D scanned and meshed Bruce statue, Aberdeen. 

Various 3D scans were taken around the city centre of Aberdeen of 
numerous statues and monuments, these were then incorporated into 
software programmes that allowed the scans to be digitised and through the 
use of advanced point cloud manipulation then meshed together to create a 
finalised, 3D digital model. This then allows for an accurate record of the 
monument to be digitally stored and archived, greatly aiding in the 
preservation of the monument. Having this record helps to plan for its care, 
maintenance and potential repair as well as preserving the socially 
important structure to be appreciated by all generations, even after the 
original piece may have long disappeared.  
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Figure 5. William Wallace statue, Aberdeen. 3D scanned and Point Cloud rendered. 
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2.2 ABERDEEN – A CITY IN CHANGE 

 
 

Figure 6. Aberdeen Town & Harbour, painted 1775. 

“Betwixt Dee and Don a goodly cytee a marchaunt toune and universytee”. 
 (John Harding, c. 1420) 

Aberdeen is a city with a rich history of trade and commerce, before the 
industrial revolution it was a large exporter of fish and granite and had a 
respectable shipbuilding industry. The streets and roads were therefore 
suited to this way of life, small carts and horses and people largely walking 
to their destinations. Aberdeen was beginning to enjoy a period of affluence 
in the late 18th Century as the shipping, commerce and manufacturing 
industries had increased and the population itself was also on a steady 
incline. One visitor from Edinburgh once described that the roads upon 
entrance to the city were “crooked, narrow, torturous and hilly” and were 
noted to be some of the worst in the country. The renowned Glasgow 
surveyor Charles Abercrombie himself even stated that: “ It is with great 
difficulty that a stranger can find his way in or out of Aberdeen” The issues 
were soon too much for the townsfolk to bear and the town councillors 
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brought forward a plan to resolve the issues, with Mr Abercrombie being 
commissioned to carry out the work. 

 He approached the idea of a direct, elevated street linking the 
Castlegate with the ’extensive plain to the west.’ This was his most 
innovative, difficult and audacious plan but one that he very much 
favoured. The plan, in spite of its difficulties, was adopted because unlike 
the other proposals put forward it would open up vast areas for settlement 
and development and transform Aberdeen from a medieval burgh to ‘a 
gleaming modern metropolis.’ Union Street would develop as a 
magnificent boulevard, but it was also intended as a vital thoroughfare, 
allowing the easy flow of vehicles through town, county and beyond. The 
construction of Union Street was arguably the turning point in the urban 
regeneration and modernisation of the city, although almost bankrupting 
the city at the time it was the foundation stone for other areas of the city to 
grow with it. The great Archibald Simpson known as ‘the architect in 
granite’ is the man credited for “shaping the modern face of the city” 
(Fladmark, J.M, 1993). Simpson used granite to bring out wide, smooth 
masses contrasted with delicately cut mouldings and is responsible for 
many of the decorative features along Albert Street, Bon Accord Crescent 
and of course Union Street, With the quarry at Rubislaw the supply of 
granite was constant providing a cheap, local source of building material 
for the city. “In Scotland at the time, it would have been unusual to find 
domestic buildings constructed using non-local materials.” (Scott, J. 2011.) 

 

 
Figure 7. Layout of Union Street, clearly cutting through the original, medieval make-up of 

the city 
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The city, although modernising itself, was ruthlessly demolishing and 
taking down much of the existing city, meaning that large areas of the 
medieval centre were being lost. No real care or consideration was given to 
people’s houses (especially if it affected Union Street and its tributary 
streets) “The Castlegate itself was closed off at its west end by a big block 
of common looking houses which had to come down.” (Morgan, D. 2008) 
This helps to highlight the lack of care given to surrounding buildings or 
indeed the welfare of the people inhabiting them; this is a continuing cycle 
that keeps occurring throughout the many changes in the city. 

Arguably one of the oldest buildings of social and historical importance 
in the city is that of Provost Skene’s house, located in the Guest Row area 
of the city. Built in 1545, it is one of the few surviving medieval buildings. 
Home to the city’s various wealthy merchants and traders it has had an 
interesting life both historically and socially. By the end of the 19th century, 
however, the medieval thoroughfare at the Guestrow had degenerated into a 
tough, overcrowded ghetto with all the dangers of such included. “The 
greater part of the Guestrow was demolished in 1930-32 intended to not 
just clear away the slums but also to make new access openings for new 
municipal buildings and the widening of Broad Street.” (Morgan, D. 2004)  

 In 1932 a debate raged as to what was to become of the mansion 
located at the end of this row of slums, Skene’s House. If not for the 
persistence of Aberdeen’s political men of power who wished to conserve 
the property, arguably only because it was the home of one of their own, it 
may have also suffered the same fate as its less illustrious neighbours. As a 
result it exists to this day, although it has been in the shadow of the Council 
Headquarters since the mid 1960’s. 

    
Figure 8. Provost Skene’s house. 
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With the demolition of the Council’s Headquarters in recent years the 
beauty of Skene’s building has once again been brought to light, standing 
as a solitary, proud figure in its surroundings. Unfortunately the building is 
still the centre of attention as a new development of offices and retail 
buildings are set to obstruct this medieval landmark, which has survived 
through so much. Aberdeen centre would far greater benefit from a green 
space for people to enjoy rather than another hotel, office and shopping 
complex.” (Garrow, F. 2015) This continues the cycle of thoughtless 
construction around our sites of historical and social importance with no 
real concern given to how a new centre may affect Skene’s House either 
structurally or aesthetically. “It is clear that these buildings, even with a 
significant change of use, have not been physically altered to the extent that 
we must regard them as being anything other than still intact remnants of 
the past, and as such are important to society.” (Laing, R 2011)  

 In close proximity to the Castlegate lay St. Catherine’s Hill; this had 
been heavily populated on its lower slopes since medieval times. The hill, 
round which the Shiprow wound, was a natural path down to the harbour 
and the fishing boats. People’s houses and much of the hill itself had to go 
to further the continuation of Union Street. It could be argued that a part of 
the city’s social history was lost in this demolition. An area rich with life, 
housing and many people, was simply obliterated without any real concern 
as to what was being lost in the process of creating something new. 

2.3 THE GREEN 

The Green was chiefly famous for the weekly open-air market of fresh, 
local produce which has taken place there since the sixteenth century, when 
Aberdeen was simply a borough of around 7,000. The location was ideal, 
on the busy route between the Bow Brig and the commercial and social 
heart of the city. The Green was handy for the shore, it was also sheltered 
and the large church of St. Nicholas overhead acted as a deterrent to cheats 
and thieves in the market place below. From the modern Langstane Place 
(Old scots for ‘Long Stone’) you are brought into The Green, surrounded 
by high tenement blocks complete with all the hustle and bustle of day-to-
day life. This area of the city was densely populated. Located near the base 
of St Catherine’s Hill it catered for the everyday folk of the city. All of this 
was set to change however with the introduction of Union Street.  
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Figure 9. Artist’s impression showing a bird’s eye view of The Green in 1450.  

“Though the open-air market was not affected by the building up of 
Union Street, the Green lost its importance as a major route into town when 
the Bow Brig was removed in 1851.” (Morgan, D. 2004) 

With the look and feel of the old city centre changing, naturally the uses 
of the spaces around the centre would also be forced into change. The 
tenement blocks and original medieval housing which surrounded the 
Green would be torn down and replaced with new granite buildings that 
would rise high above ground level to reach the heights of the new Union 
Street; this also changed the character of the Green. Back Wynd, which 
ascended from The Green to Schoolhill via a small raise in the land which 
had to be sliced through, and although the upper part survives intact, the 
lower part was re-modelled as the notoriously steep Back Wynd stairs to 
gain access from the green to the newly elevated Union Street. The 
clearance of the people at The Green along with the residents of St. 
Catherine’s Hill, helped to number the days of the markets at The Green. 
The change in social thought at the time (especially around the dinner 
tables of high society) was to “clean up” the centres of Britain’s major 
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cities and try to eliminate the “squalor and slums” that were located there. 
This attitude however, also helped to eliminate the social hubs of cities 
forever arguably losing a community and a way of life. The Green, now 
without a local population became somewhat redundant, no longer was it 
the centre of market life in the city, or arguably more importantly the 
entrance to the city, it had now been left in the lower shadows of the lofty 
new elevated Union Street, quite literally pushed down.  

 

         
Figure 10. Old Back Wynd Steps, clearly showing the large difference in height between 

The Green & Union Street. 

In the 1980’s and 90’s encroaching retail space from Union Street was 
threatening the very existence of The Green, a joint proposal of Wimpey 
properties, Woolworths and Boots laid out plans to completely cover The 
Green. Without the intervention of a series of long established city traders 
who were angered that a truly historic area of the city would be lost the 
plan was pulled, and Boots and Woolworths chose to move to the new Bon 
Accord Centre instead. Once again this highlights the dangers affecting our 
urban areas and the cultural heritage intertwined with this, society’s modern 
need for more retail space puts pressure on the desire to preserve our built 
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heritage and helps to reinforce and highlight the fragility of our historical 
and social sites within cities.  

The grand plan with Union Street was to use the open area at the 
Castlegate as the ‘New Green’ to shift the original market up to this level, 
so that when you entered the city down Union Street you were once again 
greeted at the bottom with a large open square, trying to keep a similar 
layout to the old medieval Langstane Road.  “The great market place is 
very beautiful and spacious, and the streets adjoining are very handsome 
and well built, the houses lofty and high. Built not so as to be inconvenient, 
as in Edinburgh, or low to be compatible as in most other places.” (Defoe, 
D. 1725) However, the scale was too large, the housing blocks here had 
also been torn down and once again a busy social area had been destroyed. 
The construction of Union Street meant that many of the city’s monuments 
were also forced to move from their original standings. One statue more 
than most has witnessed the changes of Aberdeen first hand and was itself 
in the firing line of being relocated, “The Mannie Well.” (Aberdeen local 
dialect I.e. Doric, ‘Mannie Well’ translates as the ‘Man on the Well’.) 

2.4 THE MANNIE AT THE CASTLEGATE 

The Mannie was originally simply a fountain/well. In 1706 work began 
on laying lead water pipes from outside the city to a new fountain located at 
the east end of Castle Street. This water cistern was the first to provide 
piped water to the city. The well was fed by springs from the Cardensheugh 
(now Carden Place) to the west of the city, the water being brought in by 
six lead pipes to the well. Previous to this, the people of Aberdeen relied on 
fresh water from local burns, lochs and ancient wells. “It is an important 
part of the city’s engineering and social history and forms a significant part 
of the streetscape.”(Brogden, W.A 1968)  

The statue itself was added to the top of the fountain some time after 
1710. Originally a number of gilt figures were commissioned however the 
cost of 1,571 pounds proved too much at the time and a single figure, 
locally known as the ‘Mannie’ was added. The well was placed where the 
Mercat Cross is located today and all through the 1700’s was used as an 
important meeting point in the city’s history. It was an important social 
beacon; people would agree to meet each other here for work or pleasure. It 
was an easy landmark in the city, the standout object in an open square. 
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Psychologically it also had an effect; it provided clean drinking water, 
something much of us take for granted today. In the 1700’s water-borne 
diseases were rife, such as cholera and dysentery. The introduction of clean 
drinking water to a city helped to dramatically increase the standing of the 
object where this water flowed from, whether consciously or sub-
consciously.  

 
Figure 11. Mannie Well in the right of the image, Painted sometime around 1750. 

2.5 THE MANNIE AT THE GREEN 

The cistern was moved to The Green in 1852 as Union Street was 
beginning to gather in importance and further planning and regeneration of 
the Castlegate was taking place. It was decided that it should be moved to 
the Green, the other square in the city. It is easy to see why this decision 
was made. On the surface they are both squares and have weekly markets. 
In the case of The Green, there was an indoor market built by Archibald 
Simpson in 1842, which subsequently burned down in 1882, as well as the 
outdoor market. These were gathering areas for the local populace. Some 
forty years after the initial construction of Union Street had begun there 
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were still locals who had always sold and purchased items at the Green’s 
markets and were not going to stop simply due to the fact that a new road 
system had been implemented, therefore the well still had some social 
importance of the city. A new handle was added to the side of the plinth, 
which could be turned to provide spring water, once again providing a use 
to the local residents. Mr Fraser, a town trader at the time commented, “The 
Well is one of the really artistic constructions to be found in the streets of 
Aberdeen, of the kind one expects to come across in a quant, old, 
continental town.”  

    
Figure 12. Photograph taken in 1934 showing the Mannie Well in The Green 

It would sit at The Green for some 120 years before the well would once 
again need to be moved. The introduction of ever increasing volumes of 
traffic through the 20th century required the city to adapt again, introducing 
new road systems through the city, putting increasing pressure on where 
buildings and monuments were located. The regeneration of The Green 
took place in the late 1960’s to try and bring life back to an area that had 
significantly lost its purpose. The Aberdeen Indoor Market was re-created, 
and tried to emulate the curved Archibald Simpson building originally 
located there, although arguably the execution was poor. New shop fronts 
and cafés were introduced on the square to try and re-engage people with 
The Green. However, this approach never really seemed to take off. 

The Mannie Well was eventually moved back up to its original location 
in the Castlegate. It could be argued that this was a respectful move for the 
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statue, to try and preserve local history. If this move was not made the 
statue could have easily fallen into disrepair and fallen out of local 
memory. Unfortunately this is what appears to have happened, due to 
largely poor forward planning of where to actually place the statue once it 
was back up in the Castlegate. Rather sadly and un-intentionally it now sits 
in the centre of a triangle consisting of a pub, a casino and a bus shelter. A 
far cry from the important position that it once enjoyed at the Castlegate, 
The Mercat Cross has taken that position. The Mannie Well now sits a 
shadow of its former self, looking tired and dirty and with apparently little 
time dedicated to its maintenance. It could be argued that this important 
piece of social and historical value could be lost in the near future. 
Susceptible to the ravages of time and weather and potentially become the 
target of vandals and graffiti artists.  

 

       

Figure 13. Mannie Well statue as it looks today in the Castlegate. 

The people of Aberdeen have lost touch with the statue and many 
simply don’t know that it exists or what the meaning behind it is. It no 
longer provides water as times have moved on, and more modern methods 
of fresh running water now exist meaning that its main reason for existing 
has gone. However it is still a piece that has survived through many of the 
city’s urban changes and perhaps it is time to try and re-engage the public 
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with this important piece of local history before it is lost. The arguments 
that the Mannie Well brings to light help once again to highlight the 
importance of preserving these pieces for future generations. The well acts 
as one of the strongest and most obvious examples in Aberdeen of the 
adversities faced by our built environment when planned expansions of 
cities take little time to methodically plan out how to deal with important 
sites of social and historical importance.  

2.6 VISUALISING ABERDEEN 

Visualisation methods can vary; photogrammetry and 3D scanning can be 
expensive and somewhat time-consuming methods. The use of Photo 
overlays is an effective method in which to capture the original streetscape 
and the modern within one image. Through Photoshop an interesting and 
exciting image can be understood across all ranks of society without any 
real understanding of the place required. Photo overlays can quickly and 
easily show the progression of an area over time and how the built 
environment in that area may have changed for better or worse. An image 
really does speak a thousand words.  

Due to its long history Aberdeen has seen its fair share of changes to the 
built environment. Buildings and monuments have come and gone and new 
ones have replaced them, none more so than the Castlegate and The Green 
areas of the city. Two areas, which can trace their existence, back to the 
very foundation of the town of Aberdeen itself. A series of photo overlays 
were created in an attempt to highlight some of what has been lost in the 
city, with a heavy emphasis placed upon the two monuments that were 
discussed earlier, The Mannie Well and the Duke of Gordon Statue. With 
the intention of showing Aberdonians perhaps what has been lost, engaging 
them in areas of the city seldom used or trying to re-engage them with 
monuments and buildings perhaps forgotten, so that they can once again be 
used and enjoyed as they were initially intended 
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Visualising The Green 

  
   

 
Figure 12. Photo overlay of The Green, one modern image & one sketch c.1885 
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Visualising The Castlegate 

 

 
Figure 13. Photo Overlay of Castlegate of modern day image & one c. 1910 
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2.7 BIM HERITAGE 

Overlaying the two initial images in Photoshop and simply erasing the 
areas of either the old or new that is not required created these two 
examples. This is a relatively simple process however the results are rather 
attractive, allowing the public to view the area in one image although it 
tells two stories. There are potential benefits leading forward, these are 
simply two trial examples of specific areas within the city. Over a larger 
period of time it would be possible to perhaps document vast areas of the 
city, if not the city itself as long as there is accurate visual documentation 
of how these areas appeared previously. This once again reinforces the 
need for adequate documentation and recording of our built heritage while 
it is still here so that techniques such as photo overlaying can be made 
possible. If done correctly there would be no reason why there could not be 
a digital timeline of the city, as long as future generations are prepared to 
add to this. This would create a remarkable chronological visual record of a 
city, allowing us to perhaps give more consideration to what is deemed 
valuable and therefore give us a better understanding of our built heritage 
and give greater argument as to what should be retained. Pictures help us to 
reinforce ideas; it is easier for us to process images and therefore 
understand our environment.   

Image based communication is a clear, positive way to disseminate 
information to the general public. There is an argument to suggest that 
creating a BIM model is only the start to creating something more engaging 
and intriguing. It could be possible, on a larger scale to introduce video and 
sound clips as an example to further aid the experience that members of the 
public may have when viewing an exhibition of work done into the social 
and historical history of our built environment in the city. BIM Heritage is 
an accurate way for us to record our past and hold an accurate 
documentation of such. “Recording is a dynamic process that is a key 
element in successful conservation management.” (Counsell, J. 1999) 
Using BIM (Building Information Modelling) techniques would allow us to 
document our structures effectively. 

 BIM largely focuses on new builds due to it being a recognised new 
form of construction programming, usually through software such as 
Autodesk Revit. The advantages with BIM are that at every stage of a 
project, all trades and professionals, with varying levels of interest, can 
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easily view the document. As well as having the costing, materials, 
specification tools present on BIM drawings it would also be supportive to 
include information on the heritage aspects of the building, allowing us to 
build up an accurate database for all the buildings in a particular street or 
square. Having these models and their respective information present 
would allow for a large area to be completely generated on screen, allowing 
town planners or heritage conservationists the ability to take greater care in 
understanding our built environment. “Recording so far as possible not 
only illustrates and describes a building but also demonstrates 
significance.” (Counsell, J. 1999) Not only this, it could, in theory allow 
software modellers to completely re-create entire towns and cities by 
connecting these various streets and squares together. Keeping perhaps the 
most accurate and effective method of visually demonstrating how a city 
has evolved or is evolving. This opens up huge advantages to helping 
engage the public with how their city once looked.  

Incorporating photogrammetry, 3D digitisation, BIM modelling, 
geographical and topographical surveys it would be possible, in time to 
create an entire city dating back as long as there is a visual record from 
which to go by. As an example, work undertaken to piece together Parson 
Gordons map of Aberdeen from 1661 as well as various sketches and 
paintings of the city would allow Medieval Aberdeen to become an 
interactive showpiece. Other European cities with similar visual 
documentation and archived data would also be able to benefit from this 
process. Perhaps given time, helping to build up an accurate modelling base 
of not just one or two cities, but all cities in Europe. Allowing us to perhaps 
use this tool in synchronisation with others to plot Architectural movements 
and styles throughout Europe through the ages. The possibilities really are 
endless.  

This would be an excellent way to help reinforce ideas about old cities. 
Although modest in the beginning photo overlays can help to set foot to 
path onto greater possibilities of how powerful a tool visualisation and 
software modelling can be in allowing us to view our built heritage in a 
completely different way, thus allowing us to further our knowledge of our 
sociocultural past and help us to protect what is deemed collectively as 
important.  
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Abstract. Among Small and Medium Sized Enterprises (SMEs) in 
particular, the UK Government’s ambitions regarding BIM uptake 
and diffusion across the construction sector may be tempered by a 
realpolitik shaped in part by interactions between the industry, 
Higher Education (HE) and professional practice. That premise also 
has a global perspective. Building on the previous 2 papers, 
Architectural technology and the BIM Acronym 1 and 2, this third 
iteration is a synthesis of research and investigations carried out over 
a number of years directly related to the practical implementation of 
BIM and its impact upon BE SMEs. 
First challenges, risks and potential benefits for SMEs and micros in 
facing up to the necessity to engage with digital tools in a 
competitive and volatile marketplace are discussed including 
tailoring BIM to suit business models, and filtering out achievable 
BIM outcomes from generic and bespoke aspects of practice. 
Second the focus is on setting up and managing teams engaging with 
BIM scenarios, including the role of clients; addresses a range of 
paradigms including lonely BIM and collaborative working. The 
significance of taking a whole life view with BIM is investigated 
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including embedding soft landings principles into project planning 
and realisation. Thirdly procedures for setting up and managing 
common data environments are identified and the value of achieving 
smooth information flow is addressed. 
The overall objective of this paper is to provide SMEs with a 
practical strategy to develop a toolkit to BIM implementation. 
Keywords: BIM, Implementation, Collaboration, Workflow, Toolkit, 
Data. 

1. Scene setting 

The overarching intention with this paper is to offer a practical and 
grounded approach which will assist small organisations and educators in 
getting to grips with key principles and practical applications for 
collaborative working using digital tools. For example what strategies are 
necessary to set up and document an organisation’s first steps towards a 
BIM project? By following a pathway, which focuses on basic principles 
and first steps, there is total commitment to the idea that BIM is not just 
applicable to the delivery of large and complex building and infrastructure 
developments. The authors maintain that the structured and efficient use of 
digital data is equally valid for developing small projects and will argue 
that case consistently throughout this paper.  

2. Tailoring BIM for SMEs 

2.1. CHALLENGES, RISKS AND POTENTIAL BENEFITS FOR SMES AND 
MICROS  

The transition to a BIM collaborative working environment poses a number 
of challenges, risks as well as benefits for small and medium enterprises in 
the constructions sector as whole. The technology gap within the 
construction industry continues to widen between large companies and 
SMEs / micro-SMEs. Amongst the former, Information and 
Communication Technology (ICT) is pervasive and has become a key 
infrastructure covering all aspects of business including design, 
construction, asset management, life cycle, marketing, cost management 
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etc. Amongst the latter however, ICT is often limited to traditional 2D 
drawings, perhaps some static 3D visuals, email and possibly a symbolic 
internet presence. The status quo creates a divide in the industry and 
potentially may lead to a Macro versus Micro effect that will certainly 
hamper any effort for collaboration within the industry  

Access to BIM by SMEs and in particular micro SME’s tends to be 
hampered by a lack of ICT infrastructure as an enabler to a quick 
deployment of BIM. Working in a dynamic workflow is a major shift in 
working practices and extends beyond acquiring expensive hardware and 
software. A radical change of attitude and work practices is required to 
work in this dynamic and collaborative environment. Furthermore, the 
learning curve is lengthy and demands sustained training and up skilling of 
personnel as well as changes to organisation’s business model. A recent 
study by the authors examining BIM as a collaborative tool concluded that 
contrary to literature claims, a case study has shown that the present 
investment, in terms of time, cost, and effort required to implementing the 
technology means that BIM is unlikely to be adopted on small simple 
projects or by micro-SME’s where conventional CAD is adequate.  

The burden of the additional expenditure is not insignificant in a highly 
competitive and difficult economic climate in which small businesses are 
often struggling to stay afloat.  The unclear time scale of return on 
investment makes it even more difficult for SMEs to make substantial 
financial commitments as highlighted by BIM4SME:  

“Moreover, as the group are SMEs themselves the equation of cost is 
foremost in our minds, but perhaps the more important question is ‘what do 
I get for my money, what are the benefits and how long before my 
investment is paid off.”  

Embarking on a BIM implementation process is not only a daunting task 
but carries considerable risks from a business viewpoint. SMEs do not 
possess the financial resilience of larger organisation to be able to absorb 
potential losses nor dedicate significant resources be they financial, human 
or time. Failure of very careful planning, getting it wrong could mean 
business ruin. It is these risks and challenges that call for careful planning 
and gradual implementation of collaborative BIM together with strategic 
and technical support for SMEs.  

Despite the above risks and challenges, we strongly believe that a 
managed transition to Level 2 BIM and beyond offers sound benefits for 
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SME from both a pragmatic business viewpoint and most importantly the 
long term readiness and resilience for a rapidly changing construction 
industry.  

Level 2 on the BIM Maturity Index (Figure 1) assumes that everybody 
ought to be operating at the very top end by 2016. What is the level of 
progress towards this goal? The reality is a mere guess, particularly 
amongst the big majority of small companies across all built environment 
professions. It remains difficult to build a full picture of the level of true 
understanding and implementation due to the lack of reliable data and 
limited take up of BIM surveys. Recent surveys tend to be unrepresentative 
due to the small number of respondents. For instance, the National Building 
Specifications (NBS) survey received 1500 respondents in contrast to thirty 
thousand RIBA members. Despite the low intake in these surveys, the 
results do not provide an encouraging reading; the National Federation of 
Builders (NFB) survey provides an insight into the state of readiness of 
construction SMEs in relation to level 2 BIM uptake. Of all contractors 
surveyed only 30% work with electronic 3D drawings, 54% of which are 
large contractors and only 25% are SME contractors.  

 
Figure 1.  Modified BIM Maturity Index: from Mandated to Realistic BIM Adoption 

through a Transition Period (After Bew R. 2008) 
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Some might also argue that a good proportion of the above claims are 
file sharing through a management system, often set up by the main 
contractor or the local authority and used by the various professionals, or 
simply through a simple drop box. One may even argue that most of these 
repositories are there to comply with BS1192-2007 and at best provide a 
level of passive data exchange, which may assist coordination.  

Achieving Level 2 BIM by the UK government 2016 deadline may not 
be within the reach of all and real change requires a modification of work 
practices and cultures. The following modifications are essential for any 
small business aspiring to enter the digital age and harvest some of its 
rewards.  

It is a recognised fact that in the new digital age there is a conflicting 
generational skills gap within the construction industry. First, a new 
younger generation of graduate professionals well trained and versed in 
ICT tools and working methods has been entering the construction industry 
professions next to a well-established older generation whose knowledge of 
these technologies is limited to say the least. And often do not share the 
same attitudes as far as the potential of these technologies. Second, the 
managerial power within the industry dominantly resides with the older 
generation. The latter is often sceptical and reluctant to adopt unfamiliar 
technologies and working practices in which the risk is perceived to be 
high. A resolution of this generational gap is critical through a combination 
of faith in the technologically skilled younger generation combined with an 
element of business risk; and the recognition that the status quo is not an 
option in the medium to long term.  

There seems to be a resistance amongst SMEs and micro-SMEs in 
particular to look beyond tools required to do the job. This sense of 
immediacy, often born out of work environment necessity, needs to give 
way to an attitude in looking beyond the immediate through continuous 
planning and investment is the best guarantor for long-term business 
success.  

Embracing BIM technologies within the context of digital Britain is not 
a series of technical fixes but demands first a belief in this radical change 
and second the consistent embedding of these new technologies in the 
business processes and workflows of the whole organisation.  

Developing a business model and outlook that recognises the 
inevitability of change and continuous learning both at the corporate and 
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individual level are essential. Once a full commitment is made, it could be 
argued that real transitional change to BIM for an SME may be 
implemented more efficiently and in a shorter time scale.  

The inherent agility of SMEs to adapt to changing business conditions 
could be deployed to modify work practices and shorten the transition 
period to level 2 BIM and beyond. 

2.2. TAILORING BIM TO SUIT BUSINESS MODELS 

Within the UK construction sector, BIM literature (the evangelical model 
as opposed to the evolutionary one) with all its facets and mantras 
(collaboration, communication, project efficiency, carbon reduction, whole 
life asset management etc.) has focused on implementation in large design 
and construction companies. These organisations operate at a much larger 
business scale than SMEs and Micros representing the majority interests in 
the sector. For these large organisations, engaging with BIM may offer 
competitive advantages, which can be easily afforded, not only to maintain 
leadership in the market but also to harvest the business benefits BIM may 
bring to the table. In that context, where does the debate leave the SMEs in 
the sector? It seems that until recently, this 90% majority stakeholder 
interest has been left on the margins of the debate. With the cut-off date for 
the UK Government’s mandate imminent, will there be a gradual 
awakening, realisation and actions in respect of how BIM may impact on 
UK construction in the round (the evolutionary model). From the sub-
groups set up to deliver on the Government’s BIM agenda, BIM4SME, has 
developed as a cross discipline grouping of interests championing BIM and 
promoting, in particular, the interests of construction sector SMEs. Its 
primary and only focus is to support the SME community in its 
understanding and use of BIM, whether they are consultants, contractors, 
specialists, suppliers or manufacturers.  

As BIM paradigms continue to emerge, develop and evolve across 
construction disciplines, the idea of BIM requiring new business models 
has become more established and is challenging traditional methods of 
delivering building projects. Typically, in a traditional model, the overall 
process consists of two interlocking sub-processes or activity nodes, 
design/construction activities (process node) and policy and codes (policy 
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node). Technology is normally embedded within the activities of each node 
with limited cross over.  

Figure 2 illustrates a new BIM business model in which a third 
technology node interlocks with the other two has become critical to 
process development. In a BIM working Environment the interlocking area 
between the three nodes will proportionately increase with the maturity of 
the BIM system providing more opportunities for collaboration between 
stakeholders. 

The IT infrastructure and expertise required to support a BIM model are 
sufficiently complex that they need to be run and managed often by 
external specialist network and data management agencies. A number of 
these companies are already active in the market including data repositories 
and providers of web and cloud based construction collaboration 
technologies. Such a business model could be considered imperative for an 
organisation in the construction sector to capitalise on the benefits of 
implementing BIM, (efficient workflow, collaborative working, building 
partnerships, good communication etc.) and add value to their business.  

 
Figure 2. The 3 Interlocking nodes of BIM: in a BIM working Environment the common 

areas will be much bigger providing increased collaboration opportunities between all 
stakeholders. (After Razvi S. 2008) 
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Software as a service provided by technology companies has passed the 
good idea stage and its uptake by construction industry organisations is on 
the increase. This method of accessing advanced ICT technologies may 
help to free design and construction organisations from a burden they 
neither have expertise in nor is it a core of their business. Additionally, the 
rapid change in IT software (release of new versions and issues of 
compatibility amongst others) may make leasing BIM and data 
management software an attractive proposition that allows organisations to 
focus on areas of expertise and business growth. 

2.3. FILTERING OUT ACHIEVABLE BIM OUTCOMES FROM GENERIC 
AND BESPOKE ASPECTS OF PRACTICE 

“A comprehensive and growing collection of BIM objects spanning all 
building fabric systems”, this is how the NBS describes its National BIM 
library as an example of generic BIM. Modelling buildings’ performance, 
constructability, health and safety and so forth relies on populating the BIM 
model early in the design process to facilitate testing, simulations and early 
problem resolution. This is expected to happen before many consultants 
have worked the details of their design. Generic objects developed on 
standard average components are often used early on in the design to be 
able to run these simulations and test performance. Increasingly 
manufacturers are supplying the market with their specific component and 
material parametric objects ready to be used in a BIM model. The use of 
these objects is common practice in many software packages.  

The most important usability feature of the NBS national data base is 
the quality of data as all objects including contained data need the highest 
level of accuracy and standards. The generic aspects of BIM, be it a 
component data base or BIM model viewers contribute to the 
implementation of BIM and can be an easy access options to SMEs and 
Micros embarking on a BIM journey.  

The number of technology companies already active or entering the 
market is increasing. These companies provide bespoke technological 
solutions ranging from complete BIM solutions to very specialist service 
applications. Clash detection, specialist project document management 
systems are typical bespoke solutions. For instance BIMsync, currently in 
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Beta format from BIM technologies, is an automated specification tool 
allowing for 2-way syncing between specification and model production of 
a validated approved specification. An innovative application that is 
exploiting a developing niche BIM market bridging the gap between a BIM 
model, specification and approved validation of specification. At the other 
end of the spectrum, Solibri is a bespoke Model Checker software with 
wide capabilities. It performs advanced clash detection, deficiency 
detection, BIM and accessibility compliance, model comparisons etc. at the 
higher end of BIM workflow.  

Navigating generic and bespoke aspects of BIM is an exercise every 
built environment organisation will have to go through as part of an 
analysis of their business model and the separation between discipline 
specific and cross-discipline activities. The analysis exercise would help 
frame business and workflow priorities and identify aspects of BIM 
principles and tools relevant to the business model.  

3.  Tools for effective collaborative working 

3.1 SETTING UP AND MANAGING TEAMS ENGAGING WITH BIM 

“During the time of the renaissance, architects like Brunelleschi were 
afforded the opportunity to operate as a master-builder. This paradigm 
allowed one person to hold complete knowledge of both the design and 
construction methodologies implemented in the building process, partially 
due to the relative simplicity of the building system at the time. Integration, 
so to speak, was automatic.” (Krygiel and Nies 2008) 

The role of the master-builder split, after the Renaissance, into 
architect/designer and contractor roles, one became responsible for the 
design of the building and the other for its construction. At this point 
coordination and team collaboration became necessary to achieve the 
expected building outcomes. Ever since, technologies continued to evolve 
and the design and construction of building became increasingly complex. 
As a consequence, building systems needed greater specialisations which 
lead to the growth of numerous built environment professions (architects / 
designers, engineers, surveyors, project managers...). This led to the 
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compartmentalisation and fragmentation of the construction industry which 
in turn lead to a silo mentality.  

The complexity of construction projects and related processes requires 
the input of a design and construction multi-disciplinary team to deliver 
project outcomes. The Royal Institute of British Architects (RIBA) “Plan of 
Work” recognised the importance of collaborative teamworking in design 
and construction since the early 1960’s. It recommends the setting up of a 
design team early in the design process (Stages 0&1). However, members 
of a design team represent different disciplines that are often fragmented 
and at times adversarial as indicated in the 1994 Latham report. With the 
different disciplines come different ways of working, thinking and talking 
about design. The different disciplines also become involved at different 
stages of the design process. Despite the above, the design-construct team 
is expected to deal with the multiple layers involved in today’s complex 
design layout, structure, project data, cooling, ventilation, heating, security, 
plumbing, lighting etc. Figure 3 summarises these complexities each of 
which requires expertise to deal a host of issues. 

 

Figure 3. Layers of Design (after Krygiel and Nies 2008) 

Multidisciplinary team collaborative working is not new in the 
construction industry but it can be argued that its extent has until recently 
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been limited to the minimum required by a project, often to resolve 
problems. The introduction and increasing implementation of BIM 
technology in the industry in recent years has significantly redefined design 
and construction team interactions and refocused the collaborative 
processes involved. Central to this redefinition is a shift of focus from team 
members’ roles and the contributions they make to the product itself i.e. the 
building throughout its whole lifecycle. This does not fundamentally alter 
the nature of team members’ input but creates a collaborative working 
environment that fosters early involvement, transparent information 
exchange and reliable data process management and control as illustrated in 
Figure 4. As a result, the logistics of involving all stakeholders is made 
simpler and easily manageable through a BIM workflow. 
 
 

 

Figure 4. Team collaboration using BIM & traditional methods 

Exploiting the collaborative capabilities of BIM constitutes a 
cornerstone of the Government construction task group Push – Pull strategy 
which revolves around two key criteria, whole life cost, including savings 
in capital cost, and carbon performance together with related processes. 
Within the Push element, BIM is seen as an enabler to timely and accurate 
information delivery, as well as to effective and transparent decision 
making. This strategy renders the collaborative use of BIM by 
multidisciplinary teams, as opposed to BIM technical aspects, essential to a 

BIM 
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built environment practice or company of any size within the overall supply 
chain. At the same time the IT tools, the technical aspects, supporting any 
BIM system are essential to the processes of design and construction team 
collaboration and management.  

Despite the evolving design-construct team working processes and the 
new collaborative tools being deployed to meet BIM level 2 goals and 
beyond, a fundamental question still remains to be fully answered, namely 
who will lead and most critically pay for the overheads related to the setup 
and management of teams and associated systems? The anecdotal 
consensus in industry points to the client, being the main beneficiary of the 
final outcome both in terms of the facility being delivered efficiently and 
inheriting the model for lifecycle use. In practice, however, the picture is 
not at all clear; large design and construction organisations tend to absorb 
the costs for a combination of reasons that include, amongst others, market 
leadership, internal process efficiencies and self-promotion. The situation 
amongst SMEs and particularly micros remains ambiguous with isolated 
initiative. An early consensus on design-construct team leadership together 
with associated remunerations would help expedite BIM implementation as 
well as harvest its benefits. 

3.2 LONELY BIM AND COLLABORATIVE WORKING 

It would not be farfetched to assume that the overwhelming majority of 
built environment organisations are currently using a combination of IT 
tools in their day to day technical and administrative business processes. 
The use of these tools can vary significantly ranging from basic 2D CAD 
drawings to advanced 3D and BIM models. The construction industry is 
still heavily reliant on the use of 2D drawings both paper and digital in 
information production and operations stages. Furthermore, the increasing 
use of parametric software platforms capable of producing data rich design 
and construction information together with the rapid development in ICT 
technologies such as the internet have brought about new working 
opportunities and changes to working practices unimaginable two decades 
ago. Implementing BIM working practices is still evolving as part of an 
inevitable transition period, which has given rise to a spectrum of 
paradigms ranging from lonely BIM to collaborative BIM.  



ARCHITECTURAL TECHNOLOGY AND THE BIM ACRONYM 3     107 
 

Lonely BIM is a term used to describe the practices of an organisation, 
project team or the whole market where the generated BIM models are not 
exchanged between project team members. Also organisations at early 
stages of BIM implementation or who only generate mono-discipline 
models are considered to be practicing Lonely BIM, a position between 
level one and two on the BIM maturity index (Figure 1). Practicing this 
level of BIM can bring internal efficiency gains, build capability and 
develop BIM processes, a respectable position for an SME or micro 
organisation aspiring for the next stage, level 2. The biggest prize for a 
lonely BIM practice, one would argue, is twofold; one is making the major 
paradigm shift from conventional building representation using 2D drawing 
devoid of any information to creating virtual models not only embedding 
valuable information related to performance, specifications etc. And two 
establishing BIM workflows and processes that help bring efficiencies and 
prepare for the next level of BIM. 

Collaborative BIM is a term used to describe the practices of an 
organisation, project team or the whole market where multi-discipline 
models / BIM-models are generated or are collaboratively exchanged 
between Project Participants. Collaborative BIM may also refer to elevated 
BIM Maturity within a market. That is the mature level 2 on the BIM 
maturity index. This level of collaborative BIM is at present the privilege of 
a small minority of large organisations and remains aspirational for the 
majority of SMEs and micros in the UK constructions industry. The 
benefits of collaborative BIM are well established in the literature, but the 
greatest value to a built environment practice is to endeavour to exploit the 
full potential of collaborative BIM beyond the statuary or contractual 
requirements of a project. Building partnerships and linked networks with 
suppliers, manufacturers, specialist consultants etc. to foster long term 
collaboration are typical examples. 
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4 Whole life view with BIM 

4.1 DEVELOPING AND APPLYING BIM STRATEGIES TO MEET CLIENT 
AND USER EXPECTATIONS 

The 2013 RIBA Plan of Work introduced the strategic definition stage 
(stage 0) which focuses on identifying the client’s business case and 
Strategic Brief and other core requirements for a project. On the other hand, 
Graham Jones, chair of BIM Steering Group Europe, identifies three 
conditions for success when building a strategy for BIM at the early 
strategic stages of a project, and he baptised them the why, what and how? 
For any project using BIM a strategy needs to be developed /customised to 
meet the requirements and arrangements of that particular project. 
Borrowing Graham Jones terminology, the following will explore the key 
strategic developments that need to be considered.  

WHY in the strategy includes a definition of purpose and conducting an 
appraisal in which targets and objectives are identified and mapped, and a 
robust business case for the project is well argued. In parallel, a BIM 
strategy should be developed as part of this overall strategy and fed into the 
subsequent preparation and brief stage in order to meet the overall client 
and user short and long-term expectations. Key strategic points to be 
addressed early include:  
• Specific (lifecycle) information required from the supply chain  
• Uptake and adoption of BIM to facilitate compliance with 2016 mandate  
• Consistent handover of digital data in the appropriate format (IFC, 

COBie) and at the appropriate time  
• Specification of the required functionality (3D to ND and FM)  
• IT platforms and compatibility issues to facilitate information flow and 

handover  
• Client participation and interaction throughout the process.  

WHAT focuses on the comprehensive definition and project 
deliverables, any relevant precedent experiences and/or examples. Specific 
definitions of project deliverables will assist in determining accurately the 
appropriate BIM strategies to be deployed to meet client and project 
targets; these may vary from the functionalities of CDE, specialist tools or 
expertise required. In BIM one size does not fit all, each project / client 
invariably will need a customised solution on a need basis. Size of project, 
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complexity of design and construction expertise of design-construct team 
members are only examples of variables that may impact on the 
customisation. A review of previously deployed processes or similar 
projects undertaken in which tested methods together with any lessons 
learned could be adapted or re-used. In accordance with the project 
structure  

Deployment and implementation, the HOW, is the critical component of 
any BIM strategy. Regardless of the clarity of purpose and definition of 
project objectives, if the processes put in place are not well executed client 
and user expectations will not be fully met. Prior to implementation the 
following guidelines should be carefully considered.  
• Clarify the overall management structure of the project and how the 

BIM process fits in including the definition of roles and responsibilities 
of all stakeholders  

• Identify any risks likely to rise throughout the process and put 
contingencies in place  

• Identify the expertise required, both internal and external, and consider 
team members suitability and dynamics  

• Define workflows in relation to project procurement and contractual 
arrangements  

• Be clear of the project programme, targets and how they are to be met  
• Specify collaborative and communication protocols including data 

exchange timetable  
• Define milestones to deliver and meet project and client expectations  
• Define protocols and processes both internal and external.  
 

Developing and implementing BIM strategies need careful planning and 
synchronisation with the overall project programme and client and user 
expectations. In addition, any strategy needs to be designed within the 
context of the BIM maturity level of the design-construct team. 

4.2 SETTING AND REALISING WHOLE LIFE TARGETS FOR DESIGN, 
CONSTRUCTION AND USE 

One of the major developments in the procurements of buildings and 
infrastructure in recent years has been breaking the barrier that until 
recently existed between design, construction and operation. The 
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introduction of BIM processes accelerated the integration of design and 
construction stages, which was then followed by recognition by clients and 
other stakeholders of the value of integrating the operation stage in the 
overall asset cycle. Government soft landings standards added greater 
impetus to the early planning of whole lifecycle as well as asset handover. 
Looking forward towards an increasingly integrated process of delivery and 
asset management post construction, setting and realising whole life targets 
for each of the above stages becomes critical for both the success of the 
project and in meeting clients and users expectations. BIM as a process is a 
key enabler in meeting these three stages targets by providing the 
opportunity for radical improvements in building design, construction and 
operation through advanced computer-based modelling and data 
management technologies. At design stage, targets may include setting 
standards for carbon footprint, design quality, overall environmental 
impact, collaboration and coordination, project data and information flow, 
communication protocols and so forth. To help realise these targets in an 
efficient and cost effective way, a BIM system needs to embed these 
outcomes as part of its processes and protocols. This way all members of 
the team are systematically aware and focused on meeting these built in 
targets using the appropriate tools and processes of the BIM system. For 
instance, specifying a target carbon footprint per square metre in an 
environmental analysis tool (integrated or as a plugin) will automatically 
throw a fail result until the target value is met.  

Interface between design and construction is a good illustration where 
the deployment of BIM could have a major impact on a project’s quality, 
cost, time and associated risks. A visualisation of construction sequence or 
assembly of prefabricated components using manufacturer 3D objects or 
pre-construction site layout including scheduled deployment of plants are 
effective virtual methods of identifying and eliminating risks. Clash 
detection for design / construction coordination is a function of BIM that 
has proved critical in identifying and eliminating constructability problems 
traditionally only identified during construction often with an impact on 
delivery time. Using an integrated BIM model, any constructability issues 
identified late can be rapidly resolved given the instant access to the 
relevant project information. In addition, flexibility of re-scheduling, re-
costing and even re-sequencing of building operations will aid in realising 
targets.  
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 “Hindsight before site”, that is the ability to prototype the asset 
lifecycle (Jones 2011) at the early planning stage. A BIM model provides 
early access to useful information that will help a better understanding of 
the asset, which may be used in a number of ways to meet targets. These 
may include sales and marketing for a developer, future maintenance / 
refurbishments cost modelling or security and surveillance. It is important 
to keep in mind that the reliability of BIM as an enabler to realising targets 
throughout the whole life cycle of an asset is dependent first on the clarity 
of overall project objectives and second on the level of maturity as these 
will impact on the quality of outcomes which in turn may help or hinder 
realising the full potential in meeting targets. 

4.3 ENGAGING CLIENTS AND BUILDING USERS THROUGH 
SIMULATION AND PROTOTYPING 

At the early design stage of a building, when ideas are still very fluid and 
very little concrete design material is available, has always posed 
difficulties in how to engage clients; particularly when critical decisions 
need to be made to advance the design process. Beyond technical drawings, 
architects and engineers historically relied on simple 3D drawings such 
perspectives, sketches etc. and scaled physical models to communicate 
design intent and aesthetics. These techniques were developed further with 
the introduction of CAD but the principle uses remained largely the same. 
The introduction of 3D modelling followed by parametric modelling and 
the ongoing digitisation of the construction industry has provided new and 
innovative methods of communication to designers and clients, which were 
the preserve of other industries. Simulations and prototyping are 
increasingly replacing older techniques as they are more versatile, 
command accuracy, communicate better information and are a by-product 
of the new digital design process.  

Simulations are the most versatile and easy to produce from a BIM 
model at any stage of the design process. An early model may not contain 
lots of data but is sufficient to engage with a client in relation to issues 
relating to siting, urban or rural landscape integration, aesthetics, quality of 
internal space, planning etc. Merging visualisations with existing GIS or 
Google Earth city models, for instance, will provide informative and 
contextual simulations which clients can easy understand and relate to, and 
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eventually help making decision quickly. In the same vein, an advanced 
model may be used to simulate a client fly through to ascertain the quality 
of space, internal finishes and also provide an interactive capability for the 
client to change and modify aspects of design from colour schemes to 
fittings and materials. Not only decisions are almost made instantly and fed 
back into a model, the active engagement of clients and users enhances 
their experience and increases success rate in meeting their expectations as 
well as project targets.  

Taking a step further from the traditional physical model, a prototype 
helps to engage clients in visual and tactile ways. It is the nature of people 
to see and touch objects to appreciate their qualities and functionalities. In a 
BIM process, data for making a prototype is built in the 3D model and little 
effort is normally required for making a prototype (file formatting and 
machine set setup). Whether in building or product design, a prototype is 
used to describe a product more effectively, test the performance of various 
materials and components, engage clients / potential clients either for 
feedback or marketing as well as test and refine functionality. Their use in 
building design and construction is wide and may range from a scaled 
prototype of a whole or part of a building to a detail of a component or 
assembly or to a particular space. For instance a scaled prototype of a 
standard hotel or hospital room will help a client to engage in the accurate 
and meticulous details of internal fittings and finishes, equipment, services 
installations and so on. Further iterations of the prototype can be made 
quickly once feedback and any redesign has been completed in the 3D 
model.  

SMEs and micros can exploit the use of these digital techniques when 
interacting with their clients regardless of how advanced their BIM 
implementation level. One might argue that the agility of a small practice in 
adopting innovative technologies can assist in improving customer service, 
expand business opportunities at minimal overheads, especially when using 
visualisations. 

4.4 EMBEDDING SOFT LANDINGS PRINCIPLES INTO PROJECT 
PLANNING AND DEVELOPMENT  

Soft Landings is the BSRIA-led process designed to assist the construction 
industry and its clients deliver better buildings. It is also intended to help 
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solve the performance gap between design intentions and operational 
outcomes. Embedding soft landings principles into project planning and 
development occur at various stages of the project cycle with the overall 
intention of safeguarding quality and easing the handover to clients and 
facilities managers.  

At inception and briefing stages, specific activities related to soft 
landings need to be added to client’s requirements, developed as part of the 
project brief and also included in any tender documentation so that budgets 
are set aside for post-handover care and post-occupancy evaluation. This 
enshrines these specific activities in the contractual arrangements of the 
project and makes them mandatory for all relevant stakeholders. Depending 
on the scope and complexity of the project, specialist consultants or sub-
contractors may be required to inform on the nature and extent of activities 
to be included, which will also help in identifying skills and resources 
required. BIM protocols for data drops handover or transfer of project data 
onto the client’s Computer Aided Facilities Management (CAFM) system 
are some of the principle activities to be embedded at this early stage.  

During design and development stages, precedents should be considered 
by all project team members to gain insights into tried and tested solutions 
and explore how the future building will be used by end users and facilities 
managers. Strategies or future activities identified and agreed should be 
embedded into each team member relevant design which later will be 
incorporated in the BIM model as appropriate. Some of the principles and 
related activities to be agreed and embedded at the stages include the 
energy strategy and targets, in use energy monitoring regime, 
commissioning strategy and timetable, usability and maintainability of 
installations. These principles need to be reviewed and updated as the 
design develops for feasibility and buildability purposes.  

A phased handover of the completed building should be planned and 
embedded in the overall soft landings strategy. This will mostly impact 
contractors and sub-contractors schedules which should be managed and 
updated in accordance with the handover strategy. A phased handover 
avoids overwhelming, particularly in complex projects, operators and FM 
managers and enables them to spend more time understanding interfaces 
and systems before occupation. Activities to plan for may include the 
practicalities of project data handover, BMS setup to initial client 
requirements, energy monitoring software and any initial training on 
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management or monitoring software. BIM data from design-construct team 
need to be as built updated, checked, and handed over in the specified 
format.  

Post-handover, a period of six to eight weeks is recommended to be 
scheduled by project team members during which they need to deal with 
any emerging issues related to system operations, software malfunctions 
etc. It is also critical at this stage that all aspects and systems of the 
building are checked against client’s soft landings requirements and meet 
their expectations. Long term POE should also be embedded and may 
include activities related to long term energy performance, reliability of 
installed software systems, and any discrepancies on project data. As 
recommended by Soft landings guidelines, systematic post-occupancy 
evaluation are to be conducted no sooner than 12 months post-handover, 
then repeated at 12 month intervals and culminating in a final project 
review at month 36. 

5 The value of I in BIM 

5.1 THE VALUE OF ACHIEVING SMOOTH INFORMATION FLOW IN 
MEETING OBJECTIVES 

Delivering constructions projects to meet the triangle of quality, cost, time 
and to the satisfaction of project objectives is the flow of information 
through the various design and construction stages of a project. Built 
environment projects involve huge volumes of information that have to be 
transferred between numerous different project stakeholders throughout the 
building life cycle. Further, much of that information is graphical in format. 
Over the years, built environment professionals have evolved ways of 
managing that volume of information by employing various tools and 
techniques such that the client brief remains valid in a fast changing 
industry landscape peppered with new working practices, new 
technologies, evolving contractual and legislative frameworks amongst 
others. However, being able to identify the current information you require, 
retrieve it and manage its flow efficiently is still far from easy on most 
projects. The complexity of construction project, the associated large 
quantities of data to be processed and the ever-increasing statutory and 
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technical requirement render the smooth flow and management of project 
information a key component to successfully meeting objectives.  

As illustrated in Figure 5, traditional information flow is fundamentally 
linear and follows a phased sequence of design and construction activities 
predominantly based on the RIBA plan of work model. Project information 
tends to be contained within each phase, such as design or procurement, 
until such a time where it flows to the next phase and remains largely 
invisible to other design-construct team members; particularly members 
with minor contributions such as a small ME subcontractor.  
 

  

Figure 5. BIM and Traditional information flows 

Collaboration is very limited by virtue of the phased nature of the flow 
and incompleteness of information between phases. In a collaborative BIM 
working environment, however, the flow of information is continuous, up 
to date and access to all stakeholders is automatic within project protocols. 
The bidirectional flow between each contributing member and the model 
(single or federated) simplifies the flow process and adds transparency. 
Simultaneous working and live interactions of team members via a BIM 
model in a Common Design Environment enables the highest levels of 
collaboration and smooth data exchange. 

The value of smooth information flow and the collaboration potential it 
generates resides not only in delivering project objectives but also in 
creating long term working relationships / partnerships and meeting wider 
and global goals such as CO2 reduction. 
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5.2  INTEGRATING WORKFLOWS TO REALISE WHOLE LIFE TARGETS 
AND OUTCOMES 

The recent shift to using parametric modelling software and associated 
BIM workflows has been a game changer in the way project information is 
shared and accessed in a collaborative working environment. Smooth 
workflows are essential to collaboration and any barriers will not only 
hamper team working but also limit the benefits that may be derived from 
that collaboration. Realising whole life targets and outcomes of an asset 
requires careful integration of these workflows throughout all stages and 
processes from inception to decommissioning.  

A number of issues that may affect the integration of workflows are 
explored here. Interoperability of project data across platforms, that is the 
ability to access and utilise BIM data model files authored by different 
software platforms, was until few years ago an obstacle for a variety of 
reasons ranging from purely commercial to technical. The International 
Foundation Classes (IFC) format is increasingly becoming the accepted 
standard for open BIM allowing for full interoperability between BIM 
authoring platforms. Wider adoption of open standards by the range of 
software platforms used in the construction industry is vital for smooth 
workflows and critical to the success of the Government's strategy for BIM 
adoption. Linked to data standards in the government BIM strategy is the 
quality and reliability of asset data to be made available to clients, known 
as data drops in a COBie standard. A complete COBie should be expected 
by clients at the time of handover, but earlier interim drops at key stages of 
the delivery cycle are used to monitor the business case for the facility and 
to help plan for taking ownership. Once received by the client, the COBie 
information can either be kept as delivered, or held in ordinary databases, 
or it can be loaded into existing Facility Management and Operations 
applications, either automatically or using simple copy-and-pasting. 
(COBie 2012) This full asset data handover marks the start of the facility 
management cycle of the workflow. Also essential to the integration of 
workflows is for the design-construct team to agree, as early as feasibly 
possible, all protocols and standards. These will include, amongst others, 
those related to information management, data exchange, data format 
standard etc. CIC protocol and the mandated information manager role will, 
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when fully applied, assist in the integration of workflows and the overall 
management of project information in a collaborative BIM environment.  

In summary, each building asset will be expected to realise well defined 
targets and outcomes at different stages of the lifecycle and to different 
stakeholders. Adopting, early on in the process, an integrated approach to 
the setup, implementation and management of workflows will assist in 
meeting the set targets and outcomes.  

6 Conclusions 

This paper set out to first explore in practical terms the challenges, risks 
and benefits a SME may face or derive from the implementation of level 2 
BIM; second to identify key points for a toolkit strategy to facilitate this 
implementation. 

The challenges facing an SME or Micros are not uncommon in the 
industry such as investment in hardware/software, training, change of 
attitudes etc., but these challenges are magnified many folds given the 
competitive nature of the BE professions and the small profit margins. Add 
to that the technology age gap between young technologically savvy 
entrants to the profession and older generation unfamiliar with new 
technologies and highly risk averse. Most SME consider implementing 
BIM quickly as a very risky venture and if not getting right could mean 
financial ruin and failure of the business.   Getting right means greater 
opportunities that may range from new markets to innovative and 
technologically advanced processes and business practice.  

A key point of the toolkit strategy is to review the business model to 
include technology innovations, new processes and developing legislative 
framework. This means a) applying need to know principles for thinking 
and doing and b) tailoring BIM to the MSE’s developing business model by 
filtering out achievable BIM outcomes from generic and bespoke aspects of 
practice and in relation to organisational size and resources. 

Another key point is building and managing teams that are capable of 
exploiting the collaborative potential of BIM and engaging collaboratively 
internally and externally through a project lifecycle. This extends to change 
of working practices, workflows, adopting new management processes and 
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associated new technologies to engage with clients / users and all stake 
holders.  

The point above also means having a whole life view with BIM. 
Evidence from pioneering SMEs suggests that this can only be achieved by 
an objective assessment of team capabilities, skills, processes and 
protocols. Defining and evaluating these indicators objectively will 
minimise the risk of implementation and increase confidence and success. 

Key to the whole BIM strategy is Information. A quick transition from a 
linear to a collaborative smooth flow of information has proven to be 
critical to meeting objectives. Adopting an integrated workflow through a 
common data Environment (CDE) is an essential component early on in the 
implementation process. A managed transition from lonely to collaborative 
BIM seems to be a logical step in any strategy as part of the evolutionary 
BIM paradigm. Combined with the adoption of new protocols and 
standards data management processes (CIC protocol, IFC format, 
COBie…), the road to level 2 BIM implementation has in limited case 
studies proven less bumpy that anticipated.  

References 

NATIONAL FEDERATION OF BUILDERS, (2012) BIM: Ready or Not? [online] 
Available at: 
http://www.builders.org.uk/resources/nfb/000/318/333/NFB_BIM_Survey_BIM-
ready_or_not.pdf [accessed 26.02.2015] 

MAYNE T., (2005) the Building Information Modelling Panel Discussion, at the 2005 AIA 
national convention, Las Vegas 

MACKAY F., (2013). Building Information Modelling: Legal Implications of BIM; Are 
Fife and Tayside Practices Ready for The Implementation of BIM? Unpublished 
architectural technology undergraduate dissertation, School of Contemporary Sciences, 
University of Abertay, Dundee. 

BIM4SME, (2015) [online] Available at: http://www.bim4sme.org/about/the-organisation/  
[accessed 12.02.2015] 

Razvi S., (2008) BIM and the Process Improvement Movement, Building a case for a 
combined BIM–CMMI Framework, [online] Available at: 
http://changeagents.blogs.com/thinkspace/files/BIM_ThinkSpace_The_Process_Improv
ement_Movement_by_Sohail_Razvi.pdf  [accessed 12.02.2015] 

BIM Technologies., [online] Available at: http://www.bimtechnologies.co.uk/ [accessed 
12.02.2015] 



ARCHITECTURAL TECHNOLOGY AND THE BIM ACRONYM 3     119 
 

Solibri Model Checker., [online] Available at: http://www.solibri.com/  [accessed 
12.02.2015] 

BIM Excellence., (2015) [online] Available at: http://www.bimexcellence.net/   
 [accessed 26.03.2015] 
KRYGIEL E. AND NIES B., (2008) Green BIM, Successful Sustainable Design with 

Building Information Modelling, Wiley, pp55. 
HM Government., (2013) Government Construction Strategy, Her Majesty’s Government, 

London [online] Available at: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/61152/Go
vernment-Construction-Strategy_0.pdf   

LATHAM M., (1994) Constructing the team - The Latham report, Department of the 
Environment DOE, London, UK.  

GARRETT G., (2008) “Heathrow Terminal 5” [online] Available at: 
http://aecmag.com/case-studies-mainmenu-37/253-heathrow-terminal-5  [accessed 
26.03.2015] 

RIBA Plan of Work., (2013) [online] Available at: 
http://www.architecture.com/files/ribaprofessionalservices/practice/ribaplanofwork2013
overview.pdf  [accessed 15.04.2015] 

JONES G., (2011) Building a Strategy for BIM, [online] Available at: 
http://cic.org.uk/admin/resources/dl-cic-bim.pdf   [accessed 14.04.2015] 

BSRIA, Soft Landings, [online] Available at:  
 https://www.bsria.co.uk/services/design/soft-landings/free-guidance/  
 [accessed 15.04.2015]  
CIC., (2013) Building Information Model (BIM) Protocol, [online] Available at: 

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCIQ
FjAA&url=http%3A%2F%2Fcic.org.uk%2Fdownload.php%3Ff%3Dthe-bim-
protocol.pdf&ei=8AIbVYf-
K8TFPdLIgYgI&usg=AFQjCNFidb5EChOC47YSpT_4yWExy7hocQ&sig2=HoVhma
_VieT_SRhhlzSEsg&bvm=bv.89744112,d.ZWU  [accessed 31.03.2015] 

CIC., (2013a) [online] Available at: http://www.bimtaskgroup.org/wp-
content/uploads/2013/02/Outline-Scope-of-Services-for-the-Role-of-Information-
Managment.pdf   

 [accessed 31.03.2015] 
COBie., (2012) [online] Available at: http://www.bimtaskgroup.org/  [accessed 31.03.201 
 





  

 

SMES AND LEVEL 2 BIM, THE WAY FORWARD 

STEPHANIE MELLON AND TAHAR KOUIDER 
The Scott Sutherland School of Architecture and Built Environment, 
Robert Gordon University, Aberdeen, UK 
stephaniemellon09@gmail.com 
t.kouider@rgu.ac.uk 

Abstract. The UK construction industry comprises a very high 
proportion of SMEs that is companies employing up to 250. A 
Department for Business, Innovation and Skills research paper, 
found that SMEs had a 71.2% share of work in the construction 
industry. Micro and small firms (i.e. those employing up to 50) had a 
share of 46.7% of work (Ive and Murray 2013). The Government has 
high ambitions for UK construction. Having been found by 
successive government commissioned studies to be inefficient and 
highly fragmented, ambitious targets have been set for the industry to 
achieve 33% reduction in costs and 50% faster delivery by 2025. 
As a significant construction client, the Government has mandated 
the use of Level 2 BIM from 2016 on publicly funded projects over 
£5 million. The adoption of BIM plays a key role in the 2025 vision 
but a lack of clarity persists in the industry over BIM and significant 
barriers are perceived to its implementation, particularly amongst 
SMEs. However, industry wide transformation will be challenging 
without serious consideration of the capabilities of this large 
majority. Many larger firms, having implemented Level 2 BIM are 
now working towards Level 3 BIM while many of the smaller firms 
in the industry have not even heard of BIM. It would seem that fears 
of a ‘two tier’ industry are perhaps being realised. 
This paper builds on an earlier one (Mellon & Kouider 2014) and 
investigates, through field work, the level of Level 2 BIM 
implementation amongst SMEs compared to a large organisation. 
Challenges and innovative solutions identified through collected data 
are fully discussed and compared. It is suggested that where the SME 
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perceives barriers towards adoption of the technologies which 
underpin BIM, they may consider collaborative methods of working 
as an interim step in order to work towards realising the efficiencies 
and benefits that these methods can yield. While the barriers to 
adoption of BIM are significant, it is suggested that they are not 
insurmountable for the SME and some recommendations for possible 
solutions are made. 
Keywords: Level 2 BIM, SME, implementation 

1. Rationale 

The rationale behind this paper is to investigate, through field work, the 
level of Level 2 BIM implementation amongst SMEs compared to large 
organisations. There is some concern in the industry that SMEs are not 
keeping pace with the progress required to meet the 2016 deadline leading 
to further concerns about the potential emergence of a ‘two-tier’ industry.  

A further objective of this paper is to explore how SMEs might move 
towards BIM practices as an interim step towards full adoption. A case 
study is used as background to this, along with comparisons to steps taken 
by a large organisation on their first Level 2 BIM project. Through this 
exercise, some of the potential motivations for the adoption of BIM 
practices will be examined, as well as the barriers to SMEs, and some 
practical solutions are suggested. 

A survey was undertaken in the form of a questionnaire (Appendix 1) 
issued to various SMEs, one was also completed by a respondent from the 
large organisation for the purposes of comparison. The questionnaire 
requested information on current company work practices, future plans as 
well as a section requesting opinions on what can be done to encourage 
adoption. 

2. Methodology and Data Collection 

A qualitative approach to this research is adopted as the theories to how 
BIM may be adopted are developed from the observation of current 
practices. A combination of exploratory and attitudinal research is used 
through observation and an open ended questionnaire to evaluate the 
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opinions of practitioners about BIM adoption. This method of data 
collection was used in order to take advantage of the potential benefits of 
open ended questions as cited by Naoum (2007). 

A selected sample is used in this research. It was important in achieving 
the aims of this study to examine qualitative data which in turn requires a 
sample with certain characteristics; that is SMEs who are considering or 
who have already adopted BIM practices. As suggested by Naoum (2007), 
some subjects with contrasting characteristics have been chosen. For 
example, one respondent is from a larger company and while several in the 
sample are from a construction background, some are from an architectural 
setting allowing a comparison of views to be made. 

A combination of data analysis approaches is also adopted. Responses 
are examined for common attitudes and topics but a comparison is also 
made to highlight the conflicting opinions within the construction industry 
towards BIM. 

3. Case Study 

The case study which forms the basis of this paper is a Design and Build 
contract to extend a hotel in Birmingham’s Jewellery Quarter; an area 
currently enjoying a resurgence. The extension consists of the renovation of 
a period building to provide additional hotel rooms and office space, 
together with a four storey extension providing 30 ‘apart-rooms’, a 
courtyard area and a glass walkway adjoining the two buildings. 

3.1 THE CLIENT 

The client in this case is a small hotel group who offer small, well designed 
‘smart’ rooms, for budget prices. Currently, they operate two hotels; one at 
Gatwick Airport and the one forming the basis of this paper. The rooms are 
relatively high-tech and have branded tablets installed which the resident 
can use to control heating, TV, water and so on. An app is also available 
which the resident can download to their own smartphone. While these 
rooms offer ideal accommodation for one or two nights, it has been 
recognised that there is a call for larger, better equipped rooms for the 
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longer term business traveller. The new ‘apart-rooms’ will offer a more 
spacious room, equipped with a small kitchenette area.  

The hotel is fitted out with several brand specific, ‘signature’ features 
including lighting, the in-room technology and luxurious ‘pod’ bathrooms. 
The client has recently been successful in obtaining a substantial amount of 
funding which it is hoped will lead to expansion of the brand. Indeed, the 
group are embarking on the planning stage for the next hotel which will be 
a 25 storey new build adjacent to New Street Station in central 
Birmingham. 

 

Figure 1. Hotel bedroom 

3.2 THE CONTRACTOR 

The contractor is a relatively small, young and innovative company who 
are aiming to move away from more traditional methods of construction 
and towards a more collaborative process. Average project size has so far 
been between £1 and £3 million. The current project, having recently 
increased in value is now at the upper end of this range. Thus far, the 
majority of work won has been via personal contacts and latterly, personal 
recommendations; design and build being the favoured procurement route 
for the projects undertaken. 

3.3 THE PROJECT 

Key to the contractor’s workflow is collaboration and this is facilitated by 
use of Smartsheet, an online, spreadsheet based, collaboration tool provided 
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on a ‘Software as a Service’ basis. Sheets can be customised to perform a 
variety of functions including Gantt Charts, task lists, allocation of 
responsibilities and file repositories. Users of sheets, once invited to 
collaborate, can be assigned various permissions from read only to having 
full editing functionality. Messaging can also take place directly from the 
sheet and real time alerts advise when changes are made, as well as having 
the option to email users to advise when a sheet has been amended. 

At the outset of a project, the approach is the setup of a suite of 
spreadsheets in a project workspace within Smartsheet. While this approach 
is still being refined, the aim is to produce a standard set of sheets which 
will be used to begin all projects, customising each to the project as 
required. This is in adherence to Section 4.1.1 of BS1192:2007 which 
requires that ‘projects should follow a common set of generic processes at 
the highest level, which are fine-tuned on a project-by-project basis.’ 
(British Standards Institution, 2007) 

Figure 2 shows the drawing register, a central record of drawings to 
which all appropriate stakeholders have access. Other key sheets are the 
project directory (containing names and contact details of stakeholders), 
document register and RFI schedule. 

 

 

Figure 2. Drawing Register 
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Once the sheets have been set up and populated with existing 
information, stakeholders are invited to collaborate as indicated in Figure 3. 
While most sheets are maintained by the contractor, the architect is asked to 
upload new drawings as they become available to the drawing register. As 
alerts are set by the contractor, an automatic notification is sent to the 
contractor and other collaborators to advise on the changes. The contractor, 
as document controller, then checks the new drawings to ensure they have 
been named correctly and are saved with the correct version number and so 
on. The client and other subcontractors are given viewing permissions 
which allow them to view drawings and documents and message but not to 
make other changes.  

 

Figure 3. Smartsheet Project Workflow 

As a management tool, Smartsheet has proven invaluable. As this 
project has generated a substantial amount of drawings, allowing the 
architect to upload the drawings directly to the register, reduces risk of 
error. The user can be confident that they are viewing the latest drawings. 
This is also the case for the document register. As for the project directory, 
keeping this up to date allows all stakeholders to see, at a glance, who they 
need to contact and the details are readily available. BS1192:2007 states 
that ‘[a] major constituent of these collaborative environments is the ability 
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to communicate, re-use and share data efficiently without loss, 
contradiction or misinterpretation.’ (British Standards Institution, 2007, p. 
1)  The use of Smartsheet can be considered as a Common Data 
Environment in this respect, the use of which is the primary aim of 
BS1192:2007. 

The CIC BIM Protocol is designed to supplement existing contracts on 
BIM Level 2 projects. While the design output in this project is 2D PDF 
files, some parallels may be drawn to the role of BIM co-ordinator. As the 
architect is responsible for ensuring drawings are checked and approved 
before uploading to the Smartsheet, it is they who undertake a similar role 
here. The contractor’s role can be likened more to the role of the 
Information Manager outlined in the BIM Protocol one of whose main 
roles is to manage ‘…the processes and procedures for information 
exchange on projects.’ (Construction Industry Council, 2013, p vii) 

Use of Smartsheet as a collaborative working environment has 
facilitated the solution to various issues and so has proved extremely 
useful. Recently though, the importance of using a file naming protocol 
was highlighted when a review of the drawing register showed some 
anomalies between file names and version numbers. Adherence to a system 
such as is suggested in BS1192:2007 may have avoided these errors and 
thereby potential confusion and errors in construction. 

While this case study was undertaken in the early stages of the project, it 
is these stages which are critical in a BIM process. While the contractor in 
this case has not implemented BIM, we can draw some parallels with the 
practices followed with some BIM processes. The value of collaboration is 
recognised and this is seen as fundamental to project success. This is 
evidenced in the use of Smartsheet and through the involvement of all 
stakeholders in ongoing, regular meetings. While it is still being developed, 
the recognition of the value of work done at the early stages of a project is 
also encouraging. Again, this is evidenced in the use of Smartsheet, which 
should ensure that this knowledge is retained. Use of IT is also a further 
indicator of a potential move towards the requirements of BIM. The cloud 
facilitates real time collaboration between stake holders and this is 
complemented by on site equipment such as operative’s use of tablets. 

The contract used is design and build and has allowed the contractor to 
drive the level of collaboration in this project. A difficulty which has been 
encountered is having the brand specific elements contracted directly to the 
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client. This situation is currently under review however, and it is hoped that 
the supplier will be novated to the contractor which will allow a far more 
streamlined and comprehensive process. 

As referred to earlier, the client is now looking towards the building of a 
much larger hotel. Given the high proportion of standardised elements 
contained within this brand, and the potential for further expansion, the use 
of BIM at an early stage would be highly beneficial. The current contractor 
is likely to be awarded this contract and so the client could also benefit 
from early contractor involvement from the very earliest stages of this 
project. This position is supported by the recent use of BIM on Premier 
Inn’s, The Hub at King’s Cross, a similar hotel concept where it was felt 
that implementing BIM in this standardised, high tech rooms would reap 
benefits on future Hub projects. (Building 2015 p. 54- 56) 

4. Questionnaire Outcomes 

Respondents to the questionnaire are first asked to provide some basic 
organisational information; name, role and number of employees.  The 
questionnaire is then divided into three sections; A, B and C. 

4.1 SECTION A 

This section was completed by those whose organisations had already 
adopted BIM. For the contractors who completed this section (one a large 
organisation and one a larger SME), BIM was used on some projects and 
was a client based decision. One respondent here offered some interesting 
comments as to the lack of drive towards BIM from the client side. He felt 
this was due to two factors; mainly a lack of awareness of BIM and its 
benefits among clients, but also the use of current contracts which ‘…set up 
an adversarial approach to the team…’. This response highlights an often 
cited challenge that while contracts may be suitable for use on Level 2 BIM 
projects, they are adversarial in nature and lead to a reluctance to openly 
share information as is necessary in the practice of a collaborative BIM 
environment. He also pointed out that Design and Build contracts allow the 
contractor more control and therefore, more opportunity to drive the BIM 
process from the outset. Smaller contractors, who mainly attract Design and 
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Build work, may find this an interesting point of view. Responses generally 
suggested that without demand from the client side, there was reluctance to 
use BIM. 

A further potential issue highlighted in responses to this section of the 
questionnaire was the finding that the use of BIM requires more resources 
far earlier in the process than is accepted using traditional methods.  

Referring to BIM workflows, a mechanical and electrical engineer 
pointed out that even on a BIM project they frequently have to revert to 
traditional processes to accommodate subcontractors who do not have BIM 
capability. The large SME referred to above, are very proactive in this area, 
providing support and incentives to their supply chain to become 
conversant with BIM. While the other respondents profess to having 
support available to those who requested it, this particular SME organise 
and encourage training sessions for subcontractors and have reported very 
positive responses. 

Benefits reported from the adoption of BIM have been an increase in 
efficiency and also an increase in confidence in the project stemming from 
the fact that any issues are in the most part dealt with before construction 
begins. One respondent said his organisation had not seen any benefits 
since the adoption of BIM, except on the rare occasion where a client has 
been prepared to pay for the extra BIM service. 

4.2 SECTION B 

This section was completed by those whose organisation has not yet 
adopted BIM. Respondents to this section could see value in the use of 
BIM, particularly in the co-ordination of services in ‘ever tighter spaces’.  

Main barriers to adoption were cited as cost, lack of use by other parties, 
and client awareness. A further issue raised was the lack of high speed 
internet access in rural areas. A lack of client awareness is also cited by 
those who have already adopted BIM leading to a situation where BIM may 
not be used to its full potential, even among the larger organisations. 

Benefits of collaborative working are clearly acknowledged by the 
respondents in this section as a means of sharing ideas and solutions to 
problems. Regular team meetings between stakeholders on the project are 
seen as being crucial to successful collaboration. Various tools were also 
mentioned such as cloud based project management tools (such as 
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Smartsheet), cloud based document storage which allows remote access to 
stakeholders. 

4.3 SECTION C 

Section C was completed by all and asked firstly if the respondent saw a 
role for the government in encouraging SMEs to implement BIM. Most felt 
it was the responsibility of the individual organisation to take the initiative 
though some felt that clarity was needed and suggested that this was 
disseminated through professional organisations. However, one respondent 
believed that the government had an obligation to ensure infrastructure, 
crucially the internet, was in place to allow organisations to use BIM 
effectively. Interestingly, those who had not yet adopted BIM saw a greater 
role for the government in this area. 

A further question asked for suggestions which may assist SMEs in the 
adoption of BIM. The main theme taken from the responses was the advice 
to take the initiative now to invest and upskill. Further advice was to ensure 
a responsive supply chain was in place, making the point that an SME may 
well have working relationships with those who have not yet heard of BIM. 

4.4 BARRIERS PERCEIVED 

The main issues perceived in the undertaking of this exercise were: 
Cost- The cost of extra resources required as well as the cost of 

investment in software, hardware and training. 
Lack of Demand from Clients- Businesses within the industry seem to 

be waiting for clients to request this extra service for which they will be 
expected to pay increased costs. 

Capability to use BIM throughout the supply chain- One organisation 
adopting BIM may well face difficulties in finding others in the supply 
chain that are capable of working with BIM, a particular issue for smaller 
SMEs. 

Pressures on Early Stages of Projects- The practice of BIM requires 
more work at an earlier stage than is traditionally experienced in this 
fragmented industry. This new workflow may take some time to adjust to. 

Contracts- The most widely used contracts are still adversarial in nature 
making the ‘no- blame’ approach that BIM requires difficult to adopt. 
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Lack of Clarity- Exactly what is required by the various members of the 
supply chain on a BIM project is often not understood. 

Internet Access- May be a major issue for those in rural areas faced with 
poor connections. 

5. Overcoming the Barriers 

SMEs are perhaps more susceptible to the perceived barriers to BIM 
adoption through the lack of available time and resources. Also SMEs, 
especially at the lower end of the scale, are less able and less likely to seek 
advice of consultants in order to work towards adoption. While the leading 
edge of the industry has been comfortably using Level 2 for some time, and 
is looking towards Level 3, the gap between the leading and trailing edges 
appears to be widening. Nevertheless, as referred to earlier, there are 
products now available which may help towards implementation. 

While BIM requires the underpinning of the technology, SMEs should perhaps 
look at the process of collaborative working and information sharing as a step 
towards BIM. If the software platforms are currently unobtainable, then benefits 
can be gained from lean and collaborative working. Beginning to use these tools 
will also allow a familiarity with BIM to develop so that the final step towards 
Level 2 can be completed with less upheaval.  

The NBS Toolkit generates Employers Information Requirements which 
is eventually developed into the BIM execution Plan, Master Information 
Delivery Plan and the Design Responsibility Matrix (Hamil 2015a). The 
Toolkit does seem to have achieved an accessible and user friendly 
interface; a brief registration and a few details are all it requires to get your 
Plan of Work started and the information entry screens are presented in an 
easy to use way and is compatible with the RIBA Plan of Work. 

There are now several excellent sources of information about BIM 
freely and easily available online. For example the NBS and BIM+ (from 
CIOB) both provide a wide range of articles and guidance on BIM. BIM 4 
SMEs exist to support SMEs through the BIM process and many 
organisations provide free training to members on aspects of BIM, for 
example, CIOB. 

Many firms who have already adopted BIM are offering support to 
others in their endeavours towards BIM implementation. Many offer advice 
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on a consultancy basis but larger contractors now are supporting smaller 
companies by offering training. This may well be out of self-interest as in 
order to proceed with BIM projects, they require subcontractors who are 
also understand BIM and are able to operate the necessary technology to 
fulfil their part of the project. However, this training and support could 
prove invaluable to a smaller firm and is helping to disseminate BIM 
throughout the supply chain. 

Collaboration tools can be very useful. One such tool is Smartsheet, a 
cloud based project management tool which can be used to facilitate 
collaborative working and sharing of information between stakeholders and 
are relatively inexpensive. An enhanced version of this concept is expected 
to come to market in the near future. Cloud4Collaboration appears to be a 
similar tool but will allow the sharing of 3D model files in IFC format. This 
also provides a solution to the problem of file size as each user retains the 
data on their own server. It is claimed that this may offer Level 3 BIM 
(BIM+, 2015) and provide an answer to the legal and intellectual property 
issues surrounding Level 3 as files are still retained by the originator and 
remain legally theirs. 

Collaborative platforms are provided on a ‘Software as a Service’ basis 
and are web hosted so there are no significant demands for high 
specification hardware. While collaborative working is facilitated by this 
type of product, modelling software is required to produce the BIM model. 

Many BIM viewers are available free but are often provided by the 
software vendors and are therefore proprietary in nature. However, BIM 
Vision has recently been released which is an IFC based viewer which 
supports most of the large BIM modelling platforms. Plug- ins are also 
available which can extend the functionality of the viewer. 

6. Conclusions 

The undertaking of this study has shown that the adoption of BIM is 
unlikely to be without problems and for SMEs may be better undertaken in 
stages rather than a wholesale implementation. Indeed, the large 
organisation also interviewed as part of this study has had some ongoing 
issues on their current project, with interoperability as individual models 
are federated.  
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SMEs who choose to embrace the BIM concept will find a wealth of 
support and tools available to assist them in adopting more BIM like work 
processes. As the technology is refined and more solutions come to the 
market, it may well be that the costs of implementation of full BIM reduce, 
and current issues resolved. An organisation, who has already adopted the 
processes, will then be well placed to adopt full BIM. 

As collaborative approaches are adopted, this provides an ideal platform 
for the sharing of knowledge. As exemplified by the large SME mentioned 
earlier, assisting others in the supply chain, offering or sharing in training, 
can only be beneficial to the organisations involved, but also to the industry 
as a whole. This may result in new business models being adopted as 
smaller businesses come together under ‘one roof’ to offer a comprehensive 
construction service from design to construction and beyond. 

The UK government defines BIM as ‘… a collaborative way of 
working, underpinned by the digital technologies which unlock more 
efficient methods of designing, creating and maintaining our assets’. (HM 
Government 2012 p. 3) This definition highlights the importance of the 
processes. While issues such as contracts are unlikely to be resolved by any 
one organisation, SMEs can, by making use of tools such as those above, 
gradually begin to embed BIM processes in their workflow. This type of 
approach is more likely to result in the adoption of BIM than an ‘all or 
nothing’ attitude. Working collaboratively is an ideal place to start and may 
well provide many economies of scale which would otherwise be 
unavailable to SMEs such as training and software purchase. As well as 
providing an ideal platform for the sharing of knowledge and opinions 
about BIM. Partners in this process would have to be chosen carefully as it 
is vital that they share the vision and aim of full BIM implementation. 
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Appendix 1 

BIM AND SMES QUESTIONNAIRE 

Organisation info: 
- Name of organisation: 
- Respondent’s role in the organisation (Architect, project manager…): 
- Number of employees: 

Does your organisation use BIM?  
- If yes, please complete Sections A and C 
- If no, please complete Sections B and C 

Section A 
1. Is BIM used on projects within your organisation? Please specify and give 

examples where relevant: 
Yes, all projects: 
Yes, some projects. Is this a client driven decision? 
No. Is this a client driven decision? 

2. How does workflow differ on a BIM project to a non- BIM project? 
3. Do you offer support to sub-contractors on your projects in using BIM? If 

so, please briefly describe what support is offered. 
4. What, if any, benefits to your business have you experienced through the 

implementation of BIM? 

Section B 
5. Is your organisation planning to implement BIM in the near future? 
6. What do you see as the barriers to BIM adoption? 
7. Do you see collaborative working methods as integral to a successful 

project? 
8. What methods do you use to facilitate collaboration? 

Section C 
9. What in your view could the Government do to assist in encouraging 

SMEs to adopt BIM? 
10.  Do you have any further suggestions which may assist SMEs in the 

implementation of BIM? 

 





 

 

WORKGROUP SESSION: PROFESSIONAL APPROACH 

The professional approach theme includes the following research areas: 

- Finding innovative approaches for improving people well-
being in buildings; design and construction 

- Use of innovative tools (BIM) in the professional environment 

- Sustainability and Performance 

- Design Building Systems and Techniques. 

- Retrofit 

- Innovative simulation tools in the process of designing and 
building  

- Professional practice 

 





 

 

HOW BUILDINGS VISUALISE CLIENT AND ARCHITECT 

The problem that today’s user is typically not the client  
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Abstract. An article presented at the last ICAT- conference stated at 
the end that buildings at all times tend to picture the people who had 
them erected. This paper aims to show the correctness of that 
statement.  
To this end, it will examine a number of typical residential buildings 
dating from the beginning of the seventeenth century up to today, 
investigate who had the buildings erected, and relate that to the 
performance of the buildings. This relation analysis will mainly use 
the scale but also the degree of diversity in function and appearance 
as factors. Furthermore, using economic data and data on the 
buildings to identify patterns, it will investigate how size of the 
property and relative size of the capital interest behind the building 
has developed. 
Since the authors live in Copenhagen and Copenhagen is very typical 
in its historical development, buildings and environments in and 
around the centre of Copenhagen are used as examples.  
Keywords: Scale, urbanity, prices, investors, expressivity, diversity, 
performance 
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1. Introduction 

Previous papers (Barrett, 2014 and 2013) discuss the problem that recently 
built environments in most cities are not attractive to anyone else except 
people who live or work there. No one visits such areas just to stroll around 
and enjoy the neighbourhood because it is simply not a pleasant experience. 

A number of factors are causing this:  
1. The buildings are very big and out of human scale (Smithson and 

Smithson, 1970). 
2. The buildings all attempt to be outstanding and spectacular in their 

appearance (Firley and Gimbal, 2011). 
3. The buildings do not submit to common rules about creation of urban 

space (Gideon, 1967). 
4. The space between the buildings is too big and tends to be windy and 

undefined to a degree causing uncertainty (Vidler, 1992; Gehl, 2006). 
5. The buildings have nothing but arrogance to offer to visitors (Frampton, 

1980). 
6. Attraction points are simply too far from each other (Lynch, 1960). 
7. Buildings in an area tend to host the same kind of function instead of a 

diversity of functions (Gideon, 1967; Kostof, 2004). 
This paper bases itself on the premise that the described lack of 

attraction is negative to the well-being of people and affects the whole of 
society negatively (Alexander, 1976; Vidler, 1992; Barrett, 2014; Smithson 
and Smithson, 1970). Therefore, it is relevant to find out what causes the 
continuous activity to build in the manner described. When understood, it 
will probably be possible to point to solutions to the problem. The two 
following hypotheses suggest an explanation: 
1. Back in time, most ordinary buildings were built on the initiative of the 

coming user, which lead to a decent scale and an expression based on 
individual taste.  Thus, a diverse and entertaining fabric dominated the 
cities of Europe. The fabric also expressed how different citizens 
together shaped and created the public sphere. 

2. Today, most recently built environments express the power of investors 
and building societies as if there was a want in society to be entertained 
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with stories about such factors instead of having society itself depicted. 
The buildings are out of human scale and they do not attempt to create 
urban space together. 
A way to find out if this is correct is to analyse buildings and look at 

their size, how they behave, who erected them and for what purpose. That 
is what follows. What one sees when trying to understand an environment 
and its individual buildings is at an overall level the following factors 
(Alexander, 1976; Bacon, 1978; Gehl, 2006): 
A. The size of the buildings. 
B. The degree of architectural care invested and its aims.  
C. The position of the buildings in relation to the other buildings. 
D. The entrance to the buildings. 
E. The readability or message about function, age, and architectural 
language. 

These factors are used in a comparison schedule after the presentation of 
18 individual buildings in Copenhagen. The period covered is 1616 – 2012. 
A brief account for the development of society in the period gives the 
background for the physical development of the buildings and the city.  

2. Politics, Economics, Social conditions and Technology. 

Any society reflects its Political, Economic, Social and Technological 
developments. The buildings reflect these developments as does the clothes 
that people wear. In the period when the buildings chosen as examples for 
this article were erected, the Danish society changed in several ways. In 
1849, the first modern constitution was introduced. This moved the 
absolute power away from the King, and started a development towards a 
true democracy.  

Shortly after, the Industrial Revolution (which came late to Denmark) 
caught on and transformed the Danish society, with the first steep rise in 
GDP. Even though the population also began to rise, the rise in the GDP 
per capita was substantial. The average growth of the population in the 
period from 1700 to 1850 was approximately 5.200 a year. From 1850 to 
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1970, the average population-growth rate was approximately 29.200 people 
a year. In the period from 1850 to 1950 the GDP per capita rose on average 
with 47$ (1990 International Geary-Khamis dollars) a year, whereas the 
average yearly growth from 1950 to 2010 was almost 320$ (University of 
Groningen, 2013; The World Bank, 2015).  

From the beginning of the industrial revolution, the transition of the 
population from the rural areas to the cities also began. A transition that 
with shorter periods of countertrends, is still ongoing. The introduction of 
industrial based capitalism slowly outcompeted the feudal economy based 
on land ownership and created a huge proletariat in the cities. Many of 
these people had moved away from even worse conditions in the rural 
areas, but social progress was also made, thereby slowly reducing 
inequality in society. Capitalists and the cooperative organisations now 
accumulated capital that previously primarily was accumulated by the King 
and the nobility. Many of these cooperative organisations had their origin 
in the trade unions. Both capitalists and cooperatives invested in housing 
that was to be rented out to the growing population in the cities (Frampton, 
1980). The City of Copenhagen was not allowed to expand outside the 
military fortifications until 1852, but after that, the development of the city 
outside the old city limits happened rapidly. Space had always been a 
constraint in Copenhagen due to the army constraining the city limits, but 
the relief from this constraint in 1852 was only temporary because of the 
huge migration to the city (Rasmussen 1974; Hartmann and Villadsen 
1979).  

Whereas the pervious limitations to city development were due to 
military restrictions and lack of capital, the rapid growth added a new 
constraint, namely transport (cost and time for transport to be more 
specific). The workers in the factories in the city could not travel long 
distances to work. The rail and road infrastructure to support suburban 
growth was only slowly being build, usually struggling to keep up. The 
combination of accumulation of capital, growing population and limited 
infrastructure made the cost of land go up, and the need to exploit the land 
to the maximum, created the economic foundation for erecting the larger 
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structures that we see in Copenhagen today. As we see it in most cities in 
the world. The graph “Trend in size over time” illustrates how the 18 
buildings chosen as examples for this paper fit onto that pattern. The scale 
on the y-axis depicts the same as the size of the circles, being the number of 
square meters in the structure, and the x-axis shows the period.  

As all real-estate agents will jokingly say, there are three things 
important for the price of realestate, being location, location, and location. 
This shows  when the relationship between the price of property per square 
meter and distance to the city centre is analysed. It also shows how 
locations with buildings that in solidarity aimed to create a good urban 
environment became extra attractive when such attempts were replaced 
with “Uncanny” newer structures  (Vidler, 1992; Smithson and Smithson, 
1970). 

 

Figure 7: Trend in size over time 

Today, the price per square meter of the analyzed buildings falls on 
average with approximately 3.330DKK (486US$ with 6,85DKK per US$) 
per km one moves away from the centre of Copenhagen (Bolighed, 2013). 
Of course with significant variations due to very local differences and the 
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quality of each individual building. The trade-off between the cost of land 
+ the cost of construction and the cost of transportation (time and money) 
has lead to support the trend of bigger structures. The cost of the land is 
mainly effected by location and macro economic factors. The cost of 
transportation is, with variance in individual preferences and an individual 
view on the trade off, out of the hands of the individual. Individuals 
operating under economic constraints will therefore have to value the utilty 
of location over the utility of the quality of the urban space, thereby 
subordinating themselves to the economic priorities of the property 
developers, those being capitalist or cooperative, but definetely not people 
who are building for their own use. The variable that can be changed is the 
construction price of the building, thus leading the owner to optimize his 
cost for the building versus the short termed gains from the equation: 
location x number of square meters. This can happen by a real 
industrialisation of the industri as described by Kristensen (2015). The 
industrialisation of clothes have not limited the possibilities for the 
individual to express herself by dressing. 

3. Analyses of Copenhagen buildings from the last 400 years 

The first buildings below are all, like most buildings of the period, for 
private purposes. Public buildings or buildings owned by society deserve to 
stand out from the ordinary fabric of private buildings because of their 
special role. The main function of a building should be visible and in good 
accordance with the way it behaves in the urban fabric (Smithson and 
Smithson, 1970).  

One of the wealthiest citizens of his time had the first building below 
made. The building behaves well by lining up with the other buildings to 
create a popular public space together with other not too big buildings 
(Bacon, 1978; Kostof, 2004). It was made for own use and has a very 
pleasant and professional Dutch renaissance design (Langberg a, 1978). 
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Address: Amagertorv 6 Image  1 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 3 of Frimands Kvarter 
Year of erection: 1616 
Type of first building owner: Wealthy and powerful 
Number of square meters: 815 m2 + (2357) + (109) = 3174 m2 
Length of Façade: 17 m 
What the building depicts: 
Councillor Mathias Hansen had a fashionable building erected in the 
same style as the king’s palaces and the stock exchange in 
Copenhagen: the Dutch renaissance style. Thus, he expressed his 
wealth and power while accommodating himself and his business. 
The unknown Dutch architect also had a say. 
Other characteristics: 
The building is one of the few buildings that survived the fires in 
1728 and 1795 in central Copenhagen. 
Present owner: Royal Scandinavian Sales price: 103.000kr  per m2 

Figure 1.  Copenhagen 1616 single-family house. Sales price (Bolighed, 2013). 

The next buildings are of a relatively modest kind dating from a hundred 
years later. Irrespective of their relatively humble appearance, all these 
buildings have paid their tribute to society all their lifetime. They create 
walls of entertaining diversity to the public space and constitute together 
with their like the most attractive or as real estate agents put it “sought 
after” areas of Copenhagen. The high square meter prices bear witness to 
this. 

 
Address: Sankt Annæ Gade 8 – Wildersgade 52 Image  2 Google earth 

 
 
 
 
 
 
 
 
 
 
 

Land number: 137 of Christianshavn 
Year of erection: 1717 
Type of first building owner: Ordinary 
Number of square meters: 250 m2 (Home and business) 
Length of Façade: 6.4 m to Sankt Annæ Gade 
What the building depicts: 
The building depicts Brewer Niels Signelsen who had it designed 
and erected to accommodate his family and his small business. 
Private life and work were each other’s neighbours. 
Other characteristics: 
The only extra or more decorative thing to notice is the pediment 
dormer that shows submission to the baroque style of the time.  
Present owner: The building serves as restaurant and home Sales price: 40.000kr  per m2 
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Address: Nybrogade 20 Image  3 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 

Land number: 18 of Snarens Kvarter 
Year of erection: 1731 
Type of first building owner: Ordinary 
Number of square meters: 425 m2 (Home and business) 
Length of Façade: 6 m 
What the building depicts: 
Obviously, the building expresses that one owner wanted a house for himself 
and his family plus a place from where to manage his business. It is facing 
the channel to ease the latter activity for Bargeman Ole Hansen. 
Other characteristics: 
The masonry in nicely executed brickwork and with a cross-pitched roof to 
meet the neighbour buildings and to allow hoisting of goods to a door to the 
attic. 
Present owner: Private ownership Sales price: 45.000kr.per m2 
Address: Wildersgade 15 - 19 Image  4 Google earth 

 
 
 
 
 
 
 
 
 
 
 

Land number: 62, 63, and 64 of Christianshavn 
Year of erection: 1778, 1689 and 1787-88 
Type of first building owner: Ordinary people 
Number of square meters: 351 m2, 129 m2, and 114 m2 
Length of Façade: 10, 5.2, and 5.1 m 
What the buildings depicts: 
Number 15 shows us an investor who had a number of flats for tenants 
arranged in a building of four levels. 
The half-timbered number 17 tells about one owner who wanted a 
place for himself and his family. 
Number 19 made a hundred years later than the neighbour building in 
number 17 tells almost the same story. 
Other characteristics: 
The almost same appearance of number 17 and 19 indicates that the 
erector of number 19 liked the neighbour building and wanted to copy 
it. 
Present owner: The State of Denmark (for members of Parliament when 
they stay in Copenhagen. Sales price: 45.000kr  per m2 

Figure 2.  Copenhagen 1717 – 1788 single-family houses. Sales prices (Bolighed, 2013). 

The following buildings of the next period are parts of the same old 
attractive area of Copenhagen. They behave fairly well though made to 
more wealthy investors - the first for own use and the next two for tenants.
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Address: Overgaden Neden Vandet 11 Image  5 Google earth 

 
 
 
 
 
 
 
 
 

Land number: 166 of Christianshavn 
Year of erection: 1785-1786 
Type of first building owner: Wealthy  
Number of square meters:1082 m2 + buildings to the rear = 4.248 m2 
Length of Façade: 30.5 m 
What the building depicts: Captain Hans Pedersen Kofoed was 
obviously a wealthy and successful trader with ships in the sea. The 
simple fact that he had one of the largest private buildings made for 
himself and his business indicates this. 
Other characteristics: Decorations are modest but somehow elegant 
and there is a fine balance between window and gate arrangement in 
the facade and the dormer arrangements in the roof. 
Present owner: The Nordea Fond Sales price: 45.000kr  per m2 
Address: Ny Kongensgade 9 Image  6 Google earth 

 
 
 
 
 
 
 
 
 
 

Land number: 232 of Vester Kvarter 
Year of erection: 1808 
Type of first building owner: Well situated investor 
Number of square meters: 2312 m2 inclusive buildings to the rear 
Length of Façade: 16.4 m 
What the building depicts: Head of section Christian Nicolai Lautrup had this 
almost palace-like building erected to attract well-situated tenants. It depicts 
him and his architect. It is clearly the trendy classicism of the time. It is a 
more joyful version of it than what the dominant professor C.F. Hansen at the 
royal academy taught his students and used himself.    
Other characteristics: Looking at the kinds of tenants who lived in the building 
during its lifetime one can conclude that the vision of the investor came true. 
Present owner: Hans Probst Ejendomme Sales price: 45.000kr  per m2 
Address: Studiestræde 10 Image 7   Google earth 

: 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 95 of Nørre Kvarter 
Year of erection: 1801  
Type of first building owner: Well situated investors 
Number of square meters: 563 m2 
Length of Façade: 11.5 m 
What the building depicts:Master Carpenter Christopher Crane and Henrik 

Keyser had the same intentions with their building as Christian Nicolai 
Lautrup with his in Ny Kongensgade. It is also in the trendy classicistic style 
but without the colossal columns that belonged to it at that time. As in Ny 
Kongensgade, the building depicts the investors and not the individual tenants 
who would live in it.  
Other characteristics: The classicistic demand for symmetry has in this 
situation lead to an odd framing of windows at basement and ground floor to 
the right to mirror with the real gate to the left. Thus, it displays a 
discrepancy between form and function.    
Present owner: University of Copenhagen Sales price: 37.500kr per m2 

Figure 3.  Copenhagen 1785 – 1808 tenement buildings with one main stair. Sales prices 
(Bolighed, 2013). 
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The next buildings are situated in the so-called “bridge quarters” outside 
the old fortification ring. They are all tenement buildings but still behave in 
a relatively decent way. Being bigger than those originally erected in the 
old city centre they are each just one of more buildings that together create 
streets and squares of the city by shaping the needed urbanising blocks 
(Langberg b, 1978; Kostof, 2004). 
  
 

Address: Gothersgade 135 – Linnégade 28 Image  8 Google earth 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 68 of Nørrevold Kvarter 
Year of erection: 1875 
Type of first building owner: Investor 
Number of square meters: 4.143 m2 
Length of Façade: 27 + 30 m 
What the building depicts: 
Depicted is the investment to attract more wealthy tenants who would 
like to live in this palace like building with many flats. It is the taste and 
power of the investor we see and not that of the tenants. An architect 
might also have had his say. 
Other characteristics: 
It is a typical Danish version of the style that the British call Victorian 
but the Danish name is “klunkestil” or in English ‘tassel style’. 
Present owner: Private owned individual flats  Sales price: 35.000kr per m2 
Address: Ægirsgade 3-5 Image     9 Google earth 

  
 
 
 
 
 
 
 
 
 

Land number: 3205 of Udenbys Klædebo 
Year of erection: 1902 
Type of first building owner: Investor 
Number of square meters: 1176 m2 
Length of Façade: 21 m 
What the building depicts: 
The investor and the investment are depicted. The investor depiction is 
seen in the building design and the investment in that it is obviously 
meant for tenants who remain anonymous.  
Other characteristics: 
The red brick has now become trendy again. 
Present owner: Private cooperative Sales price: 32.000kr per m2 
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Address: Ved Amagerport 14 - 20 Image  10 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 146 of Amagerbro 
Year of erection: 1916 
Type of first building owner: Investor 
Number of square meters: 3.286 m2 
Length of Façade: 55 m 
What the building depicts: 
Again, the investor is depicted. He wanted to attract young bachelor 
officers as tenants and arranged a common dining hall and kitchen but 
the readymade food could be delivered at the flat´s door to the kitchen 
staircase, which was common in all Copenhagen in those days. 
Other characteristics: 
Symmetry is still prevailing and the red brick is the most used surface 
of facades to the street at this time.  
Present owner: Private cooperative Sales price: 32.500kr per m2 

Figure 4.  Copenhagen 1875 – 1916 tenement buildings with more main stairs  
Sales prices (Bolighed, 2013). 

 
In the period just shown, the buildings successively grew and created 

less pleasant but still urban environments. There are still streets and squares 
but some of the diversity and liveliness have disappeared (Rasmussen, 
1974; Hiorns, 1956). Would the further development continue to go from 
better to less good or less attractive environments? A look at the buildings 
from the following period will tell. 
 
Address:  Ågade, Skotterupgade, Borups allé. Image  11 Google earth 

 
 
 
 
 
 
 
 
 

Land number: 5018 + 5029 
Year of erection: 1922 
Type of first building owner: Investing society 
Number of square meters: 22,504 m2 in one building 
Length of Façade: 190 m x 80 m block with courtyard 
What the building depicts: 
This is a demonstration of the power of the investors 
that along with their manifestation see their tenants 
as an anonymous mass that should wear uniform not 
to believe they were anything but numbers. This is 
what some have called “Stalinism”. 
Other characteristics: 
The famous architect Kay Fisker designed the building that is still admired and has become listed. The board 
of tenants are proud of living in such a famous building. 
Present owner: Private cooperative  Sales price: 32.500kr per m2 
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Address:  Holtegade 14 + Søllerødgade 41- 49 + Stefansgade 15 Image  12 Google earth 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 5530 + 5531 + 5532 of Udenbys Klædebo Kvarter 
Year of erection: 1932 
Type of first building owner: Investor 
Number of square meters: 5987 m2 in one building (the half block) 
Length of Façade: 85 m to Søllerødgade 
What the building depicts: 
Again, the investor and the investment are depicted. A little less 
monotonous than “Hornbækhus” that was just described. Two kinds 
of windows to the flats and another window position to the staircase 
is making the building a little less militaristic. 
Other characteristics: 
When the building of Kay Fisker was classicism in its most puristic 
version, this building possesses small modernistic attempts.  
Present owner: Private cooperative  Sales price: 37.500kr per m2 

Figure 5.  Copenhagen 1922 – 1932 the block as one building. Sales prices (Bolighed, 
2013). 

When the block became one very big building it created a rather boring 
environment not attractive to others than people living there (Rasmussen, 
1974). Of the initially mentioned seven negative factors number one, five, 
and seven applies to such buildings. The result of the fact that the investors 
do not build for their own private use is that they are automatically lead to 
show their power in one monstrous building (Frampton, 1980; Vidler, 
1992).  

What now happened was even worse. The habit to create urban space 
stopped and was replaced with the idea of building-in-a-park environments. 

 
Address:  Ryparken – Lyngbyvej 114 Image  13 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 1014 – 1029 + 1046 of Emdrup 
Year of erection: 1933 
Type of first building owner: Investor organisation  
Number of square meters: 50,980 in 25 buildings 
Length of Façade: Buildings in park area 
What the building depicts: 
What can be seen here is one majestic demonstration of power 
on behalf of the investors and with the tenants as victims. Even 
if it is meant to give the families better circumstances than the 
common standard for ordinary people in the city the 
multiplication of not only the same features in facades but also 
of the blocks becomes a humiliation of the individual. 
Other characteristics: Not worth mentioning. 
Present owner: Private cooperative  Sales price: 32.500kr per m2 
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Address:  Athensvej - Grejsvej Image  14 Google earth 
 
 
 
 
 
 
 
 
 
 

Land number: 10a of Sundbyøster 
Year of erection: 1949 
Type of first building owner: Investor organisation? 
Number of square meters: 18,208 m2 in 14 buildings 
Length of Façade: Buildings in park area 
What the building depicts: 
The investor is again the one mainly depicted whereas the 
number of balconies visualise the number of tenants. However, 
all balconies are identical and thus stating that the tenants are 
identical.    
Other characteristics: 
The blocks are placed with different orientation creating a less 
boring outdoor park environment. 
Present owner: Public social housing Sales price: 25.000kr per m2 
Address:  Bellahøj Image  15 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 
 

Land number: 1359 of Utterslev 
Year of erection: 1956 
Type of first building owner: Housing Association 
Number of square meters: 24,950 in 7 buildings 
Length of Façade: Buildings in park area 
What the building depicts: 
An investor with a certain fantasy and daring to build 
differently and his architect are depicted here. The park area 
is absolutely one of the better of its kind. As always, the 
unknown tenants are not depicted and they are not allowed to 
make any changes to the exterior later on. 
Other characteristics: 
The flats here have always been popular because of the nice 
elevated position and the relative exclusivity.  
Present owner: Public social housing Sales price: 27.500kr per m2 
Address: Strandgade 37 Image  16 Google earth 

 
 
 
 
 
 
 
 
 
 
 
 
Google earth image 

Land number: 555 of Christianshavn 
Year of erection: 1979 
Type of first building owner: Housing Association 
Number of square meters: 14681 in 4 buildings 
Length of Façade: Buildings in semi park area (half 
urban area) 
What the building depicts: 
The Housing Association together with the architect 
are depicted and nothing else. 
 
Other characteristics: 
The neighbourhood to the old colourful 
Christianshavn makes the flats attractive to many. 
Present owner: Public social housing Sales price: 45.000kr per m2 
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Address:  Danneskjold-Samsøes Allé 36 Image  17 Google earth 
 
 
 
 
 
 
 
 
 
 
 
Google earth image 

Land number: 614 of Christianshavn 
Year of erection: 2003 
Type of first building owner: Investor 
Number of square meters: 17,044 in 8 buildings 
Length of Façade: Buildings in park area 
What the building depicts: 
As counting for all the other buildings, the investor 
and the investment are the depicted. However, the 
architect has also had his say. 
Other characteristics: 
The traditional roof is replaced with penthouses, 
which presently are very popular. An attraction is 
the neighbourhood to the harbour and the old 
Christianshavn. 
Present owner: Private cooperative Sales price: 47.500kr per m2 
Address:  Ottetallet – Richard Mortensensvej 58 Image  18 Google earth 

 
 
 
 
 
 
 
 
 
 

 

Land number: 965 of Sundby Overdrev 
Year of erection: 2012 
Type of first building owner: Investor 
Number of square meters: 61.437 m2 in 476 flats 
Length of Façade: Approximately 670 m 
What the building depicts: 
Primarily its architect has had his say this time and 
secondarily the investors. This is the case for a 
number of buildings in the Oerestad. 
Other characteristics: 
The architect is BIG Architects that has become so 
famous that the name alone attracts despite what 
other characteristics people might find attractive. 
Present owner: Private owners of individual flats Sales price: 31.500kr per m2 

Figure 6.  Copenhagen 1933 – 2012 buildings in “parkland”. Sales prices (Bolighed, 2013). 

The areas created by the shaping, size, and placing of this last group of 
buildings are as a rule not urban and not attracting people from outside. 
They are so deprived of positive outdoor characteristics that they are not 
creating urban space at all, nor are they furnishing a pleasant countryside. 
They just create “Uncanny” areas (Vidler 1992). The main factors causing 
this are: 
A. The size of the buildings. (Importance Factor 3) 
B. The degree of architectural care invested and its aims. (Factor 1)  
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C. The position of the buildings in relation to the other buildings. (Factor 3) 
D. The entrance to the buildings (Clery, 1979). (Factor 1)  
E. The readability or message about function, age, and architectural 
language. 
       (Factor 1)      
 Year A Factor 3 B Factor 1 C Factor 3 D Factor 1 E Factor 1 Result max 9 

1 1616 Decent  3 Advanced  1 Fine  3 Clear  1 Excellent  1 Good           9 

2 1717 Decent  3 Modest  0.5 Fine  3 Clear  1 Fair  0.8 Good        8.3 

3 1731 Decent  3 Good  0.8 Fine  3 Clear  1 Fair  0.8 Good        8.3 

4 1689 
1788 

Decent  3 Modest  0.5 Fine  3 Clear  1 Fair  0.8 Good        8.3 

5 1786 Big  1.5 Good - 0.8 Fine  3 Clear  1 Uncertain 0.2  Fair          6.5 

6 1808 Moderate  2.5 Advanced 1 Fine  3 Clear  1 Uncertain 0.2 Fair          7.7 

7 1801 Moderate 2.5 Advanced 1 Fine  3 Clear  1 Fair  0.6 Good        8.1 

8 1875 Big  1 Advanced 1 Fine  3 Uncertain 0.5  Good 0.8 Less fair   6.3 

9 1902 Moderate 2.5 Modest 0.5 Fine  3 Clear  1 Fair 0.8 Fair          7.8 

10 1916 Big  1.5 Good 0.8 Fine  3 Clear  1 Fair 0.8 Fair          7.1 

11 1922 Monstrous  0 Advanced 1 Less good 2 Clear  1 Excellent 1 Unfair         5 

12 1932 Monstrous  0 Good 0.8 Less good 2 Clear  1 Fair 0.8 Unfair      4.6 

13 1933 Monstrous  0 Modest 0.5 Not urban 1 Uncertain 0.5 Good 0.8 Bad          2.8 

14 1949 Big  1  Modest 0.5 Not urban 1 Uncertain 0.5 Good 0.8 Bad          3.8 

15 1956 Big 1 Advanced 1 Not urban 1 Clear  1 Good 0.8 Unfair      4.8 

16 1979 Very big  0.5 Modest 0.5 Bad 1 Less good 0.5 Good 0.8 Bad          3.2 

17 2003 Very big  0.5 Modest 0.5 Bad 1 Less good 0.5 Good 0.8 Bad          3.2 

18 2012 Monstrous  0  Advanced 1 Bad 1 Unclear    0.2 Uncertain 0.2 Bad          2.4 
 

Figure 7: Authors’ Assessment of the behaviour of the eighteen buildings  

Looking at the characteristics above one can notice four stages in 
relation to how well the 18 selected buildings behave in the urban fabric. 
The stages are 1-4, 5-7, 8-10, 11-15, and 16-18. It is interesting whether 
these four stages are equivalent to what the buildings say about the people 
who made them. 
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Buildings 1- 4 are characterised by the fact that they were erected on the 
initiative of one owner to serve as his private home and business. They are 
single-family houses as were most buildings in Copenhagen in those days. 

Buildings 5-7 are a mix of owners’ private home and a tenement. Thus, 
they create an uncertain understanding based on the access and size. 

Buildings 8-10 are obviously tenement buildings erected as a business in 
its own right. 

Buildings 11- 15 are tenement buildings of an appearance that speaks 
about social housing associations using architects to express what class in a 
class society they appeal to. 

Buildings 16-18 are appealing to slightly different groups of tenants and 
owners in society. Social housing associations and some investors all 
appealed to well of people who wanted to settle and live as tenants in 
modified kinds of cooperatives. The final building is a big structure by 
“BIG” with flats to be sold for maximum profit.  

Of course, it is not surprising that buildings depict the people who had 
them erected. Their motives are rather clear in how the buildings are 
arranged as shown in the schedule above. The history tells how ownership 
of buildings from being for own use became a clear business matter in its 
own right. It also shows how pure profit and/or the odd mentality of social 
housing associations that tried to express class identities together with 
organisational power resulted in monstrous structures. Such buildings result 
in built environments of poor quality that tell the sad story of a society 
lacking solidarity despite its democracy. It is just business or mistaken 
solidarity with a “working class” that barely exists anymore. It does not 
serve a modern western society well. Thus, the seven mentioned factors 
are present everywhere in the newer areas and the two hypotheses are 
very well underpinned.  

4. Discussion 

The article does not state that it is impossible to find a decent behaving 
building made for the profit from tenants or from sale to buyers but the 
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authors do not know such a building. However, what is important is the 
typical behaviour of modern buildings (Vidler, 1992). In this context the 
term, “decent behaving,” means depicting the individual user and his/her 
role as political subject in the stated democracy (Rasmussen, 1974). This 
involves the performance in the local and the wider environment and the 
degree to which the building contributes to create and define a nice urban 
space and support the existing local order (Barrett, 2014). In new areas 
where this might come true new technical problems have to be solved. 
These involve how to build right up to existing buildings leaving a wall 
surface that later on can be displayed both technically and visually. New 
basements going deeper than the foundation of the neighbour building 
require new smart technical solutions.    

This has very little to do with how good looking the building is. Of 
course, it is very nice if a good-looking person is not arrogant and self-
promoting but “jolly good company.” It is a known assumption that people 
tend to understand buildings and built environments as symbolizing people 
and society (Smithson and Smithson, 1970; Clery, 1979; Gideon, 1967, 
Alexander, 1976). Thus, many travel just as much to experience built 
environments as to experience the people living in them. Some places are 
famous and attract tourists mainly because of their pleasant environments.  

The buildings of Copenhagen are different from buildings in other cities 
outside Denmark but they are not much different when it comes to their 
behaviours in the different historic periods. The same stages of 
development affected most places. In the UK, the single-family house went 
out of city later than other places.  Investors made huge areas of urban 
terraced building blocks for working class tenants and better ones to be sold 
to well-to-do people in the existing class society (Hiorns, 1956). This was 
in principle less bad because it, despite the relative uniformity of the 
repeated designs, kept the direct private door access to street and a private 
courtyard or garden to the rear. However, it is very apparent that the 
individual tenant or owner did not have his/hers democratic say but that the 
one investor dominates a whole area. 
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5. Conclusion 

Based on the analyses above, it seems clear that the buildings and the built 
environments in their scaling depict those who invested in them and in their 
details, their chosen architects (Abrahamse et al, 2006). The hypotheses 
stated the same and, if thinking about it, most people might reach the same 
conclusion. However, people in general do not think about it. Therefore, 
one can fear that the characteristics of new built environments of the future 
will not change but will continue to be much less successful than they 
could be. 

If society wants environments in human scale depicting the individual 
and her role and behaviour in society a much higher level of awareness is 
required. Realisation of the fact that a building depicts who had it built is 
necessary. That will lead to rules and guidelines for the new to be build that 
once again will cause it to mirror the democratic society instead of 
powerful organisations or investors. What about them? Will they not have a 
place in a future society? They have to realise that if they want acceptance 
by an observant society they must begin to create true value in the build 
environment, which might be the same as all aspects of sustainability. 
Otherwise, they will have no place. Who are the first to realise and to 
inform society about this if not its educated experts? As the Smithsons 
stated in 1970: “Our portable comforts have blinded us to the fact that our 
houses have long been ridiculously misshapen for our lives and needs: that 
a public convenience has degenerated from a city to a hole in the ground 
(Smithson and Smithson, 1970).” 
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Abstract. The construction industry has long been considered as 
highly fragmented and non-collaborative industry. This 
fragmentation sprouted from complex and unstructured traditional 
coordination processes and information exchanges amongst all 
parties involved in a construction project. This nature coupled with 
risk and uncertainty has pushed clients and their supply chain to 
search for new ways of improving their business process to deliver 
better quality and high performing product. This research will closely 
investigate the need to implement a Digital Nervous System (DNS), 
analogous to a biological nervous system, on the flow and 
management of digital information across the project lifecycle. This 
will be through direct examination of the key processes and 
information produced in a construction project and how a DNS can 
provide a well-integrated flow of digital information throughout the 
project lifecycle. This research will also investigate how a DNS can 
create a tight digital feedback loop that enables the organisation to 
sense, react and adapt to changing project conditions. A Digital 
Nervous System is a digital infrastructure that provides a well-
integrated flow of digital information to the right part of the 
organisation at the right time. It provides the organisation with the 
relevant and up-to-date information it needs, for critical project 
issues, to aid in near real-time decision-making. Previous literature 
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review and survey questionnaires were used in this research to 
collect and analyse data about information management problems of 
the industry – e.g. disruption and discontinuity of digital information 
flow due to interoperability issues, disintegration/fragmentation of 
the adopted digital solutions and paper-based transactions. Results 
analysis revealed efficient and effective information management 
requires the creation and implementation of a DNS. 
Keywords. Digital Nervous System, Information Management, 
Construction Project Lifecycle, Building Information Modelling, 
Enterprise Resource Planning, Document Management System. 

1. Introduction 

The construction industry has long been considered highly fragmented and 
non-collaborative (Sommerville & Craig, 2006; Egan, 1998; Latham, 
1994). This fragmentation is a result of unstructured coordination processes 
and information exchanges amongst all disciplines involved in a 
construction project (Figure 1). In addition to risk and uncertainty this has 
necessitated looking for new ways of improving business processes to 
deliver better quality and high performing product. Egan (1998) and 
Latham (1994) advocated that in order for the construction industry to 
improve its performance and overall quality, a change in culture and the 
adoption of collaborative working practices should be implemented. They 
further noted that this collaborative culture should be supported by efficient 
flow of information between project teams and across organisational 
boundaries.  
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Figure 1. Complex communication processes within the construction industry (adopted from 
Sommerville & Craig, 2006) 

Therefore, critical to running any construction project is the continuous 
flow of information throughout the project lifecycle – from design to 
construction and handover phases. This means that the management of the 
construction project, in particular management of information, needs to be 
structured in a logical order using a system or a combination of systems 
that ensure the project participants have instantaneous access to all project 
information. Thus, clients and their supply chain have implemented 
computerised solutions, to digitise existing manual processes and to 
exchange and receive information digitally. However, since the information 
produced by each project stakeholder is unique to their own use and 
purpose, they have resorted to the use of various types of software 
applications to satisfy their own contractual needs – many software 
disintegrated and standalone. This disintegration resulted in the production 
of different file formats concealed within each organisation, exacerbating 
information flow from one organisation to the other, causing disruption and 
discontinuity of information flow across the project lifecycle (Arnorsson, 
2014). 

Other industries such as healthcare previously faced the same dilemma 
when it comes to the flow and management of information (Patrick et al., 
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2005; Gates, 1999). To overcome this problem, the healthcare industry 
implemented a Digital Nervous System (DNS). Its benefits included 
sharing, visibility, and re-use of data amongst disparate healthcare 
applications and devices (Perficient, 2015; Gates, 1999) to be discussed 
below. The scope of this paper is limited to ascertaining the need to 
implement a digital nervous system in the construction industry by directly 
investigating the relationship between paper-based communication and the 
adoption of inefficient and disintegrated digital solutions, and the 
disruption and discontinuity of the flow of information across the project 
lifecycle. The subsequent sections will discuss currently adopted ICT 
solutions to manage construction information, the gap being explored, the 
method of data collection, and the results of the analysis to support the 
investigation. 

2. Background 

During the 1970’s business processes were not yet digitised, thus activities 
involving exchanges of information were performed physically through 
paper-based transactions, a practice called file management (Knox, 2013). 
With the proliferation of information and communications technology 
(ICT), the majority of created, stored and shared information became 
digital, thus the lifecycle management of digital information was termed 
information management (Galliers & Leidner, 2003). According to the 
Association of Information and Image Management (2015), information 
management is: “the collection and management of information from one 
or more sources and the distribution of that information to one or more 
audiences. Management means the organisation and control over the 
structure, processing and delivery of information.” 

Critical to the management of information is the continuous flow of 
information from one source to the other. Phelps (2012) advocated that 
information flow requires four (4) components: “a starting point (source), 
an ending point (receiver), a path (interaction) and a driving force (mutual 
relevance)”. He further noted that in the construction industry, there are two 
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types of entities that can serve as sources or receiver of information, these 
are: “1) People and 2) Boundary Objects (e.g. drawings, reports, building 
information models, request for information and other documents that 
enable communication between groups of people).” Phelps (2012) added 
that during these interactions, some information is rejected or ignored and 
becomes waste (Figure 2) unless shared again by different circumstances. 
However, as the construction project progresses the amount of information 
grows at an exponential rate – thus making it a challenge to retrieve 
previously ignored or rejected information. Currently, interactions such as 
creation, sharing, storage and retrieval of information in the construction 
industry are largely supported by the use of ICT, and understanding these 
interactions is critical to improving the flow of information and the overall 
quality of the project. 

 

Figure 2. Fundamental Structure of the Flow of Information in a Construction Project 
(adopted from Phelps, 2012) 

Construction project lifecycle begins with organisational strategic 
planning and formulation of a client brief with a list of client’s needs and 
requirements (Sears et al., 2015). This is followed by design, construction 
and handover of the facility. The information that is managed during the 
whole design process typically includes contract agreement, project brief, 
site information, cost plan, scope of services, project programme, project 
quality plan, BIM execution plan, final design drawings, tender and 
contract specification. While the information that is managed during 
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construction and handover phase typically includes contract drawing & 
specification, master programme, project handbook, method statement, 
product data, shop drawings, non-compliances report, project execution 
plan, field observation report, operations & maintenance manual, among 
others. (Sears et al., 2015) 

McGraw Hill Construction (2013) and Sekou (2012) identified 
Enterprise Resource Planning (ERP) Systems, Electronic Document 
Management Systems (EDMS) and Building Information Modelling (BIM) 
Applications as the most commonly adopted proprietary software 
applications in the construction industry that manage information at 
administrative, operational level and perform activities e.g. planning, 
scheduling, drawing documentation, procurement, and visualisation. Most 
of this software is standalone proprietary applications, thus may cause 
several problems.  

For instance, ERP systems’ capabilities are only limited to business 
processes e.g. finances, resource, supply chain, and project management, 
marketing and sales, with no evidence for possibility to integrate with other 
specialised business processes such as design analysis, field information 
gathering and drawing documentations through the use of building 
information modelling applications (BLM, 2013). In fact, Arnorsson (2014) 
further cited that due to these limitations, “ERP has only been used for 
administrative purposes in construction.” EDMS on the other hand requires 
IT-extensive effort to integrate other business systems such as ERP 
systems, thus unfavourable to smaller organisations (RICS, 2014). 
Moreover, storage flexibility is also an issue with current EMDS 
applications. Although it seems that EDMS provides unlimited storage 
capability to any projects, it is still not designed to accommodate large data 
volumes thus individual project data is still isolated and stored 
independently and requires enormous amounts of time, cost and effort to 
integrate all historical project data into a single unified location (Docfinity, 
2015; Aconex, 2015). Regarding BIM, buildingSmart Australasia (2015) 
emphasised that the current shortfall of BIM in the management of 
construction information was due to its “disintegrated technology 
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approaches; thus urgently requires the adoption of an integrated technology 
solution.” They further noted that the vast amount of information, created 
or captured in relation to the physical asset, can only be accessed and 
managed through federated information models thus requiring a ‘file-level’ 
exchange of information. 

The same problem was previously faced by the healthcare industry in 
managing information (Patrick et al., 2005). Success of hospital activities is 
determined by how well the relevant stakeholders can monitor and control 
all types of hospital information. In most cases, the healthcare providers are 
burdened with the retrieval of patients’ medical data records that are 
concealed within different divisions, lack of storage of healthcare electronic 
information resulting in the continuous use of paper-based transactions, 
interoperability issues due to the use of disintegrated electronic medical 
record (EMR) applications, as well as the implementation costs of 
automating those processes (Word Health Organisation, 2012; Sandmark, 
2008). Another challenge faced relates to the protection of patient privacy. 
(Berkowitz & McCarthy 2012, Word Health Organisation, 2012) To 
address those challenges, the healthcare industry has implemented the use 
of a digital nervous system (DNS). This refers to a technological 
infrastructure that offers a flow of digital information that is well 
integrated, and ensures that it flows to the right part of the organisation at 
the correct time (Dumbill, 2012; Gates, 1999). The digital nervous system 
is similar to the biological nervous system (specifically the autonomic 
nervous system). First, the two systems consist of inputs that are 
multisensory in nature. Second, they both incorporate the concept of 
intelligence sifting in their operations. Moreover, they are able to adapt to 
the significant changes in the environment as well as reacting hastily to 
various situations. In addition, as Gates (1999) stated, “both are capable of 
learning from experiences”. The premise of implementing DNS is to 
eliminate the use of paper-based transactions and to integrate existing 
digital solutions to provide a single unified source of digital information. 
As Gates (1999) stated, “DNS simplifies the implementation process of a 
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hospital’s Electronic Medical Record (EMR)”. A DNS might thus enhance 
construction-related operations in a similar way as it is capable of 
collecting transaction information in near real-time. 

3. Research Rationale and Description 

Despite the widespread adoption and advances in digital technology, the 
construction industry is still experiencing severe problems related to low 
profitability, poor quality of resulting product, high wastage and 
fragmentation (Aapaoja & Haapasalo, 2014). Most of these problems are 
associated with information management problems (Vo-Tran, 2014) e.g. 
disruption of the flow of information across the project lifecycle due to 
heavy reliance on paper-based communication, interoperability issues, 
inefficient interfaces between digital solutions to access digital information, 
adoption of inefficient transaction-specific disintegrated digital solutions 
and the inability to capture and analyse relevant information for future use. 
Therefore the aim of this research is to examine the relationship between 
the fragmented approach to information management (independent 
variable) and the disruption of the flow of information across the project 
lifecycle (dependent variable) due to the above factors. Correlation or 
association is tested using Chi squared (X2) test, Pearson’s Correlation 
Coefficient (R) and calculating p-values. A strong correlation between the 
variables and p-values <0.05 would invalidate the null hypotheses detailed 
below, thus suggest the need to implement a Digital Nervous System for 
the construction industry –as proven/refuted in the discussion and analysis 
of results section. This section also explains the qualitative and quantitative 
methods and tools used, interviews and survey questionnaire, sampling and 
variables considered to support the investigation. The null hypotheses 
tested in this study are: 

Null Hypothesis 1: No relationship exists between the reliance on paper-
based communication and the disruption and discontinuity of the flow of 
information across the project lifecycle. 
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Null Hypothesis 2: No relationship exists between the adoption of 
inefficient transaction-specific digital solutions and the disruption and 
discontinuity of the flow of information across the project lifecycle. 

Null Hypothesis 3: No relationship exists between the adoption of 
disintegrated and fragmented digital solutions and the disruption and 
discontinuity of the flow of information across the project lifecycle. 

The first part of the data collection process was accomplished through 
issuance of an online survey questionnaire. The participants were from 
diverse disciplines in the construction industry from multi-sized companies; 
architecture, civil, structural, services engineering, quantity surveying, rail, 
urban design & landscape, contractors, manufacturers, consultants, project 
managers, and fabricators. Total respondents of this survey were 143. Stage 
two of the data collection process was interviews and these were conducted 
both face-to-face and virtually. Interviews duration was 60 - 90 minutes. 
The quality of data collected was reliant on understanding as well as 
information of the interviewees. Interviewees represented 3 sizes of 
organisations i.e. 1-50, 101-200 and more than 200 employees, similar to 
the survey questionnaire to maintain consistency and reliability of the data 
collected. A total of 12 interviews were conducted, 10 from the 
construction industry and 2 IT professionals who are experts in information 
management. At the end of each interview, a summary transcript was 
shared with each interviewee to confirm the information captured. All 
interviews were semi-structured to emphasise on the interviewees’ opinions 
and views giving suppleness to deliberate parts that were not formerly 
measured.  

4.  Analysis and Discussion of Results 

When respondents were asked to rate from 1 to 5 how disrupted the flow of 
information was, a total of 67% expressed that a higher degree of 
disruption (level 4 & 5) was experienced within their organisations (Figure 
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3). The extent of disruption was dependent on type of organisation e.g. 
almost 80% of Architects and 86% of Interior Designers indicated higher 
degrees of disruption, providing evidence for disruption of the flow of 
information as perceived by the construction professionals.  
 

 

Figure 3. Level of information Disruption vs. Type of Organisation  

To further test this assumption, Chi-squared Test of Independence was 
performed between the perception of the level of disruption and the type of 
organisation. A p-value of 0.001 was obtained hence providing evidence 
that there might be a dependence between the perception of the level of 
information disruption and type of organisation. Hence further analysis 
was performed to test whether the level of information disruption is 
dependent on the size of organisation. As demonstrated in Figure 4, the 
information disruption was perceived more pronounced for large 
organisations composed of more than 100 members. This could indicate 
that as information is passed on to different (inefficient) channels through 
different departments, its fidelity changes from its original form. A p-value 
of 0.022 also indicates a degree of dependence between levels of disruption 
and size of organisation. 
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Figure 4. Level of information Disruption vs. Size of Organisation  

Since evidence above was provided of disruption and discontinuity of 
the flow of information experienced by the construction professionals 
regardless of type and size of organisation, the following analysis was 
performed to test Null Hypothesis 1, whether the disruption of the flow of 
information is independent of paper-based communication (as an indication 
of fragmented approach to information management). As figure 5 
demonstrates, the higher the mode of communication/production/update 
depends on paper format, the higher the information disruption. 
Conversely, lesser extent of information disruption is felt when 
communication is done digitally.  

 

Figure 5. Level of information Disruption vs. Mode of Information Communication 
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Using Chi-squared test of independence, p-value of 0.001 rejects the 
null hypothesis thus indicating that the extent of information disruption 
could be dependent on the type of communication used, exasperated by 
paper format. 

 Moreover, the model calculated a coefficient of variation of 15.1%, i.e. 
15% of the variations of disruption can be accounted to the type of 
communication used. The model also suggests that there is still 85% 
margin that can be accounted to other disruption factors such as personal, 
environmental, and/or adoption of inefficient and disintegrated digital 
solutions. Hence the subsequent analyses test whether the extent of 
information disruption is independent of the use of inefficient transaction-
specific digital solutions (Null Hypothesis 2); i.e. methods used for 
transferring, receiving, storing, capturing and recording project 
information, work progress and defects data, issuance, tracking and 
management of RFIs. Percentage usage of different methods in 
organisations is shown in figure 6 and 7 below from data collection. 

 

Figure 6. Methods used for transferring &receiving project information 
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Figure 7. Methods used for capturing & recording of work progress and defects data 

On calculating Pearson’s Correlation Coefficient (R) results showed a 
negative association between extent of disruption of information 
(dependent variable) and the method used for transferring and receiving 
project information (independent variable) with R= -0.219. This can 
indicate that as organisation tend to use web-based collaboration tool, the 
lesser the extent of disruption will be experienced. The p-value of 0.011 
indicates that the results are statistically significant; thus the null hypothesis 
2 was rejected. 

On a similar argument, results demonstrate a low negative association 
between the extent of information disruption (dependent variable) and 
extent of 1) method used for storing project information i.e. company 
server and web-based cloud storage (independent variable), and 2) method 
used for capturing and recording of work progress and defects data on site; 
with R= -0.164 and -0.204 respectively. This might indicate that as 
organisations aim for centralised web-based cloud storage, and web-based 
data management tools for capturing and recording work progress and 
defects on site the extent of disruption decreases. The p-values of 0.025 and 
0.007 respectively indicate the rejection of the null hypothesis 2. 

Other identified factors, e.g. adoption of disintegrated digital solutions, 
were analysed to test for no association with disruption and discontinuity of 
the flow of information (Null Hypothesis 3). Also Chi-squared test of 
independence was used to test if the extent of information disruption 
(dependent variable) is associated to the adoption of disintegrated digital 
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solutions (independent variable) i.e. use of Electronic Document 
Management System (EDMS), Enterprise Resource Planning (ERP), and 
Application Programming Interface (API). Figure 8 and 9 suggest that 60-
80% of the professionals who both do and do not use EDMS, ERP, and 
API to manage their corporate as well as project information experience a 
high degree of information disruption (scales 4&5) within their 
organisations (the figures being heightened with standalone non-integrated 
EDMS and ERP systems). This can indicate that the extent of information 
disruption might be associated with usage of these systems (EDMS, ERP 
and API), hence necessitating a more efficient well-integrated system for 
flow of digital information throughout the project lifecycle, e.g. using a 
Digital Nervous System (DNS) to create a tight digital feedback loop that 
enables the organisation to sense, react and adapt to changing project 
conditions in near real-time, allowing near real-time decision-making.  

 

 

Figure 8. Level of information Disruption vs. EDMS Usage 

Furthermore, p-values of 0.041 for EDMS, 0.001 for ERP and 0.004 for 
API provide evidence against the null hypothesis. Therefore the null 
hypothesis 3 was rejected that there is no relationship between the adoption 
of disintegrated and fragmented digital solutions and the disruption and 
discontinuity of the flow of information across the project lifecycle. 
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Figure 9. Level of information Disruption vs. ERP and API Usage 

5.  Conclusion 

The goal of this research was to examine the need to implement a DNS by 
directly investigating the relationship between the disruption of the flow of 
information across the project lifecycle and the fragmented approach to 
information management. This research demonstrated that the disruption 
and discontinuity of the flow of information was prevalent across 
organisations regardless of the type and size of the organisation. 
Furthermore, it has also been shown that the continuous used of paper-
based communication and the adoption of inefficient and disintegrated 
digital solutions has negatively influenced the flow of information across 
the project lifecycle. Thus, there is an urgent need to consider creating and 
implementing a DNS for the construction industry. Future research will be 
conducted to determine the appropriate composition of a DNS Framework 
and how it can provide a well-integrated flow of digital information across 
organisations, which can be achieved through focus groups from the 
construction and IT industry. Furthermore, the DNS framework and its 
physical infrastructure shall be tested through a series of experimental 
studies to ascertain its effectiveness and efficiency in managing information 
for the construction industry. 
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Abstract. The construction industry is characterised by 
fragmentation and suffers from lack of collaboration, often adopting 
adversarial working practices to achieve deliverables. For the UK 
Government and construction industry, BIM is a game changer 
aiming to rectify this fragmentation and promote collaboration. 
However it has become clear that there is an essential need to have 
better controls and definitions of both data deliverables and data 
classification. Traditional methods and techniques for collating and 
inputting data have shown to be time consuming and provide little to 
improve or add value to the overall task of improving deliverables. 
Hence arose the need in the industry to develop a Digital Plan of 
Work (DPoW) toolkit that would aid the decision making process, 
providing the required control over the project workflows and data 
deliverables, and enabling better collaboration through transparency 
of need and delivery. The specification for the existing Digital Plan 
of Work (DPoW) was to be, an industry standard method of 
describing geometric, requirements and data deliveries at key stages 
of the project cycle, with the addition of a structured and 
standardised information classification system. However surveys and 
interviews conducted within this research indicate that the current 
DPoW resembles a digitised version of the pre-existing plans of 
work and does not push towards the data enriched decision-making 
abilities that advancements in technology now offer. A Digital 
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Framework is not simply the digitisation of current or historic 
standard methods and procedures, it is a new intelligent driven 
digital system that uses new tools, processes, procedures and work 
flows to eradicate waste and increase efficiency. In addition to 
reporting on conducted surveys above, this research paper will 
present a theoretical investigation into usage of Intelligent Decision 
Support Systems within a digital plan of work framework. 
Furthermore this paper will present findings on the suitability to 
utilise advancements in intelligent decision-making system 
frameworks and Artificial Intelligence for a UK BIM Framework.  
This should form the foundations of decision-making for projects 
implemented at BIM level 2. The gap identified in this paper is that 
the current digital toolkit does not incorporate the intelligent 
characteristics available in other industries through advancements in 
technology and collation of vast amounts of data that a digital plan of 
work framework could have access to and begin to develop, learn 
and adapt for decision-making through the live interaction of project 
stakeholders. 
Keywords: Decision Making Systems, Digital Toolkit, Digital Plan 
of Work, Intelligent Decision Support Systems, NBS toolkit, Building 
Information Modelling, Construction Projects 

1. Background and Rationale of the Research 

The ‘need to manage both digital data as well as geometric data has become 
better understood’ (UKBIMTG, 2013) and is now of paramount 
importance.  The UK BIM Task Group state that ‘clarity’ is needed to 
deliver the Level 2 BIM requirement on Government procured projects and 
believes that the proposed digital Plan of Work will ‘deliver that clarity’ 
(UKBIMTG, 2013).  

This research paper was inspired by the UK BIM Task Group 
specification for a digital Plan of Work and the subsequent announcement 
in April 2015, at BIM Show Live, to release the NBS (National Building 
Specification) BIM Toolkit in Beta phase. The NBS BIM Toolkit was 
developed in response to the UK Government BIM Task Group 
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specification for a digital Plan of Work (DPoW) and assemblies and is said 
to be ‘the last piece in the BIM level 2 jigsaw puzzle’ (Eybon, 2015).  

Upon the initial release of the NBS BIM Toolkit to provide the required 
DPoW, there has been much speculation whether it utilises the 
advancements made elsewhere in technology and provides the user with an 
intelligent-based framework to deliver, develop and progress their BIM 
projects. Hence the focus of this study is to answer this query by analysing 
the NBS BIM Toolkit and investigating opinions of the potential end users, 
namely industry professionals,  

Furthermore this research paper will present a theoretical investigation 
into usage of Intelligent Decision Support Systems within a digital plan of 
work framework. This could be done by utilising a database of project 
information created from the NBS toolkit or similar to enable a database of 
decisions that could then be used to guide the user to decisions and key 
aspects of project delivery at the right time to the right people. Once the 
database of project information is collated and decision factors incorporated 
within a DPoW, the intelligent decision-making system could draw upon 
this data to inform the user of previous decisions and propose future 
actions; a lessons learnt and knowledge sharing ability that could transcend 
current fragmentation and drive the industry forward beyond current 
limitations of experience in use and knowledge of BIM. 

1.1 HISTORICAL CONTEXT  

The initial requirement and specification for a digital plan of work was set 
by the BIM Task Group, a group supported by the department for Business 
innovation & Skills (BIS) and the Construction Industry Council (CIC). Its 
intention is to combine expertise from industry, government, institutes and 
academia to reinforce the public sector’s ability at delivering Building 
Information modelling (BIM) (Hamil, 2015).  

The specification for a DPoW was presented in the form of two 
documents. The UK BIM Task Group ‘Building Information modelling, 
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The Digital Plan of Work & Assemblies’ document published March 2013 
and the Technology Strategy Board (TSB) Small Business Research 
Initiative (SBRI) ‘Functional specification, A digital tool for building 
information modelling’ published in 2014. 

The specification for a DPoW was ‘designed to make the jump to the 
next generation’ (SBRI, 2014) to achieve, consolidate and lift the industry 
to BIM level 2 and beyond. However in order for the industry to progress, 
the SBRI stated current challenges needed to be addressed (SBRI, 2014) 
such as a unified classification system and an agreed delivery mechanism at 
key project stages, which the current level 2 standard documents aim to 
utilise. Hence a clear cohesive delivery strategy through a DPoW was 
required, which is of paramount importance for the industry and its ability 
to achieve the UK BIM Level 2 standard (SBRI, 2014).  

Thus the specifications consisted of two key outputs and one main 
focus. The focus was to ‘complete the level 2 BIM package’ (SBRI, 2014) 
and the two key outputs were: ‘An industry standard method of describing 
geometric, requirements and data deliveries at key stages of the project 
cycle’ (SBRI, 2014), with the addition of; ‘A structured and standardised 
information classification system’ (SBRI, 2014) 

1.2 THE NBS BIM TOOLKIT 

The SBRI competition to develop a DPoW was opened in February 2014 
and the contract was awarded to a team led by the NBS in September 2014. 
The NBS is a subsidiary of RIBA Enterprises Ltd, which is also responsible 
for the National Building Specification. The team assembled by the NBS to 
deliver the contract included the BIM Academy, BDP, Laing O’Rourke, 
Microsoft, Mott MacDonald, Newcastle University, RIBA and RICS. In 
addition support was drawn from several institutes including: APM, BIFM, 
CIBSE, CIOB, ICE, IStructE, RIBA and RICS. The project started October 
2014 and the NBS BIM Toolkit was created and went live on 8th April 2015 
in its beta version. The DPoW and NBS BIM Toolkit is now declared out 
of the beta stage and ready for use on live projects (Hamil, 2015). 
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1.3 DIGITAL FRAMEWORKS 

Digital frameworks that currently exist and are used in other industries 
were researched to identify their functionalities and possible use and 
implementation within a construction based DPoW toolkit. These are 
summarized below:  
 Resource Description Framework (RDF) - utilizes automatic intelligent 

software agent that describes Internet sources and aids search engines 
(Cyganiak et al., 2013).  

 Internet Business Framework – automates computer-based interactions 
between several programs to support the development of new programs 
(Wagner, 2013). 

 Software Framework – Automated open sourced standardized language 
to provide the foundation for software to be developed (Hoffmann et al., 
2013).  

 Sender Policy Framework (SPF) – Automatic validation and 
authentication of Simple Mail Transfer Protocols to counter spam 
emails (Sipahi et al., 2015).  

 Zachman framework – Automatic categorized standard method for 
developing the interrelating relationships of the framework with 
prompts to aid completion (Zachman, 2012).  

 Intelligent Decision Making Support Systems – Knowledge Based 
Management utilising Artificial Intelligence to provide suggestions and 
assistance with repetitive, complex real time decision making (Bonczek 
et al., 2014).  

 Digital Engagement Framework – digital platform with prompts to 
assist completion and content sharing by implementing digital media in 
organisations (Chilukuri et al., 2015). 
The identified digital frameworks all contain common key 

characteristics of automation, assistance, suggestions, prompts, completing 
actions for and on behalf of the user as well as the reuse of data collated to 
increase speed, efficiency and accuracy.   
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1.4 SUMMARY OF LITERATURE REVIEW 

The specification for a DPoW presented in both documents, by the BIM 
Task Group and TSB, clearly highlights the need for a new approach. At 
present, only one DPoW BIM toolkit has been delivered and is available for 
use in the UK, which should provide a new and innovative tool for 
managing information of the project across its lifecycle, and for decision-
making. The gap here is that the specification for the DPoW has not been 
demonstrated to specify the use of Decision making Support Systems 
(DSS), Intelligent Decision making Support System frameworks (IDSS) or 
other intelligent characteristics as defined above that are available through 
the advancements in technology. It also does not take into consideration the 
use of the vast amounts of data (such as user inputs for LOD/LOI 
requirements at each stage or roles and responsibilities) that a DPoW built 
on an IDSS principal could collate and further still begin to develop, learn 
and adapt through the live interaction of project stakeholders.  

However does the NBS BIM Toolkit use IDSS or DSS functionality to 
deliver a DPoW or is either required? To identify it’s functionalities an 
investigative case study of the NBS BIM Toolkit is required to ascertain 
this.   

2. The NBS BIM Toolkit functionality, Use and Artificial Intelligence.   

The NBS toolkit website states that it is a ‘free toolkit that provides a step 
by step help to define, manage and validate responsibility for information 
development and delivery at each stage of the asset lifecycle’ (NBS, 2015). 
It is therefore defined as a toolkit that aids definition and responsibility of 
project information that is to be developed and delivered throughout the 
asset lifecycle by project stakeholders. In addition the toolkit uses the same 
unified work stages as the RIBA Plan of Work 2013 (NBS, 2015). The 
RIBA Plan of work comprises of work stages that set clear and defined 
boundaries, detailed tasks and outputs required at the end of each stage 
(RIBA, 2015). The NBS toolkit templates for building projects are ‘based 
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on the tasks within the multi-disciplined schedule of services developed as 
part of the RIBA Plan of Work 2013’ (Hamil, 2015), ‘with tasks that are 
aligned to the stages of a project’ as well as standard data fields for each 
work stage (Hamil, 2015). The NBS toolkit as stated follows a similar 
pattern as the RIBA Plan of Work and provides tasks and outputs required 
by each stakeholder at the end of each work stage, with the addition of 
setting information requirements that use the unified classification system 
and definition templates. This is supported by determining the specific 
information requirements in answer to the clients ‘plain language 
questions’ and aligning these to the relevant work stage of the project 
(Hamil, 2015).  

Therefore the toolkit is a digitised version and expansion on the RIBA 
Plan of Work, which supports the same process of completing or achieving 
tasks and outputs for each stage of the project with the client deliverables in 
mind. It goes further than the RIBA Plan of Work in that as part of the 
toolkit it provides ‘definition templates, a new unified classification system 
and a digital plan of work tool’ (Hamil, 2015), to enable the user to set out 
deliverables and responsibility in a digital format. For the purpose of this 
research paper as outlined above an investigation into the existing NBS 
BIM Toolkit is required to identify its key functionalities.  

3. Research Description and Methods 

This study has used a deductive approach starting with a theoretical 
hypothesis, that the DPoW toolkit does not contain Artificial intelligence 
decision-making support functionalities. The hypothesis is based on 
research literature provided and will collect data to test it and derive 
conclusions to accept or reject the hypothesis based on the research 
conducted (Ary, 1996). In addition, the deductive approach is a methodical 
logical step-by-step process, and conclusions are drawn through logical 
reasoning (Bryman & Bell, 2011) which is appropriate to the subject of this 
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study, since the DPoW under investigation is a step-by-step guide and will 
be analysed as such (Hamil, 2015).   

This study will use both Qualitative and Quantitative research methods 
as this will provide a better opportunity to answer the main research 
question by using numerical data and opinions. In addition both primary 
and secondary data collection has been conducted with emphasis being on 
primary, as this gives rise to greater reliability in the findings when 
researching a new subject area as long as the research designs are 
standardised (Bryman & Bell, 2011). This study has used a case study, a 
survey in the form of a questionnaire as well as controlled observations and 
in depth interviews elaborated subsequently 

3.1 CASE STUDY  

A primary case study approach was used to identify the current 
functionalities of the NBS BIM Toolkit with the sole aim of providing this 
study the exact functions and user interface of the NBS BIM Toolkit. Case 
studies are advocated when an examination is required of a specific field 
(Gummesson, 2000) such as DPoW’s and a spotlight on a current element, 
in this case the NBS BIM Toolkit.  This supports the aim of identifying the 
gaps within the current NBS BIM Toolkits functionality and sets the 
structure for comparison to IDSS. Furthermore this allows comparing the 
functionalities found through the literature review in other industries 
against those found through the case study of the NBS BIM Toolkit.  

The Case studies conducted in this research were done by observing 
users during the process of using the DPoW toolkit for their own project 
documentation. As a result, the 8 key functionalities of the NBS BIM 
Toolkit were identified and used as the structure for the Observations and 
Interviews.  

3.2 QUESTIONNAIRE 

The questionnaire used a quantitative approach in the form of a cross 
sectional survey questionnaire to assess awareness of the existing NBS 
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BIM Toolkit, the acceptance, requirement and or need for additional 
functions offered by IDSS. The survey used standardised closed ended and 
scaled questions. The questionnaire was developed by the author and 
organised through the google forms online survey tool.  

Simple random sampling procedure was used for the questionnaire 
(Starnes, 2010). The participants, who were all construction industry 
professionals, represented diverse disciplines. The margin of error for the 
sample was chosen to be 10% with a confidence level of 90% and 
population size of 20,000 giving a required sample size of 68.  

3.3 OBSERVATIONS AND INTERVIEWS 

The observations and interviews used a qualitative approach in the form of 
controlled observations and in depth interviews using representative 
phenomenological homogenous sampling (Starnes, 2010)..  

Observations were used to investigate the functionalities of the NBS 
BIM Toolkit and compare to those found in the case study. Interviews were 
used to interrogate the user further and table the additional intelligent 
functions that could be provided within the NBS BIM Toolkit, namely 
autofill and assistance in decision-making.  

Qualitative controlled observations were conducted to provide more 
insight onto the behaviour and experience of a participant. In this case for 
the use of a Toolkit by an end user, and to provide the author a chance to 
interrogate a participant in what they believe the functions provided and 
achieved are by the DPoW. This supports the aim in providing actual user 
experience and identify further if the Toolkit subscribes to advancements in 
technology. 

When a study is focussing on a particular case and aims to understand 
the full complexity of the users experience, namely DPoW’s, the NBS BIM 
Toolkit and the end user, phenomenological sampling is suggested (Bailey, 
1996). It is recommended that this type of sampling engages with a smaller 
number of participants 5 or 6, but for longer periods of time, who have 
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been selected because they have the phenomenon of interest in common 
such as the delivery of BIM projects through a DPoW. In addition the 
researcher used criteria to select participants who closely match the study 
(Katz, 1995). Participants had to meet both inclusionary and exclusionary 
criteria: a deliberately diverse and representational sample of professionals 
who will be the end user, admin or contributor to the NBS BIM Toolkit 
(Katz, 1995).  

Hence in depth interviews were conducted with 15 professionals from 
the construction industry to pursue a deeper understanding of a 
participant’s experience and describe the meaning behind the central theme 
namely the NBS BIM Toolkit and its functionalities (Kvale & Brinkmann, 
2009) (McNamara, 2015). The interviewees were all selcted to have prior 
experience with populating their project information on the DPoW toolkit 
for different stages and details of their projects. 

4. Discussion of results:  

4.1 CASE STUDY 

The results from the case studies indicated gaps in the toolkit. Firstly 
participants indicated lack of intelligently linking various sections together; 
hence inputs are not carried through from one section to the next. There is 
no autofill of sections and suggestions or assistance provided in completing 
the toolkit. It is a manual user interface that does not utilise Intelligence 
Decision Support Systems IDSS or Decision making Support Systems 
DMSS or Artificial Intelligence AI or suggest that it will be using the data 
collected or input to improve the system using AI collation, analysis, cased 
based reasoning and or algorithms. However the case studies did identify 
the current existing functionalities provided within the toolkit, which were 
then used as the structure for the observations, namely the eight sections 
within the toolkit.  
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4.2 QUESTIONNAIRE  

The questionnaire received 88 responses, which surpassed the required 
sample size. There was a wide-ranging response from various roles and 
levels. In addition, 84% of respondants were currently working within a 
BIM role actively working on BIM enabled projects and 84% of the 
respondants held over 5 years of AEC industry experience. A 70% majority 
were aware of the specification for creating a DPoW and agreed that in 
principle the two key specification requirements/objectives (‘standard 
method of describing geometric, requirements and data deliveries at key 
stages of the project cycle’ and ‘a structured and standardised information 
classification system’) met their aspirations. Of all the respondents 
(whether used it before or not), 52% believed that the NBS BIM Toolkit 
can be classified as a DPoW based on its specifications and intended 
functionalities, 33% were not aware of it and 14% believed that it does not 
classify as being a DPoW.  However, all of the 36% of respondents who 
previously had used the toolkit (73% had not yet used it) believed that the 
NBS BIM Toolkit was NOT an intelligent framework despite some 
considering it to act as a DPoW. From the 73% of respondents who did not 
use the toolikit on projects before, 64% majority stated they would be 
willing to use a DPoW toolkit that collated their inputs to improve the 
service and provided intelligent decision-making functionalities.  

4.3 OBSERVATIONS 

A common observation identified by all participants undertaking the 
activities of using the DPoW toolkit in the observed case studies was the 
lack of automation and prompts within the toolkit. It was found to be 
difficult to complete due to a lack of assistance within the toolkit. The 
toolkit was also deemed as time consuming due to the repetitive completion 
of each section, as well as restrictive in that it did not allow manipulation 
easily.  All users expected a much higher level of intelligent General User 
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Interface comparing the use of phones and the ease at which intuitive GUI 
allows the use of complex apps on a phone without instruction. This lack of 
intuitive exploration and assistance in completion, as well as lack of 
automation and interlinking between completed sections giving rise to 
repetition are crucial issues which BIM is aiming to reduce in principle – 
hence should be available as functionalities in the toolkit.  

The most common observation across all participants was the following 
two statements 

1. ‘How do I know what to complete?’   
2. ‘I’m making too many [unassisted] assumptions here’.  

These two most commonly repeated sentences from all participants 
highlight key missing factors in the existing toolkit, in that it is not an 
intelligent decision making support system and that all participants 
expected there to be assistance and prompts to make delivering BIM on 
project easier and clearer. Only one participant raised the subject of 
commercial sensitivity of uploaded project information on the server when 
completing the toolkit, and who has access to it.  

It was clear that from the observations, end user expectations of 
technology are much higher than that provided in the toolkit. The user 
expected the same level of intelligent intuitive design and interaction as the 
GUI provided on iPhones and androids, commenting that it should be 
simple to facilitate usage. In addition that it should be faster than a manual 
interface or it would not be used or implemented.  

4.4 INTERVIEWS 

The additions to the Toolkit based on IDSS characteristics such as 
automation, auto-fill, and interlinking of the toolkits database were 
common issues raised during the interviews. All agreed that the proposed 
additions would be a step in the right direction. The proposed adjustments 
and improvements based on AI were fully supported and all said these 
would be expectations of a DPoW to allow alternative routes and 
suggestion for users to facilitate better decision-making options. However it 
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was noted that the notion of fully implementing a DPoW based on an IDSS 
framework would require a large investment for development and continual 
maintenance of adequate high quality to produce a leap in digital 
advancement.  

5. Conclusion  

The goal of this research was to theoretically investigate the use of 
advancements made in technology such as Intelligent Decision making 
Support System frameworks IDSS and Artificial Intelligence AI assisted 
decision-making within a digital plan of work DPoW. In addition, the goal 
of this research was to identify the current functionalities of the NBS BIM 
Toolkit and if it currently uses or subscribes to advancements made in 
technology; as well as if the specification for a DPoW suggested the use of 
advancements made in technology to deliver a DPoW.  

The research demonstrated that subscribing to advancements made in 
technology were expectations of the industry and that automation and 
autofill are necessary to ensure the uptake of a DPoW. In addition that the 
current NBS BIM Toolkit does not subscribe to IDSS or AI and that the 
current functionalities do not utilise technology to aid the use or completion 
of the Toolkit. In addition that the gaps found within the Toolkit could 
potentially be filled with IDSS, DMS and AI based data collation, 
automation and reuse.  

The General user interface of the Toolkit and subsequently a DPoW 
should meet the expectations of users to match and or exceed current 
technology uses such as mobile phones with intuitive interface and pre-
emptive autofill and suggestions.  

Hence research results show that at present the current NBS BIM 
Toolkit does not subscribe to technological tools such as those found 
elsewhere in digital frameworks and that the implementation of those 
tabled could be implemented with relatively small investment, but the full 
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integration of an IDSS framework could be considered as a huge 
undertaking. However the industry could be encouraged to share collated 
data and research development to improve the theoretical DPoW and this 
could lead to the collaborative environment BIM is ideologically aiming to 
achieve.  

In conclusion the specification for a Digital Plan of Work (DPoW) is a 
requirement to deliver a standardised cohesive BIM enabled project across 
the supply chain. A DPoW should draw upon the functionalities that are 
available elsewhere in the advances made in digital frameworks and 
technology, e.g. utilising automation and Intelligent Decision making 
Support Systems to support the management of a BIM enabled project and 
encourage stakeholder engagement.  

Further research should develop a theoretical DPoW based on an IDSS 
framework and test the use and development of a Graphical User Interface 
(GUI) that matches the expectations of the users of mobile technology.  
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Abstract. It has been widely documented that when Building 
Information Modelling (BIM) is used, there is a shift in effort to the 
design phase. Little investigation into the impact of this shift in effort 
has been done and how it impacts on costs.  It can be difficult to 
justify the increased expenditure on BIM in a market that is heavily 
driven by costs. There are currently studies attempting to quantify 
the return on investment (ROI) for BIM for which these returns can 
be seen to balance out the shift in efforts and costs to the design 
phase. The studies however quantify the ROI based on the individual 
stakeholder’s investment without consideration for the impact that 
the use of BIM from their project partners may have on their own 
profitability. In this study, a questionnaire investigated opinions and 
experience of construction professionals, representing clients, 
consultants, designers and contractors, to determine fluctuations in 
costs by their magnitude and when they occur. These factors were 
examined more closely by interviewing senior members representing 
each of the stakeholder categories and comparing their experience in 
using BIM within environments where their project partners were 
also using BIM and when they were not. This determined the 
differences in how the use and the investment in BIM impacts on 
others and how costs are redistributed. This redistribution is not just 
through time but also between stakeholders and categories of costs. 
Some of these cost fluctuations and how the cost of BIM is currently 
financed are also highlighted in several case studies. The results 
show that the current distribution of costs set for traditional 2D 
delivery is hindering the potential success of BIM. There is also 
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evidence that stakeholders who don’t use BIM may benefit 
financially from the BIM use of others and that collaborative BIM is 
significantly different to the use of ‘lonely’ BIM in terms of benefits 
and profitability.  
Keywords. Building Information Modelling, cost distribution, return 
on investment, BIM benefits, construction lifecycle 

1. Introduction and Research Rationale 

In the effort to reduce construction costs by 15-20%, the UK Government 
set a mandate in 2011 for all centrally procured public construction projects 
to use fully collaborative Building Information Modelling (BIM) by 2016. 
Since then there has been a rapid uptake in the use of BIM on both 
government and private projects (NBS, 2015), incurring challenges which 
many studies are attempting to address and overshadow by demonstrating 
the benefits and return on investment (ROI).  Currently, owners are faced 
with the dilemma of whether or not to utilise BIM based on these 
speculated benefits (Barlish & Sullivan, 2012). As of 2015, cost and client 
demand are still the major barriers to BIM uptake in the UK (NBS, 2015). 

Building Information Modelling (BIM) can be defined as a process 
improvement methodology enhancing analysis/predictability of outcomes 
during the building lifecycle by leveraging data (Reddy, 2012). This 
process improvement involves usage of data rich 3D models in addition to 
traditional 2D deliverables to aid design, collaboration, coordination and 
construction activities. Such a change requires an investment of both cost 
and time. Cost and time are impacted by the initial financial investment in 
BIM. There are currently numerous studies attempting to quantify the ROI, 
however these studies quantify the ROI based on the individual 
stakeholder’s/organisation’s investment without consideration for any 
investment in BIM from the other stakeholders, or how it impacts on the 
other stakeholders. If a project stakeholder reports an increase in costs or 
profit on a BIM project do the other stakeholders experience a profit 
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increase, even if they aren’t using BIM? Could other stakeholders be 
profiting from the investment of others? 

This research investigates changes in cost and its distribution across the 
building lifecycle between the 2013 RIBA Plan of Work stages 2 to 5 
(concept, developed and technical design and construction) which could 
indicate the ROI for different stakeholders. Also considered is the 
relationship between success of BIM and its monetary investment from 
each stakeholder’s viewpoint, and whether more effort is required during 
design when BIM is utilised. How this shift in effort affects costs 
distribution is also realised as well as its implications on the profitability of 
other stakeholders.  

2. Literature Review 

There is currently little published literature analysing the distribution of 
cost in construction with respect to stakeholders and work stages, and 
where BIM may have an impact on cost. Regarding factors affecting capital 
expenditure and cost distribution, Smith and Jagger (2007) stated that the 
opportunities for the cost of a project to get out of hand are increasing 
along with the increasing complexity of buildings. Potts and Ankrah (2013) 
point out that poor planning at the early stages can result in cost and time 
overruns among other things. It is not uncommon for the early cost estimate 
of a project to be significantly different to the final cost (Shane, et al., 
2009). In a study of 276 construction and engineering projects in Australia, 
Love, et al. (2013) calculated an average cost overrun of 12.22%. Risks are 
associated with the unknown so for management of cost, the identification 
and management of risk is important (Potts & Ankrah, 2013). When 
consultants use BIM, there is more transparency in what is being proposed 
meaning that contractors can reduce some of their risk margins for the 
unknown (Knutt, 2011). 
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Smith and Tardif (2009) explain that it is common for design firms to 
pass on the added cost of BIM to clients through fees whereas construction 
companies look to exploit BIM in reducing their project related expenses as 
well as generating more profit. However, the key to leveraging BIM to 
increase profits is by increasing value by reducing lifecycle time rather than 
raising fees. Conversely, the Royal Architects Institute of Canada (2009) 
acknowledges that since BIM requires more effort in the early stages of 
design, architectural fees for schematic design should be as high as 25% of 
their total fee compared to the minimum 12% for traditional 2D CAD. 
Saxon (2013) believes that because BIM is redefining how architects work, 
this will in turn redefine what they charge. With the increased effort in 
setting up a job and the new role of the information manager there is more 
work to do in RIBA stage 2 however there is less to do in RIBA stages 4 & 
5. This shift in effort will come at a labour cost for the architect who may 
pass this on to either the client or the contractor who then may recoup that 
cost in a lower fee paid back to the architect during construction.  

Indeed, McGraw Hill’s (2014) report showed that contractors generally 
receive a greater portion of the financial benefits of BIM compared to 
design professionals with 50% of UK contractors reporting a positive return 
on their investment. The survey respondents were asked for their perception 
of ROI which when tracked with their level of BIM engagement suggests 
that the higher the level of BIM engagement, the higher the ROI. In the 
UK, 26% of contractors surveyed reported over 25% ROI; however how 
this is quantified is not clear. The survey only targeted contractors and no 
data was available on whether part of their investment in BIM was paying 
higher fees to their design consultants and sub-contractors, or how the 
return on investment was distributed among stakeholders, which is the 
focus of this research.  

In the 2015 NBS BIM report, 56% of respondents shared that the fourth 
biggest barrier to BIM implementation was cost. With 44% of non-BIM 
users agreeing BIM brings cost efficiencies and 31% believing it increases 
profitability (NBS, 2015), it is clear the desire for investment is there but 
not clear on how much they would be willing to invest on BIM. In a study 
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of 35 construction projects, Bryde, et al. (2013) created a set of project 
success criteria based on knowledge areas from the Project Management 
Institute's (PMI) Project Management Body of Knowledge (PMBOK) 
(PMI, 2008). The highest-ranking benefit was Cost reduction or control. 
Whilst Bryde et al. (2013) documented the design and construction periods 
for most case studies, it was not evident in which period these benefits were 
perceived or which party (designer, contractor or owner) was inheriting the 
cost saving. A significant outcome of this study, supporting a positive ROI 
on BIM, was that the cost benefits far outweighed the costs for 
implementing BIM tools and processes, and that many of the BIM benefits 
are the result of an upfront investment that incurs savings later on, 
indicating a redistribution of costs. 

In their study into the perceived effect of BIM on cost/fees in the US 
building industry, Becerik-Gerber and Rice (2010) noted that 85% of 
respondents are absorbing the cost of BIM in terms of software, hardware 
and training and that just 10% are able to pass this cost on to the client by 
way of fees where the client sees the investment as reusable and retainable. 
Over half the respondents reported both cost and time-savings on projects 
but with no mention of where these savings were made, and by whom. 
Whilst project duration was reduced on BIM projects, the schematic and 
conceptual design phases took longer (Baddeley & Chang, 2015). 
Furthermore in their analysis of BIM implementation throughout the 
project lifecycle in the UK Eadie, et al (2013) concluded that financially, 
the client and facilities managers benefit most from BIM. They also pointed 
out that the size of a company has an impact on implementation due to 
proportion of overhead allowances in larger companies, but there was no 
indication of relationship to life cycle stages or stakeholders. 
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3. Project Description and Research Methods 

The impact of BIM on costs distribution throughout the design and 
construction phases was investigated in this study in comparison with the 
costs distribution within a traditional construction workflow, in terms of 
ownership, magnitude and categories of costs. The effects of these changed 
cost distributions on the length of the lifecycle phases ware also 
investigated. Qualitative and quantitative data was collected from existing 
literature, an online questionnaire, interviews and case studies related to 
stages 2-5 of the RIBA Plan of Work and the findings thoroughly 
triangulated and verified to ensure validity. Data was visualised to find a 
correlation of where costs are, who is incurring them and when. The 
research considered all building/infrastructure projects in UK however 
scope was limited to using case studies of building projects only. These 
were grouped by lifecycle stages: 2- Concept design / 3- Developed design 
/ 4- Technical design, and 5- Construction stage. Participants in the data 
collection represented the following groups: Design consultants 
(architecture and engineering) / Contractors / Sub-contractors / Clients, 
owners and operators. 

The process for deriving substantial evidence to whether BIM may or 
may not have an impact on cost distribution during design and construction 
in the UK was first taken from the concept that BIM is costing people more 
in design and costing less in construction. The use of qualitative data was 
important to identify reasons based on assumptions, observations and 
experiences that need to be tested; hence data collected might be subjective 
by nature (Naoum, 1998). Moreover, with this research being based on 
cost, quantitative data was also collected in the questionnaire, which was 
the quantification of qualitative data. This data was reviewed against 
literature to indicate similarities, novelties or contradictions. Pearson’s 
Correlation Coefficient (R) was calculated to highlight associations and 
relationships (Naoum, 1998) between cost, time and profitability. The 
proportion of variance between responses showing association or 
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relationship predictable from another response was investigated by 
coefficient of determination (R2). 

The online questionnaire contained both open and closed ended 
questions about the following categories: a) the cost of BIM to the 
organisation, b) the impact BIM has on the cost and duration of project 
phases and c) who is paying and benefiting from BIM d) Percentage ROI 
on BIM for each work stage. The questionnaire accumulated 108 responses. 
The interviews identified and quantified cost elements across RIBA stages 
2-5 with comparisons between 4 project scenarios and their impact on cost, 
time and fees: 1) all stakeholders use BIM, 2) no stakeholders use BIM, 3) 
BIM stakeholder hands to non-BIM stakeholder, 4) non-BIM stakeholder 
hands to BIM stakeholder; 7 interviews were conducted representing all 
disciplines in the construction industry. Candidates were chosen based on 
their experience and exposure to commercial and operational aspects of 
BIM, and were director or associate director level with responsibilities in 
strategic management of BIM and costs on projects. For each scenario 
above, the interviewee was to comment on the impact of BIM on costs, 
profitability, resources, time across the previously mentioned work 
stages. BIM’s impact on these categories was to be described as less or 
more than traditional projects across a Likert scale of 1-5, and asked to 
describe any change using a list of cost overrun factors collated from the 
literature review. If one stakeholder reported an increase in one stage and 
another found a decrease in another stage the change factors were used to 
find relationships to support or refute the theory that BIM has an impact on 
cost distribution. Such factors could include resource, scope and time 
management. 

Data collected from the questionnaire and interviews was used to select 
suitable project types to examine as case studies.  The most common 
project types where BIM was used were commercial and educational with 
89 and 80 responses respectively, most using Design Build procurement 
methods. The next highest used procurement method was Private Financed 
Initiative (PFI), primarily used in healthcare, for which 73 respondents’ 
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organisations were involved with. Hence 2 commercial / residential design 
and build projects, a healthcare PFI project and an education project were 
investigated.  

4. Discussion of Results 

Results from questionnaires (figures 1 and 2) demonstrate an increase in 
costs incurred for designers and contractors during design phases compared 
with traditional 2D delivery. However, profitability is higher for both 
categories (and more so clients) during the construction phase resulting in 
an overall increased ROI in projects in general on BIM implementation. 
  

 

Figure 1. Impact of BIM Implementation on Profitability (left) and Costs (right) of a project 

 

Figure 2. Impact of BIM on duration (left) and staff numbers (right) resourced to projects 
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As for duration of the projects there is an increase for architects during 
design phases due to increased BIM deliverables. Contractors however, 
display a marked reduction of project time duration during the construction 
phase, which might explain the increased overall profitability as opposed to 
designers. A higher rate of staff retention on BIM projects is also noted for 
newly BIM-adopting organisations (1-5 years) versus more “BIM mature” 
organisations (>5 years) which can be due to setting up new teams, roles 
and responsibilities within the different disciplines to manage BIM 
projects. 

Calculating Pearson’s Correlation Coefficient (R) between staff 
numbers and overhead costs on a project revealed an association of 56%. 
Further analysis using Coefficient of Determination (R2) revealed that 27% 
of the variation between the responses to the project overhead costs might 
be explained by the variation in the number of staff on projects. Regarding 
impact of BIM on profitability, the largest association between the drivers 
for BIM adoption and the impact on profitability was reducing costs, with 
39% similarity (R) and 15% variance (R2). The driver for enhancing 
efficiency and saving time had less association with profits at 29%. It is 
noteworthy that coordination and collaboration were seen capable of both 
saving and increasing time. Architects believed training and skills where 
among their top 3 factors impacting duration. The correlation R between 
overall project cost and duration revealed an association of 64%. Further 
analysis using R2 revealed that 31% of the variation between the responses 
to project duration could be explained by the variation in cost on a project. 

When asked who should pay for BIM, the majority indicated the client 
in the beginning of a project and then the contractor during construction. 
When asked how BIM is financed for costs associated with implementation 
and ongoing maintenance, there was little differentiation between the 2 
except that in some cases the client contributes to implementation and that 
costs are then absorbed by the organisation for ongoing maintenance. This 
result differs from the research by Becerik-Gerber & Rice (2010) who 
reported 85% of respondents saying their organisation pays. One result that 
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is consistent however is that still only 10% of respondents are passing the 
costs on through their fees.  Furthermore 62.5% of architectural practices 
believed they are investing the most in BIM and 33% believed contractors 
are investing the most in BIM. Only 15% of contactors believed architects 
invest the most and 72% believed that they themselves invest the most. 

When asked the percentage of ROI on BIM for each work stage, 60% of 
respondents claimed their organisation does not formally measure BIM. Of 
those that did, the most common method was quantifying the reduction of 
clashes on site during the construction phase. This indicates that the return 
of BIM is not being fully tracked and that organisations may benefit from 
adopting a set of metrics for defining BIM success. A 43% association R 
between the overhead costs and profitability was calculated, which might 
suggest that the extra cost in training, software and hardware is having an 
impact on profitability. With overall profitability being reported, it was 
important to realise the relationship between BIM statuses of stakeholders, 
i.e. how one stakeholder’s use of BIM affects another. Respondents were 
asked to comment on their own profitability when certain stakeholders are 
also using BIM as well as how their use of BIM impacts the profitability of 
others. Results showed that the profitability of BIM has less to do with 
BIM usage of individuals but more to do with whether or not others are 
using BIM. This may be due to that when BIM is sporadically used, 
coordination can be more difficult especially for building services, a 
discipline requiring high levels of coordination. Main contractors appear to 
be the biggest benefactors when everyone is using BIM as many of their 
activities rely on successful coordination. Overall, recipients of information 
produced using BIM are better off than those producing information using 
BIM for others. BIM is impacting costs distribution in a way that those who 
receive BIM information are profiting from those who produce BIM 
information. Hence organisations are only getting higher return on their 
investment when they are receiving information produced using BIM in 
addition to producing it. 

When it came to benefits, 12.5% of architectural practices believed 
architects are benefiting the most, 50% believe it is contractors and 33% 
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believe clients are the biggest benefactor. 50% of contractors believe they 
are benefiting the most whereas 34% believe clients are benefiting the most 
and only 6% believe architects are benefiting. There is a shift in volume 
from those investing to those benefiting, namely the client is gaining the 
most from the least investment, which supports the conclusions above that 
those on the receiving end of BIM are benefiting the most. The most 
significant benefits reported to organisations were coordination and 
collaboration. 

Some of these results clarify the assumptions on the effects of ‘front-
loading’ the energy exerted on a project, which was the most mentioned 
cost impact. Results suggest that front-loading creates pressure and 
increased costs during initial life-cycle stages, impacting profitability as 
well if coupled by the challenge of lack of coordination and collaboration 
when BIM is not used by all but only by some disciplines on the project. 

The following patterns were observed from the interviews: 
 All interviewees involved in projects during the concept design stage 

reported few benefits in terms of time savings or profitability from BIM 
during that stage as most deliverables are still 2D and there isn’t a great 
level of detail in the information that would benefit from using BIM. 
When requested to use BIM at this stage, costs increased 

 When using BIM for their own benefit, organisations’ BIM costs were 
less as a whole than when using BIM collaboratively. This coincides 
with the research of Love & Irani (2002) who mention that a company’s 
custom interfaces can be barrier to effective communication and 
coordination affecting costs 

 When organisations have to use or produce BIM deliverables for others, 
they spend more time as scope increases which in turn increases cost 

 When requested to use BIM, setting up collaboration initially takes 
more time and can reduce profitability, especially in the technical design 
stage 

 When receiving information produced using BIM from others, 
organisations are more profitable as the information is more accurate 
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and can result in less rework/re-iterations when producing own 
deliverables 

 Those at the end of the information delivery chain will benefit the most 
whereas those at the beginning benefit the least. This trend is confirmed 
by the questionnaires where a spike in costs, time and resource were 
experienced during the design stages and profitability improvements in 
construction suggesting that the investment made during design is 
paying returns during construction 
Costs on average are lower when all parties use BIM. Also profitability 

is at its maximum in construction so potentially those not involved in 
construction are missing out on the returns for their investment in BIM. On 
average, profitability and time can be seen to bear a relationship where less 
time equals more profits. After combining the results from all interviewees, 
the responses correlation coefficient R between profitability and time was 
calculated this revealed an association of 85%. This shows that the longer 
the duration, the less the organisation will profit. The correlation coefficient 
between fees and costs has a 61% association suggesting that an increase in 
costs to a stakeholder could result in an increase in their fees to recoup 
costs. 

Case studies were chosen to represent the most common project types 
and procurement methods mentioned by respondents to the questionnaire. 
With the data available, the following observations were made. In all but 
one project the architect, structural engineer and services engineer were 
required to coordinate their design using BIM. Additionally, certain BIM 
deliverables were required to support methods of construction (hence all 
disciplines using BIM). Projects 1 and 2 demonstrate the difference 
between adopting BIM for own benefit compared to using it because it is 
required. In Project 1, the designers were requested to use BIM, which was 
not part of their normal processes so a cost of implementation had to be 
passed on in the fees. In Project 2 however, the architect conducted their 
own pilot independent of their contractual deliverables that was tailored to 
their own needs. They did it in a carefully chosen environment that suited 
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the pilot and they received financial gain without passing on their 
implementation costs. 

Projects 3 and 4 demonstrate the risk taken in investing in BIM in the 
early stages for a contractor. This risk is also highlighted in the results from 
the client/owner/operator interview in who saw the risk in investing in BIM 
being outweighed by reduced risks later in construction. In projects where 
there is a risk allocation or contingency, there may be the opportunity not to 
lower this but to re-distribute the risk allocation from construction to 
design. 

5. Conclusion 

This research presented evidence to show that BIM has a substantial impact 
on costs distribution and which is currently more comprehensively realised 
and understood. Highlighting the impact of BIM, as a process improvement 
methodology on the distribution of costs, has been achieved by revealing 
the placement of costs incurred in a project and their magnitude as 
impacted by BIM. This has also been achieved by reporting the experiences 
of stakeholders who are receiving mixed returns on their investments that 
bear relation to their input into the design and construction process. 

BIM’s impact on costs during design and construction phases is such 
that certain costs are redistributed which could in turn impact methods of 
procurement. The impact of BIM is not only moving costs within the 
construction lifecycle in terms of time but also between stakeholders as 
certain costs move from one stakeholder to another. This is discovered in 
the interview results where the information, produced by those who have 
made an investment in BIM, has a positive return on those who receive this 
information who have reduced costs.  

When BIM is used during design and construction there is evidence 
from the analysed results that there is more effort required up front, and 
better realising its impact should help planners in calculating fee structures 
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and preliminary costs on projects who may still be following a cost and fee 
structure that once supported 2D delivery. When BIM is used within this 
traditional cost and fee structure, its usefulness is hindered which alters 
cost, duration and the workload of stakeholders, with particular impact on 
designers. There is evidence to show that BIM is benefiting those who 
either use it to produce information and those who use the information 
produced by it. However these two benefits are absorbed differently 
depending on who the stakeholder is and when they are involved in the 
construction lifecycle. 
KEY FINDINGS 

Cost Coordination and collaboration can be expensive initially. The more 
the collaborative effort, the more time and cost is spent in design 
however there is less error and rework during construction 
The cost of collaboration is more expensive for those who have 
used BIM for less than 5 years as they have a steeper learning curve 
than those who have developed their capability independently 
through the use of lonely BIM (non-collaborative BIM)   
For stakeholders to receive a fair return on their investment on BIM 
there would need to be a redistribution of costs. Currently, the 
benefits are passed onto the contractor and the client 

Fees  As the costs incurred by stakeholders are increased with the use of 
BIM they are generally only able to pass this cost on in their fees 
when they are contractually required to use BIM 

Profi
tabil
ity 
and 
ROI 

Users of information created from BIM can be more profitable than 
those who produced the information in the first place 
Some stakeholders who don’t even use BIM can benefit financially 
from the BIM use of others 
Those who use BIM for their own benefit can sometimes be more 
profitable than those who use it in a collaborative environment 
Those who have been using BIM for more than 5 years tend to be 
more profitable in a collaborative BIM environment than those who 
have used it for less than 5 years 
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Time The use of BIM requires a significant shift in workload placing 
more work into the developed and technical design stages 
Using BIM collaboratively takes more time to produce deliverables 
than when using it independently 

Gen-
eral 

The current distribution of cost is hindering the potential success of 
BIM and hence more consideration should be made in structuring 
fees and allocating costs during design and construction with 
respect to the impact BIM has during these phases 
Those who are investing in BIM should be aware of the return 
others are receiving from their investment to understand its true 
value to their own organisation 

The findings in this research are based on the assumptions and 
experiences of experts within the industry however further investigation 
into specific types and sizes of organisations and projects may yield more 
consistency and accuracy revealing even more truths.  

For the case studies, more data and more analysis and metrics produced 
on live projects using BIM from design to construction would increase the 
opportunities for analysis to reveal more results related to effects of BIM 
on costs. These could be carried into operation and maintenance as well 
which was outside the scope of this research yet plays an important part in 
the construction lifecycle. Evidence in the results from the client interviews 
suggests there are further returns on the investment in BIM during 
operation. 

As a process improvement methodology, BIM is still relatively new and 
as highlighted in the research, its impact on costs distribution can vary with 
the experience of the organisation. There is no way to test its full potential 
without all parties being at the same level of maturity and capability. In this 
particular period during BIM’s implementation and adoption it is important 
to realise how it impacts those who are working together. The 2016 UK 
BIM mandate as mentioned in the introduction doesn’t just call for the use 
of BIM, but the use of collaborative BIM.  
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WORKGROUP SESSION: EDUCATION 

The education theme includes the following research areas: 

- Innovative teaching approaches for improving people well-
being in building design and construction 

- Use of innovative tools (BIM, energy analysis…) in new and 
innovative design and construction approaches 

- Teaching sustainability and building performance 

- Teaching design Building Systems and Techniques 

- Introducing innovative tools in teaching performance design. 
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Abstract. PAS1192-2 (2013) outlines the “fundamental principles of 
Level 2 information modeling”, one of these principles is the use of 
what is commonly referred to as a Common Data Environment 
(CDE). A CDE could be described as an internet-enabled cloud-
hosting platform, accessible to all construction team members to 
access shared project information. For the construction sector to 
achieve increased productivity goals, the next generation of industry 
professionals will need to be educated in a way that provides them 
with an appreciation of Building Information Modelling (BIM) 
working methods, at all levels, including an understanding of how 
data in a CDE should be structured, managed, shared and published. 
This presents a challenge for educational institutions in terms of 
providing a CDE that addresses the requirements set out in 
PAS1192-2, and mirrors organisational and professional working 
practices without causing confusion due to over complexity. This 
paper presents the findings of a two-year study undertaken at Ulster 
University comparing the use of a leading industry CDE platform 
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with one derived from the in-house Virtual Learning Environment 
(VLE), for the delivery of a student BIM project. The research 
methodology employed was a qualitative case study analysis, 
focusing on observations from the academics involved and feedback 
from students. The results of the study show advantages for both 
CDE platforms depending on the learning outcomes required.  

1. Introduction 

The 2011 Government Construction Strategy stated, “Government will 
require fully collaborative 3D BIM (with all project and asset information, 
documentation and data being electronic) as a minimum by 2016”. The 
construction sector was considered to be underperforming, and there was an 
acceptance that standards needed to be raised to attain increased 
productivity levels. Traditional methods of managing design information 
on large projects normally involves each project stakeholder managing the 
production of Computer Aided Design models, drawings, and documents 
within their own distributed environment. This usually occurs on a range of 
disconnected file servers. Hard copy drawings and paper documents are 
created and presented at review and design development meetings, or 
emailed to other project design teams so that progress can be seen and 
issues highlighted for revision and update. There are many problems with 
this traditional approach to information management and sharing, and it 
was recognised that change was required. 

Technology is a key driver to support this transformation, with the 
requirement for hosted collaborative environments and three-dimensional 
virtual models as part of an overarching process known as Building 
Information Modelling. In essence, the BIM process shifts design to a 
three-dimensional environment, with all project stakeholders working in a 
collaborative manner to deliver built assets. A result of the increased 
emphasis on collaborative working means that project information needs to 
be stored and shared in a more structured and standardised way, and in a 
way that can be accessed at all times from any location. The method for this 
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sharing of information is via a Common Data Environment (CDE). As the 
industry as a whole becomes more comfortable working and sharing 
information in this way, it is important that the CDE becomes an industry 
norm for the delivery of all construction projects. For this to take place, and 
for BIM working methods to become commonplace, the current barriers 
restricting widespread adoption need to be tackled. 

Lockley (2011, p.20) outlines that “Educational establishments…should 
and will seed the next generation of professionals who understand BIM as 
a technology that supports collaborative working”. However, a recent BIM 
Academic Forum survey by Underwood et al. (2015, p.26), highlighted “a 
majority 66% of respondents agree that HEIs are failing to keep pace with 
BIM skill requirement and industry knowledge demands”. There is 
therefore a necessity for the education sector to make a conscious effort to 
provide students with the required knowledge to secure future employment 
in this area. 

This paper builds upon previous work by Comiskey et al. (2015a), 
published in the Conference Proceedings of the 2015 CITA BIM 
Gathering, and presents the findings of a two-year study undertaken at 
Ulster University, comparing the use of a leading industry CDE platform 
with one derived from an in-house VLE, for the delivery of a student BIM 
project. The aforementioned publication outlined how collaborative student 
working was being implemented within Ulster University and included an 
overview of the two CDE platforms used in the delivery of these projects. 
This initial work has been developed for this paper by introducing a review 
of CDE literature, comparing the two CDE platforms in a greater level of 
detail and providing analysis and feedback on the lessons learnt. This has 
been complemented by input from an award winning industry expert and 
from the Head of the Office for Digital Learning at Ulster University. 
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2. Common Data Environments 

In 2013 the PAS1192-2 document was published. Amongst other 
requirements and recommendations, it identified the “provision of a single 
environment to store shared asset data and information, accessible to all 
individuals who are required to produce, use and maintain it”. The 
document also provided guidance on the possible structure of a CDE. 
Essentially, this structure is based around the provision of four main areas; 
Work In Progress (WIP), Shared, Published and Archive. In these areas 
information can be stored, approved and passed from one area to the next at 
a relevant point in the project delivery process. The benefits of using a 
CDE are most apparent as designers create, manage and share their models, 
drawings and documents. However, the best practice processes, workflows, 
document coding standards and metadata that a CDE employs, ultimately 
allows a vastly improved level of consistency and quality to be 
implemented. The CDE also has project delivery team roles, 
responsibilities and authority rights for effective information management 
and exchange (so that team members can only access information and areas 
to which they are assigned). File and layer naming conventions are also a 
requirement as part of this process, extended from those defined in 
BS1192: 2007.  

CDE usage was highlighted as good practice back in 2007 with its 
inclusion in the aforementioned BS1192 publication, but its benefits were 
realised prior to this with the Avanti programme advocating its use. Indeed 
the early origins of what is now known as CDE usage can be traced back 
further to the Heathrow Express scheme (see Bew & Underwood, 2010, 
p.54-55). However, CDE usage for project delivery has been almost 
universally non-existent until relatively recently, and something alien to 
most within the construction industry. The 2016 mandate and the required 
use of a CDE has meant that the skillset required of a current built 
environment graduate is changing, with the core skills of collaborative 
working and technical literacy becoming increasingly important. As such, it 
is likely that it will be the current generation of graduates who will 
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implement such working methods in practice within their various 
disciplines.  

2.1. CDE USE IN EDUCATION 

The built environment sector is going through a process change from an 
individualistic, silo-based approach within individual disciplines and 
organisations, to a more joined up and collaborative approach to project 
planning, design, delivery, construction, and operation. For such change to 
gain momentum and become deep-rooted in the ethos of those within the 
sector, it is important that education mirrors industry and produces 
graduates that are innovative, knowledgeable and equipped with abilities of 
working and problem solving for the long term success of the industry.  

One way of implementing this change is by encouraging more team 
tasks and groupwork. Damsa (2014, pp.247-248) outlines: 

 
 “Learning in small groups that focuses on solving open-ended 
problems and on managing the collaborative process has been 
proposed as a way to expose and enculture students to complex 
learning situations that stimulate engagement in collaborative 
knowledge production”.  
 
Such change is already taking place within those institutions introducing 

collaborative (BIM) learning within their programmes of study. There are 
good examples of such practice on a number of Architectural Technology 
related undergraduate programmes. These include Dublin Institute of 
Technology, where a group of students used a BIM software platform to 
assist with a collaborative learning approach, involving a practitioner, on a 
studio project (see Matthews, 2013) and Waterford Institute of Technology, 
where students from a number of programmes, including Architectural 
Technology, worked collaboratively in producing a scheme to fulfil a brief 
that was adapted from a real life project (see Stubbs et al, 2014). At 
Copenhagen School of Design and Technology, the design of the 
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Architectural Technology and Construction Management programme 
ensures that collaboration is to the fore (see Comiskey et al, 2015b, pp.239-
241), and at the authors’ own institution, Ulster University, collaboration 
between students within the same institution and internationally has been 
documented (see Comiskey et al, 2015a).  

Whilst Matthews (2015) makes reference the use of Google Drive as a 
basic CDE for postgraduate students undertaking a multidisciplinary 
collaborative project, there generally appears to be a lack of published 
literature focusing on CDE use in the delivery of collaborative BIM 
projects in built environment related programmes at undergraduate level. 
There is also a lack of studies comparing the most suitable CDE platform 
for the delivery of such projects.  

The drivers and motivation for developing CDEs for collaboration 
within the built environment education sector are similar to other subject 
areas. The world is becoming more technologically driven, and students, 
regardless of discipline, are expected to enter the world of work with an 
understanding of developing technology and innovation, including how to 
successfully interact, work, share information, and collaborate in an online 
or cloud based environment. This is especially true in the built environment 
sector at present, with BIM helping to drive this change, along with the 
requirement for collaborative problem solving as projects increase in 
complexity (Comiskey et al. 2015b, p.240). This presents a challenge for 
existing digital learning infrastructures within institutions, which are 
arguably not designed to support a connectivist approach to teaching and 
learning.  

CDE use can also present a challenge for academics, especially in 
relation to the teaching of ICT. As outlined by Smit et al. (2005): 

 
 “Some educational leaders take the view that precious time in 
lectures and tutorials should not be used for teaching ICT but should 
be used to pass on learning content – they say students must learn 
ICT tools independently. Others blend ICT training into lectures and 
tutorials.” 
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It is important that the latter approach is adopted by academics to allow 
students to fully understand the workings of a CDE and apply it in practice. 
Even those academics that are embracing technology-enabled collaboration 
still face the challenge of constantly up-skilling to ensure they are 
comfortable facilitating learning via this medium. However, it should be 
remembered that many of our students are already comfortable using cloud-
based environments due to the availability of platforms such as Dropbox, 
OneDrive, Box and Google Drive. In addition to this they are also used to 
collaborating with others through engaging with various gaming platforms. 
Therefore, the concept of working collaboratively and sharing information 
via a CDE is something that should be easily understood, once the general 
principles are presented.  

3. Research Methodology 

The research methodology employed for this paper was a qualitative case 
study analysis, focusing on direct observations from the academics 
involved and feedback from student cohorts over both academic years. 
There was also an aspect of participant observation (see Wellington, 2004, 
p.45), as the authors were actively involved in the design and structure of 
both CDE platforms and assisted any students having difficulty using them 
for their projects. A case study approach was considered particularly 
applicable for this project. As outlined by Cohen et al. (2011), “case studies 
investigate and report the real-life, complex dynamic and unfolding 
interactions of events, human relationships and other factors in a unique 
instance.” Although there can be disadvantages of using a case study 
approach, such as potential bias (Nisbet & Watt, 1984 cited in Cohen et al. 
2011), it was felt that such an approach would enable the thoughts and 
observations to be captured in real time, and provide those wanting to 
implement a similar approach with an opportunity to evaluate the 
effectiveness of both CDE platforms within a traditional academic setting.  
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4. Case Study 

Realising the impending changes as a result of the government mandate, 
and acting on their own research findings suggesting that BIM modules 
should be taught in a collaborative manner (Eadie et al. 2014), the authors 
aimed to ensure their students were adequately prepared and equipped with 
the necessary skills for moving into the workplace. Therefore, beginning in 
the 2013/14 academic year, consideration was given on how teaching could 
be adapted to include collaborative working via a CDE. The following case 
study builds upon the work presented by Comiskey et al. (2015a), outlining 
how the collaborative student project developed was delivered via two 
separate CDE platforms. 

4.1. 2013/14 ACADEMIC YEAR 

The student cohorts involved in the collaborative BIM project were 
studying on separate programmes, Architectural Technology and 
Management (ATM) and Quantity Surveying and Commercial 
Management (QSCM). With the structure and content of the modules for 
the 2013/14 academic year already in place when the project was 
conceived, the proposals needed to be structured around the delivery 
method already in place. Stage one of the process entailed numerous 
meetings between the project leads to evaluate the curriculum of both 
programmmes and identify where collaborative working, delivered via a 
CDE, could be scheduled. It was decided that delivery in a Level 5 (Year 2) 
module would be best, as attainment at this level did not contribute towards 
the student exit award at Ulster University. A module within each 
programme was then chosen for which the coursework scenario and 
requirements could be amended without affecting the learning outcomes. A 
joint coursework brief, contextualised around the development of a Design 
& Build tender submission, was produced which allowed students to work 
collaboratively, to produce architectural designs with associated costing, 
tender programme and commercial management information, and present 
their proposals to an assessment panel. 
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The coursework task ensured collaboration between students, but 
communication and sharing work via the use of a CDE was also required. 
The challenge to be overcome was that project CDE usage in an 
educational context was something new, with the University not having 
access to any of the main CDE platforms. After consideration, it was 
realised that the in-house VLE was in essence a CDE for educational 
resources within modularised subjects, which combined represent a 
programme of study. It was considered that if modules were considered as 
‘projects’, then perhaps the VLE could be harnessed as a CDE for the 
simulated BIM project. Therefore, it was decided to implement a 
speculative proposal to create a bespoke CDE using the in house VLE. 
Meetings were scheduled with the VLE technical support team, to explore 
the capability of the system based upon outline sketches provided of folder 
structures and the file exchange protocols and access permissions 
envisaged. This allowed the VLE technical support team to set-up a 
suitable ‘Programme Support Area’ within the VLE, permitting access to 
the cohorts involved. Folder structures and permissions associated with the 
various student groupings were then set up. A number of meetings took 
place between the project leads and the technical support team to pilot test 
the system and ensure thorough understanding.  

There were a number of infrastructural challenges to overcome in order 
to successfully fulfil the learning outcomes of the BIM collaboration, these 
issues were largely related to the organisational structure of the University 
and how this structure was reflected in the institutional VLE. Typical to 
most implementations of VLEs, courses are organised in a hierarchical 
structure based on Schools and Faculties. Each student belongs to his or her 
node in the structure and is enrolled based on their relationship to the 
institution. Collaborating outside of these structures necessitates the 
creation of new, more agile digital learning environments to support 
collaborative multi-disciplinary learning. The VLE support team created a 
new BIM collaboration area and enrolled students from each of the two 
modules to create a virtual space to facilitate sharing information, 
communicating and collaborating. A custom enrolment script was created 
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to ensure that any changes to the source module enrolments in the student 
records system were reflected in the BIM area. 

The students were enrolled in the area as a single cohort and it was 
necessary to sub divide the cohort into multi-disciplinary groups. Once the 
area was created and populated, and following discussions with the 
academic team, the technical team identified a number of digital 
competencies that students would require in order to successfully engage 
with BIM collaboration in the workplace. Concepts such as document 
version control, document permissions and collaborative authoring are new 
skills to undergraduate students and the team felt that these concepts should 
form part of the learning experience. Blackboard Learn contained a 
document management system providing a large degree of the functionality 
required to support the workflows outlined in PAS1192-2. The system is 
commonly known as the ‘Content Collection’ within Blackboard Learn. 
Each group had a folder within the Content Collection, with permissions 
that only allowed collaboration within their own group, in which they could 
share and collaborate on documents. Blackboard Learn had the potential to 
allow each group member to granularly assign permissions, allowing 
controlled access to any document depending on the nature of the 
collaboration. However, this facility was not used due to the inexperience 
of the academic staff involved. Instead, folders were set-up with pre-
defined access permissions for the students, who then shared documents by 
moving a copy of the file or document into a shared folder and assigning an 
appropriately updated file name, as suggested in BS1192.  

The BIM workflow necessitates effective communication in addition to 
document sharing, and this was enabled using the communication tools 
within the Blackboard Group Area. Each group had access to a private 
discussion board, although email seemed to be favoured, and private 
controlled communication tools allowing students to share information and 
communicate to only those students enrolled in their multi-disciplinary 
group. Using this structure, the students were able to work in a way that 
mirrored industry practice. This included using the WIP area to host their 
individual models as the project progressed and making these available via 
the Shared area for mark-up and comment at the appropriate juncture. The 
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CDE was also used for the creation and hosting of a joint group project 
presentation at the end of the semester. Feedback was positive, with 
comments including: 
 
“…I found it to be a thoroughly educational as well as enjoyable 
experience in the sense that it was a great opportunity to be involved within 
an authentic multidisciplinary team highlighting how one must appreciate 
the value of communication…” 
 
“Overall it was a very good experience and helped me get a better 
understanding of how different professions within the construction industry 
can be more efficient and communicate better using BIM…It was 
interesting to work with other professions collaborating on a project and 
was an enjoyable beneficial experience” 
 
“This project, and the exposure to sharing information and communicating 
via the common data environment which was created as part of it, has set 
me up perfect[ly] for my placement…” 

4.1. 2014/15 ACADEMIC YEAR 

The project was extended in the following academic year with one 
additional programme within Ulster University (Civil Engineering) and one 
external programme at Pennsylvania State University (Landscape 
Architecture) becoming involved. Discussions took place regarding how 
best to facilitate the international aspect and it was decided to approach a 
leading industry CDE provider to inquire about the possibility of using 
their platform. The reasoning behind this was that it would not only 
facilitate the international collaborative aspect, but also allow comparison 
to be made with the in-house CDE. Asite agreed to allow the use of their 
platform for the duration of the project. An immediate advantage of using 
the industry CDE provider was that they were familiar with the workflow 
and the setup required. The project leads were required to forward 
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information in terms of the group structures and student details and this was 
populated into the CDE. Using the BS1192 and PAS1192-2 folder 
structures, the group folders were created.  

The academics involved in the project spent time demonstrating the 
features of the Asite platform to the student groups involved. This included 
ensuring they were confident uploading content and sharing this at the 
relevant point in the project. Each of the students had their own WIP area, 
along with access to the following folders; Shared, Published 
Documentation, Client Shared and Archive. This was slightly more 
advanced than the previous year, but it was useful from the academics 
perspective to reaffirm that the content they had created previously had 
been presented in a way that was comparable with a leading CDE provider. 
During the semester it became noticeable that a number of the ATM 
students didn’t always use the WIP area whilst working on their designs. 
They seemed to revert to using cloud based storage environments they were 
more familiar with or USB drives. Although they had been told that the 
content within the WIP folder could only be viewed and accessed by them, 
there seemed to be a reluctance by some to use this area, possibly in case 
other members of their group could access the information and 
inadvertently use an incorrect version of their model. 

The CDE had other functionality, including the ability to create project 
forms, generate reports and manage project procurement, but most 
fundamentally, the ability to view the 3D models loaded into the folders 
without the requirement for local software. This function also facilitated 
saved viewpoints and red-line mark-ups, which students could elect to use 
instead of Navisworks, which had been used for this type of collaboration 
in the previous year. However, the only additional feature that was used by 
some was the discussions section, to clarify any issues arising between the 
students. Some of the functionality didn’t appear to work as expected, but 
because the project leads were unable to adjust the system settings (due to 
their limited experience of the platform), they were unable to assist in an 
efficient manner and had to employ work-around solutions. Asite did 
facilitate comprehensive training sessions and provide a detailed overview 
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of the system, but the time required to fully master the system should not 
be underestimated. This was an important lesson that was taken from the 
project. Although it took some time for students to become confident using 
the Asite platform, in class observations towards the end of the semester 
suggested that they were becoming more familiar and comfortable with its 
workings. Feedback from students involved in the 2014/15 academic year 
included: 
 
“Collaboration with the QS Students was interesting because it enables you 
to communicate with people from different sectors of the construction 
industry…I found it difficult using the common data environment at the 
start, but once I got the hang of it, it was useful for sharing projects and I 
realised the benefits.” 
 
“I found the project was a very good experience…it gave me a very good 
idea of what it would be like working in industry as we were working as a 
team to achieve the same objective. It gave me a really good insight as to 
what it is like working and communicating to other members of the team 
from different disciplines…”  

5. Discussion 

The academics involved had not worked in this way previously and were 
unsure about the student reaction and how effective the CDE and 
collaborative workflow would be. However, the results for both of the CDE 
platforms were broadly positive. Throughout both projects there were many 
similar challenges to overcome, not least the many structural barriers to 
collaborating which exist within Higher Education Institutions (HEIs). This 
is exacerabated when the number of students on each programme varies 
significantly, as was the case in both projects. Although the work was 
shared on a CDE, face-to-face meetings (between students at Ulster) were 
scheduled as a means of introducing the students, with a minimum of two 



226 D. COMISKEY, M. MCKANE, A. JAFFREY AND P. WILSON  

 

meetings, one at the outset of the project by means of an introduction, and 
the second at the joint presentation. These were viewed as important in the 
overall process, especially within the vocational context of the brief. The 
face-to-face meetings required a certain degree of flexibility between the 
project leads and students due to the timetabled challenges and the fact that 
the programmes were delivered within different schools.  

Focusing on the CDE derived from Blackboard, the most significant 
challenge was in reflecting the requirements of PAS 1192-2 and providing 
a realistic ‘real world’ environment. This was especially challenging, as the 
University VLE had never previously been used in this way. Although the 
VLE support team were technically competent, they had no background in 
construction and were unaware of the structure and content required. The 
fact that the students were new to not only the BIM process, but also the 
technology, made the challenge all the greater. Finally, as neither of the 
lecturers involved had worked with the technology on a live project, there 
were confidence challenges to be overcome in terms of moving forward 
with the experimental digital application project. Fortunately, the project 
leads had similar aspirations for the project and were enthusiastic BIM 
advocates, so exploring the potential for the project was enjoyable and the 
risk to the students was minimised, because their learning outcomes could 
be achieved even without engaging in the process.  

Regarding the industry standard CDE, the main issue from the 
academics’ perspective was in becoming sufficiently competent in the use 
of the platform to advise the students how to use it for their projects. The 
system was a fully functioning CDE and had a lot more features than the 
in-house CDE, including an area for project forms, reports, federated 
models and procurement related documentation. Although the students did 
not use these areas, they still were useful in terms of demonstrating how a 
CDE should be used in practice. For future projects, the ability to use the 
platform to keep a record of Meeting Minutes would be a feature that 
would be recommended. This would not only provide the students with an 
additional feature of the CDE platform, it would allow a record of progress 
and actions to be recorded and also allow them to experience a task they 
will be required to perform in professional life.  
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The potential for some students to be daunted by the perceived 
complexity of the system should also be highlighted and became apparent 
in some of the responses in the end of module surveys. Due to workload 
and other commitments the academic team were unable to devote the time 
required to fully familiarise themselves with the entire suite of features, and 
as such used it in a limited manner. For example, the ability to assign 
actions to other members of the collaborative team against documents 
posted within the shared folders didn’t work with the default project 
settings, but the project leads hadn’t the time or experience to remedy this. 
As outlined in Comiskey et al. (2015a), this was an important learning 
outcome from the project and highlights the significance of the Information 
Manager role. There were many positives, which were apparent both in this 
study and outlined in the previous paper, these included the opportunity to 
provide students with the experience of using a leading industry CDE 
platform, and from the academic perspective, the ability to filter and search 
for files that were uploaded by the various students within project areas was 
very useful, especially at assessment time. It also facilitated the 
international collaboration in a much easier manner than would have been 
the case if the in-house CDE had been used.  

As a pilot project, this study was beneficial in comparing the main 
features of both platforms to facilitate a collaborative educational 
assignment task. However, additional work on a much larger scale will be 
required before any conclusion could be drawn on the benefits of using an 
in house CDE compared to one used in professional practice. As new 
features are added to CDEs and VLEs they may become interchangeable 
and further experimentation may be required with different systems. 

6. Conclusion 

The time commitment consumed outside normal working hours cannot be 
underestimated when embarking on such a journey. Before the CDE 
platform can be used, the time involved in developing the infrastructure, 
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designing the contextual brief, administering and supporting the students 
through their workshops and resolving their technical queries can be taxing. 
However, the satisfaction of observing the learning outcomes evolving 
throughout the project and the enhanced employability skills being 
presented at the end of the project provided a rewarding return on 
investment.  

The use of the industry standard CDE was very beneficial and provided 
the students with an insight into the workings of a professional information 
management workflow using BIM. Similarly, the in-house CDE provided 
the students with an understanding of the basic makeup of a CDE and 
allowed them to become familiar with its workings. Others wanting to 
implement similar projects should weigh up the required learning 
outcomes. If the aim were to provide students with a basic grasp of the 
workings of a CDE at a low level, with collaboration limited to other 
programmes within the same institution, then an in-house CDE would be 
sufficient. This could take the form of a basic folder structure for sharing 
documentation, whereby model viewing and red line markup is 
accommodated using desktop applications. Such a process would be most 
suitable for Year 1 students. However, if the aim were to replicate the full 
suite of CDE features such as; federation (where multiple discipline models 
are being developed, possibly within different institutions), the allocation 
of action distribution/deadlines, and red line markups/saved viewports all 
hosted within the CDE as a service, then it would be much more difficult. 
In this case a professional CDE platform would be the best way of 
delivering these services. This would be most suitable for Year 2 and 4 
students, as long as they have an understanding of the information delivery 
cycle and how a CDE operates. However, this opens up a new discussion 
on the level of BIM related content delivered within institutions that would 
allow a thorough grasp of such workflows. Another factor to be considered 
for future implementation would be the willingness of CDE providers to 
allow free of charge educational use of their platforms. If this were not the 
case, considering the challenging economic environment in which many 
HEIs operate, would there be a willingness within institutions to pay the 
subscription fees? 
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In terms of future CDE usage at Ulster, changes to the digital learning 
environment, in line with development of learning technologies in the 
marketplace, will result in easier communication and collaboration 
opportunities via existing platforms. The latest version of Blackboard 
Collaborate (Ultra) is mobile responsive, works on multiple devices and is 
designed to allow multiple cohorts to connect in a flexible way between 
themselves and external contacts that may not have an institutional identity.  
Integrations between more agile document management and version control 
systems and the institutional VLE will allow more informal sharing and 
collaboration reflective of industry practice. Tools such as Github and 
Dropbox provide rapid iterative development opportunities between 
individuals during the prototyping phase with final documents being 
refined and published in controlled firewalled systems when appropriate. 
This mix of policy and control with flexibility and agility will introduce 
students to technologies that are being used in practice to enable effective 
collaboration.  

Although many of the VLE weaknesses appear to be overcome by new 
features, CDE platforms are likely to develop further. This poses a 
challenge for technical teams within institutions who are trying to mirror 
these features, and equally for academics that may be expected to use them.  
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Abstract. Some would argue that there is a need for the traditional 
lecture format to be rethought in favour of a more active approach. 
However, this must form part of a bipartite strategy, considered in 
conjunction with the layout of any new space to facilitate alternative 
learning and teaching methods. With this in mind, this paper begins 
to examine the impact of the learning environment on the student 
learning experience, specifically focusing on students studying on 
the Architectural Technology and Management programme at Ulster 
University. The aim of this study is two-fold: to increase 
understanding of the impact of learning space layout, by taking a 
student centered approach; and to gain an appreciation of how 
technology can impact upon the learning space. The study forms part 
of a wider project being undertaken at Ulster University known as 
the Learning Landscape Transition Project, exploring the relationship 
between learning, teaching and space layout. Data collection was 
both qualitative and quantitative, with use of a case study supported 
by a questionnaire based on attitudinal scaling. A focus group was 
also used to further analyse the key trends resulting from the 
questionnaire. The initial results suggest that the learning 
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environment, and the technology within it, can not only play an 
important part in the overall learning experience of the student, but 
also assist with preparation for the working environment to be 
experienced in professional life.  

1. Introduction 

The traditional teaching model within many Higher Education Institutions 
has been challenged, and in many cases replaced, with interaction and 
collaboration. This has led to a new impetus to examine the learning space 
itself as part of any reworking of the teaching experience. This is true 
within the built environment sector, with multidisciplinary provision and 
collaborative working becoming more widely implemented. As the sector 
move towards this type of educational delivery, is important that the design 
and layout of the physical environment in which such tasks are taking place 
is considered (see Comiskey et al. 2015, p.255). 

The learning space is no longer a lecture theatre with fixed layouts 
designed for quiet listening to an academic from behind a lectern. The 
learning space is now flexible and mobile, incorporating any location from 
a large classroom to a public space café or a small meeting room. JISC 
(2006, p.5) outline how, “a learning space should be able to motivate 
learners and promote learning as an activity, support collaborative as well 
as formal practice, provide a personalised and inclusive environment, and 
be flexible in the face of changing needs.” While this outlines what a 
learning space should do, Boys (2010, p.160) argued, “Almost no data 
exists to help assess the effectiveness of the new and adapted buildings 
currently being constructed across universities and colleges”. This is an 
important risk for designers of new learning space as Oblinger (2005, p.14) 
points out how “space can either enable - or inhibit - different styles of 
teaching as well as learning”. What is clear from research is how flexible 
space capable of enabling a wide range of users to learn in their own way 
both on their own and in collaboration with their peers is key. Gardner & 
Eng (2005, cited in Schadl et al. 2015, p.42), highlight that students need 
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“space for learning from peers and for integrating technology”, while 
Schadl et al. (2015) also argue there is no typical student, and thus learning 
spaces need to facilitate a wide range of preferences from silent areas 
through to bustling workspaces.  

This paper intends to add to the research knowledge by undertaking a 
study with a two-fold aim, to increase understanding of the impact of 
learning space layout, by taking a student centered approach; and to gain an 
appreciation of how technology can impact upon the learning space. The 
study forms part of a wider project being undertaken at Ulster University 
known as the Learning Landscape Transition Project, exploring the 
relationship between learning, teaching and space layout. Whilst this 
specific project is investigating optimum space layout and technology 
requirements for a built environment related discipline, it is also using the 
lessons learnt to provide general feedback which will feed into a wider 
study aimed at implementing optimum learning space design throughout 
the new University campus at Ulster University known as the Greater 
Belfast Development. 

2. Literature Review 

The change in pedagogic emphasis from teaching to learning has increased 
the architectural and technical requirements of new learning spaces. This 
has stemmed from the realisation of how limiting a traditional lecture 
theatre can be for interaction. It is difficult to encourage a group dynamic 
when all students are positioned facing the teaching position, in many cases 
in tiered rows, and unable to speak to people in front or behind with ease. 
Resultantly, a new spotlight on learning space layouts, aimed towards 
encouraging collaboration and group work, has led to many institutions 
creating and maintaining their own suite of active learning spaces. 
Typically, these spaces incorporate a range of furniture and technologies to 
facilitate a greater range of learning function. 
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At Ulster University, the approach to preparing for the changing 
learning environment in multicampus developments has been to create a 
range of furniture and technology enhanced active learning classes and 
studios. Rowley (2014, p.67-68) concluded that teaching in a different 
physical space encourages academics to review their current curriculum 
and teaching practices to align with more “technology–rich”, social 
learning spaces to facilitate active, collaborative and blended learning. As 
outlined by Corcorran (2014), “Pedagogy, technology and space can and 
should work in concert to create a synergistic ecosystem that can maximise 
the effectiveness of great teachers.” That said, Drew & Koppler (2014, 
p.108) highlight, “a challenge for teachers as they come to grapple with 
understanding how learning spaces are created and mediated with 
technology to engage students with learning activities that effectively assist 
them towards desired learning outcomes.”  

One example of a space where technology and furniture facilitate 
changed learning approaches is “SCALE-UP” rooms. The term “SCALE-
UP” stands for, “The Student-Centred Activities for Large Enrolment 
Undergraduate Programs” (Beichner et al. 2007), but with increasing use 
the acronym has changed to incorporate Upside-down Pedagogies (NTU, 
2015). A SCALE-UP room combines mobile furniture and linked 
technologies with problem based learning to create a dynamic where 
participants are encouraged to collaborate with their peers, questioning and 
teaching one another (Beichner et al. 2007). To enable the cohort to engage 
with each other and their topic, they are asked to prepare for their 
workshops by reading resources and preparing questions and topics for 
engagement before they come to class each week. Homework helps the 
group to analyse the resources they use during their seminars. The 
technologies required to facilitate SCALE-UP learning are designed to 
enable two-way presentation of content to or from any table within the 
room. This means the academic can share content to a specific group who 
can then work on a problem and share their findings with the academic or 
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other groups within the room. This facilitates opening the engagement to a 
wider cohort from anywhere within the room.  

2.1. TECHNOLOGY AND LEARNING SPACE DESIGN 

The use of tablet and mobile technologies has increased in recent years led 
by interest in Apple iPad and Google Android tablets. As these products 
continue to grow in terms of their capabilities they can enable a greater 
range of learning and engagement through Apps designed to encourage 
interaction both in class and online. Tablets can offer the cohort media rich 
content, and they can create, share, annotate and change in collaboration 
with their peers to create their own knowledge resource. Information can be 
shared without the need for media cables or physical network connections 
while any information created is stored and shared through cloud storage 
facilities. As well as tablet devices, there is potential for a range of other 
technologies to be incorporated within learning sessions for active 
engagement. The co-authors of this paper have background knowledge in 
the area of technology enhanced learning; including an award winning 
initiative to bring construction activities to the students via the use of video 
(see Comiskey, 2011) and encouraging engagement via the use of iBooks 
(see Comiskey et al. 2013), and have found that the integration of such 
technology means the learning experience can be more engaging and a 
deeper understanding of any concept explored thanks to the creation of a 
richer learning experience. 

Knowledge and experience of technology facilitated via active learning 
techniques is particularly important at present in built environment 
education due to the move towards a smarter, technologically driven and 
collaborative construction sector. There has been the emergence of tablet-
based construction Apps, and software allowing for more efficient building 
design, data capture, management, and communication. This transformation 
is taking place within a changing office environment, with 
videoconferencing technologies now frequently used for meetings, and 
platforms such as FaceTime and Skype, coupled with the rise in the use of 
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cloud based environments to share information and collaborate, making it 
easier than ever to instantly connect and work with individuals regardless 
of location. All of this means that those studying on construction 
programmes need to be comfortable with technology and working in a 
more collaborative manner. Therefore, there is an opportunity to integrate 
this into the learning environment and thus harness a more active learning 
approach.  

Whilst this active learning and technology driven approach has been 
highlighted as a way of transforming the learning experience, there is 
recognition that not all academics will be comfortable using such 
techniques. Therefore, a key aim of this study was to trial a number of 
technologies and approaches that have the potential to enhance lessons and 
provide feedback. 

3. Research Methodology 

Data collection for this study was both qualitative and quantitative, with 
use of a case study approach supported by a questionnaire based on 
attitudinal scaling. The design and content of the questionnaire was heavily 
influenced by similar work from Wood et al. (2010) undertaken at the 
University of Leicester. A focus group was used to analyse key trends 
resulting from the questionnaire, helping to triangulate and validate the 
findings. In terms of academic evaluation, reflective writing was used to 
record observations witnessed before, during and after the weekly sessions.  

4. Case Study 

As previously outlined, the case study presented forms part of a wider 
project being undertaken at Ulster University known as the Learning 
Landscape Transition Project. This was initiated to increase the awareness 
of innovative learning and teaching approaches, promoting the importance 
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of learning space design in future campus developments. As part of this 
initiative, students designed an experimental Active Learning Space (ALS). 
 

Figure 1. Year 4 ATM Students working in the Active Learning Space 

This space included a number of separate zones, one for interaction and 
collaboration with moveable furniture and both moveable and fixed white 
boards, and a zone for professional learning which was partly partitioned 
off from the rest of the space and included moveable desks and seats and a 
wall mounted TV monitor. Initially, this space was used in an informal 
manner during the 2014/15 academic year. However, more systematic 
evaluation was required, and it was decided to analyse the use of the space 
and gather feedback on a range of topics, including; how it functioned as a 
learning environment, evaluation of design and layout, and integration of 
technology. The overarching concept was to learn more about active space 
design. 

Academics belonging to the Architectural Technology and Management 
(ATM) programme were selected to take part in a pilot evaluation project, 
using the space as part of their module delivery during semester one of the 
2015/16 academic year. Within the ATM programme two distinct student 
cohorts were identified to provide analysis; Year 1 students due to their 
ability to draw comparisons with experiences during their secondary or 
college education, and Year 4 students who had experienced more 
traditional teaching space layouts during the first two years of their 
University studies (the third year being spent on a period of industrial 
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placement). The following case study provides an analysis of the activities 
undertaken by the Year 4 students and feedback from those involved. 

4.1. YEAR 4 GROUP 

The Year 4 students involved in the project were studying a module entitled 
Building Information Modelling, with the content delivered primarily 
theory based. The ALS was used to deliver the lectures for seven weeks of 
the semester, with the other five weeks lectures delivered in a more 
traditional teaching environment (Figure 2). The students also used the 
space for six weeks for a separate Dissertation module, with the remaining 
six weeks again delivered in a traditional environment with which they 
were more familiar.  

Figure 2.  Year 4 ATM Students working in the traditional teaching space 

The two separate spaces were selected to allow some basic comparisons to 
be made. From the academics perspective, an important aim was to observe 
student engagement and participation in the more traditional learning space 
and compare this with the sessions delivered in the ALS.  

The lectures delivered in the traditional teaching space all followed a 
similar format. The material to be delivered was presented in a traditional 
PowerPoint format, with the lecture broken up via the use of video clips, 
active and collaborative learning tasks and question and answer sessions. 
The sessions in the ALS were more varied and employed a range of active 
and collaborative learning techniques as well as trialling a range of 
technologies. Microsoft Surface Pro devices (with type cover and mouse) 
were used in some of the sessions to evaluate their ability to aid active 



THE INFLUENCE OF SPACE LAYOUT, TECHNOLOGY AND TEACHING 
APPROACH ON STUDENT LEARNING  241 

learning techniques. These devices were selected due to their high quality 
stylus pen for sketching purposes, operating system compatibility, and all 
round usefulness for Architectural Technology students to allow for use 
and analysis within the space. The devices were remotely connected to a 
50-inch TV monitor (fixed to a moveable display stand) for display 
purposes via a wireless display adapter connected using the Miracast 
feature. Other technologies and software used included Autodesk 
Sketchbook, Trimble SketchUp and Onuma platforms to design learning 
space layouts, the use of an online cloud based system (OneDrive) for 
group collaboration and for integrating a pre-recorded lecture, and the use 
of GoToMeeting videoconferencing technology to deliver a live lecture 
from a leading academic located in Copenhagen, Denmark. The full lecture 
schedule and content for each of the twelve sessions can be seen in Table 1.   

 
TABLE 1. Year 4 Lecture Schedule 

 
Week 
No. & 
Room 

Content Technology Used 

1 
Block 2 

BIM Overview & Lean. Delivered as a 
traditional lecture with questions for 
student engagement. 

PowerPoint projected onto fixed 
Whiteboard 

2  
ALS 

BIM implementation in the UK and NI. 
Presentation in professional space 
followed by activity and discussion in 
collaboration zone with final analysis in 
professional space. 

PowerPoint projected onto fixed TV 
Monitor 

3 
Block 2 

BIM Protocol. Traditional lecture 
followed by group activity aimed at 
evaluating the Protocol document. 

PowerPoint projected onto fixed 
Whiteboard. IPad to mark up document, 
which was then shared with the group. 

4 
Block 2 

PAS1192-2 & BS 1192-2007. 
Traditional lecture with video clips for 
demonstration/generate discussion. 

PowerPoint projected onto fixed 
Whiteboard. Laptop with Wi-Fi 
connection to play web based video clips. 

5 
Block 2 

PAS1192-3 & BS 1192-4. Traditional 
lecture with video clips for 
demonstration/generate discussion. 

PowerPoint projected onto fixed 
Whiteboard. Laptop with Wi-Fi 
connection to play web based video clips. 
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6 
Block 2 

BIM Internationally. Traditional lecture 
with video clips for demonstration and to 
generate discussion. 

PowerPoint projected onto fixed 
Whiteboard. Laptop with Wi-Fi 
connection to play web based video clips. 

7 
ALS 

BIM for Sustainable Design. Traditional 
lecture with video clips for 
demonstration/generate discussion. 

PowerPoint projected onto fixed TV 
Monitor. Laptop with Wi-Fi connection to 
play web based video clips. 

8 
ALS 

Software Demo and Use. Interactive 
session with active learning activity. 
Class split into two groups for weeks 8 & 
9 and weeks 10 & 11 

Surface Pro/s remotely connected to TV 
on moveable display stand using Miracast 
to display student designs created on 
Autodesk Sketchbook. 

9 
ALS 

Software Demo and Use. Interactive 
session with active learning activity 

Surface Pro/s remotely connected to TV 
on moveable display stand using Miracast  

10 ALS Repeat of week 8  
11 ALS Repeat of week 9  
12 
ALS 

Live Lecture & BIM & Design. 
Interactive session with live lecture and 
active learning group activity. Outcomes 
to be uploaded to Onedrive 

Laptop connected to TV on moveable 
display stand to display live lecture via 
GoToMeeting. OneDrive for group 
collaboration. Pre recorded lecture shared 
via OneDrive 

5. Analysis and Discussion 

The first research objective was to increase understanding of learning space 
layout. From the academics perspective it was clear that the ALS facilitated 
a more active and collaborative approach to educational delivery. Feedback 
from Part A of the questionnaire (Table 2) suggests that the cohort favoured 
this active learning approach. Note that the questionnaire feedback was 
solely based on the experiences within the module identified. 25 out of 29 
students responded, giving an 86% response rate. 
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TABLE 2. Year 4 Feedback (Part A) 
 

Question SA A N D SD 
I prefer teaching approaches which focus on lectures and 
note-taking, with minimal interaction between the tutor and 
the student 

4% 12% 32% 40% 12% 

I prefer teaching approaches which focus on discussion 
between the tutor and the class 

0% 72% 20% 8% 0% 

I prefer teaching approaches which are interactive, with 
active learning activities incorporated and feedback 
provided to the group 

8% 72% 16% 4% 0% 

I prefer teaching approaches where I can work on my own 
and am set tasks to work on individually 

12% 24% 44% 20% 0% 

I prefer teaching approaches where I can work in 
collaboration with others 

4% 48% 40% 8% 0% 

SA = Strongly Agree, A = Agree, N = Neutral, D = Disagree, SD = Strongly Disagree 
All questions taken from or influenced by Wood et al (2010) 

 
Focusing on space layout in the traditional teaching space, it was 

noticeable that students immediately moved towards the back of the room 
upon entry, and appeared to subconsciously use the empty seats towards the 
front of the room as a kind of barrier to engagement. The small space 
available coupled with heavy furniture meant that the space could not be 
easily rearranged and thus the traditional layout with students sitting in 
rows was employed. In Part B of the questionnaire it was interesting to note 
a majority (48%) were unsure when asked about their preference for 
traditional teaching layouts with desks in rows, facing the front of the 
room, yet a majority (64%) were in agreement that they preferred working 
in a room where furniture can be moved around to facilitate different 
activities, with only 8% disagreeing. The sessions in the ALS were much 
more interactive, with the larger space and easily moveable furniture 
meaning the space could be easily reconfigured for each class. As recorded 
in the reflective diary of the academic, “it was as if the open layout meant 
that students felt they were expected to engage with activities/discussions 
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during the session”. There was a different atmosphere within the group and 
better all round engagement.  

 
TABLE 3. Year 4 Feedback (Part B) 

 
Question SA A N D SD 
I prefer working in a room with desks in rows, facing the 
front of the room 

4% 16% 48% 32% 0% 

I prefer working in a room where the desks are in groups of 
4-6 seats 

0% 48% 36% 12% 4% 

I prefer working in a room with no tables, only chairs 0% 0% 16% 48% 36% 
I prefer working in a room where furniture can be moved 
around to facilitate different activities 

16% 48% 28% 8% 0% 

I like working in a room with a good level of natural light 
(i.e. Student Hub) as opposed to other teaching spaces 
(06C39) 

4% 52% 40% 4% 0% 

SA = Strongly Agree, A = Agree, N = Neutral, D = Disagree, SD = Strongly Disagree 
All questions taken from or influenced by Wood et al (2010) 

 
Although the professional learning zone in the ALS was highly 

beneficial, in reality it was too small for the entire cohort to fit into. This is 
one reason why the class was split up for some of the sessions. The zone 
mirrored professional practice in terms of its layout, but ideally the 
partition wall should have been moveable to ensure the space was suitable 
for the cohort size. The windows (with obscure glass) facing onto the 
corridor outside allowed additional light into the space, but the feedback 
from the focus group discussion was that these windows were distracting 
due to people outside the space looking in. In terms of other layout 
considerations, the whiteboard walls, although not overly used, were seen 
as a good idea in principle. 

The second research objective sought to gain an appreciation of how 
technology could impact on the learning space. In the traditional learning 
space it was noted that the room layout was unhelpful in terms of 
promoting interaction as the lecturer had to constantly move to the front of 
the class to play and pause videos that were part of the presentation. The 
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use of the tablet devices in the ALS were better in this regard as they could 
be controlled remotely and therefore be less disruptive to the flow of the 
class. The tablet devices worked particularly well with the moveable TV 
monitor, which could be repositioned within the class as needed, allowing 
for a flexible use of space for specific tasks. Whilst this was preferred to the 
fixed TV monitor, there is awareness that this presents security concerns.  

It became apparent that having a detailed knowledge of the workings of 
the wireless display adapter and miracast facility is essential. For instance, 
for one task the students were divided in groups and requested to redesign 
the ALS to create their ideal learning area. This was done on the tablet 
devices using specialist software. The idea was that each group could 
remotely share their tablet screen using the wireless display adapter, 
mirroring it to display on the TV monitor, and present their ideas to the rest 
of the cohort. This did not work as expected, as there appeared to be 
interference between the devices. Upon reflection, the reason for this 
interference was most likely due to certain groups not disconnecting their 
devices after they had finished their presentation, and thus impacting on the 
ability of the other groups to connect to the Miracast wireless display. This 
highlights the importance of those using the technology, both students and 
academics, fully understanding how it operates.  

Interestingly, most of the design layouts produced by the students 
seemed to favour a collaborative approach to learning. Wi-Fi connectivity 
was also an issue on occasions and a fixed connection port would have 
been useful, although again doing away with the wireless model sought. 
These are important considerations and highlight that the information 
technology infrastructure must be in place to support the technology used. 
Although there were some issues, the majority of students stated that the 
use of the tablet devices enhanced the lessons. In the final week a live 
lecture was scheduled to demonstrate that technology can allow industry 
experts, regardless of location, to interact and engage with students. A 
laptop was connected to the TV monitor for display purposes and 
GoToMeeting video conferencing software was used for the presentation. 
This worked extremely well with only minor technical issues and was well 
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received by the students; with 88% (Table 4) stating that they thought it 
enhanced the lesson.  

 
TABLE 4. Year 4 Feedback (Part C) 

 
Question SA A N D SD 
The use of the tablet devices enhanced the lessons 16% 48% 32% 4% 0% 
The live interactive lecture enhanced the lesson 36% 52% 8% 4% 0% 

SA = Strongly Agree, A = Agree, N = Neutral, D = Disagree, SD = Strongly Disagree 
 
The Cloud based resource utilised also has a lot of potential. The cohort 

were split into groups and asked to evaluate and provide feedback on 
research articles using OneDrive. A shared folder structure was created to 
encourage each group to upload their evaluation, which could in turn be 
viewed by the rest of the cohort. Although in reality it was solely used to 
view content rather than provide evaluations, it has a lot of potential to be 
used as a collaborative platform for sharing information and generating 
discussions and debate outside the classroom. 

6. Conclusion 

Although a small-scale scoping study, the findings resonate with the 
research outlined at the beginning of the paper, with the feedback 
suggesting that the layout of the active learning space was favoured over 
the more traditional teaching space. The layout of the ALS also better 
facilitated the use of technology, which was generally well received and 
enhanced the lessons. The use of this technology also assisted in providing 
the students with experience of using the software and the collaborative 
working methods they will experience in professional practice. Another 
noteworthy point was the success of the live lecture. Although it is 
acknowledged that the use of video conferencing technology is nothing 
new, it provoked a positive response from the cohort and brought a new 
level of engagement into the group. Whilst the use of the various 
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technologies were beneficial in this study, it must be highlighted that 
technology should only be used where there will be a genuine benefit to 
learning and where it will enhance the lesson. Finally, the project also 
highlighted the importance of ensuring the technical infrastructure is in 
place to support such technology if it is used. Although the outcomes from 
this study are interesting and add to the existing research data in this area, it 
should be remembered that this has been a small-scale project, undertaken 
in a short time frame and with a relatively small group of students. Rather 
than draw conclusions from it directly, it will feed into a larger study at 
Ulster University, the results of which will provide a more comprehensive 
analysis and understanding of preferred learning approaches and the impact 
these will have on teaching styles both now and in future. 
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Abstract. Teaching architecture is experiencing a moment of 
opportunity. New methods, like constructivist pedagogy, based on 
complexity and integration are yet to be explored. In this context of 
opportunity teaching architecture has a duty to integrate complexity 
in their curriculum. Teaching methods should also assume inherent 
indeterminacy and contingency of all complex process. If we accept 
this condition as part of any teaching method, the notion of truth or 
falsehood it becomes irrelevant. In this regard it could focus on 
teaching to contingency of language. Traditionally, technology is 
defined as the language of science. If we assume contingency as one 
of the characteristics of language, we could say that technology is 
also contingent. Therefore we could focus technology teaching to 
redefine its own vocabulary. So, redefining technological vocabulary 
could be an area of opportunity for education in architecture. The 
student could redefine their own tools, technology, to later innovate 
with them. First redefine the vocabulary, the technology, and then 
construct the new language, the technique. In the case of Building 
Technology subjects, it should also incorporate a more holistic 
approach for enhancing interdisciplinary transfer. Technical transfer, 
either from nature or other technologies to the field of architecture, is 
considered as a field of great educational possibilities. Evenmore, 
student get much broader technical approach that transgresses the 
boundaries of architectural discipline. 
Keywords. Integration, complexity, biomimicry, desfamiliarization, 
refamiliarization, technical transfer, Frankenstein and constructivist 
learning. 
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1. Introduction. 

There is no doubt that, in recent years, architecture has been subject to an 
exponential increase of its complexity. Due to position in blurred space 
between society and nature, architecture must provide answers to a growing 
number of factors. In this context, technology and technique are not the end 
but the means to meet this growing complexity. While technique could be 
defined as the skill to develop certain actions, technology is the set of tools 
that allow you to carry it out. Going back to blurred space between nature 
and society, architect has become a man of action, where its potential is 
more on technique than technology. Technique over technology is an 
inherently inclusive attitude, so it is difficult to separate it from the activity 
of the architect.  

Due to architecture is an inherently complex discipline, it is necessary to 
reflect on the evolution of the curriculum of schools of architecture, and 
specifically in subjects regarding with technique and technology. Although 
the first thing one may ask, in this context of increasing complexity, is 
whether or not it is necessary a change in teaching methods. 

2. Does complexity require new teaching and pedagogical methods? 

The question would take us quickly to answer affirmatively. But before 
temptation, let’s try to provide it with arguments. The first reflection has to 
do with the relationship between the number of hours spent in the 
curriculum regarding with building technology and the increasing 
complexity of architectural technology. In general, the technical subjects do 
not represent even 50% of teaching plans of schools of architecture. And 
surely they should not represent more. 

Given this teaching load does not seem feasible to teach all knowledge 
related with materials and construction systems. Nor need. One of the main 
features of complexity is its own indeterminacy. The huge amount of 
architecture elements and systems, but not only technical, give its intrinsic 
complexity. 
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Let's go back to the previous question. If complexity has become an 
architectural feature, we could delve into new methods of learning as 
constructivist pedagogy (Piaget, 2001).1 From this point of view teaching 
could be knowledge integrated action. 

2.1. ACTIVE LEARNING: CONSTRUCTIVIST LEARNING METHODOLOGY.  

Although constructivism is not a specific pedagogy, it is an oriented active 
learning where students construct knowledge from their own experiences. 
In this sense teacher should encourage students to challenge themselves and 
question their own strategies. Ideally, student must become learner expert. 

In this sense, the role of the teacher is to be a mediator or coach, to help 
students make right questions. Constructivist pedagogy proposes to start 
from general concepts to parts, as opposed to the traditional system that 
began with parts to teach the whole. 

Surprisingly, one of the origins of constructivist pedagogy goes back to 
a new discipline was once cybernetics. Initially founded by Norbert 
Wiener, cybernetics was set up to exercise control and communication over 
machines, and by extension to animals, since operational logic could be 
understood as similar. (Wiener, 1961)  Later, Heinz von Foerster together 
with Gordon Pask developed second order cybernetic, which point of view 
changed, and focused on the proper subject observer. Thus giving rise to 
new methods of education and family therapy. 

2.2 HOW COULD BE THE NEW TEACHING AND PEDAGOGICAL 
METHODS BASED ON COMPLEXITY? 

Teaching architecture is experiencing a moment of opportunity. New 
methods based on complexity are yet to be explored. In fact, the so-called 
complexity theories are not one but multiple contributions, ranging from 
cybernetics (Wiener, 1961), Systems Theory (Von Bertalanffy, 1991) or 
                                                 
1 It refers to the constructivist pedagogy initiated by Jean Piaget. Piaget's theory 
covered learning theories, teaching methods, and education reform. 
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Far-from-equilibrium Thermodynamic Dissipative Structure Theory (Ilya 
Prigogine, 1997) among many others. Recently, Complex Thought coined 
by Edgar Morin (Morin, 2011) is an attempt to unify these theories under 
what he calls self-eco-organization systems. Complex thought is an 
inclusive conception of knowledge, based on the Aristotelian maxim that 
the whole is more than the sum of its parts. 

Constructivist pedagogy shares this integrative approach of knowledge. 
In this context of opportunity teaching architecture has a duty to integrate 
complexity in their curriculum. 

3. The Technology Language (TELA) and the Frankenstein Strategy 
(FRAST). 

The teaching methodology of Building Technology subjects taught by the 
author during the last five years at IE School of Architecture and Design is 
based on integration and complexity.  Two subjects taught in successive 
quarters, Construction Systems and Construction Workshop, are linked by 
two evolutionary methods called by the author as Technology Language 
(TELA) y Frankenstein Strategy (FRAST). While the first is a process of 
concepts isolation, the second is a process of concepts integration. So the 
student will follow a nonlinear process where the TELA will feed the 
FRAST. 

3.1. THE TECHNOLOGY LANGUAGE (TELA). 

Teaching methods should also assume inherent indeterminacy and 
contingency of all complex process. If we accept this condition as part of 
any teaching method, the notion of truth or falsehood it becomes irrelevant. 
In this regard it could focus on teaching to contingency of language. 

Traditionally, technology is defined as the language of science. If we 
assume contingency as one of the characteristics of language, we could say 
that technology is also contingent. Therefore we could focus technology 
teaching to redefine its own vocabulary. 

http://www.eoht.info/page/Far-from-equilibrium
http://www.eoht.info/page/Dissipative+structure
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So, redefining technological vocabulary could be an area of opportunity 
for education in architecture. The student could redefine their own tools, 
technology, to later innovate with them. First redefine the vocabulary, the 
technology, and then construct the new language, the technique. 

TELA is a teaching methodology for the construction of a new 
technological language TELA is based on concepts unlike the traditional 
division between materials and construction systems. So, instead of 
implementing existing building systems is proposed to work with concepts 
associated with technology, and redefined by the student. 

The student will begin a process from generic and open glossary, for its 
later redefinition. This glossary is formed by concepts associated with the 
implementation of a technology that it is to say, technique: Watertight, 
Movement, Ornament, Transparency, In Process, Informal, Solid Ground, 
Out of Date, Low-Cost, Protection, Appearance and Atmospheric2. 

3.1.1. Biomimicry and Tech-mimicry, 
Through process of desfamiliarization students should investigate examples 
related to the above concepts, but from nature or from other technologies 
far from architecture field. Using techniques based on biomimicry, students 
are forced to leave comfortable areas of architectural discipline. 

Biomimicry is a revolutionary new science that analyzes nature’s best 
ideas. Through strategies based on biomimicry it is possible to study 
technologies occurring in nature for subsequent application to architecture. 
Biomimicry studies nature to find inspiration in it. Biomimicry comes to 
solving those human problems that nature has already solved. Also, it is 
possible to learn from nature how organism has adapted to unexpected 
situations throughout its resilience capacity. 

Another inspiration source for students is technique and technology far 
away from architectural discipline. Technology level development in 
architecture is usually far behind other disciplines such as aeronautics, 
amusement parks, oil rigs or medical prostheses among many others; as 

                                                 
2 TELA glossary is given by professor. 



254 M. PÉREZ ROMERO  

 

biomimicry is considered an area of great potential to study advanced 
technology. In this sense, student may discover examples associated with 
TELA glossary from nature or other technologies outside architectural 
discipline. 

On each concept student must submit an explanatory sheet over example 
selected. Each sheet will contain a minimum graphic documentation drawn 
in black and white with at least a plant, section and detail. It can be 
illustrated with one photograph only as a reference and a brief explanatory 
text of no more than 120 words. 

3.1.2. Desfamiliarization and refamiliarization.3 
Once studied and analyzed the selected technique outside architecture 
discipline, shall be applied now to architecture by designing an artifact. It 
must be a minimum consistency between selected example and its 
application to the field of architecture. The student will submit a sheet with 
the same graphic documentation required for the example studied, but in 
this case on the newly designed device. 

Pedagogically the student has made a return journey, based on a process 
of desfamiliarization and refamiliarization. In this sense student acquire a 
more global view of technique, not only from architectural discipline. 
Architectural technique expands by incorporating contributions from nature 
and other techniques. Finally, students understand technique from an 
interdisciplinary approach. 

                                                 
3 The words desfamiliarization / refamiliarization are used in a similar sense than 
the deleuzian concept desterritoralization / machinic assemblages / 
reterritorialization. 
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Figure 1- TELA STRUCTURE- The process of desfamiliarization / refamiliarization. 
Diagram by the author. 

See in Annex I, TELA example. 
 

3.2. THE FRANKENSTEIN STRATEGY (FRAST) 

Once students have redefined and created its own glossary through the 
above process of desfamiliarization and refamiliarization, will begin a new 
evolutionary process based on integration. 

So while TELA methodology was based on isolated layers system, the 
FRAST is focused on additive system. The layers correspond to glossary 
concepts redefined by students during TELA process. 
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Figure 2- From TELA to FRAST. From isolated system to additive system. Diagram by the 
author. 

Students will start a non-linear process that will end with the 
construction of unexpected artifact. Over one of artifacts made during 
TELA methodology, students will be adding and integrating more layers or 
artifacts. First integrate two concepts then three and so on to create a whole 
language. Thus, the vocabulary created during TELA finally becomes a 
language through the above additive principle. 

FRAST is a strategy that forces students to integrate objects virtually 
impossible to unite, because of its so diverse origins, characteristics and 
scales. The FRAST is an exercise that is performed individually and 
collectively, by physical construction of Collective Frankenstein model. 
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Figure 3- FRAST methodology. Additive principle. Diagram by the author. 

See in Annex II, a collective and individual FRAST example.  

4. Conclusion. 

As noted at the beginning of paper, teaching methods in architecture are 
going through moments of opportunity. Changes in architecture should lead 
us to changes in teaching and pedagogical methods of schools of 
architecture. 

The complex intrinsic condition of architectural discipline should 
enhance new teaching methodologies. In the case of Building Technology 
subjects, it should also incorporate a more holistic approach for enhancing 
interdisciplinary transfer. Technical transfer, either from nature or other 
technologies to the field of architecture, is considered as a field of great 
educational possibilities. Even more, students get much broader technical 
approach that transgresses the boundaries of architectural discipline. 
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On the other hand, use of evolutionary pedagogies help students to 
construct their own knowledge. The results of TELA and FRAST 
methodologies, over the last five years, seem appropriate to integrate 
knowledge and apprehend parts from whole. 
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ANNEX I- TELA METHODOLOGY.  

 
Figure 4 . Student’s work from TELA methodology.Work from Enrique 

Agudo. After studying technology example outside architecture (in this case 
a gas mask) the student will apply it to architecture through the 

construction of an artefact (a window protection device for chemical wars)
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Figure 5. Student’s work from TELA methodology. Work from Enrique Agudo. After 

studying a technology example outside architecture (in this case a gas mask) the student will 
apply it to architecture through the construction of an artefact (a window protection device 

for chemical wars) 
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ANNEX II- FRAST METHODOLOGY EXAMPLE. 

 

Figure 6. Student’s work from TELA methodology. Work from Blanca Pérez 
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Figure 7. FRAST methodology. Collective Frankenstein. Student group: Mar Morris, Elena 

García, Ismael Fernández, Montserrat Gutiérrez and Andrés Antolín. A technological 
artifact made from completely different parts. 
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Abstract. Introducing teaching about healthy solutions in buildings 
and BIM has been a challenge for the University of Alicante. 
Teaching attached to very tighten study plans conditioned the types 
of methods that could be used in the past.  
The worldwide situation of crisis that especially reached Spain and 
the bursting of the housing bubble generated a lack of employment 
that reached universities where careers related to construction, 
Architecture and Architectural Technologist, suffered a huge 
reduction in the number of students enrolled. In the case of the 
University of Alicante, students’ enrolment for Architectural 
Technology reached an 80% reduction.  
The necessity of a reaction against this situation made the teachers be 
innovative and use the new Bologna adapted study plans to develop 
new teaching experiences introducing new concepts: people well-
being in buildings and BIM. 
Working with healthy solutions in buildings provided new 
approaches for building design and construction as an alternative to 
sustainability. For many years sustainability was the concept that 
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applied to housing gave buildings an added value and the possibility 
of having viability in a very complex scenario. But after lots of 
experiences, the approved methodologies for obtaining sustainable 
housing were ambiguous and at the end, investors, designers, 
constructors and purchasers cannot find real and validated criteria for 
obtaining an effective sustainable house. It was the moment to work 
with new ideas and concepts and start facing buildings from the 
users’ point of view. At the same time the development of new tools, 
BIM, has opened a wide range of opportunities, innovative and 
suggestive, that allows simulation and evaluation of many building 
factors. 
This paper describes the research in teaching developed by the 
University of Alicante to adapt the current study plans, introducing 
work with healthy solutions in buildings and the use of BIM, with 
the aim of attracting students by improving their future 
employability.  
Pilot experiences have been carried out in different subjects based on 
the work with projects and case studies under an international frame 
with the cooperation of different European partner universities. The 
use of BIM tools, introduced in 2014, solved the problems that 
appeared in some subjects, mainly building construction, and helped 
with the evaluation of some healthy concepts that presented 
difficulties until this moment as knowledge acquired by the students 
was hard to be evaluated.  
The introduction of BIM tools: Vasari, FormIt, Revit and Light 
Control among others, allowed the study of precise healthy concepts 
and provided the students a real understand of how these different 
parameters can condition a healthy architectural space.  
The analysis of the results showed a clear acceptance by the students 
and gave teachers the possibility of opening new research lines. At 
the same time, working with BIM tools to obtain healthy solutions in 
building has been a good option to improve students’ employability 
as building market in Spain is increasing the number of specialists in 
BIM with a wider knowledge.  
Keywords: Healthy buildings, BIM, innovative teaching, project-
based learning 
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1. Background 

Introducing building information modelling (BIM) tools as a vehicle for 
learning in the study of architecture and architectural technology has posed 
a challenge for the University of Alicante. The need to adapt curricula to 
the demands of the construction market has become a priority in order to 
improve the employability of future graduates. Furthermore, innovative 
teaching has become a necessity, and the use of tools that facilitate new 
approaches to concepts that improve the quality of life for the end users of 
buildings, an obligation. 

However, the complexity of the Spanish education system has hitherto 
presented a barrier to meeting these needs, and over time it has resulted in 
very rigid architecture curricula characterised by a lack of adaptability to 
the changes that society has required at various points in time. 

1.1. THE HOUSING CRISIS AND ITS IMPACT ON UNIVERSITIES 

The Degree in Architecture has traditionally been one of the most popular 
degree courses on offer due to the almost guaranteed professional openings 
it provides. Indeed, a number of new Schools of Architecture were created 
in response to the high rate of construction activity during the property 
bubble. 

However, when the housing bubble burst in 2008, the construction 
market collapsed and work prospects deteriorated, leading to a fall in the 
number of enrolments in degree courses associated with this market. 
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Figure.1. Map of Spain showing the existing Faculties of Architecture. Red circles (12) – 

public universities established before 2007. Green triangles (8) – Private faculties 
established before 2007. Yellow circles and blue triangles indicate public (7) and private (6) 
faculties established after 2007. Construction bubble exploded in 2008, Total 33. (Consejo 

Superior de Colegios de Arquitectos de España (CSCAE) 2015) 

 

Figure 2. Graph comparing the cut-off mark. (University of Alicante (UA), 2015) 
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1.2 CRISIS IN THE CONCEPT OF SUSTAINABILITY 

Improving the employability of architecture students, and therefore 
increasing enrolment applications, requires the development of innovative 
teaching strategies that will provide future graduates with added value and 
thus facilitate their rapid entry into the labour market. 

Providing an expert education in the concept of sustainable construction 
could a priori represent the most direct strategy that a university could 
implement. Nevertheless, although the Spanish construction market 
demands building solutions primarily based on sustainability, economy and 
clean or zero energy, to name just some of the concepts that could be used 
as tools to mitigate environmental impacts and assess the sustainability of 
contemporary architecture (Acosta & Cliento, 2005), sustainable 
construction has not received sufficient attention in education. The concept 
of sustainability is grossly manipulated according to the interests of the 
agent employing it, and the threshold of sustainability depends, among 
other factors, on climatic conditions and a tradition of adopting 
environmental policies (Galiano, A, 2013). 

The difficulty in carrying out educational activities focused on assessing 
the sustainability of buildings stems from the Spanish technical building 
code (Spanish initials: CTE) (codigotecnico.org, 2006), which among its 
basic documents includes the procedure for assessing the energy 
performance of buildings and the tools to use for this purpose. A wide 
variety of scientific studies have reported the ambiguity of these tools and 
the difficulties entailed in interpreting the results obtained (García Casals, 
X., 2004). 

2. Objective 

Consequently, in the light of the situation described above, universities 
must propose innovative actions that will improve the employability of 
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their students and provide them with added values that facilitate a more 
rapid entry into the labour market. 

The creation in 2013 of the International Marjal Healthy Chair at the 
University of Alicante provided the opportunity for conducting novel, 
wide-ranging research focused on the well-being of building users. The 
possibility of working on healthy solutions and materials presents itself as 
an opportunity for student education in a multidisciplinary environment 
that encompasses the latest technologies in the field of design and 
construction (Villa and Poblete, 2007).  

3. Teaching tool 

3.1. DESIGN OF THE ACTIVITY 

This educational activity revolves around course work in a subject that 
forms part of the standard curriculum, and is complemented by two short 
workshops at the beginning and end of the project. Teaching is 
complemented with an international competition known as the Healthy 
Housing Award, in which a jury of teaching staff awards a prize to the best 
work at the end of the academic year. Thus the award becomes an 
international and multidisciplinary forum for the exchange of good 
practices, in which teaching staff and students share the knowledge 
acquired during the academic year. 

3.2. INTERNATIONAL APPROACH 

One strategy for improving students’ work prospects once they have 
finished their studies is to adopt an international approach. Many 
University of Alicante graduates go to work as architects in other countries 
(Sindicato de Arquitectura (SARQ) 2013), and consequently the exchange 
of good practices and exposure to working protocols abroad are very useful 
tools that enable students to learn about work under other conditions. 
Hence, it is considered of prime importance that the project to carry out 
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should be located in another country, and that a comparative analysis 
should subsequently be conducted of implementing an architectural project 
locally and abroad. 

Students’ work is enriched by learning about approaches to project 
execution in three European partner universities, Hogeschool van 
Amsterdam (HvA), Beuth Hochschule für Technik (BHFT) and København 
Erhvervsakademi (KEA). Thus, it is not only teaching staff at the 
University of Alicante who are responsible for the design of the activity: 
professionals from Holland, Germany and Denmark have also offered their 
vision of the subject under study. 

3.3. CHOICE OF SUBJECT 

Work at the University of Alicante on activities related to a building 
education with added value is not new. The creation in 2007 of the 
Sustainable Building Awards constituted the start of a relationship between 
the Marjal Foundation and the University of Alicante in the field of 
architecture studies. This collaboration is based on a mutual interest in 
offering society an alternative to the usual solutions found on the property 
market. 

The combination of stagnation in the housing market and a distortion of 
the concept of sustainability have created a need to rethink the concept of 
environmentally friendly housing. There is much more to sustainable 
housing than energy saving. The concept should encompass a broader 
scope, including people’s way of life. Any building that in addition to 
maintaining a satisfactory relationship with the environment promotes 
healthy lifestyle habits and enables appropriate relations with the local 
urban environment and its residents can be considered healthy housing. 

Thus, in the light of the experience garnered over four academic years, 
the Marjal Foundation and the University of Alicante have opted to modify 
the educational activity by widening the scope of research to encompass 
healthy building. The activity is now entitled the Healthy Housing Project 
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and has also acquired an international scope. Modifying the subject taught 
has entailed the participation of teaching staff from other areas, reinforcing 
involvement in collaborative, multidisciplinary work. 

3.4. PROJECT DESCRIPTION 

The project that students are given concerns a detached house with an 
approximate floor area of 200 m2. This house must be located in a singular 
environment and must be adapted to it and integrated within it in such a 
way that it generates the least possible impact on the environment. Students 
can choose the site, although they are given a housing development around 
a golf course in the southeast of the province of Alicante as a possible 
location. The suggested occupant of the housing is a European citizen who 
has settled on the Mediterranean coast. 

The premise underlying the design process is that the housing must 
possess healthy solutions that improve the quality of life of the occupants 
and it must respect the surrounding environment. 

4. Working methodology 

The proposed methodology has been developed over the course of several 
academic years, achieving a satisfactory balance in 2014/15. It is based on 
learning through collaborative work at various levels, on project-based 
learning and on the use of computer tools such as BIM tools. 

This working structure contrasts with the usual approach taken in the 
curricula, which are normally structured around completely isolated 
materials, and has been made possible by modifying the curricula and 
adapting them to the context of Bologna. 

The possibility of achieving an award at the end of the educational 
activity provides an especially important incentive for students. 
Participation in architecture competitions forms a significant part of the 
profession of architect. Therefore, tailoring this type of activity to students 
has drawn their education closer in recent years to the professional reality. 
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Lastly, providing the collaborative work with an international scope 
generates a series of advantages for participant students and teaching staff 
(Cuseo, 1996). Given the need for internationalisation resulting from the 
crisis in Spanish construction, the possibility offered by cultural exchange 
of learning in a different climate and cultural environment represents a very 
attractive added value for students. Learning in a new environment with a 
different culture and climate is a very valid tool that complements those 
used in officially recognised architecture studies. 
 

 
Figure. 4. Tutored work. International groups with teaching staff from different countries. 

5. BIM tools 

The use of BIM in construction-related work is an unstoppable revolution 
that has gradually spread throughout Europe, although the degree of 
implementation is uneven. Greater use is made of these tools in northern 
European countries than in the south. The use of BIM tools in Spain is 
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completely new, and there is much demand among university students for 
courses on the subject. 

However, it is difficult to incorporate BIM tools in the architecture 
curriculum unless they are introduced in the initial years. Sometimes, the 
complexities entailed in using a computer application mean that a lack of 
knowledge about its functions limits the acquisition of knowledge. 

Nevertheless, the wide variety of tools available makes it possible to 
select those which are simple to use but very good at delivering results that 
help students understand the consequences of certain decisions for the final 
strategy adopted during the design process, thus allowing the educational 
activity to focus more intensively on the process followed and the final 
result obtained. 

The activity presents useful tools such as the Autodesk programs: Vasari 
now replaced by Autodesk FormIt, Lighting and Ecotect. In addition, we 
have obtained good results using the Climate Consultant program. At the 
other extreme, use of Revit has caused problems due to lack of knowledge 
about the program, and students have lost valuable time in learning how to 
perform certain actions (Blanco, 2006). 

6. Marks 

Consistent with the above, student marks are based on the process followed 
to achieve the result rather than the final result obtained (Brown and 
Glasner, 2003). Student marks must reflect a satisfactory balance between 
the three parts entailed in the project: analysis, implementation and 
outcome. Thus, an information presentation structure is defined based on 
the use of three A1 panels that display the required information as 
described. 



HOW TO MEASURE HEALTHINESS IN BUILDINGS: 

EXPERIENCES IN TEACHING WITH BIM TOOLS 273 

7. Implementation of the activity 

7.1. FORMAL EDUCATION 

The core of the proposed educational activity is course work involving the 
design of a healthy building in accordance with the project description 
given above. With the objective of providing students with the knowledge 
necessary to obtain satisfactory results, we have designed a series of 
theoretical sessions and some introductory exercises using various BIM 
tools. 

7.1.1 Theoretical sessions 
The theoretical sessions focus on different aspects related to the design and 
construction of buildings with added value, and encompass issues such as 
the crisis in the concept of sustainability, the design of healthy buildings 
and the importance of the user in the proportion of architectural spaces. 

7.1.2 Exercises with BIM tools 
The theoretical sessions are complemented by a series of short exercises 
using BIM tools. These are based on the use of simple tools that provide a 
wealth of information. Students are responsible for processing this 
information and applying it to the exercise in hand. 

7.1.2.1 Climate Consultant 
This is a free software tool developed by the UCLA that uses climate data 
files. Once the climate data has been processed, students obtain a 
climograph showing the comfort zone for that location throughout the year, 
and a table is generated indicating the extent, expressed as a percentage, to 
which design and building factors influence this comfort zone. Finally, it 
gives design recommendations to achieve solutions that allow the building 
to offer architectural spaces within this comfort zone. 
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Figure. 5. Tables showing Climate Consultant results.                                                                

(Ege Balcil, Jorge Ballester and Jonas Hveen) 

One drawback of this program is its simplicity. Students must possess a 
considerable capacity for critical thinking and abstraction. They must be 
able to draw conclusions from the results offered and subsequently apply 
them in their design. 

7.1.2.2 Autodesk FormIt 360 
This program has been developed as a substitute for Autodesk Vasari. It is 
proposed as a tool for preliminary analysis of various aspects of building 
behaviour. Drawing and modelling is very simple, and these phases are 
complemented with an analysis of sunlight and energy performance. These 
analyses can also be performed with more complex BIM programs such as 
Revit, but less time is required to learn how to use Autodesk FormIt 360. 
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Figure 6. Pictures showing Autodesk FormIt 360 results                                                           

(Esteban Monteagudo and Ignacio Ramos) 

Despite the amount of data that the program offers, its level of 
performance is not as good as the Autodesk Vasari program. It is an online 
tool that occasionally does not work properly. 

7.1.2.3 Autodesk Ecotect 
This is a more complex tool used to assess the comfort of an architectural 
space. Modelling requires more time, but it yields very valuable data on the 
environmental comfort of a room in a building or even of an entire 
building. In this case, students have used it to assess sunlight, indoor 
daylight levels and cross ventilation behaviour in living spaces. 
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Figure 7. Pictures showing Autodesk Ecotect results                                                                 

(Pablo Martinez, Eddit Mester and Alicia García) 

This is possibly the tool that requires most time to understand how the 
program works in order to acquire sufficient ability to interpret the results. 

7.2. INITIAL WORKSHOP 

To complement the teaching involved in each of the subjects and in order to 
coordinate the tasks to perform, we have designed an international 
workshop that takes place at the beginning of the semester. 

The workshop, which lasts one week, is divided into two parts. The first 
of these focuses on an analysis of new BIM tools in international groups. 
Each group consists of one student from each of the partner universities. 
Once this period is over, students return to their own university group and 
share the knowledge acquired from the exercises carried out, and then 
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subsequently apply it to their projects with the possibility of receiving 
corrections from teaching staff from other universities. 

7.3. FINAL WORKSHOP 

The educational activity concludes with a final workshop in which all 
students present their work. Students share and compare their experiences, 
and discuss the impact that the knowledge of each of the students, which 
varies due to their origin, exerts on the project carried out. The influence of 
the tools is highlighted, examining the extent to which they have facilitated 
or hindered the project. 

The workshop concludes with the Healthy Building Awards ceremony, 
where an international jury decides on the project that has best achieved a 
healthy solution through the use of BIM tools. 

 
Figure 8. Photo of the awards 

8. Results and conclusions 

The complexity of the BIM tools used is crucial for the success of the 
educational activity. The use of very complex programs is only viable 
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where basic prior knowledge exists. The use of more simple and intuitive 
tools is more appropriate to ensure a satisfactory learning process. This 
situation can be offset by teaching the basics of these programs on courses 
delivered prior to this activity. 

The use of BIM tools reinforces project-based learning, and makes it 
possible to trace the decisions taken during one phase of the project and 
measure the consequences they have for the result. These tools also make it 
possible to assess the factors that define comfort solutions and achieve 
healthy architectural solutions. 

An analysis of the results and of student satisfaction questionnaires 
indicates a high degree of acceptance and motivation on the part of the 
students as regards participating in the activity. There has also been an 
increase in the demand from enrolled students for training courses on more 
complex BIM programs such as Revit. 

In sum, BIM tools are being introduced into the curriculum at the 
University of Alicante, generating a greater level of coordination between 
subjects than ever before achieved. For future years, we envisage the 
possibility of implementing collaborative work structures and 
multidisciplinary projects. 
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ARE DRAWINGS DEAD?  

…and performance over aesthetics?  
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Abstract. When the act of 'drawing' became what can only be called 
formalised, (whose growth can be said to have blossomed during the 
Renaissance), there developed a separation between the drawing and 
its procurement. Recently, David Ross Scheer, in his book ‘The 
Death of Drawing, Architecture in the Age of Simulation’ wrote:  

‘…whereas architectural drawings exist to represent construction, 
architectural simulations exist to anticipate building performance.’  

Meanwhile, Paolo Belardi, in his work ‘Why Architects Still Draw’ 
likens a drawing to an acorn, where he says:  

‘It is the paradox of the acorn: a project emerges from a drawing – 
even from a sketch, rough and inchoate - just as an oak tree emerges 
from an acorn.’  

He tells us that Giorgio Vasari would work late at night ‘seeking to 
solve the problems of perspective’ and he makes a passionate plea 
that this reflective process allows the concept to evolve, grow and/or 
develop. However, without belittling Belardi, the virtual model now 
needs this self-same treatment where it is nurtured, coaxed and 
encouraged to be the inchoate blueprint of the resultant oak tree. The 
model now too can embrace the creative process going through the 
first phase of preparation, where it focuses on the problem. The 
manipulation of the available material can then be incubated so that 
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it is reasoned and generates feedback. This paper serves to align this 
shift in perception, methodologies and assess whether the 2D paper 
abstraction still has a purpose and role in today’s digital world!  
Keywords: 2D Representation, Abstraction, Performance, 
Digitalisation. 

1. Introduction  

For many, drawings are synonymous with architecture, whether they are 
objects of beauty or technical efficacy. Architects and everyone involved in 
the design team know and appreciate their worth, and all disciplines invest 
time and effort in their respect of the medium. This is painstakingly 
acknowledged in David Ross Scheer’s book ‘The Death of Drawing, 
Architecture in the Age of Simulation’ (Scheer 2014).  

That said, he goes on to say:  
‘This long tradition of drawing in architecture, with its influence on the 

thinking of architects and on the very nature of architecture, is in question 
for the first time since the Renaissance. Whereas architectural drawings 
exist to represent construction, architectural simulations exist to anticipate 
building performance.’  

What he is alluding to here, is that change is upon us and that a 
paradigm shift is happening. He is stating that simulation is predicting 
building performance. Whereas aesthetics used to be all-consuming in the 
best architecture, a rider or a qualified subset is raising its head. 
Performance is being mandated by thermal comfort environments, by 
climate change and not least by diminishing fossil fuels (Harty, Miller 
2014). It brings a balance and appropriateness to the equation, so that we 
are ‘able to sustain’ (i.e. sustainable).  

This means that there is ‘a new kid on the block’, where increasingly 
drawings are being overlooked, with the Building Information Model 
(BIM) taking centre stage and becoming the modus operandi. At a micro 
level, the most obvious example is where Integrated Concurrent 
Engineering (ICE) is making inroads to design team meetings and on-site. 
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ICE is lean conceptual design, where it can determine value parameters that 
are useful; update parameter values immediately; transfer parameter values 
automatically; link parameters seamlessly; perform analysis while, all-the-
time, checking accuracy and applicability of the analysis, as it is performed 
(Coffee 2006).  

In practice, it amounts to all design team participants making their 
models available to each other, in a confederated model, in whatever 
medium, so that each’s model can be superimposed against all others, 
meaning there is a concurrent real-time model available for the meeting. 
With each participant able to see the implications of their efforts overlaid 
on the others’ work, faster solutions can be found and moreover immediate 
decisions can be taken, and not banked for discussion back at the ranch, as 
it were, meaning the solution does not need to be first tabled at the next 
design meeting, with all the repercussions associated with that process.  

‘It is an approach, fostering dynamic communication and cross 
checking, tightly integrated tools with their users and with each other, and 
focusing participants on the critical information pathways feeding design 
deliverables’ (Coffee 2006).  

As a methodology, it allows tasks to be conducted in parallel rather than 
serially, forming a critical path, whereas previously each discipline would 
release drawing sets in a round-robin fashion, for them to be coordinated 
locally. Normally, this would lead to clashes and conflicts being raised in 
subsequent design team meetings, if not on site, for resolution. This loop is 
now removed. 

2. Building Performance  

David Miller, of David Miller Architects states:  
‘At the moment design decisions are all about reputation. A design that 

is seen as ‘good’ will enhance your reputation as a designer. In the future 
designs will be measured against performance. And that performance has a 
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very direct effect on the financial reward you can expect from good design, 
from(Malleson 2016) commissioning a good designer’ (Malleson 2016).  

Naturally, everyone does not adopt the new systems and technologies at 
a uniform rate. New and recent BIM adopters will have to go through a 
managed process of change in their internal organisations as well as the 
external processes. They will also have to reconsider how they interface 
with the supply chains, clients and consultants (Johansen 2015).  

Because of these variations, differing levels have been defined to inform 
and help users assess the value and quality of the information being offered 
and shared (NBS 2014). Level 0, as it suggests is at best 2D draughting. 
Output sadly is paper based without collaboration. Level 1, moving 
forward, is digital with 2D computer aided design (CAD), often with 3D 
conceptual embellishments, usually in the form of renderings and 
perspectives. Sharing of data happens here to a degree, but mostly in 
finished formats, thus lacking cross discipline collaboration in its truest 
sense.  

Level 2 is mandated in the procurement model being sought in the UK 
for all public buildings from 2016 (Waterhouse, Morrell et al. 2011). 
Collaboration is required here, but it takes the form of federated models 
only, so that information can be shared. ICT contracts are needed to address 
issues of copyright and liability, and to allay fears and offer robust 
appointment documents (NBS 2014). These protocols are governed by 
processes described in PAS 1192-2:2013 and PAS 1192-3:2014. The first is 
a specification for information management for the capital/delivery phase 
of construction projects using building information modelling. The latter 
controls the operational phase of building assets using BIM but parsed from 
objects to assets, meaning they can populate a spread sheet and be useful to 
users, owners and facilities managers (FM) (NBS 2015). PAS means a 
Publically Available Specification, which essentially fast tracts standards, 
specifications, codes of practice or guidelines developed by sponsoring 
organisations to meet market needs (Design Build Wiki, 2015).  

Using the Level 0 to produce 2D drawings, with a lack of coordination 
can be said to increases costs by 25% through waste and rework. Between 
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Level 1 and 2, 2D and 3D have a better probability of removing errors and 
reducing waste by up to 50%. Under Level 3, it is then possible to reduce 
risk throughout the process and to increase the profit by +2% through a 
collaborative process (Calvert 2013).  

While the majority of the BIM users are still working in the Level 1 
process, the more experienced users are seeing significant benefits by 
moving up to Level 2 (Bew, Underwood 2010). It also shows that it is 
important to improve competences, and try to reach Level 2 before the 
majority does, in order to gain a market advantage. ‘It is clear that 
organisations adopting BIM now will be those most likely to capitalise on 
this advantage as the market improves’ (Johansen 2015).  

It all begins with BIM; the architect uses 3D modelling to investigate 
options and test building performance early on in order to optimise the 
building’s design. The design is then handed-off to the contractor who 
streamlines the building process with BAM (Building Assembly 
Modelling). This allows for a significant decrease in construction costs. 
Once complete, BAM is turned over the owner and becomes BOOM 
(Building Owner Operator Model). This allows the owner to manage the 
building over time and ensure optimised building performance throughout 
its entire life cycle. The real promise of ‘BIM-BAM-BOOM!’ is ‘better 
design, better construction, (and) better operation’ (MacLeamy 2010).  

The term ‘BIM-BAM-BOOM’ explains how we should address and 
think about the model throughout a project. Whereas, BIM is related to the 
building’s information and the design’s development, BAM is related to 
Integrated Project Delivery (IPD) in the Construction management, where 
BOOM is in the Facility Management phase (Harty 2012). Increasingly, 
large public clients are mandating the use of BIM in open formats, to have 
a better overall picture.  

Thomas Johansen writes, from his experience during his internship in 
Oslo, that;  

‘Meanwhile, we are placing ever-greater demands on our built 
environments, and by adding multiple components to our buildings, we 
increase the risk and probability of errors. The ability to just delete or 
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change something in the model is much easier than with paper drawings. 
The model also allows better control over:  

Buildability  
Progress  
Access to solutions  
Project Economy  
Typically, a project manager might hold fortnightly project review 

meetings. This might occur on Thursday, even weeks. This would require 
delivering updated models Tuesdays, even weeks. BIM coordinators then 
would assemble federated models and begin collision reports to be ready 
for the review.  

ICE is this relatively new design management system that has had the 
opportunity to mature in recent years, to become a well-defined systems 
approach towards optimising engineering design cycles. It encourages an 
idea that all elements of a product’s life-cycle can be taken into careful 
consideration in the early design phases. Secondly, the concept is that the 
preceding design activities can all be occurring concurrently. This includes 
establishing user requirements, propagating early conceptual designs, 
running computational models, creating physical prototypes and eventually 
manufacturing the product.  

In practice, this can mean all technical stakeholders at a design meeting 
might be wielding hand held devices as they, in real time, address issues 
normally noted and taken home from meetings to be rectified by in-house 
staff and presented at the next meeting.  

Beyond the design team meeting, the debate was about ‘if, why and 
how’, the model might be given to contractors. Today contractors are 
demanding models in any way, shape or form, as it provides some sort of 
flow across the process. Needlessly, the better the model the better the flow. 
If there are high demands for facilities management information, and if 
there is not, why not, then the debate now progresses to how to deliver the 
model to the client/user. Here there is a translation need from objects to 
assets. Paper abstractions do not, in any way, assist this process’ 
(Johansen 2015). 
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2. Disruptive Technologies  

The fact that paper does not facilitate this process leads to a major issue. 
Paper, sadly becomes superfluous to the process and this has a profound 
consequence. David Shepherd, author of the BIM Management Handbook, 
in an article entitled “Ahead of the Game” (Malleson 2016) states:  

‘Where a disruptive technology emerges – and BIM is a disruptive 
technology – its effects on the mainstream is not always clear. What we 
might be seeing is the early stages of disruption, and in those early stages 
it’s very difficult to know what the effects will be. We don’t have the 
breadth of vision to see where, and for whom, the benefits of BIM will 
emerge’ (Malleson 2016).  

The most notorious example is in the car industry. Before the advent of 
automobiles, the equine (horse) trade had a plethora of support industries 
supplying and serving the splendid beast. Saddlery was a bespoke industry 
supplying handcrafted saddles to all and sundry, covering both gentry and 
everyone who needed a horse. There were bridleries and blacksmiths, all in 
service, and ultimately hitching posts for stage coaches to reload 
horsepower and replenish travel weary passengers.  

All changed with the advent of the all-conquering automobile, the 
leather workers moved on to factory assemblies producing leather seating 
and trims. Blacksmiths diversified into metal works. Hitching posts became 
petrol stations and roadside eateries. The ultimate insult, Bugatti reduced 
the symbol of the horseshoe influence, into the shape of its radiator grill. In 
1898 delegates from across the globe met for an urban conference, where 
the issue of the day was horse manure in an urban context. Two decades 
later the automobile vanquished this planning nightmare, and was hailed as 
an environmental saviour (Morris 2007).  

More recently, in the newspaper industry, the eighties also experience a 
most cruel comeuppance. Typesetters, basically, became redundant, as 
computers replaced them in formatting newsprint. The Wapping dispute in 
1986 saw Rupert Murdock take on the might of the unions, as he 
implemented a clandestine manoeuvre, building a huge printing plant, 
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unbeknownst to them, in Wapping, east London (Neil 2006). Indeed, not 
only typesetters, but also compositors, linotype operators, machine room 
personnel, publishing room employees, clerical staff and copytakers 
numbered the 5500 workers who were called out on strike by the then very 
strong print unions, who like the coalminers a year before ultimately 
perished.  

The assimilation of the journalists away from the 150 year old ‘hot 
metal’ system to the new streamlined digital method was also interesting. 
Tony Bevans, The Times political correspondent told his colleagues, 
deadpan:  

‘I want my stories to be published… When you are faced with 
overwhelming pressure and you are in a cul-de-sac... you must either fight 
to the death or lie down… we have a gun to our heads. I believe most of 
you will go with ashes in your mouths’ (Macintyre 2016).  

Such a scenario could be framed for the current situation in the 
construction sector, of those seeing the media of choice as paper, with all 
its support structures and the digital solution, with which they do not want 
to engage (into meaningful discussion), and those reaping the benefits of 
collaboration and trust, bringing certainty and surety to the engagement 
(Harty, Laing 2011).  

New Demands  

A drawing (per se) cannot plot the temperature line-loss across a 
construction, typically in an external wall. True, it can be made to show the 
loss through the cross section, but it is an abstraction that must be applied 
to it by a third party, performed from a third party calculation. Likewise, a 
key junction cannot show depreciation over time, of the robustness of the 
assembly, for life cycle analysis purposes.  

A 1:20 cross section cannot show the bearing capacity of the major 
structural elements to make the building stand-up. Granted, to the trained 
eye assumptions can be made, and the drawing can act as a container 
displaying the work done elsewhere to size those critical members. A 
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virtual bucket of water cannot be thrown at a detail to test its 
waterproofness. No, rather the trained professional uses the presentation 
before him or her to apply their experience, and only their experience, in 
assessing the vigour and durability of the construction.  

Generally, the differing professional disciplines take pride in pin-
pointing their knowledge to the presentation, in red-lining the draft before 
them in a time honoured method of viewing and reviewing others’ work, in 
order to harmonise the construction, and drive toward a consensus during 
the design process. But this process is fundamentally flawed, it is open to 
human error. It requires many reviewing sessions, and it is open to 
challenge and misinterpretation.  

Sarah Davidson, Gleeds Property & Construction Consultancy 
(Malleson 2016) says:  

 ‘This is a much better platform to defend a design process. Tests, 
simulation and performance can be carried out and recorded, and there is 
an audit, meaning accountability is added, and certainty is increased’.  

In the same vein, David Shepherd (Malleson 2016) saw fittingly to say:  
‘So Level 3 won’t be about being paid to produce a coordinated model, 

it will be about demonstrating the payback, the bottom line value, of a 
design. This could be about performance of the building over its life, but it 
could be about the time it takes to create a building too’. 

Shephard is pointing towards performance as being as important as 
aesthetics to the user, the client and society in the long run. This is a serious 
paradigm for architects and design professionals to address. Therefore, it 
must be asked, how well prepared they are (architects) to deliver this 
important requirement? Where is the drawing’s role in this abyss? How can 
it provide the power to communicate these parameters?  

In addition, Elizabeth Kavanagh, of Stride Treglown (Malleson 2016) 
says: 

‘Knowledge is power, but with Level 3 BIM, power will lie in the ability 
to effectively share information, not in the ability to hoard it. Level 3 BIM 
will be about sharing the gain in a project, not allocating blame’.  
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Looking at current practices, construction projects have often 
unwittingly accepted unacceptably higher waste levels, going above and 
beyond a generally accepted 25%. Waste, in this context, can be understood 
to include redundant document production, unused materials, idle workers, 
reworking and many other factors (Mays 2014). Patrick Mays goes on to 
say:  

‘Design-Bid-Build (DBB) contracts make it difficult for owners to derive 
project efficiency because of a lack of transparency in business processes 
and cost management systems’. 

Because no one is in position to take over the management of the life 
cycle analysis of the project, Design-Bid-Operate (DBO), similar to Design 
& Build (D&B), contracts provide an acceptable alternative. He says here 
that owners can co-ordinate the work of general contractors, subcontractors, 
supply chains, operation and maintenance as well as all stakeholders, to 
better deliver projects.  

Foundation Louis Vuitton is a new museum by Frank Gehry in the Bois 
de Boulogne in Paris, commenced in 2006 and completed in Oct 2014 for 
US$ 143 million (Wikipedia 2016). In its procurement, three models were 
deployed: a design model to develop the design, a contractor (real-time) 
model fleshing out details and a high fidelity model, blending the two 
former while providing life cycle information for the owner in the building 
in-use phase (Buffa, Eastman 2014). In the same article, Andrew Witt of 
Gehry Technologies went on to state:  

‘One of the objectives of the project was to create a 3D process that was 
for everyone to be involved. People that came on board to work on it, knew 
in advance that 3D was a major component for the whole process, and for 
those that did not have a 3D capability, Gehry Technologies had the role to 
consult in either training them and also to support this overall cultural 
change. Gehry Technologies not only provided technical support, but also 
helped build up a relationship of trust among the teams’.  

The structure can be divided into two parts; 11 exhibition galleries, 
encapsulated by ‘icebergs’ rising up into the firmament, which were then 
crowned by 12 billowing glass sails, forming a transparent cloud above the 
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solid objects, which are elegantly held in place by a masculine glulam 
pivotal structure, so that the whole ensemble reflects on the surrounding 
parkland, demarking the site and forming a gateway to the environs.  

The intention towards lightness through the structure and transparency 
through the landscape was achieved by a rigid design procurement, with a 
continued process of unrelenting involvement of 10 differing disciplines, 
numbering over 400 individuals, working collaboratively in the 
development of the model and the procurement process.  

The process involved taking Frank Gehry’s forms and capturing their 
shapes digitally. This then developed into building the forms into 
components. These were achieved by engaging with the contractors and 
subcontractors, to massage the forms into buildable parts. Code was written 
to best serve the design intentions in the most buildable fashion. The data 
was transferred digitally, and computer numerical control (CNC) allowed 
for the robotic delivery of the building elements. As each component was 
lifted into place, scans were taken of the building site and overlaid on to the 
model. Where inaccuracies manifest themselves either the model or the site 
was corrected, meaning the model was up-to-date at all times and the 
handover model was as built, rare by most standards.  

Both the complex form and juxtaposition of differing elements, 
demanded the development of all-embracing nonstandard components (of 
over 200 adaptive components), which were to validate key details and 
produce unique solutions that were both automatic and generative 
descriptions of the practical instances as they were encountered.  

Conclusion  

Steve Lockley (Malleson 2016) says:  
‘It looks like the genie is out of the bottle. BIM will happen. It might not 

be because of the mandate coming into force. But having had the mandate 
coming means we have become world leaders in BIM’.  
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A telephone book has no place in today’s animated lifestyle, full of 
hustle and bustle. In fact many do not know what Yellow Pages are? To 
find and drill through a printed list, to find a pertinent number for what 
(again: what is that) is an anathema to them. Would you rather have a 
Filofax or a smartphone (apologies to those who have never seen the 
former)? Drawings are analogue too, and their fate too is sealed.  
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Abstract. In order to equip architecture students with ambitious 
detail designing ability, related courses of the architecture programs 
should deal with subjects which are rather rare and unusual for real 
life practices in order to prevent students copying standard details. In 
2015 an innovative project brief has been given to architecture 
students of Istanbul Technical University. The scenario given in the 
brief is to design a research station for the first group of Turkish 
scientist, to be built in one of the coldest and most arid regions on 
earth; the Antarctica. The performance requirements given in the 
brief were determined to prevent the students from copying details 
from any kind of resources as the total number of details generated in 
real life for those conditions are very limited and specific. The 
method used has demonstrated a great success and creative detail 
solutions were generated by the students. In the paper, the innovative 
coursework brief for bettering the detail design ability of architecture 
students is explained and the output of the studio is presented. 

1. Introduction 

The ease of reaching to knowledge in the contemporary world has effected 
the education of architecture students both in positive and negative ways. 
Learning from the precedents is easier than any time before. By the help of 
google virtual tours in almost any important architectural place is just some 
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finger tips away for the students. That equips the students with lots of 
images and concepts of buildings and building sites which may better their 
conceptual design abilities. But for detail designing ability this ease of 
reaching to knowledge may make students use generic details without 
thinking about the integration and performance. The reasons of these are 
firstly; from computer screen understanding the relations of the materials, 
components, and elements of the buildings is rather difficult. And secondly, 
detail design activity is dealing with more stringent factors, in other words 
physical properties, of the buildings and just directly using a detail pattern 
found from some resources without carefully evaluating it is a risky method 
to be taught for the architecture students. Architects should be equipped 
with enough construction knowledge, to be able to make their design idea 
applicable to construction (Emmitt, 2002). Architecture students have to 
gain a multi-dimensional perspective by understanding different activities 
both in design and construction processes. (Nicol and Pilling, 1987:13), 
(Yazıcıoğlu, 2010) (Howieson, 2000) Mostly “service courses” in the field 
of “architectural technology” are equipping architectural students with 
construction knowledge related to materials, structure, construction, 
management etc. In the architectural technology education different 
methods, such as “learning by seeing”, “learning by hearing”, “learning by 
doing” etc. are used to transfer knowledge (Atli, 2009). The effectiveness 
of each method is depending on the educational environment. In the paper 
the “learning by doing” method is introduced and evaluated for the 
“Building Element Design” course at the Istanbul Technical University, 
Department of Architecture. 

2. Detail Design at Istanbul Technical University 

At the Department of Architecture in Istanbul Technical University, 
architectural technology related courses are given in five main areas. Those 
areas are; “building materials”, “environmental control”, “building 
structure”, “building construction management” and “building elements”. 
Courses in the “building elements” area is dealing with the design process 
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and the construction process of “physical” building sub-systems namely; 
external walls, roofs, floors, stairs, ramps, internal walls, windows and 
doors. Subjects in the “building elements” area are given in three 
mandatory and seven elective courses. The three mandatory courses are 
constructed as a series with a pedagogic approach that roots to the learning 
process theory indicating that learning occurs in three steps; awareness of 
the knowledge, understanding it and using it. The objective of the first 
course in the series, called “Introduction to Building Construction”, is to 
generate awareness on building elements in general. The objective of the 
second course, called “Building Construction Methods”, is to make 
students understand the “structure” and construction concept of building 
elements. The objective of the third course in the series, called “Building 
Element Design”, is to encourage students to use knowledge obtained from 
the previous two courses in the design process. (Altun, 2006) These three 
mandatory courses, which are given in the second semester, third semester 
and fourth semester, are supported by elective courses, specialized on 
certain building elements and processes, like “Roof Systems”, “Vertical 
Circulation Systems”, “Building Construction Techniques” or “Design 
Principles of Building Elements”. These ten courses are given by five 
professors and four teaching-research assistants. A total number of nearly 
two hundred students are attending each of the mandatory courses and each 
elective course has ten to thirty students. 

3. An Innovative Project Brief for Building Element Design Course 

The course “Introduction to Building Construction” is generating 
awareness on “building elements” with the methods of “learning by seeing” 
and “learning by hearing” through lectures and assignments. The course 
“Building Construction Methods” is dealing mainly with the construction 
process of building elements besides of the “structure” of building 
elements. The course “Building Element Design” is constructed for 
creating the opportunity to use obtained knowledge with the method of 
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“learning by doing” through studio work, supported again by lectures and 
assignments. 

3.1. THE SCENARIO OF THE BRIEF 

In order to make students get more interested in the course a scenario has 
been adapted to the course work brief. The scenario is as follows: 

Turkish government has commissioned you to design a research station 
for the first group of Turkish scientist, to be built in one of the coldest and 
most arid regions on earth; the Antarctica. The research station will be first 
used by 7 scientists in summer and in time the number will be increased to 
25 in summer and 13 in winter. The research station should be designed to 
be moved as any type of in situ construction is very difficult in the region. 
As the region is dramatically important for the sake of the world the station 
should minimise the production and use of electric, water, heat, etc. Also 
the government wants the station to be designed with a sustainable 
approach to be a model for the other nation’s stations. The government’s 
long term intention is to have a minimum, zero energy and carbon neutral 
station. The station will comprise of a living room, dining, kitchen, 
bedrooms, bathrooms, technical spaces and 3 laboratories. 

3.2. PERFORMANCE REQUIREMENTS 

It is expected from the students to understand the importance and methods 
which may be used for detail design activity. Mainly performance based 
approach for detail design activity is used throughout the term and in order 
to prevent the students from using generic details they have found from 
books, magazines, web sites, manufacturers’ booklets, etc. stringent 
performance requirements were demanded from the building elements that 
have been designed by the students. The stringent performance 
requirements are as follows:  

The government wants the station to be manufactured in a special area 
designated for the project in the TUBITAK Gebze Campus and must be 
built here first to be able to assess the performance of the station 
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beforehand. The building parts will be transferred to Antarctica by a ship 
from the Port of Kocaeli. Thus the station should be designed to be capable 
of assembly and disassembly for at least 2 times. There are some stringent 
performance criteria that need to be met, or bettered:  

Green energy production methods should be implemented to the 
stations.  

The station will be constructed in Istanbul and moved to Antarctica thus, 
the assembly and disassembly should be easy and repeatable.  

In order to cope with the harsh climatic environment of Antarctica the 
envelope of the stations should be highly insulated with U-Values for 
opaque parts to be 0.05W/m2K; and for transparent parts to be 0.1W/m2K.  

3.3. STRUCTURE OF THE STUDIO 

One of the most important aspects of the studio is its being a group study. 
At the first day of the term after the description of the project brief, students 
are made to generate self-selecting groups consisting of 4 students. There 
are two important reasons for making group studies. Firstly, architecture is 
a profession which is realized as a collaborative study in real life. Similarly, 
group studies make it possible for the students to work on the project 
collaboratively. Secondly, complex and highly detailed output is expected 
from the students at the end of the term which will be an overload for a 
single student to comprehend.  

Each day every group makes a presentation to the tutor about the studies 
they have realized. The tutor analyses these studies and a discussion related 
with the strong and weak properties of their studies. And the session is 
finished with the tutor’s explanation of the studies needed to be finished 
until the next week.  
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The programme of the term and weekly subjects are as follows:  

TABLE 1. Weekly programme of the term 

Week Subject 
1 General information about the term and the brief. 
2 Open group presentations related with the subject, mainly related with 

Antarctica. 
3 Energy, and clean water production and storage methods, first ideas about the 

concepts. 
4 Evaluation of the conceptual ideas and structural system design. 
5 Physical model of the structural system and conceptual design of the floor 

systems. 
6 Physical model of the floor/roof systems and conceptual design of the external 

walls. 
7 Physical model of the external walls and conceptual integration of the 

floors/roofs with external wall systems. 
8 Physical model of the floors/roofs – external wall integration and conceptual 

design of the window systems. 
9 Physical model of the window systems and conceptual integration of the external 

walls with windows. 
10 Physical model of the floor/roof – external wall – window integration and 

conceptual design of the internal walls. 
11 Physical model of the floor/roof – external wall – window – internal wall and 

conceptual design of the stair systems. 
12 Physical model of the whole building system. 
13 Physical model of the whole building system. 
14 Physical model of the whole building system. 
 
As it is seen from the weekly programme the structure is based on 

physical models. Each week a building element is conceptually designed 
and the next week a physical model of it is made and integrated with the 
physical model of the previous week. Physical models are great tools for 
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detail design education as they give the possibility for the students to see 3 
dimensionally if their detail is really working and if it is possible to 
integrate it with other details. 

4.  Analysis of the Student Works 

When the final submissions of the groups are analysed it is seen that 
creative and working conceptual and detail designs were generated.  

4.1. CONCEPTUAL DESIGN 

The first thing realized by the groups in the term was developing a concept 
design. While deciding about the concept of their buildings some common 
criteria were used.  

Since Antarctica has a very low average temperature, the buildings 
should protect the users from the cold and conserve its heat energy. It was 
obvious that thick walls with very good insulation were needed, however, 
the shape of the building is also an important factor that could help with 
reducing heat loss.  

Heat is lost in three ways, conduction, convection and radiation. The 
biggest amount of heat is lost through conduction, which is when objects 
are directly touching each other. To reduce the amount of heat lost through 
conduction, the surface area of the objects touching each other must be 
reduced. This can be achieved by reducing the size of the building, thus 
usually spherical shapes were used. Circle has the lowest perimeter/area 
ratio and a sphere has the lowest surface area/volume ratio. 

To reduce the conduction effect further, we raised the building off the 
ground on to steel stilts. Touching the air is much more advantageous and 
thermally efficient compared to touching the ground. Our final building 
form was beginning to take shape 

Another important factor is the wind speed. Antarctica has high average 
wind speed and katabolic winds. In order to transform the buildings into 
more aerodynamic shapes the top and bottom edges were usually tapered. 
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At figure 1 the preliminary conceptual sketch showing the firs ideas may be 
seen. 
 

 
Figure 1.  Conceptual design sketch of one of the groups 

4.2. STRUCTURAL SYSTEM 

The second thing realized by the groups was generating the structural 
system of the research stations.  

For the structural system, the main criterion is ease of assembly and 
disassembly. As it is not possible or easy to produce concrete and also not 
possible to use welding techniques due to the climatic limitations usually 
timber, especially laminated timber, was used as the structural system 
material. For connections steel supports were used for mechanically 
connecting pieces to each other. Being light weight, easy to use, ease of 
production and low thermal conduction properties are some specialities that 
made timber the most popular choice. In Figure 2 the structural grid system 
with diagonals may be seen. 
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Figure 2.  Structural grid system of one of the groups 

The second thing that should be overcome by the students was lifting 
the building above the ground level to reduce the permafrost effect. While 
lifting the buildings should also be connected strongly to the ground to 
cope with the harsh winds of Antarctica. For this usually bolted steel 
structures were used.  

In Figure 3 one of the solutions generated for connecting the buildings 
to ground may be seen. In this alternative steel tubular columns are holding 
the building above the ground, resting on precast concrete blocks. The 
tubular steel columns are connected to large concrete blocks which are 
buried under the ice sheet.  The concrete blocks are connected to each other 
like LEGO blocks. Their purpose is to distribute the weight of the building, 
and also as a dead weight so that the building isn’t affected by wind. 

 

 
Figure 3. An exemplary foundation designed by the students 
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4.3. BUILDING ENVELOPE 

The building envelopes opaque parts’ U-values are expected to be lower 
than 0.05W/m2K which is really struggling for the students. High-end 
thermal insulation materials, like aerogels, vacuum insulated panels, etc. 
were analysed by all of the groups. Most of the groups made it possible to 
satisfy the value in reasonable wall thicknesses. Figure 4 represents one of 
the building envelopes designed with a resulting U-value of 0.047W/m2K. 
 

 
Figure 4. Physical model of the building envelope of one of the groups                                   

1-Stainless Steel (1.5mm), 2-Foam with Closed Cells (3mm), 3-EPDM Silicone Sealant 
(3mm), 4-Laminated Wood (74mm), 5-Spaceloft Subsea Aerogel Blanket (240mm), 6-
Laminated Wood (42mm), 7-Kraft Paper, 8-Aluminium Vapour Barrier, 9-Woollen Felt 
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5. Conclusion 

“Building Element Design” is a “service course” at Istanbul Technical 
University, Department of Architecture. It deals mainly with architectural 
technology related subjects regarding detail design of building elements. 
The course is based on “learning by doing” approach which expects the 
students to use the information about the detail design activity which have 
been acquired in the prequel courses “Introduction to Building 
Construction” and “Building Construction Methods”. In the paper the 
innovative subject given to the students of the Building Element Design is 
presented. The subject is to design a research station in the Antarctica. The 
aim of the subject is preventing the students from copying generic details 
and instead designing innovative details. The harsh conditions of Antarctica 
really accomplished the aim of the subject. The results presented above, 
show that student works satisfy the stringent performance requirements. 
The evaluation of the course stated that the method of “learning by doing” 
together with an innovative subject and stringent performance requirements 
is successful in many aspects. Students understand; 

 the importance of detail design activity, 
 the importance of collaboration for bettering the architectural 

design, 
 relations between components of a building element, 
  relations between different building elements, 
 the logic of assembling, 
 sequence of construction, 
 environmental conditions affecting the construction process, 
 up-to-date construction technologies, 
 up-to-date construction materials, 
 importance of integration, easily by the “learning by observing” 

method. 
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WORKGROUP SESSION: RESEARCH 

The Research theme includes the following research areas: 

- Finding innovative approaches for improving people well-
being in buildings; design and construction 

- Use of innovative tools in design and constrion approaches 

- Sustainability and Performance 

- Design Building Systems and Techniques 

- Retrofit 

- Innovative simulation tools in the process of designing, 
building and analysing 

- Theory, practice and research 
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Abstract. According to the importance of rehabilitation and recovery 
of Architectural Heritage in the live of people, this paper is aimed to 
strengthen the traditional methods of stone vaults calculation taking 
advantage of the technological characteristics of the powerful 
program ANSYS Workbench. As an example of this, it could find 
out the possible pathologies that could arise during the construction 
history of the building. 
To limit this research, the upper vault of the main chapel of the 
Santiago parish church in Orihuela -Alicante- is selected as a 
reference which is a Jeronimo Quijano´s important building work in 
the XVI century in the Renaissance. Moreover, it is an innovative 
stone masonry vault that consists of 8 double intercrossed arches 
with each other and braced by severies. During the seventeenth 
century there was a lantern in the central cap and it is unknown why 
it was removed. Its construction could justify the original 
constructive solution with intercrossed arches that freed the center to 
create a more enlightened and comfortable presbytery. 
By similarity with other Quijano’s works, it is considered a small 
lantern drilling the central spherical cap. It is proposed to carry out a 
comparative study of it with different architectural solutions from the 
same period and based on several common parameters such as: a 
vault of square plant with spherical surround, intercrossed arches, a 
possible lantern, the dimension of the permitted space, similar states 
of loads and compact limestone masonry. The three solutions are 
mainly differentiated by their size and the type of lantern and its 
comparison lets us know which one is the most resistant and stable. 
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The other two building works maintain some connection with the 
Quijano's professional scope. 
It has selected the particular case of the Communion chapel of the 
Basilica in Elche (a large prismatic lantern with a large cylindrical 
drum that starts from the own arches and an upper hemispherical 
dome), for its conservation, its proximity to Orihuela and its 
implementation during the century XVIII. Finally, a significant 
Dome Spanish Renaissance complete the selection: a cross vault of 
the Benavides Chapel of the Saint Francisco Convent in Baeza - 
Jaén-, designed by Andres of Vandelvira in the sixteenth century (a 
large hemispherical dome that starts from the own arcs). 
To simplify the calculation and standardize the work that have to be 
contrasted, all of them were considered with some similar 
characteristics: 30 cm constant thickness, the intercrossed arches 
were specifically analyzed and had identical loads, Young's modulus 
and Poisson's ratio. 
Regarding the calculation solutions, in general terms, the 
compressive stresses predominate, influencing on it the joint 
collaboration of the filling material on the vault, the vault itself, the 
thick side walls, the buttresses and the top cover weight . In addition, 
the three solutions are suitable, being the Orihuela one the safest and 
the Baeza one the riskiest for its large dimensions. 
Thus, the idea of intercrossed arches with suitable thickness would 
allow carry out the heaviest lantern and this would confirm it as a 
Renaissance architectural typology built in stone. 
Keywords: Ansys Workbench, intercrossed arches, stone masonry, 
geometry, truncated vault and strength. 

1. Background. 

Studying a historic building has two main objectives, among others: 
understanding the real behavior of the structure (the possible states of 
equilibrium) and analyzing and understanding the origin and meaning of 
the visible cracks, in other words, studying the possible moves that have 
produced to them. But all this is possible only if previously the true 
elements of the structure are identified. A possible classification, depending 
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on the type of historical building, could be identifying, on the one hand, the 
trhust of the vaults, and secondly, the abutments that counteract. 

As it is known, a historic building is characterized by its heterogeneous 
construction process. Firstly, it should identify its different building 
elements, study how they interact and then check the overall mechanical 
behavior. In a first stage of analysis (XIX century), static graphics were 
used to understand the equilibrium conditions of the ancient structure. 
Ultimately, they were certain equilibrium solutions to respect the essential 
characteristics of stone, which only resist compression stresses (Huerta 
Fernández, 2005) 

In the twentieth century, it has resorted to the method of calculation by 
finite elements, which are solved with software; but it should be wisely 
chosen for correctly validate the solutions obtained with them, because they 
not fully coincide with the real solution. 

As an example of the above, the demonstrated ability of ANSYS 
program stands out, for reproducing of original shapes with high accuracy, 
drawing in 3 dimensions, and simulating its actual mechanical behavior or 
with variations such as loads, supports, dimensions, geometry, materials 
and thicknesses. In short, it allows us to analyze the behavior of the 
existing building, calculate reinforcements, make assumptions of alterations 
or additions possible (not necessarily the real solution), etc. 

Although the structures have an engineering character, it is 
demonstrated that their application to the architectural technology is 
effective and necessary. In countries like Spain, an architect has a 
vocational training including structural calculations to define the building 
as a full entity, such as it is indicated by the Vitruvius’s theory. 

2. Methodology and Objectives. 

Based on the recovery of Historical Heritage, it intends to take advantage of 
the technological advantages of the powerful ANSYS Workbench 
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calculation program. That is, to make firstly a simple check with graphical 
statics, and then demonstrate the performance of a modern software to 
improve the accuracy of results in complex cases. 

As a particular theme of architecture, it is selected an real example of 
historic building: the Santiago parish church in Orihuela –Alicante-, an 
important Renaissance building work of the architect Jerónimo Quijano; 
specifically, the upper vault of the main chapel. During the seventeenth 
century there was a lantern in the central cap and it is unknown why it was 
deleted 

To apply such architectural cases, it is proposed determining the 
feasibility of the original solution with a small lantern in the Orihuela case 
and analyze the suitability of the location of that lantern in the central cap, 
among the arches, and a comparative study among similar vaults of some 
historic buildings will be performed, with equivalent architectural solutions 
and based on certain common parameters such as: the configuration of 
intercrossed arches with thickness greater than the plementería one, 
thickness identical in arches and severies of all selected buildings, size of 
the hole among such arches, type of possible lantern, states of loads and 
types of employed stone masonry. 

It should be recalled that Orihuela is located in an area of significant 
seismic hazard. Thus, this experimental model is suitable to analyze the real 
building nature, prevent possible structural pathologies in the future or to 
restore safely the possible existing damages in a historical building. 

On the other hand, taking advantage of the ability of ANSYS to find out 
the real mechanical behavior of an existing historic building, it has tried to 
find out the feasibility of the original solution with a lantern, what type it 
might be and the possible pathologies that might arise with its construction. 

In short, it does not try to calculate a single real vault (for it would be 
necessary know its constructive history) in an integral way. This would be 
the subject of another paper. 
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3. Dome and truncate vault. Structural behavior. 

The vaults object of this article has implicated certain spherical geometry, 
so it should pre-analyze some elements such as the dome and the truncate 
vault. Due to its compression performance, the stone has been the most 
used material in the construction of domes, with their form of voussoirs as 
meridians and parallels. The problem is that the domes did not exceed of 
43,5m width, because of the appearance of tensile efforts that collapsed the 
structure. 

The resistant mechanism of the domes has a feature that allows them to 
far exceed the structural capacity of the arches. Each meridian behaves like 
a funicular arch that is produced by the applied loads, ie, it resist loads 
without developping bending stresses, for any loads system. 

The dome has several parallel that have restricted their lateral movement 
by developing annular stresses and it make possible the performance of 
membrane. In a recessed dome, with an angle less than 52º, the meridians 
are deformed inwardly, towards the axis of the dome, and the transverse 
parallel are compressed trying to stop it. 

When the dome is high rise, under the action of loads, the highest points 
move inward, but the lower ones do it outwardly, ie, they away from the 
axis: the parallel below the angle of 52 degrees, are subjected to tensile 
efforts. 

Thus, for all this to happen and the own dome possesses only membrane 
efforts, the edges have to experiment free horizontal movement in their 
support. In case that the dome was embedded in any wall, some small 
deflections which can be presented in the springing are absorbed very 
quickly by itself. 

The dome can be imagined as segments or meridians arches whose 
bending is prevented by horizontal parallel or rings. In areas where the 
segments want to sink inward, the parallel prevent it by working on 
compression, and where the segments want to open, the parallel avoid it by 
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resisting the traction. The circumferential expansion tends to produce, in 
the peripheral zone, any radial cracks. 

The truncate vault can be considered for analysis as a derivative of 
spherical dome. It has, under steady load, the traction areas below the 
parallel at 45 °, the limit being 51 °. There are two main cases, according to 
the boundary conditions, the building system and structural behavior 
(Requena Ruiz, 2015). 

• Stilted spherical cap on pendentives with radial cutting and 
performance derived from the spherical dome. 

• Recessed domes, with a grid of arcs and performance derived from the 
translation surfaces. 

There are cases where the above two appear simultaneously, each 
somewhat. The dome of Orihuela is a hybrid of both. 

4. Grafic analytical method of masonry structures. 

4.1. INTRODUCTION. LIMIT ANALYSIS OF MASONRY. 

The vaults calculation is based on the knowledge of the stress state 
(essentially compression), to which the support structure is subjected and 
the stability to turn over, and the potential slippage of the voussoirs. These 
three points are fundamental to understand the calculation. Now, how do 
we make the calculation of stress? There are many studies about it, even 
though they made up only to s. XVIII. Mostly, they are graphic 
calculations. 

The first scientific theory about vaults that was developed in the 
seventeenth to nineteenth centuries considers to masonry as a unilaterally 
rigid material (which does not resist tensile). In the late nineteenth century, 
the modern and correct theory on stone masonry arch was elastic theory. 
Today, finite element method (FEM) has been applied to analysis of 
structures vaults. 

In conducting the studies, it has been applied the Limit Analysis Theory 
of stone masonry structures, as Heyman has mainly developed in recent 



STRUCTURAL ANALYSIS WITH ANSYS ON STONE CONSTRUCTIONS IN 

THE HISTORICAL SPANISH HERITAGE 315 

years. The stone masonry structure formed by a rigid-sided material that 
resists compression but can not resist tensile is considered. That is, we 
imagine the stone masonry as a set of undeformable blocks in dry, in direct 
contact, and which maintains itself under its own weight. Also assume that 
the stresses are low. Once both the resulting weights and loads acting on 
the vault as its action line are known, for a symmetrical dome where the 
thrust should be horizontal at the key line, only remains to decide the thrust 
tilt, which is determined by the overall profile of the vault. 

For analysis, it should be noted that the filler has some importance in 
relation to the set of loads. We must also consider the weight of the walls 
and overloadings applicable in each case. To calculate the thrust of the 
vault, its weight is first calculated. The volume of the various elements will 
be calculated and multiplied by a specific weight. 

There are two sections that can be critical: the wall base and the vault 
abutment. At the end, the load that receives each considered critical section 
is calculated. But depending on the vault typology and all adjacent 
elements to it, these ones could vary (Grau Carreras, 2012). 

Following with the exposure, in the twentieth century, Jacques Herman 
and Santiago Huerta have prominently among of the best technicians who 
have written about the calculation of stone masonry structures. Huerta, for 
instance, made a brief but interesting discussion of the calculation of these 
structures: 

«…En primer lugar imaginemos la fábrica como un conjunto de bloques 
indeformables en contacto seco y directo que se sostienen por su propio 
peso. Es un material, pues, que aguanta bien las compresiones pero que no 
resiste las tracciones…» (Huerta Fernández, 1998). 

Given its geometry, the restrictions on their supports and the value of 
the loads acting, the geometric safety coefficient is obtained as an indicator 
of the stability of the structure for the loads considered, and it is concluded 
that the structure is safe if it is approximately greater than 2.  

In short, “the theory of limit analysis of stone masonry structures” is 
based on the assumption of three hypotheses: 
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- The compressive strength of the masonry is infinite, because of the 
knowledge that the stresses transmitted by the structure are much lower 
than the real resistance of the stone. 

- The tensile strength of the masonry is null, a building is supposed as 
built “to bone” and the resistance of mortars is underestimated. 

- The failure by slippage of the stone pieces on one another is 
impossible. 

Based on these three principles, the fundamental theorems of limit 
analysis are set out. It is concluded that if there is a situation of loads that 
simultaneously satisfies the three theorems; we say that that load is the real 
collapse one of a stone masonry structure. 

Graphic statics is the most common method of analysis of stone 
masonry structures in order to solve the equilibrium equations. It is to 
replace numerical methods, for certain geometric rules by using the vector 
equilibrium. The result is a line of thrust which when it is compared to the 
geometry of the structure, the above mentioned “geometric safety 
coefficient” is obtained. In an arche, for instance, it is the ratio of the 
thickness of the actual arch and the arch thickness limit. 

As Heyman and Huerta said, the goal of balance is achieved if the thrust 
line is not pulled from the geometrical boundaries of the section of the 
element to be analyzed, along its length, and a joint cracking it will form if 
the line passes very close to such limits, which occurs in certain joint 
between pieces. The collapse mechanism (kinematically admissible) will be 
activated if there is a sufficient number of cracking joints (similar to plastic 
joints), or if the thrust line is beyond the geometrical boundaries of the 
structure. 

4.2. CUTTING METHOD IN A DOME. 

During the late Gothic, some treaties of Gothic architecture were outlined, 
in which the structural rules are displayed, for sizing the walls, pillars and 
buttresses of Gothic churches. The most important structural rules during 
the sixteenth and seventeenth centuries are refer to the dimensioning of the 
abutments of the vaults, since they represent the most of the materialized 
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structure and they support the building. All they contribute to the sizing of 
abutment according to the width of nave. 

The Blondel’s geometric calculation rule was the most widespread and 
it is named because appearing in his treatise of 1698. In the segmental 
arches,a thicker abutment is needed and at the lanced arches, it need less 
thickness because of generating of minor thrusts. It is also recommended 
loading the flanks at half the height of the arch, as is the usual construction 
practice and is essential to stabilize the arches and vaults. 

Because of the graphic rules are only applicable to static structures 
whose polar diagrams are flat, it is necessary to divide the overall structure 
into simpler elements by cutting in planes. This make difficult the study of 
structures of irregular geometric shapes which not likely to be divided into 
defined flat elements. In case of a dome, the resulting elements of cutting 
are extrapolated to the overall three-dimensional element. Thus, a dome is 
divided into segments by cutting planes whose plant projection is radial. 
Two opposite segments will be considered like an exempt arch. At the end, 
the total thrust surface and its geometric safety coefficient (which should be 
greater than 2) is derived by comparing the limit geometry with the real 
geometry obtained. 

The appearance of any cracks would occur, on the one hand, by way of 
a parallel on the intrados or the extrados of a spherical structure (concentric 
lines), and secondly, as any meridian line due to act of pressing radially and 
outwardly, causing thrusts in their springings. 

Setting a lantern on the dome could improve its stability as long as the 
thrust line is too open and close to limits. The weight of the lantern could 
help enclose the line and bring it closer to the curvature of the structure, 
could reduce the thickness of the dome boundaries and could increase the 
geometric security ratio (Ayensa Pardo, 2011). 
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5. Advanced methods. 

However, progressing on the calculation procedures, the easiest method for 
modeling of stone masonry structures is based on representing it as a 
combination of structural elements, such as bars, beams, plates or shells. 
This is the case of the simplified methods through macroelements. 
However, such simplified elements usually provide a thick description of 
the behavior of real stone masonry element. The Paolo Lourenço’s Macro-
model systems also stood out (1998): in this case, the brick, the mortar and 
the brick-mortar interface are represented by a single finite element. The 
material is studied at macroscopic level and is modeled as a homogeneous, 
continuous and orthotropic element. He also sayd: 

«…In micro models, masonry units and mortar are separately 
discretised using continuum or discrete elements, whereas in the macro 
model (also known as equivalent material model), masonry is modelled as 
a single material using average properties of masonry» (Senthivel and 
Lourenço, 2015).). 

This type of discretization typically belongs to the homogenization 
techniques, that basically consist of replacing the complex geometry of the 
basic cell for a simplified geometry, so that it is possible a closed and 
homogenized solution of the problem. These homogenization techniques 
can establish constitutive relations in stress terms and average strains from 
the geometry and the constitutive relations of the individual components. 
The problem arises with structural elements such as vaults, in which there 
are no periodic repetition elements, without a recognizable basic cell and, 
instead, an irregular bond of segments occurs, based on an unknown 
construction process. Perhaps, the discretization technique in identical cells 
is most appropriate for stone masonry walls. In addition, sophisticated 
mechanical means would be required to test with stone voussoirs. 

The distribution of voussoirs and joints arch (real or imaginary) are 
factors of the solution of the problem of arch balancing. The influence of 
the adequate representation of the units of the stone masonry is a problem 
that will reappear in the development of other methods, based either on the 
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homogenization (macro models) or discrete representation of the units 
(micromodels) (Mira Díaz, 2012). 

As a result of the problems mentioned above, in this research we focus 
on arch-vault elements as homogeneous and continuous parts. To 
standardize somehow structural analysis, a comparative study among some 
similar construction elements of significant buildings of a certain time will 
be made, ie, a “sui generis” and suitable selection of important building 
works in Architecture will be done. It suffices for this to choose suitable 
comparison parameters, so that it can ignore the possible error from a 
method of continuous elements with respect to the discretized elements 
such as elementary cells. And for comparing the computer method with the 
graphic one, the structures will be analyzed in linear regime, such as the 
prescribed static graphics.  

Currently, for the modeling of stone masonry the finite element method 
(FEM) is used as a tool for calculation and as a description of the behavior 
of the material to constitutive level.  

Also, masonry modeling by finite element requires the characterization 
of the material as deformable solid. Masonry is modeled through 
continuous and homogeneous elements to try to determine their behavior in 
terms of stress and continuous strains, and a single material. It is the 
technique of the macro-models but excluding, in this article, the mortar 
joints such as a separate material. 

Following, the selection of works chosen to implement the method of 
homogenization is shown. 
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 6. A practical application of the method: the Jerónimo Quijano’s 
crossed vault as a reference. 

6.1. GEOMETRIC-STRUCTURAL HISTORY OF THE TEMPLE HEADER. 

In general terms, in Spain and specifically in Valencia and Murcia 
territories, a medieval tradition with a quality stonework stood out, which 
took advantage to play their own architectural forms of emerging 
Renaissance. Cutting and cuts of stone required the knowledge of geometry 
to ensure perfect assembly of the different elementary pieces called 
voussoirs and thus get the correct transmission of loads between them, 
resulting in the structural stability of the whole.  

As an example of the Quijano’s innovative spirit, it has been focused on 
the upper dome of the main chapel of the Santiago parish church in 
Orihuela –Alicante- (Figure 1). 

Approximately in 1550, Quijano designed the header as a nearly square 
plant space of 12.50 m of side (López González, 2013). The top dome is 
built by an original combination of different curves geometric shapes for 
the adaptation of a sphere to a square.  

It contains 8 distorted arches made out of stone voussoirs that start out 
from the lower 8 pilasters and orthogonally crossing theyself on plant. This 
is a pseudo-truncate vault, in other words, spherical only up to the four 
virtual and intermediate arcs which are located between the arches that are 
currently built and whose projection on the plant is a square of side 3/5 
square projected throughout the whole vault on the plant. The central 
spherical cap is made out of stone and plaster, based on some restorations 
during the seventeenth century and the severies are of stone the springings 
on sides and the corners (such as pendentives).  
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Figure 1. The upper dome of the main chapel of the Santiago parish church in Orihuela –
Alicante- 

The side buttresses absorb the thrust of the arches and are buit-in the 
perimeter walls, which contain the springings of the great central dome. In 
the seventeenth century the central cap was drilled for setting a lantern and 
it weakened the whole. Then it turned to close the hole in the eighteenth 
century to stabilize the whole building. 

Continuing with the explanation, it is interesting to follow with 
examples of cross vault, as the case of the Communion Chapel of the Santa 
Maria Basilica in Elche – Alicante (Figure 2). Its conservation, its 
proximity to Orihuela and its construction in the eighteenth century allow 



322 A. L. LÓPEZ GONZÁLEZ 

 

to speculate on the nature of the Quijano’s vault and his influence on 
others, and especially including the option of the lantern. 

Archpriest and Insigne Santa Maria Basilica is the most prominent 
church in the city of Elche. It is of neoclassical style, is longitudinally 
located at the temple header and its access to it is through the ambulatory. 
The building of Santa Maria Basilica was started in 1673 and lasted 111 
years. 

 

Figure 2. Cross vault, the case of the Communion Chapel of Santa Maria Basilica in Elche – 
Alicante- 

Lorenzo Chápuli and José Gonzálvez de Coniedo (1782-1784), were 
responsible for the Communion chapel, the last part that was built, with 
neoclassical style. It has undergone two great restorations in the twentieth 
century: the renewal of its vaults and its dome were directed by Marcelino 
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Coquillat (1903-1905), and repairing the damage caused by the fire of 1936 
was directed by Antonio Serrano Peral (1939-1954). 

In the last place, it is interesting to carry out a comparative study with 
the cross vault of the Benavides Chapel of San Francisco Convent in Baeza 
– Jaén-, designed by Andres de Vandelvira, in which a large square space 
(16 meters wide) is raised, it’s covered by a truncate vault, reinforced by 
four simple intercrossed arches and a huge, vaulted and very heavy central 
cap. It is the solution of “crossed vault” of the Alonso de Vandelvira’s 
treaty (Figure 3): 

 

 

Figure 3. The solution of “cross vault” of the Alonso de Vandelvira’s treaty.             
Benavides Cross Chapel of San Francisco Convent in Baeza vault – Jaén- 
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The problem arose when the vault of Baeza collapsed during an 
earthquake in the eighteenth century and was sacked by Napoleon’s troops 
in the nineteenth century. Thus, we cannot know exactly how its 
magnificent vault was built and we have to settle with the graphics of 
Alonso of Vandelvira.  

 “Esta puesta por obra esta capilla en San Francisco en la ciudad de 
Baeza por mi señor padre y entiendo es la mejor capilla particular y más 
bien ordenada y adornada que hay en nuestra España, tiene sesenta pies 
de hueco sin los encasamientos que tiene 8 pies” (Palacios Gonzalo, 1990). 

6.2. APPROACH TO CUTTING METHOD IN THE ORIHUELA VAULT. 

As a reminder of the above, if the line of thrust passes through the nucleus 
of inertia of the element section in that joint it will have only compressions 
between its pieces (trapezoidal pressure distribution). In the joint, the line 
will have left the nucleus, and it will have tractions with compressions (that 
constitutes the contact area between parts), thus creating a triangular 
pressure distribution. 

The proper construction with compensation elements (such as weight of 
fillers and walls) may greatly alleviate the occurrence of cracking, it being 
sufficient in this case an elastic analysis. Although reaching certain degree 
of approximation to reality and with the most extreme caution. 

In the dome of Orihuela, it has been cut a segment through the 
geometric center and containing a transverse axis, in order to ensure the 
symmetry of the resulting part. The polar diagram is provided by the anti-
funicular polygon and the thrust line. It is a simple verification of graphic 
statics, true to a traditional method. The real purpose of this paper is to 
demonstrate the advantages of new software, applicable to architectural 
technology. 

The result shows that the line of thrust passes inside the nucleus of 
inertia, except for the flanks area, just where the dome backfill is located. 
Thus, the stress distribution in the different sections of the segment has a 
trapezoidal distribution (all compression), and at the flanks appear to have 
no tendency to crack due to traction (Figure 5). Due to that the weight of 
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filler is complicated to graph it, the convenience of using computer 
methods is apreciated; and such filler could alleviate the appearance of 
traction. 

Moreover, the importance of the perimeter wall is observed. Indeed, 
being the vault built-in the wall, its springings have been rising, the thrust 
line is not pulled from the section and the thrust is absorbed by the wall, 
which makes the work of a strong abutment. This is a sensible and effective 
building process. 

However, the purpose of this paper is to analyze the intercrossed arches, 
which do not allow cut a totally symmetrical segment and it would 
complicate much the method of static graphics. Thus, it becomes more 
convenient to use more sophisticated methods. Consequently, the finite 
element method through ANSYS Workbench program is proposed. 

 6.3. CALCULATION WITH ANSYS WORKBENCH. 

After the above and recalling the general approach of this research article, 
the convenience of completing the graphical method for the calculation by 
using the finite element method will be demonstrated later. Indeed, in some 
cases the graphic method does not correctly reproduce the mechanical 
behavior of certain stone masonry building elements, not being regular 
geometric shapes. Ansys Workbench is a software ideal tool for such cases. 

However, the consideration of an elastic model is not fully adjusted to 
the actual building due to the existence of stone masonry pieces (thus 
because of its low tensile strength, causing inevitable cracks). Instead, it 
allows the location and direction of the maximum principal stress, and an 
acceptable approximation for the foreseeable strains from the considered 
actions. 

Thus, the elastic analysis on selected works in this paper may be 
considered as valid, by choosing common analysis parameters of such 
structures. This facilitates the homogenization of the sample and does not 
require an independent exhaustive analysis of each. 
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To ensure standardization and facilitate comparison between the 
structural elements, they have chosen the following common mechanical 
parameters: 

 Compact limestone with density D = 2500 kg x m3 
 Young’s modulus E = 5000 Mpa. Poisson’s ratio= 0,20. 
 Compressive Yield Strength= 10 Mpa. Tensile Yield 

Strength ≥ 0 Mpa. 
As to the formal and structural characteristics: 

 The vault of intercrossed arches arise from their own 
springings 

 A vault with severies whose thickness is equal to 0.30 
m. and the thickness of the intersecting arches is equal to 0.45 
m. A lantern whose elements have a thickness equal to 0.30 m. 
The elimination of all building on the exterior surface of the 
dome. The bracing arches on her springings are to absorb 
thrusts by perimeter walls. 

 The surface loads of fillers in the extrados and arches 
are of value equal to 0.01 Mpa. The surface loads on the lantern 
are of value equal to 0.005. 

To compare homogeneously calculations, the following plans are 
proposed in common for the three vaults: 

 A volume of the vault standing out the minimum 
principal stress (compression), and also standing out several 
significant points on a crossed arch. 

 A compression stresses plane located approximately 
over the guideline of center section of a crossed arch to check 
the behavior of the nucleus of inertia. A volume of the vault, 
standing out the arch section previously calculated. 

The evaluation of the stability factor of the compressive stresses 
compared to the compressive yield strength. For this we have used the 
theory of Mohr-Coulomb stress. After calculations with Ansys Workbench, 
they have obtained the following results: 
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The Cross Vault of the Santiago parish church chapel in Orihuela –
Alicante-: The intercrossed arches, being double and equal to 12.5 meters 
diameter, increase its rigidity and the internal tensions are reduced (figure 
4). 

 
Figure 4. The minimum principal compressive stress.                                                           

The upper dome of the main chapel of Santiago parish church in Orihuela –Alicante- 

The proposal lantern is small and it does not significantly increase the 
tensions in the arch, but frees the central space and helps to set the line of 
thrust inside nucleus of inertia (figure 5). In the geometric guideline of the 
arch, the minimum principal stress (compression) ranges from 41689 Pa (in 
the key) and 110910 Pa (at springing), as is shown in the figure 6. 

Furthermore, the resulting security coefficient by dividing the minimum 
principal compressive stress by the compressive yield stress is greater than 
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15 over the entire cross arch. For example, near the arch abutment 
(maximum value): 

107 / 2,0437 x 105 = 49. 

 

  

Figure 5. On the left: in the arch geometric 
guideline, the minimum principal stress 

(compression). An image in 2 dimensions: 
the Santiago parish church in Orihuela. 

Figure 6, on the right. The thrust line in 
Orihuela –Alicante- 

 

A cross vault of the Communion chapel of Basilica in Elche –Alicante. 
The cross arches, being simple and reasonably small in diameter (9 meters), 
they increase its rigidity but it reduces less the internal tensions. The 
proposal lantern is great, (it is a dome supported on a cylindrical drum) and 
this significantly increases the tensions in the arch, although frees the 
central space and also helps to set the line of thrust inside nucleus of inertia. 
In the arch, the minimum principal stress (compression), as in the figure 7, 
ranges from 383 200 Pa (along the drum) to 788 300 Pa (at the springing), 
as is shown in the figure 8. Furthermore, the resulting coefficient of 
security from the minimum principal compressive stress is greater than 15 
in the upper section of the cross arch. However, near the base of the arch:  
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107 / 1.7527 x 106 = 5.7, Being 2.70 in the base and 1.70 as minimum 
 

 

Figure 7. The minimum principal compressive stress                                                             
Unit: Pa. Cross vault, the case of the Communion Chapel of Santa Maria Basilica in Elche – 

Alicante 
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Figure 8. In the arch geometric guideline, the minimum principal stress (compression). An 
image in 2 dimensions. Cross vault, the case of the Communion Chapel of Santa Maria 

Basilica in Elche – Alicante- 

The Crossed vault of the Benavides Chapel at the San Francisco 
Convent in Baeza – Jaén-  

The cross arches being single and with a large diameter (> 16 meters), 
slightly increase its rigidity and the internal stresses are little reduced. 
(Figure 9)  
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Figure 9. The minimum principal compressive stress.                                                       
Benavides Cross Chapel of San Francisco Convent in Baeza vault – Jaén- 

The proposal lantern is great, according to the Vandelvira’s drawing 
(it’s a hemispherical dome) and it significantly increases the tensions in the 
arch, but releases a lot of the center and also helps to set the line of thrust 
inside nucleus of inertia. In the arch, the minimum principal stress 
(compression) ranges from 423220 Pa (at the key) and 950 230 Pa (at 
springing), as is shown in Figure 10. 
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Figure 10. In the arch geometric guideline, the minimum principal stress (compression).     
An image in 2 dimensions. Benavides Cross Chapel of San Francisco Convent in Baeza 

vault – Jaén- 

As in previous cases, the resulting coefficient of security, from the 
minimum principal compressive stress, is greater than 15 in the upper 
section of the cross arch. However, near the base of the arch is: 

107 / 1.9036 x 106 = 5.5, Being 2.97 as a minimum value at the base. 

 7. Conclusions. 

In defense of Historical Heritage, it has been done a approximate tensional 
check with graphic statics about certain building works and, after verifying 
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the limitations thereof, have been demonstrated the benefits of a modern 
software to improve the accuracy of results in complex cases. For which, 
they have been used certain advantages of the powerful ANSYS 
Workbench, that it has been applied on the architectural technology. 

To limit this research was selected, as a reference, the upper vault of the 
main chapel of the Santiago parish church in Orihuela -Alicante-, an 
important Renaissance work of architect Jerónimo Quijano in the sixteenth 
century. It is an innovative stone masonry vault that consists of 4 double 
arches, which intercrossed each other and they are braced by severies. 
Supposedly, the intercrossed arches are designed to include in the central 
hole a lighting element such as a lantern. Assuming a small lantern in the 
case of Orihuela (a drilling the central spherical cap), in order to verifyt the 
structural suitability or not, they have selected two typologically equivalent 
building works of his time to compare and find the best solution. The 
comparison is ensured by choosing of three works with certain common 
parameters such as thickness, loads and analysis of crossed arches. 

On the one hand, the case of the Communion chapel of the Elche 
Basilica (a large prismatic lantern with a large cylindrical drum that starts 
on the own arches and an upper hemispherical dome) are chosen and, 
secondly, a very significant vault in Spanish Renaissance has been 
especially selected: the crossed vault of the Benavides Chapel of the San 
Francisco Convent in Baeza - Jaén-, designed by Andres de Vandelvira (a 
large hemispherical dome that starts on the own arches). 

Consequently, the three solutions are structurally suitable, being the 
Orihuela one the safest, by their double arches and light weight of his 
lantern. The Elche one supports on a heavy lantern and the Baeza one is the 
riskiest for its large dimensions. On the other hand, it might be possible to 
consider, in all cases, a vault with intercrossed arches and severies with the 
same thickness as a uniform structural shell, and to evaluate its possible 
structural problems. 

In conclusion, the vault of intercrossed arches with adequate thickness 
allow carry out any solution of lantern with sufficient safety factor (other 
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else would check the real building system), and may be confirmed as an 
architectural typology of Spanish Heritage in Renaissance. 
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Abstract. The Architecture and Household Trade Union built nearly 
2,000 subsidized dwellings in Albacete from 1941 to 1971. It was the 
responsible entity from the end of the Civil War until the beginning 
of Democracy of the social policy programs in Spain. Later on, and 
together with the National Housing Institute, were responsible for the 
construction activity. Its limited budget, scarcity of technical and 
human resources and an urgent need for new housing developments, 
constituted the basis for producing a vast housing market of low 
construction qualities. However, thanks to the true architectonic 
expertise of some of the professionals, some of the developments 
were designed with a clear urban strategy and in direct relation with 
the city, which characterizes them to be studied and conserved. This 
is the case for the selected development for the analysis, the urban 
complex of the 500 dwellings in Albacete, the Hermanos Falcó 
Neighborhood. Designed and built between 1963, Alfonso Crespo 
and Adolfo Gil architects, and 1977 second reformed project by the 
architect Fernando Rodríguez. It is characterized by its layout on the 
territory, its controlled relation with the city and its different types of 
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open blocks. Above all, its spatial and human scale strengths, 
directly related to the European post-war proposals, have to be 
emphasized; although its technical deficiencies affect the interior 
quality of the houses. This paper examines its virtues and failures 
and proposes, using current tools, its renovation. This proposal main 
aims are to extend its lifetime and develop the particular and urban 
sustainability levels. 
Keywords: Albacete, dwellings, renovation, sustainability, tools 

1. Introduction 

1.1. PRECEDENTS 

The update and improvement of the Spanish construction business, directly 
derives from the directions of the European Union (EU) to create a truthful 
sustainable building market. This initiative propels through the 
endorsement of Directive 2002/91/EC on the energy performance of 
buildings, compulsory for all real estates. However, the EU did not publish 
20-20-20 commitments until 2008 and this lack of exposition made it 
difficult to ensure compliance with law until deadlines are getting close.  

It is in Directive 2010/31/EC where, irrefutably, the EU exposes the 
only possible direction, focusing on energy independence. It obliges every 
Member State to design a National Action Plan to achieve the first 
compromise: a 20% primary energy consumption reduction. Not only it is 
necessary that buildings have a good energy performance, but also, either 
old or new, buildings use a low quantity of primary energy with low levels 
of greenhouse gas emissions. This Directive particularly asks the new 
energy consumer or renovated installations, to be technically, functionally 
and economically feasible. It doesn’t show how to achieve this great aim, 
though. It neither establishes conditions of maximum consumption 
according to different characteristics of the buildings. Not even a system of 
common certification is suggested which could be valid for all European 
countries and could guarantee a more independent procedure of taking 



 THE EXAMPLE OF THE 500 DWELLINGS IN ALBACETE  337 

 

measurements. On the one hand, the directive emphasizes the local climate 
conditions, interior environment and the correct relation cost-efficiency to 
be considered. But, on the other hand, it keeps other requirements 
untouched: accessibility, safety and functionality. Data for calculations to 
achieve the required level of efficiency must include not only thermal 
insulation, but also heating and air conditioning installations, the use of 
renewable energy, passive cooling and heating elements, shading, indoor 
air quality, adequate natural light and building design. Highlighted among 
the rest of measures, is the obligation of writing an energy performance 
certificate. This will be valid for 10 years, for all new or existing buildings 
when sold or rented to a new owner or tenant.  

Directive 2012/27/EU on energy efficiency appears to solve the failure 
of nearly zero-energy buildings and the lack of definition of practical 
measures    in EU energy efficiency Plan in 2011. It suggests the 
investment in building renovation through a long-term primary energy 
reduction strategy to the Member States, leaving other commitments to be 
held beyond 2020. This strategy would include a study on domestic 
building market based on statistical sampling in order to define feasible 
renovation focus related to the kind of building and climate zone. 
Particularly practicable renovations, even if they need to be accomplished 
in several steps. States should fairly accelerate the renovation of the 
existing buildings rhythm as a whole, as it constitutes the sector with more 
energy saving potential. Spanish Royal Decree 56/2016 of 12th of February 
translates part of the Directive 2012 focusing on big energy service 
providers, basically promoting co-generation in urban areas.  

1.2. THE SITUATION IN SPAIN: OBJECTIVES 

As far as Spain is concerned, in the period 1990-2012, residential buildings 
represent an average of 84% per year, regarding the total new buildings as a 
whole. However, only 45% of the renovations in the country are directed to 
housing, decreasing gradually up to 26% in 2012. Energy consumption is 
about 17% out of the total in Spain and 25% regarding electric demand 
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(IDAE, 2011). The effort of developing and accomplishing the European 
regulations must be understood as a chance to appreciate and improve our 
existing buildings regarding the relation cost/efficiency.   

As the Union suggests, gathering data about existing buildings as a 
whole and, particularly, residential buildings, constitutes the first step 
towards energy efficiency and energy independence. These are obliged 
aims to be achieved gradually from 2018 up to 2020. This technical 
information is gathered at the moment through EPC (Energy Performance 
Certification), compulsory for new dwellings from 2007, using LIDER and 
CALENER software tools. The EPC has been now extended to existing 
buildings, too, as published in Royal Decree 235/2013, of 5th of April on 
Energy Performance of buildings. It is complemented by the Building 
Renovation National Plan of 2013-2016, for energy performance. They are 
based on building constructive characteristics and active-passive 
sustainable criteria that should be applicable to every dwelling in the 
country. At the same time, the National Action Plan is complemented by 
the Autonomous Communities, which have been enabled by central 
government to handle data and use it consequently. Thus, analysis of the 
existing residential buildings starts with the outlines determined by the 
Autonomous Community EPC Registry. It must follow local, regional and 
state regulations that will make sure its correct adjustment, in the long term, 
to compulsory EPC requirements of new dwellings, creating a homogenous 
housing market as a whole, whether it is already built or new. However, it 
is necessary to implement a systematic study of adaptation for existing 
residential developments. This will allow to carry out integrated programs 
with similar principles of action for the dwellings of the development 
altogether. Also, a common method will speed up the work in cases where 
a big construction volume is implied.  

In this regard 40-70 year old social housing in Spain is really 
interesting, as they were centrally developed and programmed. They were 
also built with a very scarce use of materials, livable area and improvable 
execution. Even though, in some cases, they have irrefutable architectural 
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value, they have to adapt to present equipment and development, from an 
urban point of view, but also counting on habitation requirements, 
accessibility, energy performance and construction technology. This report 
outlines the study of a    social housing residential development through an 
analytical process and implementation of the necessary measures to be far 
beyond energy efficiency requirements. This method can be exported to 
other similar developments creating an archetype of systematic study and 
diagnosis for existing residential architecture in Spain. The chosen 
development for this report has been the 500, a social housing residential 
development in Albacete. It is also called Hermanos Falcó District and it 
has been selected because of the contradiction between its building 
deficiency and the quality of its urban life. The main objective of this 
research work is to design a constructive proposal to extend the life span of 
the dwellings, in order to reach their high level of urban and architectural 
design. It could be an example reproduced in other similar developments 
throughout the national territory.  

2. Method and Materials  

Urban design, dwelling design and building technology are the most 3 
important aspects of the 500. In order to lay out a possible coordination 
among them, a method is stablished for 3 different phases. Study-practice-
proposal is carried out by the two authors who are architects, both of them 
Doctors. The breakdown is as follows: 

1. Analysis of the development through the state-of-the-art study. 
2. Verification of the features through a fieldwork. 
3. Detection of improvable aspects and intervention proposal. 

2.1. STUDY-PRACTICE-PROPOSAL 

Method implementation is not related to the study of the 3 scales an 
architect has to bear in mind, but rather the study of the conjunction of 
architecture and urban design in order to achieve a beautiful city (Arnau, 
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1996:33). It can be identified, therefore, as an approach, since it is studied 
from the global to the particular conception. In this case, the start point is 
the whole residential development, its chronological context related 
typology, its footprint on the territory and relation with the city. This is a 
first approach to a singular outstanding development that helps us know 
and improve its features. In a second step, the housing typology is studied 
regarding its historical frame and spatial context, and basically, as a highly 
interesting prototype of social housing in a middle-sized Spanish regional 
capital city. From an architectural point of view, data collected from direct 
experience as a user is as important as data from its transformation and 
conservation throughout five decades. Finally, and motivated by the needs 
of its inhabitants, the constructive aspect is studied. These decisive needs of 
adaptation derive from the scarcity of materials and resources the buildings 
were built with. These basic deficiencies were never solved along this 
period.   

Once acquired, knowledge from the object of study needs to be checked 
in situ, on-site, either data from previous studies or inhabitants testimonies. 
This way it is possible to produce original documents which continue the 
work developed by previous researchers.  The final aim of the fieldwork is 
to collect enough information in order to make technical proposals that 
alleviate detected possible problems in the best, and most efficient, way. It 
is always necessary to have in mind the reality of the block and district.   

2.2. PREVIOUS WORKS 

The first review of the bibliography about the 500 cannot be other than the 
original project itself. For its reference, it is a recent work (Gutiérrez and 
Caro, 2015:158-163) which development is the last one by the OSHA in 
this capital city of La Mancha, Albacete. It comprises a first phase of 539 
dwellings, supplementary buildings and urbanization works (1963-1964) by 
Alfonso Crespo and Adolfo Gil, architects that also make a reform project 
(1970-1971) while the construction was being started, delayed until the late 
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60s. The second phase consists of 741 dwellings (1972), project designed 
by Juan de Haro and José Luis Aranguren which was not built. A second 
project to reform the roofs, hallways and urbanization works (1977) by 
Fernando Rodríguez and José Mascagni, was developed and was used to 
restore the urbanization works (1981). Other following projects, not 
directly related to this district were Plan Urban (2000), remodeling of the 
promenade next to the ring road in Albacete (2006) and Plan de Barrios 
(2009). 

Previous research works (Gutiérrez and Pérez, 2013b) present the 
development of Hermanos Falcó Neighborhood through a participatory 
action linked to the last important intervention in the area: the construction 
of the new church of Santo Domingo de Guzmán (2012). On the one hand, 
the scarcity of proposals of this kind gives evidence of the lack of training 
architects have. But, on the other hand, this research works mean the 
correct method for collective learning of built reality, both for inhabitants 
and architects. As previous unpublished studies, we find the Final Project 
of Degree in Building Engineering (PFG) by students Elena Cuevas y Luis 
López, guided by professor Francisco Javier Castilla from Cuenca 
Polytechnic School, as well as Master Final Project (TFM) of the program 
“Advanced Architecture, landscape and urban design” from the Universitat 
Politècnica de València during the academic year 2013-2014 by architect 
Ángela Alcaraz, guided by professors Javier Pérez y María Elia Gutiérrez. 
In both works, the urban aspect is highlighted as the most interesting value 
to preserve the development. The study of the improvement of its energy 
efficiency, in the first case, or focusing on the accomplishment of urban 
regulations in the second one, according to Law of Territory and Urban 
Activity in Castilla-La Mancha (LOTAU), legal Decree 1/2010 of 18th of 
May. This review has highlighted the dearth of high-quality quantitative 
research about the 500. 
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3. Results  

3.1. STUDY 

The study of urban scale reveals that the construction of 539 dwellings in 
the city of Albacete meant a phenomenon in those years: The “Polígonos”. 
They are unusual urban interventions that build simultaneous blocks of 
residential developments to alleviate the scarcity of dwellings (Magán, Op. 
Cit.:134). Situated in the outskirts of the town, in the confluence of Murcia 
Road and ring road and over a land of 44,976 m2, the development implies, 
however, a clear new way of urban settling with the combination of three 
12-storey tower buildings and twenty-eight 4-storey blocks of flats, 
arranged  according the new European trends of its time. The intervention 
expects to establish real neighborhood relationships that create a city 
(Gutiérrez and Pérez, Op. Cit. b: 6). They achieve this point through a 
single gate road which gives way to secondary side streets with no way out 
or cul-de-sac, that implies traffic deceleration. Also, this derives in car 
parks and pedestrian squares oriented to south and east delimited by the 
low blocks. The residents of the area can take over the space of the city, 
spread the interior outdoors, favoring the use of the public space and its 
maintenance, turning pedestrians into protagonists. The city is alive. The 
original project proposes a large garden area for a “pleasant atmosphere”, 
that was not finally built, and the mentioned squares, with two different 
areas: playground for children and garden promenade areas equipped with 
street furnishing. The first project modification, in April 1971, improves 
the urban look of the Polígono with trees and facade embellishment. In 
1977, with the second project modification, Marqués de Santillana Street is 
connected to the city road infrastructure and the development remains split 
in two since then. Finally, in 1981, a general review of the urbanization is 
undertaken based on a needs program elaborated by the town hall and the 
residents altogether. This program comprises the electric segmentation of 
the street lamp system and the installation of new ones to avoid shading 
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after the last modifications of the blocks. Extension of the sewerage system, 
new pavement for playground areas and improvement of the gardening 
were also included in this project. According to the referred FMT, 
compared with the urban standards of LOTAU, the development does not 
exceed maximum area per hectare and it is within the demanded car park 
areas. But it does accomplish neither equipment nor garden areas, as 
regulation demands double and triple respectively, regarding present 
situation.  

Previous research works (Gutiérrez and Pérez, Op. Cit.b) present a 
document study, completed by the work Observatorio Municipal de 
Igualdad de Albacete (2010), which asserts that 21% of residents are over 
65, 12% of them live alone and average unemployment reaches 58%. The 
opinion they have about their own home is for 32% of them a dilapidated 
home, bad or deficient. 48% have no central heating system. Overcrowding 
index is 4.5 and 100% have no lift. However, according to Cluster analysis, 
neighbors indicate that general state of the area is good. Despite 
segregation from the city, they appreciate low pollution, cleanliness, 
communications, garden areas and low crime rates as positive. The flats are 
designed within the limits of pure volumes, where only the entrance halls, 
built afterwards, stand out. There are three similar organized-through-
hallway types:   

4-storey blocks of social housing, 3 bedrooms. 49 m2 
4-storey blocks of 3rd category housing, 2-4 bedrooms. 41-67 m2 

11-storey tower blocks of 2nd category housing and commercial 
ground floor, 69-94 m2 

Within the boundary limits of the Polígono, there are several single 
storey buildings, initially used as schools, nursery schools, shops and small 
enclosed car parks. Even though some of them have changed its use, 
library, civic center, or the new church mentioned before, they have kept 
their condition in the long term. As far as construction technology is 
concerned, the original project hardly defines the constructive systems to be 
used. Most of them are prescribed with humble materials already obsolete, 
like reinforced clay pieces in floor structure, single thin-bricked walls and 
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asbestos sheeting for the roofs. Its late execution, between 1969 and 1972, 
justifies the need of the reform in 1971 to update the project to the new 
earthquake resistant and installations regulations. Also the increase of 
measurements in quantity surveying, excavation in rock, correction of 
unleveled areas, tree planting, etc., proves the reform. It is remarkable the 
improvement of quality, but only possible where budget allows it. It is 
showed by the visit of the then Minister of Housing (Gutiérrez and Caro, 
Op.Cit.:167) and meant, mainly, the exchange of the wooden windows for 
aluminum ones, single glass for double glazing, addition of gas installation 
for hot water and an acid-treated rough concrete plinth to embellish the 
facade. In 1977 the most significant reforms took place: construction of 
attached volumes as new entrance halls for the blocks that prevent the 
ground floor flats from flooding. Roof thermal insulation and 
waterproofing and also sewerage system were improved. The proposal 
included the design of facade-attached metallic structures to hide the 
clothes lines but they remained unbuilt.   

3.2. PRACTICE 

During the fieldwork, the district becomes familiar and, after taking 
photographs and other data, a technical inspection to the selected flat is 
carried out. Several subsequent visits are needed. The last one was at the 
beginning of January 2016, with hard winter conditions. Some 
interventions at the boundaries of the development have improved 
accessibility conditions (Figures 1 and 2). Segregation with the rest of the 
city also has improved, only broken by the lack of connection of inner 
roads. 

On the one hand, a good general state of the urbanization, garden and 
equipment areas is observed. On the other hand, almost every facade has 
been transformed regarding the original design. Moreover, ground floor 
dwellings have appropriated remaining areas next to them, and they have 
altered its entrance to gain access directly from the street. In order to 
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develop interior technical verifications, a work plan for taking data 
regarding accessibility, habitation and energy efficiency is established: 
visual inspection, sketch of the floor plan and elevations with 
measurements are undertaken to calculate the EPC. In order to carry out 
this work plan, a unit with the most unfavorable conditions of typology, 
orientation and energy demand is selected. 

It is a ground floor unit that belongs to one of the blocks of social 
housing. This selection has been made because it still has the original 
finishing and it suffers the worst comfort conditions as it is directly built on 
the ground, with no structure floor underneath according to the original 
project. It is also facing 3 different orientations, 3 facades.  
 

 
  Figures 1 and 2. Boundaries of the Hermanos Falcó Neighborhood 

It is located in Santa Teresa de Jesús Square (Figures 3 and 4). The 
block is in a very good condition, even though we detect a problem of 
accessibility. It does not have a lift and some steps were added in 1977 
before the entrance hall to prevent flooding. However, this dwelling lacks 
good conditions of habitation because of the absence of direct ventilation in 
some of the rooms. They don’t accomplish either with minimum demanded 
area and other habitation standards. These problems have led the residents 
to reform regarding their needs, getting a new direct entrance form the 
street to avoid the steps and giving priority to gain area at the expense of 
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energy efficiency. It faces the orientation east-south-west. Windows were 
substituted by single glaze aluminum ones with no thermal bridge breaking. 
A new heating and hot water system was added with a natural gas. No air 
conditioning demand is needed, solved with portable fans. Gas 
consumption is an average 3.33 Kwh in winter, and the cost per month is 
130 € on average. Some thermal bridges have been detected in the three 
facades and the utility room has been defined as not occupied. The 
enclosure wall in contact with the ground has been supposed as direct with 
no waterproof sheeting. CE3X v.2.1 software tool is used to do the EPC. 
This tool is admitted by the regulations, it’s been recently updated, it is 
easy to handle and allows the addition of improvement measures. 
Moreover, an architect is authorized to use the software and sign the EPC 
by Spanish Royal Decree 235/2013. After the calculations, a feasibility 
study on the amortization of each improvement measure and a combination 
of some of them is estimated. The overall result of the unit is level G, with 
an important heating demand 218.7 Kwh/m2. The cooling demand is 29.9 
Kwh/m2 with level F, heating and hot water emissions 64.2 and 14.7 
CO2/m2, respectively, and cooling emissions are insignificant. 

Figures 3 and 4.Santa Teresa de Jesús Square and South façade of unit selected 
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3.3 PROPOSAL  

As established before, Hermanos Falcó Sector enjoys a good urban 
atmosphere, so proposed improvements in this regard are only a few: 
ordered appropriation of residual spaces, for the dwellings adjacent to them 
could be extended legally; widening of pavement areas in particular places, 
as in front of the block facing José Espronceda Street; and the addition of 
small pieces of urban equipment, like kiosks or paved playgrounds, to 
encourage the use of isolated areas. As far as blocks are concerned, it is 
obvious the need to install lifts in order to solve the accessibility problem. 
They could be placed outside with platforms giving access through the 
balconies. As a first step, though, it is proposed to adapt the ground floor 
dwellings for the disabled, giving order to the voids opened by the owners 
spontaneously. This could get the adaptation of 116-118 ground floor flats 
out of 59 existing blocks. Proposals of intervention in terms of energy 
efficiency are centered in a good rate cost/effectiveness. CYPE online 
software tool is used to generate an estimate of the cost of the improvement 
measures. The homeowners would have to bear this cost, helped by 
regional in/or state aids, though. For this case-study 9 possible 
improvement measures have been found, 4 of them a combination of the 
other single 5. Our intention has been to reduce energy demand regarding 
heating, improving facade and floor thermal insulation, but keeping in mind 
the balance cost/efficiency. Therefore it is not focusing on raising the 
overall results improving the letter in the scale. The single improvement 
measures are exterior thermal insulation system implementation (SATE), 
substitution of the heating system by a biomass one, new thermal bridge 
breaking aluminum windows, insulation of the shutter boxes and 
installation of a high efficiency heat pump. The combination measures are 
SATE with floor thermal insulation, floor and shutter boxes thermal 
insulation, SATE plus improvement of the windows and SATE with new 
windows plus floor insulation. From the single ones, the most effective 
reducing the heating demand is SATE, with a 27% reduction. However, 
overall scale result remains in E, while goes up to B with the addition of the 
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biomass without reducing the heating demand. Something similar happens 
with the heat pump, which makes it become an E with no reduction of 
heating demand. Substitution of windows and insulation of the shutter 
boxes hardly reduce heating demand a 8% and a 3%, respectively. 
Regarding the combination measures, the ones that include SATE reduce 
heating demand a 33% when it goes with the new windows, a 52% with 
floor insulation and 52% if new windows are added. Floor insulation and 
shutter boxes insulation means a 22% reduction. However, some measures 
are not feasible for its long amortization period goes beyond life span of the 
already old building, like the substitution of the windows or the biomass 
installation (Table 1).  

 TABLE 1. Improvement measures results 

RESULTS SATE BIO SYSTEM AL WINDOWS BOXES INSULATION HE-HEAT PUMP SATE+FTI FLOOR+BOXES INSULATIONSATE+BOXES INSULATION SATE+INSULATION PACK

EPC E B F G E E F E E
HDR (%) 26,8 0,0 7,6 3,4 0,0 52,0 21,8 32,9 52,2

AMORTIZATION (Y) 12,7 --- 242,6 8,1 2,2 11,1 12,8 11,1 13,0

IMPROVEMENT MEASURES
SINGLE MEASURES COMBINATED MEASURES

 

On the opposite side, in no less than two years, investment in the heat 
pump would be covered and insulation of the shutter boxes hardly counts 
for amortization numbers for its low cost. As best amortization result and 
reduction of heating demand, 13 years, is SATE with floor insulation and 
new windows, which, at the same time, improve the overall result up to E. 
Floor and shutter insulation gives 12.8 years of amortization with an F. 
Investment in the second case is 50% regarding the first one, and it reduces 
to half the heating demand, also.  
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4. Discussion and Conclusions 

The 500 analysis has allowed doing an efficient constructive proposal 
within the homeowners’ reach. Development implementation design is 
clearly its best characteristic and present urbanization renovations keep 
them in good conditions. Apartment blocks must, however, improve their 
accessibility, and, basically, their comfort conditions, including habitation 
and efficient behaviors. Residents are reluctant to have lifts installed for 
their limited resources and the need to improve indoor comfort conditions 
first. That is why our proposal goes for the adaptation of ground floor flats 
as a first step. As far as energy efficiency is concerned, and, after 
verification, SATE is the most technically feasible solution, specially 
recommended because of its simple execution. In economic terms, it is the 
best option regarding the amortization period, with an investment that 
means less than 50% compared with other solutions like the substitution of 
the windows. In addition, almost all of them have been already renovated 
and only should be reviewed in terms of thermal bridge breaking and air 
tightness. SATE technique allows the use of the dwellings meanwhile it is 
been applied, as it is about rendering an insulated mortar and a finishing 
layer from the exterior. It means a 27% reduction of heating demand on its 
own, along with improvement of waterproofing of the walls and indoor 
comfort conditions. The ideal solution includes SATE, floor insulation and 
shutter insulation which reaches a 52% heating demand reduction and the 
overall result increase up to E. Regarding economic estimation, tools that 
have been used generally imply a cost a bit higher than real market pricing. 
Besides, these costs could be reduced in the case of group block 
interventions. Even so, amortization periods below 15 years are feasible 
enough for a population under 65 in 79% of the cases.  They are, therefore, 
achievable intervention proposals that can reach the high quality of its 
urban standards and can be extrapolated to similar developments 
throughout the Spanish national territory. 
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Abstract. Dealing with the environmental problems is one of the 
biggest challenges within the field of architectural technology. 
Solutions to this problem are mostly exclusively sought in materials 
and computer technology. However, far more attention should be 
paid to humans and their role in this problem. This paper presents a 
small part of our bachelor thesis, which started as an investigation on 
the Dutch terraced house and through research ended as a study on 
the human behaviour and motivation. The first part of this paper, the 
evolution, is focussed on the traditional way of problem solving. The 
second part, the revolution, is focussed on human behaviour and 
motivation. These two studies put together lead to our conclusion: 
The only way to structurally solve our environmental problem is to 
revolutionize our way of building by involving the human interaction 
into our solution instead of forcing it out. 
Keywords: environmental problems, terraced house, human, 
behaviour and motivation. 

1. The evolution of Dutch terraced house 

The terraced house is deeply rooted into the Dutch housing culture. 61% of 
the Dutch population lives in a terraced house. Many of them were built 
from 1960 to 1972 to house the growing population. Nowadays these 
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houses no longer meet the sustainability standard set by the Dutch 
government.  

Over the years the layout of the terraced house hasn’t changed much. 
The only part that went through an evaluation is the facade. Having a high 
heat resistance has become increasingly important and as a result of this the 
facade of new houses went through a transition while old houses were left 
untouched. 
 

 
Figure 1.  Evolution of the wall 

The Dutch government decided to take care of the outdated houses in a 
structured way by raising the heat resistance in combination with the use of 
“green” energy sources and put out a report called: “Towards a climate 
neutral housing stock in 2050.” This report triggered the question: How 
climate neutral will the Dutch housing stock become if this 2050 policy in 
regard to housing is pursued. 

1.1. TOWARDS A CLIMATE NEUTRAL HOUSING STOCK IN 2050 

Europe has set targets to lower the CO2 emissions by saving energy and 
lowering the usage of fossil fuels. The report “towards a climate neutral 
housing stock in 2050” is the translation of the European report to the 
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Dutch housing stock and is based on the Trias Energetica. This is the order 
in which steps have to be taken to reach a climate neutral housing stock. 
 

Trias Energetica;  
1. Energy savings 
2. Renewable energy 
3. Clean and efficient generation of non-renewable energy  
Based on the Trias Energetica, four different scenarios were developed, 

all having a different action intensity based on costs: limited, wide, deep 
and phased deep. Limited is the most cost effective by slightly improving 
the energy label and generating as much renewable energy as possible with 
solar panels and using cleaner non-renewable energy. The deep scenario is 
the most expensive by renovating the house to meet the highest energy 
label and fully provide for its own renewable energy. 

To find out whether this leads to a climate neutral housing stock a house 
from De Stroomversnelling, an ongoing mass-scale renovation project was 
chosen to make a comparison between the house before and after the 
renovation. This renovation is done according to the deep scenario. From 
this house energy the consumption was calculated in EnergPlus and a life 
cycle analysis (LCA) was calculated with data from the Dutch Institute for 
Buildingbiology and Ecology (NIBE). 

1.2 ENERGY AND ECOLOGY 

The main focus of the governmental plans is saving energy. By adding 
insulation less energy is used to heat or cool the house. This results in 
lower CO2 emissions. Besides lowering the CO2 emissions the monthly 
energy costs go down as well. This makes this option excellent to sell to 
house owners. 

The renovation in accordance to the report decreased the energy 
consumption by 85%, from 14700 kWh to 2250 kWh per year. When the 
climate change, as predicted by the Royal Dutch Meteorological Institute 
(KNMI), is taken into account a decrease in energy consumption of 75% 
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from 9950kWh to 2450kWh is seen. This can be explained by an increase 
in the need of cooling and a decrease in the need of heating. Nevertheless 
this is a huge difference. 

Besides the Energy consumption there is an ecological issue. To 
decrease the energy consumption extra layers of material were added. 
These extra layers of material need energy to produce and recycle. Some 
materials will never be able to be recycled and thus create waste. The 
Dutch government leaves this part out of the equation. This may be done 
because these documents are not accessible to most people due to the lack 
of knowledge and more importantly: the direct effects in contrast to energy 
consumption do not show any direct benefits like lowered monthly 
expenses. 

To give insight in the impact of the renovation the ecological impact 
was compared in four categories: emission, depletion, importunity and land 
usage. As shown in table 1 adding insulation grants an increased impact of 
50% compared to the original building. Adding the solar panels to the roof 
adds another 100%, making the impact of the solar panels about the same 
as the creation of the complete original house. When looking closely at the 
distribution of the CO2 impact it is noticed that 75% of the impact is 
coming from the foundation. This can be explained by the way there has to 
be built in the Netherlands. This changes perspective because the 
renovation of the wall has 200% more impact than the existing wall and the 
addition of solar panels adds another 400% impact in building materials. 

TABLE 1. LCA Impact.  
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1.3. DISPLACEMENT 

According to the governmental plans CO2 reduction is the key in creating a 
climate neutral housing stock. But how much will this improve upon the 
current situation? To make the renovated and original house comparable 
they have both been made all-electric and powered by grey energy sources 
or green energy sources from water and wind energy. These are the first 
four lines in the graph. The fifth line is a combination of a renovated house 
with solar panels. While the solar panels do not emit CO2, they have to be 
replaced every 25 years and thus create the staged increase. 

TABLE 2. Total CO2 emissions. 

 
This results in a situation where solar panels are a huge improvement 

over the existing grey energy sources. But when this is compared to green 
energy sources from wind and water it appears to be emitting far more CO2. 
It becomes just a new form of grey energy. Better still, when using green 
power it is better in terms of CO2 production to not renovate your house at 
all. It will take 85 years to win back the CO2 produced by the renovation. 
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This is far longer than the average lifespan of a Dutch house and this does 
not even take all other forms of ecological impact into account. 

1.4 CONCLUSION 

Following the report “Towards a climate neutral housing stock in 2050” 
will not provide for a climate neutral housing stock. Following this report 
does reduce the amount of energy used and thus the CO2-emissions. But by 
reducing the operational energy the government seems to have forgotten 
that there are more factors to take into account when creating a climate-
neutral house, like the impact of materials. This can be explained by the 
fact that cleaning up the mess we have made can’t cost a single extra 
penny. Instead of opting for the cleanest solution this report is based on 
solar panels while there are already cleaner energy sources like wind 
energy. Instead of striving for a viable future all we do is look at our wallet 
and thus we will never get any further than fiddling with the margins. 

2.  Human interaction   

A displacement should never be a solution, but current ways of dealing 
with the ecological problem always lead to this. The building industry has 
to realize that relying on optimisation and newer technologies alone will 
never lead to a climate neutral environment. In the end the human 
behaviour in the building determines how well a building functions and 
how much energy it uses. Therefore it is of the upmost importance to 
possess knowledge of the human behaviour. In fact the main question of 
this paper shouldn’t be: “How climate neutral will the Dutch terraced house 
become if the 2050 policy in regard to housing is pursued?” To address the 
real problem it should be: “How can man be motivated to act in a more 
climate neutral way?” To answer this, both behaviour and motivation have 
to be addressed. 
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2.1 BEHAVIOUR 

Every human action is part of their behaviour. There are different types of 
behaviour and this study focusses on behavioural reaction. This is 
behaviour which results from changes or unexpected events. When for 
example someone does something embarrassing and as a response to this 
starts scratching his head it is called displacement behaviour. This chapter 
discusses two types of behavioural reactions: rebound effect and short-term 
thinking. 

2.1.1. Rebound effect 
A rebound effect is a behavioural reaction just like displacement behaviour. 
While this is mostly caused by optimisations there are more factors to be 
considered. The first behavioural reaction is moral self-licensing and can be 
demonstrated in the following example: a person installs solar panels to pay 
off his moral debt caused by his racing hobby. Mental accounting is another 
behavioural reaction linked to the rebound effect. This works in the 
following way: in his mind a person has a fixed amount of money set for 
transportation. If the fuel costs go down his budget stays the same, allowing 
him to drive longer distances for the same price. 

The main rebound categories caused by optimisations are: energy-, 
time- and material efficiency. Adding more and more insulation to the 
facade will not lead to a substantial improvement in the energy usage of the 
house. Our natural behaviour will make us consuming more energy by for 
example heating all rooms of the house instead of only the living room. As 
a result the actual energy savings are significantly lower than the potential 
savings. If a washing machine does its job quicker than before the user will 
tend to use the machine more often. If a new technology enables a factory 
to create 5 chairs out of a wooden plate instead of 2 the price of the chairs 
will go down. This means people are more likely to buy this chair. Because 
of this rebound effect more wood will be used and again a large part of the 
potential saving is lost. 
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For every category there is one catalyst to slow down or speed up the 
rebound effect: money. This means that an economically good period 
increases the effect of the rebound effect. Ironically enough the report 
“Towards a climate neutral housing stock in 2050” suggests to intensify the 
renovations in economic good times. When looking at the rebound effect 
this is the worst time to act because money is the catalyst of the rebound 
effect. 

2.1.2. Short-term thinking 
The rebound effect rarely is a deliberate action to damage nature. Mostly 
someone isn’t even aware of the fact that he is causing damage. It is 
difficult for humans to see the long-term consequences of their actions. An 
example of this is smoking behaviour. From an individual perspective 
smoking may be desirable because a brief moment of relief is enjoyed. 
However, smoking increases the health risk for the individual in the long 
term. In addition to this it affects others. In the short term by causing 
annoyance and in the long term by increased shared health care costs. Yet 
he decides to take a cigarette because he prefers enjoying his moment over 
the interest of the group and his health on the long term. While smoking 
has a direct effect on someone his life, the effect on climate change is more 
abstract. The actions of a person that contribute to climate change are often 
reflected much later and far outside his perspective. This makes it difficult 
for someone to act in a conscious way and explains why climate change 
does not provide people enough reasons to change their way of living. 

2.2 GUIDANCE 

To prevent the short term enjoyment from being damaging on the long 
term, the effects of this moment of joy have to be made visible. Our society 
is known for the fact that often the easiest and cheapest solutions are the 
environmentally worst solutions. For example there are the disposable 
products, broiler chickens and the subsidized solar panels. These products 
offer a good short term result for the user, while on the long term they are 
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damaging the environment or other persons. To stop people from using 
this, and damaging the environment, these short term rewards must 
disappear. 

The way to achieve this is to give insight in all sold products and label 
them with the total amount of ecological impact that this has caused. To 
avoid excessive simplification by taking only energy consumption in the 
operational phase into consideration, this impact has to include the full 
disassembly to its natural resources; even if this requires extremely 
complicated processes. This way will force people away from these 
polluting products and stimulate companies to develop newly designed 
products. This insight will also provide the information for the 
psychological needs in motivation. 

2.3. MOTIVATION  

To make changes to someone’s way of living and reduce the ecological 
impact he has to be motivated to embrace these changes as well. Edward L. 
Deci and Richard M. Ryan describe the way human motivation works with 
the three psychological needs: autonomy, competence and relatedness. 
When these needs are not met it will severely decrease the motivation of 
that person. In the case of the ecological impact, humans are restricted in 
their psychological needs and thus become demotivated. To get the people 
motivated it is important to see how the motivational principles can be 
applied to architecture. 

2.3.1 Psychological needs 
It is often heard that individuals do not believe their actions contribute to 
the ecological problem. To relate to the ecological issue it has to be made 
clear that humans are the cause of this problem and therefore must be part 
of the solution. Fortunately there are already signs that humans feel related 
to this issue. Biological products are bought more often than ever and the 
second reason to buy solar panels is because it is thought to be ecological. 
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Besides being related a person needs to be autonomous. At present the 
government creates regulations in the form of building codes. On the one 
hand this provides for good quality homes but on the other hand space for 
autonomy and initiative is restricted. 

To be competent the user has to be able to learn and make progress. 
Besides that the user is looking for information that directly confirms 
autonomy and competence. This information has to be widespread 
available. Education has to be offered to make everyone feel competent in 
working to a climate neutral solution. 

An example of a recent technology that tries to include the 
psychological needs is the smart meter, a device that shows your energy 
consumption. By changing your lifestyle (autonomy) you can change your 
energy consumption and immediately see progress or decline (competence). 
But it does not completely fulfil in the psychological for two reasons: it 
lacks relation to the ecological issue and is built to simplify, making it too 
smart to really challenge you. 

2.3.2 The locus of causality 
Besides the strength of a motivation there is the origin of a motivation: the 
perceived locus of causality. Someone can try to get high grades to make 
their parents feel proud or he can try to get the high grades because he sees 
this as important for his own development. The first example has a strong 
External Perceived Locus of Causality (EPLOC). He acts because he does 
not want to be punished or disappoint his family. At the moment his parents 
stop caring about the grades he will drop his class. The second example has 
a strong Internal Perceived Locus of Causality (IPLOC). He learns because 
he wants to become smarter, because he thinks it is interesting to learn this. 
As a benefit his family is happy, but that does not contribute to his 
motivation. 

This is clearly visible in architecture. The moment the government 
drops the funding for solar panels, less people will buy them. Since the 
profit gained by them is the main reason solar panels are bought. The 
motivation to fixing our ecological problem has an EPLOC. The only way 
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to get people acting towards fixing the ecological problem is by giving 
them a motivation with an IPLOC. 

2.4 PLACEMENT OF HUMAN MOTIVATION. 

How can man be motivated to act in a more climate neutral way? Our 
current way of living is based on rewarding on the short term. The cheapest 
and often easiest solutions are the most environmentally damaging. This 
creates a situation where the user has to choose between direct comfort and 
the environment in the long term. Research has concluded that in this 
situation humans are most likely to choose their own comfort. 
 

 
Figure 2.  Current system 

The only way to get the user acting in a climate neutral way is to 
provide a short term reward that makes him satisfied and this short term 
goal has to lead to the greater goal: a climate neutral housing stock.  

 
Figure 3.  New system 

The ultimate goal is achieved when the created short term goal has a 
motivation based on an internal perceived locus of causality. To be 
motivated the psychological needs must be met. An environment has to be 
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created in which the user has freedom and can be fully autonomous. To feel 
competent human interaction has to be directly noticeable in positive and 
negative ways. This creates a situation in which acting in an 
environmentally conscious way rewards you with comfort and prestige. If 
someone decides not to do so he limits himself. This is fully opposed to the 
needs of a human to strive to self-development and appreciation. 

3. The Revolution of the Dutch Terraced House 

This leaves us to the final question: what could this mean for the Dutch 
terraced house? Although the governmental motivations to creating a 
climate neutral housing stock are good, they are using the wrong tools to 
get there. Current solutions lead to passive houses, static objects that 
exclude interaction with its dynamic owner. This is fascinating because the 
world is changing faster than ever. It is entirely possible that all we need in 
15 years is a single room and a pair of virtual reality glasses. All the energy 
and materials put in the renovation of the rest of the house will be wasted. 
This is an extreme example but this is actually happening. The average 
floor space of the Dutch terraced house measures 125m², suited to house 4 
persons: two adults and two children. However the average occupation is 
2.1 persons per house. This means roughly 50% of the Dutch housing stock 
is not tuned to the needs of the user and left unoccupied wasting space and 
materials. The Dutch housing stock is like an XXL T-shirt. Everybody can 
wear it, but it does not really fit any of them leaving them less comfortable 
than they could be. A house has to be created that really fits the dynamic 
needs of the user.  

To implement this in the Dutch terraced house only a framework with 
standardized dimensions should be offered as displayed in figure 4 (first 
icon). This frame has to be filled with different components changing in 
materialization, window opening sizes and efficiency. But this frame 
should also allow changes in volume and floor space. These elements have 
to be interchangeable inside houses but also between different houses to 
extend the lifespan of that component, creating less waste. 
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FRAMEWORK HUMAN INTERACTION AND OPTIMALISATION 
 

Figure 4. The dynamic house 

But just switching to modular building is not the solution. Human 
interaction has to be included into the design. However this modular frame 
provides a framework in which the user is free to shape it to his needs, 
making him feel autonomous. The adjustments he makes have to be felt 
immediately and he has to be able to learn from this, making him 
competent. For example increasing the thermal insulation of a part of his 
house can have a positive or negative effect on the users living comfort. 
After making this change he is able to increase it even further or remove it 
altogether without completely demolishing the house. To make this work, 
there has to be a reward on the short term, which on the long term provides 
for a climate neutral housing stock. The Dutch terraced house is a perfect 
subject for this matter because the user will want to self-develop and gain 
appreciation by creating the best living comfort, which now lies completely 
in his own hands.  

4. Conclusion. 

To build a climate neutral housing stock we don’t need an evolution of a 
static object that tries to fix everything for everyone. We need a dynamic 
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solution that incorporates human interaction and motivation, a revolution. 
There are multiple ways to achieving this and the challenge architectural 
technology should be facing in the upcoming years is to understand human 
behavior and create ways to implement this in architecture. 
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The development of an instrument to determine the circularity of materials 
from the existing building stock in order to maximise high quality reuse. 
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Abstract. On a global level the population growth and increase of 
the middle class lead to a growing demand on material resources. 
The built environment has an enormous impact on this scarcity. In 
addition, a surplus of construction and demolition waste is a common 
problem. The construction industry claims to recycle 95% of this 
waste but this is in fact mainly downcycling. Towards the circular 
economy, the quality of reuse becomes of increasing importance. 
Buildings are material warehouses that can contribute to this high 
quality reuse. However, several aspects to achieve this are unknown 
and a need for more insight into the potential for high quality reuse 
of building materials exists. Therefore an instrument has been 
developed that determines the circularity of construction waste in 
order to maximise high quality reuse. The instrument is based on 
three principles: ‘product and material flows in the end of life phase’, 
‘future value of secondary materials and products’ and ‘the success 
of repetition in a new life cycle’. These principles are further divided 
into a number of criteria to which values and weighting factors are 
assigned. A degree of circularity can then be determined as a 
percentage. A case study for a typical 70s building is carried out. For 
concrete, the circularity is increased from 25% to 50% by mapping 
out the potential for high quality reuse. During the development of 
the instrument it was clarified that some criteria are difficult to 
measure. Accurate and reliable data are limited and assumptions had 
to be made.  To increase the reliability of the instrument, experts 
have reviewed the instrument several times. In the long-term, the 
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instrument can be used as a tool for quantitative research to reduce 
the amount of construction and demolition waste and contribute to 
the reduction of raw material scarcity. 
Keywords: construction waste, circularity, high quality reuse, 
instrument, criteria, data.  

1. Introduction 

On a global level the population growth and increase of the middle class, 
particularly in Asia, lead to a growing demand on material resources. As a 
result, there is a scarcity of raw materials expected and high price 
volatilities will more and more become an issue. Countries or continents 
without raw materials will become vulnerable [EMF, 2013]. The built 
environment has an enormous impact on this scarcity: worldwide, 50% of 
all materials used is related to the construction industry [Haas, 2013]. In 
addition, a surplus of construction and demolition waste is a common 
problem in this industry. In the Netherlands, every year about 24 million 
tons of this kind of waste becomes available. This covers all waste 
generated in the construction, demolition or renovation of houses, utility 
buildings and civil engineering works [Arfianti en Ngo, 2015].  

Approximately 95% of this construction waste is recycled; the 
remaining 5% will get a useful application (e.g. energy recovery) or is 
removed by incineration, landfilling or discharge [Agentschap NL, 2013, 
TABLE 1]. However, it is unclear how the term ‘recycling’ has been defined. 
Secondary materials are mainly converted into products that either are 
reused or recycled with very low quality, the so called downcycling.  
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TABLE 1. Construction and demolition waste in the Netherlands [Agentschap NL, 2013]. 

 Amount of waste 
2006 2007 2008 2009 2010 

Recycling 90% 95% 95% 94% 94% 
Useful application: 

o Energy recovery 
o Other 

 
1,5% 
5,0% 

 
1,9% 
0,1% 

 
2,2% 
0,1% 

 
3,2% 
0,0% 

 
3,5% 
0,1% 

Removal: 
o Burning 
o landfilling 
o discharge 

 
0,3% 
2,8% 
0,0% 

 
0,1% 
2,4% 
0,2% 

 
0,1% 
2,3% 
0,2% 

 
0,1% 
2,5% 
0,2% 

 
0,1% 
1,8% 
0,1% 

Total 100% 100% 100% 100% 100% 
 

For example, when looking at the composition of the material stock of 
the built environment in the Netherlands, approximately 78% of the waste 
is stony debris: bricks, concrete, limestone, mortar, gravel and stone [figure 
1]. A large part of the recycling of this stony debris means using the debris 
as gravel for roads, which is in fact downcycling with very low quality. The 
construction industry therefore still works largely linear [CE, 2014]. 
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Figure 1.  Ratio construction and demolition waste [Arfianti and Ngo, 2015]. 

If no change occurs in the conventional or 'business as usual' way of 
building, the material consumption will triple in the period up to 2050. The 
transition from linear to circular material use therefore is necessary. 
Herewith, life cycle thinking and a revision in the way materials are 
produced, manufactured, used and disposed of, becomes of increasing 
importance. The future built environment should be designed and built in 
such way that materials have the longest possible life cycle through reuse. 
The quality then deteriorates as little as possible [EMF, 2103]. In order to 
keep materials in the life cycle over and over again the quality of reuse 
becomes of increasing importance. In the transition from every life to the 
next life the loss of technical value should be kept as little as possible.  

Buildings are in fact raw material warehouses and this material stock 
becomes available once buildings are refurbished or demolished. According 
to Hildebrand [2014] the aim is to reuse or recycle 70% of the total 
building mass with high quality, so with as little as possible loss of value, 
by 2020. However, many buildings are designed for a service life of several 
decades and there is little accountability of what happens to the building 
after this life [Acceleratio, 2015]. By 2020, almost every building to be 

stony debris 
asphalt  
plastics 
timber  
metals: reinforcement steel  
metals ferrous 
metals non-ferrous 
remaining materials 
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demolished or refurbished is not designed from a circular approach 
[Amsterdam Circulair, 2015]. Although it is possible to achieve a large 
amount of material reuse through urban mining [Brunner, 2013], several 
aspects to achieve high quality reuse of materials from the existing building 
stock are unknown.  

First, an overview of the used materials and products is lacking. More 
insight in both the material stock as well as the product stock must be 
obtained [Van Timmeren, 2013]. Material passports should be created for 
the existing stock. These passports gain information about building 
products, building materials, the kind of treatment, dimensions, building 
regulations and the condition of the products and materials [figure 2].  

 

Figure 2. Development of a material passport for existing buildings, [Blackson et al. 2016] 

Second, there is often no insight into the end of life possibilities for 
materials and products. By accurate dismantling instead of demolition, 
materials and products can be separated from buildings with higher quality. 
If it can be made clear what the benefits of high quality reuse are, other 
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choices could be made in the demolition phase [Amsterdam Circulair, 
2015]. In that case the opportunities for high quality reuse and recycling of 
materials from existing buildings can be better utilised. 

Last, it is difficult to determine a ‘degree of circularity’ for secondary 
materials from the existing building stock. Although many sustainability 
tools for the built environment exist already, such as BREEAM, GreenCalc 
and LCA, none of them focuses primarily on the reuse quality of 
construction waste and therewith the circularity. When a value can be 
assigned to the quality of different options for reuse, it will become 
possible to determine the circularity and the user will be able to select the 
solution with the highest quality of reuse.  

An instrument has been developed that determines the circularity of 
materials from construction waste. This instrument is designed in such way 
that it can be used prior to the demolition phase. It is twofold in order to 
maximise high quality reuse:   
- The first part is a material passport in which it is possible to make an 

inventory of the material stock of existing buildings;  
- The second part is a model that provides insight into the opportunities 

in the end of life phase, future value and the possible new life cycle for 
materials from the existing building stock. When these principles are 
mapped a degree of circularity can be determined. 

This paper focuses on the second part of the instrument, a model to 
determine the circularity. Chapter 2 describes the structure of this model. 
Chapter 3 explains the operation of the instrument by a case study. Chapter 
4 discusses the validation and reliability of the instrument. In chapter 5 the 
future prospects are given. As a start, the instrument is developed for five 
common construction materials in the Netherlands: concrete, ceramics 
(bricks), steel, glass and timber. A next step is to refine the instrument and 
extend it by adding data of more materials.  
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2. The structure of the instrument 

The instrument is based on three principles that influence the possibilities 
for high quality reuse: ‘product and material flows in the end of life phase’, 
‘future value of secondary materials and products’ and ‘the success of 
repetition in a new life cycle’ [Figure 3]. Each principle is further divided 
into a number of criteria to which a numerical value is assigned. The 
instrument is designed as a roadmap; previous selections influence the 
possibilities in a next step.  

 

 Figure 3. The structure of the instrument [Battum, 2016] 

2.1. PRODUCT AND MATERIAL FLOWS 

2.1.1. Product flows: separation phase 
When a building is (partly) demolished, the construction waste is separated 
as much as possible on the construction site. The way of separation 
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determines in what condition materials and products are removed from the 
building and therefore affect the potential for future reuse. Three different 
ways are distinguished in the instrument [Figure 3]: 
- separation of each product or element, for example timber frames 

including the glass;  
- separation into mono flows, for example granulated concrete;  
- separation into mixed groups, for example sorting residues.  

2.1.2. Material flows: processing phase 
The next step in the instrument concerns the potential for processing into a 
new product. The basis for the processing phase is formed by the principles 
of the ‘Delft Ladder’ [Dobbelsteen and Alberts, 2001], a waste hierarchy 
that relates to the incineration process of a building. The tool provides five 
options in the processing phase on product and material level [Figure 4]: 
element reuse, material reuse (recycling), useful application, 
immobilisation with useful application and immobilisation without useful 
application. The possible options depend on the selection in the separation 
phase [Figure 3]. It must be mentioned that a building material is often 
treated to comply to different conditions and technical requirements in each 
application. This treatment makes (re)use in a subsequent step more 
difficult [Dobbelsteen and Alberts, 2001]. 
 

 
Figure 4. The Delft Ladder [Dobbelsteen and Alberts, 2001] 
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Subsequently for each possible criterion the quality is determined. Three 
options are defined: 
- equal quality, the same application is possible; 
- equivalent quality, the same application is possible with the addition of 

new materials; 
- inferior quality, the same application is not possible anymore.  

2.1.3. Material flows: material separation 
Then, the extent is mapped out to which a material can be returned to its 
original raw material. There are four criteria:  
- returning to pure raw material, an addition up to 5% of other materials 

is accepted; 
- returning to a mixed raw material, a raw material with 5% to 25% 

added other materials; 
- an impure raw material, with a maximum of 50% of other materials 

included; 
- inapplicable when returning to raw materials is not possible, this is 

often the case with the materials from the biosphere such as timber.  
If a material can be returned to a pure raw material with an addition of 

other materials of 0%, an infinite recycling can be assumed [Arfianti and 
Ngo, 2015].  

2.2. FUTURE VALUE 

2.2.1. Availability  
The distance at which materials and products are available is taken into 
account. Distinguished is the availability abroad and in the Netherlands. 
Within the Netherlands a further division is made: availability outside the 
province, in the province, in the region, the city, the district en the 
neighbourhood. 
 
 



378 E. F. VAN BATTUM  

 

2.2.2. Material need 
The need for certain secondary materials is determined by the relationship 
between supply and demand. Three categories are distinguished: much 
need (when the demand is of greater magnitude than the supply), neutral 
need (when demand and supply are from the same order of magnitude) and 
little need (when the supply is of greater magnitude than the supply). The 
user of the instrument can determine the category based on actual 
information.  

2.3. SUCCESS OF REPETITION 

2.3.1. Technical life cycle 
The life cycle of an applied material depends on the durability of the 
building, the building product and the material itself. It is difficult to assure 
a certain life time. Therefore, there is focused on the success of repetition in 
a new life cycle. The quality of the new product from secondary materials 
is related to the original product. The criteria from the Delft Ladder 
[paragraph 2.1.2] are taken into account: element reuse, material reuse 
(recycling), useful application, immobilisation with useful application and 
immobilisation without useful application.  

Subsequently, information about the factors that could influence the 
technical life cycle of the new product must be added. These factors are: 
- the material characteristics, some material characteristics devalue over 

time or in certain applications;  
- circumstances, this includes everything that has to do with indoor and 

outdoor climate, function and use that can influence the quality of the 
product; 

- The cascaded principle: when a product is made with materials from a 
previously ‘higher value’ application, the quality may increase for this 
application. 
Finally, the expected technical life cycle from the new product is 

determined in years by data from a publication of Stichting Bouw Research 
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(SBR is a Dutch knowledge institute focusing on the built environment) 
[SBR, 2015].  

2.4. DETERMINING THE DEGREE OF CIRCULARITY 

To determine circularity of secondary materials from the existing building 
stock, the described criteria are converted into numerical values. 
Subsequently, to these values, weighting factors are assigned [TABLE 3]. In 
order to perform mathematical calculations, the instrument is based on the 
methodology of applied scientific research: it has an abstract number 
system  in which the four characteristics ‘identity’, ‘size’, ‘equal intervals’ 
and ‘zero point’ are included [Christiaans, Fraaij et al., 2004].  

TABLE 3. Calculation and weighting factors of the criteria [Arfianti and Ngo, 2015] 

Calculation and weighting factors of the criteria 

 WF1 %  WF2 % WF3 % 
Product and material flows 1 40% Product flows  0,5 20% 3  

> product separation 3 20% 

Material flows 0,5 20% 5  

> processing phase 3 12% 

> material separation 2 8% 

Future value 1 40% Success of repetition 1 40% 1  

> availability 0,5 20% 

> need 0,5 20% 

Success of repetition 0,5 20% > technical life cycle 0,5 20% 2 20% 

Total 2,5 100%  2,5 100%   
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First is determined in what ratio the three main principles contribute to 
the output: the degree of circularity. This results in the assigned values of 
weighting factor 1 (WF1). The principles ‘product and material flows’ and 
‘future value’ are considered to have the same importance, the ‘success of 
repetition in a new life cycle’ is considered to be of less weight, a factor of 
0,5 is assigned. Next, the value of weighting factor 1 is proportional 
divided to the number of criteria within each principle. This leads to 
weighting factor 2 (WF2). Then the question ‘To what extent affects the 
criterion the life cycle of a product?’ is converted into a numerical value. 
The sum of these values determines the third weighting factor (WF3). The 
circularity can now be determined in percentages and always indicates a 
value between 0 and 100. Besides the overall percentage, for each criterion 
(product separation, processing phase, material separation, availability, 
need and technical life cycle) is mapped out what the maximum percentage 
and the obtained percentage is. This provides insight in the phases that still 
have potential to improve the circularity. Depending on the conditions and 
the material, 100% circularity is not always feasible. 

3. Case study 

Amsterdam has been working for 15 years on urban renewal to create a 
better living environment. The district ‘Amsterdam Zuidoost’ is part of this 
renewal. Many homes in this district, especially from the 60s and 70s, are 
being demolished because they no longer meet current requirements. For a 
typical 70s house in this district the circularity is determined. In this way, 
the potential for high quality reuse can be taken into account from the 
demolition phase. The results can serve as a first indication for the 
neighbourhood. To start with, the quantity of the materials has been 
mapped out. Thereafter, the building products, building materials and 
technical condition have been inventoried. Subsequently, these data are 
entered into the instrument.  

As an example the outcomes for concrete are discussed [Figure 5a and 
5b]. The structure of the building is from reinforced concrete and in the 
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façade concrete lintels are applied. The concrete for the structure was 
fabricated on site, the lintels are prefabricated and connected to the bricks 
by mortar. In the product separation phase, the usual way is to turn 
concrete, bricks, mortar and limestone into stony debris, which is 
‘separation into mixed groups’. From this mixed group, 90% is processed 
into ‘immobilisation with a useful application’ and 10% into 
‘immobilisation without useful application’. In this case the quality of the 
material in a new application is ‘inferior’. But ‘separation into mono flows’ 
is a viable alternative. Interviews with experts indicate that in the 
processing phase 35% of the material can be reused as ‘material with 
equivalent quality’ [Kloetstra, 2015]. 55% can still be applied as 
‘immobilisation with useful application’ and the remaining part ends as 
‘immobilisation without useful application’. As a result, the contribution of 
the product separation increases from 3% to 13% and the contribution of 
the processing phase from 6% to 8%. Because concrete is created by a 
chemical reaction of sand, cement and water, it is not possible to return it to 
its raw materials. Material separation is therefore inapplicable (0%).  
 

 
Figure 5a.  The conventional procedure for the reuse of concrete [Arfianti and Ngo, 2015]. 
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Figure 5b.  Potential for high quality reuse for concrete [Arfianti and Ngo, 2015]. 

The amount of buildings to be demolished or refurbished is such that if 
demolition companies map out where and in which quality secondary 
concrete is available, it becomes possible for contractors to get the vast 
majority of the material from nearby. That is in the city or neighbourhood 
[Derksen, 2015]. The availability therefore increases from 12% to 20%. On 
the other hand, the need for secondary concrete is 0% because there is a 
large supply of secondary concrete comparing to the demand. Finally, if a 
part of the concrete is applied on material level, ‘material reuse’ instead of 
‘useful application’ or ‘immobilisation’, and the success of repetition and 
therewith the technical life cycle increases. The overall circularity rises 
from 25% to 50%. As a result of the chemical reaction and the large supply 
of the material, 100% circularity for concrete cannot be achieved.   

4. Validation and reliability of the instrument 

During the development of the instrument it was clarified that some criteria 
are difficult to measure. Accurate and reliable data are limited. The 
numerical values and weighting factors are partly determined on the basis 
of assumptions [Arfianti and Ngo, 2015]. To increase the reliability of the 
instrument, experts have reviewed the instrument several times in different 
stages. They also mentioned two major points to improve in the next phase 
of the development: 
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- More accurate data must be obtained. The circular economy is 
developing rapidly nowadays and more and more data will become 
available in the nearby future;  

- The dependence of the user on the instrument must be decreased; the 
selection of some criteria could be multi interpretable which influences 
the outcomes. 

5. Future prospects 

In the long-term, the instrument can be used as a tool for quantitative 
research. This quantitative research is twofold:  
- The material related metabolism of cities, neighbourhoods or building 

types can be inventoried;  
- Generic values for circular material use can be defined for certain types 

of materials, building types or time periods, such as stony debris of 
residential buildings from the 70s. 

The goal is to create a digital building map of Amsterdam. This 
connects to the ambition of the city to become the circular metropole of 
Europe [Amsterdam Circulair, 2015].  

Research on other factors which may constrain or promote the effective 
implementation of high quality reuse of materials from the existing 
building stock can be conducted in the instrument in the future. For 
example, the amount of energy and costs that needs to be added and the 
provision of warranty for secondary products and materials. Also, 
technological advances in dismantling techniques go fast. The instrument 
must be continuously updated with new developments in the recycling and 
manufacturing industry to produce current data. Besides the further 
development of the instrument, a number of other factors could promote 
high quality reuse of secondary construction materials:  
- A material depot where residual and demolition materials can be 

stored; 
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- A digital marketplace where demand and supply of secondary materials 
can be matched. Data on both quality and quantity should be 
announced.  

When these factors are taken into account, the amount of construction 
waste can be reduced and materials from the existing building stock can 
contribute to the reduction of raw material scarcity. 
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TECHNOLOGIES FOR SEDUCTION:  

The “Espacio Doméstico” VideoArt Center in Blanca [EDOM] 
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Abstract. Sustainability, understood in its beginnings as a common 
horizon for multiple practices and fields of study, has gradually 
given way to the development of increasingly sophisticated tools, 
with distinct dominant meanings established for each discipline. 
Within the field of material technologies for architectural production, 
sustainability seems to have found its most fertile ground in topics 
such as recycling, the use of "bio" materials, or energetic efficiency. 
However, to improve the understanding of the impact of technology 
on our ways of living, it appears increasingly necessary to move 
from the deterministic logic of sustainability into the relational 
domain of ecology, where the use and deployment of technologies 
can be observed through the multiplicity of its effects and the 
diversity of actors involved. In this paper we will address the case of 
the rehabilitation of several traditional houses located in the Murcian 
town of Blanca to host the “Espacio Doméstico” VideoArt Center 
(EDOM). In this action the selection and implementation of 
technologies have been aimed at impacting on diverse aspects 
including local communities, digital manufacturing, recycling, and 
policies regarding the rehabilitation of heritage buildings. While the 
initial approach was to address housing recovery as a heterogeneous 
accumulation of stories, technologies or material deployments of the 
domestic, our intervention strategies ascribed to the different 
technologies the role of mediating with existing elements through the  
incorporation of the very different visions of sustainability. Thus, we 
displayed artifacts produced by digitally manufactured methacrylate 
assembled on IKEA structures, fluorescent power lines supported by 
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insulators on the wall, fluorescent tattoos on walls and ceilings that 
guide and extend the configuration of existing flooring, esparto 
furniture and fabrics produced by the esparto women workers’ and 
village women’s associations, re-appropriations of old furniture 
through the implementation of new media technologies, etc. If we 
can see seduction as the process of converting affinities and 
disagreements into affirmative communication, then the EDOM 
proposal can be seen as an active seduction process between 
technologies and users who approach this kind of cultural artifacts. 
Through these permanently active processes, art technologies will 
refer the viewer to complex sensory experiences, where a 
combination of parody, memory and sound pushes the user to the 
limit of mere comprehension of works of art. This more relational 
approach to the issue of heritage rehabilitation, technology or art 
institutions is offered as an area of controversy and debate on the 
scope of political ecology and its potential impact on the architect’s 
professional practice. 

1. Introduction: Technological Mediations 

Our interest in the impact of human actions on the environment was seen in 
the 1980s as a common horizon for multiple areas of study. Progressively, 
this common concern has led to the development of increasingly specific 
tools, establishing for each discipline certain distinct dominant meanings, 
sometimes leaving behind the original dimension. In the field of material 
technologies for architectural production, sustainability seems to have 
found its most fertile ground in topics such as recycling, the use of "bio" 
materials, and programmatic or energetic efficiency. In any case, it can be 
said that, in terms of architectural design processes, current technologies 
today have assumed the role of ensuring compliance with standards, 
forgetting their possible involvement in other debates that could take place 
in our material surroundings. 

To improve our understanding of the impact of technology on our ways 
of living, it seems increasingly necessary to move from the deterministic 
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logic of sustainability toward the more relational domains of ecology, 
where the use and deployment of technologies can be observed through the 
multiplicity of effects and the diversity of actors involved. New disciplines 
such as Science and Technology Studies (STS) have focused their attention 
on the relationship between scientific knowledge, technological systems 
and society, demanding greater attention to the discourses, practices and 
effects associated with technologies.  

Theories and concepts such as Bruno Latour’s Actor-Network Theory 
(Latour, 2001), Jane Bennet’s vitalist materialism (Bennet, 2010), 
Annemarie Moll’s relational materialism (Law&Moll, 1993), and Isabelle 
Stengers’s Object Oriented Ontology and Cosmopolitical proposal 
(Stengers, 2014), constitute some of the theoretical basis of this work, but 
the research will focus on the case of the rehabilitation of several houses 
located in a town called Blanca to house the “Espacio Doméstico" 
VideoArt Center (EDOM). In this intervention the selection and modes of 
implementation of technologies sought to impact diverse aspects including 
local communities, digital manufacturing, recycling, and heritage 
rehabilitation policies. 

 

Figure 1.  Interior views of the “Espacio Doméstico” VideoArt Center 
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While the initial approach of the intervention was to address the 
heterogeneous accumulation of stories, dwelling technologies or material 
displays if domesticity, subsequent intervention strategies assigned to 
different technologies the role of mediating with the existing traces, though 
incorporating divergent approaches to sustainability. Thus we displayed 
methacrylate artifacts produced by digital manufacturing and assembled on 
IKEA structures, electrical wires mounted on fluorescent insulators, 
fluorescent tattoos painted on walls and ceilings that extend the 
configuration of existing flooring, esparto furniture produced by the esparto 
women workers’ associations, reappropriations of old furniture as support 
structures for new technologies, etc. 

If we can understand seduction as the conversion of affinities and 
disagreements into affirmative communication, the EDOM proposal can be 
understood as the construction of active processes of seduction between 
technologies, video art and the users who attend these centers. As a result, 
the works of art are inserted in spaces mediated by technologies that refer 
the viewer to complex sensory experiences, where the combination of 
parody, memory, play and sound pushes the user to the limits of clear 
understanding of works of art. This more relational approach to the issue of 
rehabilitation of heritage, technology or art institutions is provided as an 
area of controversy and debate on the scope of political ecology and its 
potential impact on the professional practices of the architect. 

2. From Sustainability to (political) ecology 

In 1983, the United Nations launched a commission led by Norwegian 
Prime Minister G.H. Brundtland whose role was to draw up report 
analyzing the growing concerns about environmental issues, and to propose 
different strategies to achieve durable human development. The report, 
called Our Common Future, proposed for the very first time the concept of 
sustainable development, defined as development that meets the needs of 
current human communities without compromising the needs of future 
generations. This report fixed certain operational approaches of what has 
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become known as the anthropocentric perspective, characterized by a 
conservative vision of the idea of unlimited progress that confronts human 
beings and nature, where the latter would only have instrumental value. 
Ensuring human needs for human generations left the environment out of 
the discussion as a political subject, and remains relevant to the role of non-
human biotic communities, and of course communities of non-biotic 
beings. 

In the field of architecture, this protectionist view of human needs, 
which in practice has been equated to the preservation of a certain way of 
life, has established a vision of sustainability organized around minimizing 
the environmental impacts of architecture as an industry. Technology has 
emerged as a crucial factor in the process of improving architecture, and at 
the same time as a guarantor of the guidelines and standards raised to 
protect a particular state of affairs. 

However, soon after the Brundtland Report, there appeared several 
essays that criticized the possibility of approaching certain environmental 
problems separately, dissociated from other general problems, finding a 
less polarized relationship between humans and nature. Some texts such as 
Felix Guattari’s The three ecologies (Guattari, 1990) or Michel Serres’s 
The Natural Contract (Serres, 1991) addressed the relationship of human 
beings from a perspective mixing ethics and philosophy, or from a legal 
point of view. Meanwhile, primarily in the North American context, the 
various environmental activists were specifying their different viewpoints, 
creating a great multiplicity of movements, organizations and theoretical 
developments forming tiny parts of a relationship that became inevitably 
complex, multiple and relational. It is precisely within that context that the 
theoretical and methodological bases of ecology, especially political 
ecology, came to the forefront of environmental approaches, to describe the 
complexity of these relationships. If we assume that ecology focuses on the 
study of the interactions between different living beings and between them 
and their natural environment, we can conclude that environmental 
problems, from an ecological point of view, cannot not be reduced to an 
instrumental consideration of nature at the service of human beings, but 
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must be approached with due regard to their intrinsic multiplicity. Hence, 
any proposal for improving ecological levels should aim especially to 
modify the state of affairs and the political role played by each of the 
participants in the designing and building process. 

For the purposes of this work, we could say that a sustainable approach 
to architecture would focus exclusively on ensuring, through technology, 
the reduction of energy consumption and resources and expanding a shared 
set of standards, whereas an ecological approach would address the issue of 
design as a laboratory or a testing facility which would contemplate other 
forms of cohabitation, other ways of being together between participants. A 
process where technology does not take a pre-assigned and unquestioned 
place, playing instead a changing role, constantly questioned in the search 
for long-term durable solutions. 

3. Seduction Strategies 

Blanca is a town of less than 10,000 inhabitants located in the Region of 
Murcia, on the banks of the Segura River. It stands in the middle of the 
Ricote Valley, known for its high level of environmental preservation, and 
enjoying a friendly characteristic physiognomy. Like many other locations 
inland of the Mediterranean coast, it suffers a gradual aging of its 
population, due to the difficulty of engaging in new productive activities. 
However, recent experiences show that its socio-material peculiarities 
should not be disregarded when imagining an exciting future, in the light of 
the latest contributions of social sciences, architecture and contemporary art 
practices. 

Run by a stable municipal corporation, Blanca embarked a few years 
ago on a path of redescription of its identity through the implementation of 
different institutions devoted to contemporary artistic creation, some of 
which began using urban heritage as a primal material against which to set 
artistic actions. At present, institutions already established in the town 
include the Negra Center artists’ residence, the EDOM VideoArt Center, 
the Blanca Museum and Art Center, and the Pedro Cano Foundation, along 
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with a number of activities and events such as the Route of Art, Blanca 
Book Town or Blanca Innocents, all of which bear witness to a 
consolidated vocation in the cultural landscape of Murcia. 

The EDOM VideoArt Center arose from a municipal initiative to 
transform two popular houses without particular heritage value into a new 
cultural facility. Involved from the outset in this project was Pedro Alberto 
Cruz, curator and contemporary art critic, who focused on the field of 
Videoart as a privileged place from which to observe the transformations of 
contemporary culture. The team was later joined by architect Enrique 
Nieto, author of this paper. Together they designed the set of materials and 
exhibition strategies that allowed EDOM to be inaugurated in November 
2014. Currently it is the only center in Spain exclusively dedicated to the 
exhibition of Videoart. The origin of EDOM is not linked to any specific 
strategy for the neighborhood where it is inserted, but rather stems, as 
already mentioned, from a sustained interest on the part of the municipal 
corporation in assigning a special place to culture. 

The aim of the project is not just to give life to a new museum, seen as 
an activity detached from Blanca’s daily routines, and acting from the logic 
of the creative industries, almost like an alien. On the contrary, the arrival 
of video art in Blanca must be understood as an opportunity to alter and 
interact with the already existing socio-material networks. We therefore 
proposed equipment that could easily be integrated both visually and 
programmatically into the city, also allowing the possibility of rethinking 
issues such as equity and the role of art institutions in rural contexts.  

To achieve these outstanding goals, two initial design strategies were 
proposed: 

Dignify> Heritage is not just monuments. It can be any material 
construction that incorporates a particular ecology using buildings, people, 
objects and video art pieces to build a careful differential experience. In 
order to achieve this goal, it was important that the interventions should be 
geared to dignifying what we found there, and to maintaining a certain 
symmetry between preservation and modification. A set of aspects that take 
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advantage of the local opportunities offered by houses to intensify the 
global dimension of art. 

Seduce> The intervention consists of small gestures that overlap with 
the existing atmosphere, activating a desirable complicity and persuasion 
between the visitor, the building and the works of video art. We started 
with small material changes resulting from the new program to alter usual 
meanings, generate ambiguity and destabilize the predictable. We mapped 
all kinds of possible material elements and we linked them together, using 
them as design elements. Colors, cracks, odors, damage, facilities... all are 
possibilities that act in a positive and affirmative way. We tried to think of 
seduction as a break in the foreseeable logic to generate attraction, 
complicity and acceptance. 

4. Laboratorizing technologies 

When we visited the two houses for the first time, we found buildings with 
scant historical value. In fact there was no general logic calling for their 
preservation, but a small set of inconsiderable contingencies. There was no 
fixed budget that logically oriented our decision-making, our priorities, but 
we were supposed to spend as little as possible. Nor did it seem that we 
would have a proper building contractor suitable for the renovation 
purposes, who would logically organize the course of the work; instead we 
intended primarily to use the human resources of the municipality. The art 
project itself, belonging to a global trend, did not fit into the logic of a town 
of 7,500 inhabitants unused to contemporary art consumption. In short, the 
intervention did not seem to require a standard methodological set of tools, 
logical tools, but the deployment of a range of strategies that would take 
advantage of the original fragility of each of the participating agents to 
operate in a way that would alter any of the inherent orders of the 
construction processes. 

This precariousness seemed to operate primarily in the field of 
technology, as the technologies involved in the rehabilitation of heritage are 
usually geared toward the enhancement of the assets involved and ensuring 
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the proper functioning of the programs that will be run at the new facility. 
However, in this project we wanted to challenge the distribution of roles 
that is to be found in technology, and to a certain extent laboratorize its 
participation in such a unique process. We therefore decided to uproot 
technologies from their infrastructural and almost transparent condition in 
order to incorporate them into all the design strategies required to 
accommodate the new programs. 

We considered that, in order to transform this precariousness into a 
design opportunity, we needed to operate precisely on the technologies, 
diverting them from their authoritarian and apparently neutral role and 
enhancing their visibility by redefining certain pragmatic and neutral 
figurations associated with their uncritical effectiveness. Thus, technologies 
became the only depositaries of the intervention, assuming all the 
movements in the meanings we wanted to produce: 

4.1. THE FRAMEWORK: GUESTS AND NEGOTIATIONS 

As already mentioned, EDOM inhabits two houses in the historic district of 
Blanca. They are fit for human habitation too. In addition to walls, doors 
and floors, the houses retain familiar smells, cracks, warped floors and 
peeling paint. Wounds of time and material heterogeneities inflicted by the 
overlapping domesticities over different ages. As a whole, they make up a 
contingent history with which EDOM must negotiate as if it were a guest. It 
is a way of recognizing their brittle nature, of exposing and conferring them 
their own artistic institutional body. 

This is part of the idea of accepting things as they are, while adding 
some basic technological and programmatic implementation, of accessing 
the house as if we were guests. Making do with what there is. Minor gaps 
and imperfections were solved as we went along, with the resources of the 
City Council, reducing initial investment to a minimum, managing within 
the existing limits. 

The facades were left untouched. We found them fine. With multi-
family housing blocks beside them, we preferred to preserve their scale and 
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domesticity. Only the jambs were painted black, and there is a small sign 
on the door with information on the opening hours. 

4.2. ELECTRICAL WIRING: CARTOGRAPHIES AND DOMESTIC 
FIGURATIONS 

EDOM does not need too much. Only an electrical installation to ensure its 
adaptation to the new programs. Upon entering the houses, we discovered 
the ancient wiring drawing figures on the walls, evidencing their logical 
implementation and functioning with minimal invasion. It seemed a 
suitable strategy: We suggested making use of the ancient wiring 
frameworks. We emphasize d existing lines and added new exposed wiring 
according to the new requirements. A recognizable and closed landscape 
that guides the visitor around the houses. 

An opportunity for design also became evident. Cotton braided cables 
take on different colors according to the circuit to which they belong, 
enhancing the visibility of the facility. Traditional porcelain insulators are 
now made of colored methacrylate with overlapping flower motifs to 
enhance their presence on the dirty white walls. We thus adapted our 
domestic environment by incorporating the art of technological advances 
and the impact of technology on the built environment.  
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Figure 2.  Façade of the “restored” building. Wiring figurations and methacrylate cages 

4.3. THE AUDIOVISUAL DEVICES: BIRD CAGES AND CAT KENNELS  

EDOM shuns clear and static elements. The nature of domestic space is 
fragile. Any excessively direct meddling of technology could break the 
balance. Projection devices are housed in methacrylate cages to integrate 
them in as domestic a way as possible into this new space. These cages are 
easily movable and reusable in the different spaces making up the 
intervention. There were once singing birds in the cages. Now the cages 
emit light and other sounds. 

The works of video art are supported by projection devices (projectors 
and screens) and by a catalog of visual scenes with which we studied the 
different ways of integrating these systems into our spaces. We sought to 
reconcile video art pieces with different spaces and specific display systems 
(projections on walls but also on television screens integrated into a 
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reconstructed lounge, microprojections in bathroom areas, large format 
projections on the interior partitions, etc). 

4.4. THE SIGNPOSTING: TATTOOS 

EDOM does not need graphics to stabilize its future identity. It prefers a 
slight and unexpected approach to accompany it all the way, providing 
heterogeneous information. We are interested in the concept of the tattoo as 
an identity strategy. Tattooing is not autonomous from the body it is part 
of. We made use of manual drawing to incorporate precariousness. The 
graphic origin of the material elements of housing. Lipsticks and colors that 
are activated by the light of the screens would be used. 

The whitewashed walls against black or dark colored wood and railings 
offer a unique picture of the inside of the houses. The aim is to highlight 
the black and white potential generating new tattoos on the walls to 
reproduce some of the details and existing ornaments. 

4.5. LIGHTING: INHABITING THE DARK 

EDOM does not need light. It lives well in the dark. That way the mystery 
and the faults found in the homes are not extinguished. It is better that way. 
We lightly signposted the rooms, providing the only presence of color and 
white against the black of darkness in two ways: Using luminescent lime 
paint activated in the dark with neon light, and manufacturing flat pieces of 
fluorine methacrylate illuminated at the edges. These pieces mimicking 
household wall objects such as paintings, clocks and hanging plates are 
punched with directions... 

The gloominess of the abandoned house was one of the values to 
maintain and enhance, an effort also motivated by the nature of the 
exhibited work – videos that require special low-light conditions. A 
suggestive line of action would intensify this darkness, broken only by light 
signaling to mark the routes and crossing sites, also seeking to ensure 
proper safety conditions. 
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4.6. PAVING: IDENTITIES AND PROLIFERATION OF GEOMETRIES 

The top floor of the existing houses retained its original flooring: Hydraulic 
tile with simple geometric motifs identifying both its historical moment and 
its economy. It was a feature that virtually marked the identity of domestic 
spaces. 

However, on the ground floor a black stoneware tile had been laid, 
probably for better protection against ground damp. On this floor, the 
magic of time seems to disappear. We were in a suddenly disqualified and 
somewhat inhospitable space, also due to changes in the original partition 
layout. We therefore decided to have a proliferation of geometric motifs 
saturating the atmosphere with basic drawings. But we used luminescent 
paint to make them appear in the dark. In addition, these geometries also 
invade the vertical walls, escaping from their predictable locations. 

4.7. FURNITURE: DOMESTICITIES, ANTHROPOLOGIES AND CANDY 

EDOM did not need a large investment: Given the strategy of distributing 
intervention resources across the entire area of the site, we preferred to 
focus on small parcels of reality, with the aim of producing material value 
in singular points. 

An important part of the consumer experience of video art is produced 
through the furniture that complements the space and supports the viewer's 
body, constructing a mixed experience in which the occupation of physical 
space by the body and the production of virtual space by technologies 
produce the final experience. We proposed incorporating certain 
domesticities into this process: the nature of the place encouraged us to 
refurbish it with what might have been the original furniture, readapting it 
to its new programmatic conditions. 

We thought of three ways to do this: 1) a collection of furniture that 
could be provided by the neighbors; 2) a strategy involving the 
rehabilitation of furniture specifically for the institution, transforming it 
with prostheses to break away from the traditional idea of furniture, 
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bringing it in line with the technological nature of EDOM; and 3) 
upholstering foam blocks, wrapping them candy colors as if adapted to a 
new scale. 

4.8. THE SCENERY: THE SINISTER AND THE GROTESQUE 

EDOM links video art with the spaces where it is displayed. The works of 
art are wrapped around and engulfed by some material installations that 
enhance certain aspects of the uncanny associated with the domestic. If the 
domestic space is the place for founding family privacy, within this radical 
intimacy there also looms the grotesque and the most extreme forms of 
gore. We wanted to transform this strange and altered dimension of reality 
to rebuild a desirable symmetry with works of art. The space, the viewer 
and technologies form a symmetrical and permanent dual relationship. 

Figure 3. Pictures of the local building process. Pictures of tattoos and insulations. 
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5. Conclusions 

This paper has attempted to present an approach to technologies in the field 
of architecture where its role can be destabilized outside and away from its 
role of preserving programmatic standards and energetic efficiency. On the 
contrary, as we have observed in the EDOM VideoArt Center, considered a 
study case for this paper, the technologies have been radically laboratorized 
precisely in their material dimension. Through specific design processes, 
technologies have been used as the support medium for critical discourses 
incorporating local communities, the relationship between the new and the 
old, the local and the global, the intimate and the public. 

Our intervention was aimed at transform the enjoyment of video art into 
an event located in a context of heterogeneous presences that restore a 
certain measure of symmetry between the local-domestic and the global-
cultural. For that reason EDOM operates from a voluntary 
anthropocentrism that recognizes the foundational intensity of domestic 
environments to become institutions for fragile material disputes between 
neighborhoods and proposes itself as a seductive alternative to institutional 
normative discourses. In addition, a number of reappropriations of the 
existing elements, overlapping tattoos, cable networks and small 
ambiguous decorations are found to establish a dignifying presence. These 
are strategies aimed at the redistribution of symbolic value and to 
improving the flow of subjectification of the casual inhabitants, the usual 
video art consumers.  

The intervention focuses exclusively on certain devices – domestic 
wiring, projections, lights, etc. – that are made visible in an effort to open 
the black box of the technologies that build our everyday experiences. In 
this sense EDOM offers the coexistence of deterioration, stains and cracks 
with the glamour of fluorine and methacrylates. As a whole, EDOM can be 
seen as an episode that tries to test the role of contemporary art by inserting 
it into specialized socio-technical and domestic networks at the same time, 
in a fragile balance that ensures their desirable resilience. To carry out this 
project we have relied on local women's and craftswomen’s associations, as 
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a means of empowering local economies. It is also a way of claiming from 
cultural institutions a necessary vocation of solidarity. 

Watching videos lying on a bed, locked in a low cupboard, or installed 
in a bathroom where the sound of water is always present, or sitting in a 
crib, EDOM offers a unique experience that incorporates the visitor into the 
game of contemporary art: The light is gone as we enter the house. Almost 
nothing is recognizable. We are invading a private space. We miss a robe 
and slippers. We are suddenly invaded by strange lights coming from 
screens and projections. The building is so activated and transformed. We 
too are transformed. Now we are inhabitants of the house and we consume 
video art. 
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