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	FOREWORD
	Design in general can be seen to pass through phases of relative certainty and doubt.” (Lawson, 1...
	This report is part of a subject called “Architectural design: theory and practice”. The purpose ...
	The subject is part of a PhD-study and doctoral scholarship financed by the Norwegian University ...
	The main purpose of the report is to explore benefits and challenges regarding the implementation...
	I would like to thank Tore Haugen, the main supervisor of the PhD-project, for his helpful commen...
	Anita Moum, 5 December 2005
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	1 INTRODUCTION
	1.1 Overview
	A fundamental pillar of a successful building project is a good design process. The field of arch...
	The new Akershus University Hospital (AHUS) is a major hospital development project in the suburb...

	1.2 Purpose and scope
	The main purpose of the report is to explore the experiences made in the AHUS project regarding t...

	1.3 Some central terms and how they are used in this report
	The following section explains how central terms are used in this report.
	The architect’s work and contribution
	The architect has traditionally a distinct and important role within the building design process ...

	The architectural design process
	As a simplified explanation, one could say that the design process are situated between the state...

	ICT and BIM
	The term Information and Communication Technologies comprises a broad range of devices and tools....

	ICT related benefits and challenges
	As an attempt to operationalize the very broad and diffuse word “impact”, the terms benefit and c...



	2 METHOD AND FRAMEWORK
	2.1 Methodological strategy
	The underlying aim of this report is to gain understanding of how ICT impact the architectural de...
	A literature review of the field and the development of a theoretical framework establishes a “ba...
	As described in the introduction, the main objective of the case-study is to collect data about t...

	2.2 The theoretical framework
	To explore the ICT impact on the architectural design process is a huge undertaking. The need for...
	The framework is based on the suggestion of three levels of operations and actions within the arc...
	The framework focuses furthermore on four central aspects of the architectural design process; th...
	As a part of the framework, an ICT impact matrix is suggested (fig. 4) as a tool for summarizing ...
	THE FOUR DESIGN ASPECTS
	The generation of design solutions. There has been a lot of effort to describe and explain the de...
	Communication. Schön’s (1991) description of the design practice (e.g. sketching) as a conversati...
	Evaluation of design solutions. The architectural design process is in addition to the measurable...
	Decision-making. The generation and evaluation of design solutions, and the issue of communicatio...

	The application of the framework on the case-study, have similarity with the use of what Yin (200...
	It could be tempting to order these four design process aspects sequential or chronological. At f...

	2.3 Conducting the case-study
	Yin (2003) recommends to use appropriate time on the preparation of a case study. For instance, a...
	To get an overview of the project and its context, information from different sources was studied...
	To collect information about some more “soft facts” (attitudes, experiences) about the project an...
	The case-study represents a “cut” of the running project (spring 2005). The respondents experienc...

	2.4 Structure of report
	The next section of this report will give an overview of recent research regarding 3D object mode...
	The main part of this report, the analysing and presenting of the case-study data, is divided int...


	3 BUILDING SMART WITH BIM?
	3.1 IAI and the development of IFC
	Parallel with the growth of several ICT vendors developing different software systems, incompatib...

	3.2 3D object models/BIM
	With the development of IFC it will be possible for all building process actors to work with the ...
	The following explanation attempts to give a general understanding and overview of the technologi...
	BIM is the abbreviation for Building Information Model, a computer model based on three- dimensio...
	Throughout the whole life-cycle of the building, and through the many actors contributing, with t...
	For instance the development of different viewer technologies. A view shows a selected amount of ...
	Finally, here another glance into some of the research going on in the moment (summer 2005) regar...


	4 The AHUS project and R&D
	The new Akershus University Hospital (AHUS) is a major hospital development project in the suburb...
	Some “specialities” of this project should be mentioned for better understanding the processes an...
	4.1 The four ICT cornerstones and the R&D project
	There are four ICT cornerstones in the front building project. Firstly, the 3D object model (Auto...
	Three IFC R&D projects are going to be and partly are implemented and tested within the planning ...

	4.2 Introducing the interview respondents
	All four persons interviewed are architects, involved with different tasks on different levels an...
	Respondent A: female architect, employee of the architectural company, 20 years practical experie...
	Respondent B: male architect, employee of the architectural company, 9 years practical experience...
	Respondent C: male architect, employee of the architectural company, 27 years practical experienc...
	Respondent D: male architect, employee of the client organization, 24 years practical experience....
	Respondent A is a frequent user of the 3D object model, without a direct influence on the impleme...


	5 AHUS: USE AND IMPLEMENTATION OF BIM ON MACRO-LEVEL
	The macro-level comprises processes and actors on overall project level. At the time of the case-...
	5.1 Processes and routines
	On the macro-level in this project, most processes are formalized and shall involve the client or...
	The building part meeting is the operational instrument of each of the five main AHUS building pa...

	5.2 Strategies and motivations behind the BIM implementation and use
	On overall level there are three main motivations behind the implementation of IFC-based BIM.
	At first, the overall motivation is the learning effect; to collect experiences and build up comp...
	Secondly, the possibility of IFC-based BIM to support interoperability; an uncomplicated, transpa...
	And thirdly, as Bakkmoen emphasized in a guest lecture at NTNU (28 of October 2005), the potentia...
	Both the aspects of interoperability and quality assurance could reduce failures and misunderstan...

	5.3 Experiences from implementation and use of BIM - some examples
	Generally, the 3D object model is to a limited degree used directly in the formal meetings. And t...
	Since the model is heavy to use and change in this late stage of design, to work directly in the ...
	The size of the BIM files is huge, and computer capacity was an underestimated issue in the momen...
	In the overall project meetings, every participant brings his own laptop, which can be connected ...
	Once a week cut-offs (2D drawings and views generated from the BIM) are made available through th...
	From the client’s view (respondent D) ICT and BIM offer good possibilities for better to could fo...
	An interesting aspect, which came up in the interview with respondent D, was the rigidity of the ...
	A huge benefit of BIM the AHUS team experienced in the negotiations with the users. The 3D object...
	In the building part meetings, the evaluation and decision-making material are 2D paper drawings ...

	5.4 Potential and challenges for the future
	What are the interview respondents attitudes about future BIM implications and potential on the m...
	Re-thinking processes: interoperability, shared responsibility and transparency
	A vision behind the development of BIM is to achieve a “land-raising” in the AEC industry and to ...
	In discussions about the implementation of IFC-based BIM, the emerging challenges linked to the i...
	When all actors in the building process contributes to the same 3D object model, it could become ...
	Today, the negotiation of contracts and fees are experience based, and the contracts are not alwa...
	Professional clients, who develop and produce buildings for rent or sale, would probably apprecia...
	Respondent C emphasizes the potential of the object based planning seen from a life-cycle point o...
	To use IFC makes it possible to easy connect several programmes for achieving efficient fusions o...

	The power of simulation and visualization
	The potential of visualization Bakkmoen in his lecture on NTNU 28.10.2005 described as a “nice si...
	According to respondent C, in the AHUS project, they are only a very small step from utilizing th...
	It would be nice to put the virtual glove and glasses on, take the client by the hand and walk to...


	BIM and the future contribution of the architect
	A frequent attitude and opinion among architects, and an issue also described in some literature ...
	Respondent B and C both emphasizes the importance for the architect to be a in a front position i...
	Especially the architectural companies can play an important part in this development, as they ca...
	A last issue to be mentioned here, is the architects challenge to utilize the potential of ICT wi...



	6 AHUS: USE AND IMPLEMENTATION OF BIM ON MESO-LEVEL
	On the meso-level, the case study focuses on the interaction between the architects and the other...
	6.1 Processes and routines on meso-level
	Although every communication between the architects and the other consultants in the AHUS project...

	6.2 Strategies and motivations behind the BIM implementation and use
	One of the IAI-aims behind the development of IFC is to frontier interoperability. The front buil...

	6.3 Experiences from implementation and use of BIM - some examples
	However, at the time this case-study was carried out, only the architects worked directly with th...
	The building elements received from the consultants, for instance columns and slabs from the stru...
	The everyday informal communication within the design team is mostly based on a face-to- face sit...

	6.4 Potential and challenges for the future
	Challenge of different “working cultures”
	The vision of interoperability inherit several challenges regarding the “merging” of architects’ ...
	Respondent C points on another, more indefinable, challenge behind the vision of interoperability...

	The architect as the only master of design?
	Respondent B describes following scenario which could be enabled by the development of advanced s...



	7 AHUS: USE AND IMPLEMENTATION OF BIM ON MICRO-LEVEL
	The micro-level comprises cognitive and individual processes, and is here illustrated by the arch...
	7.1 Processes and routines on micro-level
	As the interviews were carried out, the design of the main concept behind the front building was ...

	7.2 Visions and motivations behind the BIM implementation and use
	The potential of BIM regarding the (visual) control and assurance of consistency and quality of p...
	Every architect working with the AHUS project shall be able to operate the ICT tools implemented ...
	The front building team aims to establish a 3D object model that can become a sufficient and well...

	7.3 Experiences from implementation and use of BIM- some examples
	BIM and design generation
	The “traditional” design tools as pen, paper and physical models are still of major importance fo...
	Respondent A expresses the concern that the middle stage between rough sketch and detailed precis...
	Also respondent B only to a limited degree uses the 3D object model when he generates and visuali...

	Object-oriented working
	The individual architect works within a 2D user environment, dragging and dropping 3D objects. Ac...

	Required user effort
	It has been more time consuming than expected to build up and work with BIM, especially to define...
	The implementation of the model requires that the architects working with it continuously have to...

	Thus, the implementation and use of BIM requires much effort of the everyday user, but also of th...
	Rapid production of consistent project material
	BIM is perceived as a crucial support for the drawing production since 2D drawings from interior ...
	In addition, respondent A emphasizes the benefit of reusing details and solutions as support of g...
	These benefits made several users (originally not only positive to the BIM implementation) realiz...


	7.4 Potential and challenges for the future
	The object-oriented way of thinking: re-enforcing the standing of the architect?
	The future architect shall have access to libraries of pre-defined objects. This is one of respon...
	One could say that the architect “thinks” both in terms of space and objects. But, according to r...
	On the question whether the use of pre-defined objects rather could lead to a loss of competence ...
	ICT can support the capturing of (explicit) knowledge, for instance can the information embedded ...

	Challenges for the users
	A frequent motivation regarding ICT use, is the expectation of increased efficiency through faste...
	For utilizing the benefits and potential of ICT, it is crucial that the architect knows how to us...
	The development of more advanced computer programmes requires more hardware capacity. However, ac...



	8 DISCUSSION AND CONCLUSION
	This report has explored the use and implementation of IFC-based BIM in the AHUS project. The exp...
	8.1 Summary of the explored key points
	The ICT impact matrix (table 1) summarizes some of the explored BIM related benefits and challeng...
	The focus of the 3D object model in this project lies rather on the implementation of an object-o...
	However, all respondents, also the every-day users of the 3D object model, seems to be aware of w...

	8.2 Lessons learnt from the AHUS-project
	What can we learn from the experiences made in this project regarding use and implementation of I...
	Firstly an important issue in the AHUS project was to make the visions made om macro-level visibl...
	Secondly, implementation seems to require much time resources for training and updating. At least...
	Thirdly, as a continuation of “lesson” two, the use of IFC-based BIM requires special competence ...
	Fourth, since to use IFC-based BIM is a quite untested and new situation (at least in Norway), th...
	Fifth, although IFC-based BIM reduce the need for drawing same information in e.g. plan, sections...
	An finally, sixth and based on the first five points, to have a clear strategy and vision before ...
	At the time the case-study was carried out, only the architect was using the model directly in th...

	8.3 Adaptability of the framework
	The tentative impressions of the frameworks adaptability on practice, is the potential for suppor...

	8.4 Next steps
	As basis for further exploration of the topic, and further improvement of the framework applied, ...
	The intention of this report and the case-study of the AHUS project, was to be as open as possibl...
	“So little done, so much to do.” Cecil Rhodes, last words
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	Architectural competition 2000
	Final project outline completed 2003
	Full operation autumn 2008
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	Figure 14. Case study “cut”
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	Given the huge size and complexity of the project (see Figure 6), the main focus of the use of BI...
	Figure 15. All the key participants in the AHUS project work collocated directly beside the build...
	Figure 16. Three R&D projects (Courtesy: C.F. Møller Architects).
	Figure 17. How do ICT impact the macro-level?
	Figure 18. The three main fora for communication, evaluation and decision-making
	Figure 19. Three views of the front building (Courtesy: C.F. Møller Architects).
	Figure 20. The physical model is still supporting the design process (author’s photo).
	“WORKING” VS. “PRESETING” MEETING FOCUS
	Based on my own experience, in the formal meetings with the clients and the users, the architect ...
	BLURRING OF BORDERS BETWEEN DESIGN PHASES AND ROLES
	Through the use of ICT, processes can be accelerated and traditional stages can overlap. Already ...

	Figure 21. Live demonstration of interoperability on the international Building Smart Conference ...
	Figure 22. Preferred design process or “front-loaded” process. Presented on the international Bui...
	THE CHALLENGE OF MAKING DECISIONS
	Seemingly, it is easier to make a decision if every uncertainty is eliminated. ICT offers the pos...


	Figure 23. Rough visualization of auditorium directly from walk- through in IFC file by using Sol...
	THREATS AND OPPORTUNITIES
	Gray and Hughes (2001) describes in their book “Building Design Management” (p. 2) the developmen...
	On the international IAI (International Alliance of Interoperability) conference “BuildingSMART” ...
	EXAMPLES POSSIBLE AREAS OF FURTHER INVESTIGATION:
	- contract and responsibilities
	- do the use of BIM lead to more efficiency (drawing production)?
	- do the use of BIM lead to a more conscious attitude to roles and processes - hence to indirectl...
	- BIM potential for the architect regarding work and/or
	position in project
	- re-use of knowledge vs. innovation
	- front-loaded (“merged”) design process vs. the need for time for “maturation” and the challenge...

	Figure 24. How do ICT impact the meso-level?
	THE CHALLENGE OF COLLABORATION
	The importance of collaboration is growing, as globalisation and increasingly complex technique a...

	“The designer has a prescriptive rather than descriptive job. Unlike scientists who describe how ...
	DIFFERENT WORKING CULTURES?
	Regarding the different traditions of design development, I would like to give an example from an...
	THE ONLY MASTER OF DESIGN
	However, such a scenario implies and requires an architect role based on a very broad base of kno...
	EXAMPLES POSSIBLE AREAS OF FURTHER INVESTIGATION:
	- different working cultures
	- responsibilities and contract
	- do the use of BIM lead to more efficiency on the
	meso-level?
	- BIM potential for the architect regarding work and/or
	position in project?


	Figure 25. How do ICT impact on micro-level?
	Figure 26. The work space environment of the AHUS architect (author’s photo)
	“SOFT” DATA from interviews:
	BIM motivation/aims
	BIM experiences
	BIM visions and future challenges
	COMMENT TO LAYOUT
	In comparison to papers for journals and conferences, where the layout is pre-defined, for this r...
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	Figure 4. The ICT Impact Matrix
	The case study method allows investigators to retain the holistic and meaningful characteristics ...
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	Yin (2003) describes four different groups of theory; individual theories (e.g. cognitive behavio...
	Emmitt and Gorse (2003) refers to Kreps (1989), who divides human communication into four levels:...
	The terms micro-, meso- and macro are used in different settings, among others within economics a...
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	Figure 27. The aim is to build up a well-working and IFC based BIM of the front building (Courtes...
	CAD = COMPUTER AIDED DRAFTING?
	The generation of design solutions is still perhaps the area, in which the ICT has gained less fo...
	JUGGLING WITH SEVERAL BALLS
	An important skill of the designer is to juggle with several ideas at the same time, without forc...

	Figure 28. 2D sections generated from the IFC-based BIM.
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	Figure 29. A glance into the front building IFC file with Solibri Model Checker (Courtesy: C.F. M...
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	innovation
	- do the use of BIM encourage competence building?
	- do the use of BIM lead to more efficiency on the
	micro-level?
	- BIM potential for the architect regarding work and/or
	position in project

	table 1. The ICT impact matrix and key points of exploration
	6 LESSONS LEARNT
	1. visions and motivation should be visible on all levels
	2. not underestimate time and personnel recourses required for learning new technology
	3. competence and expertise required both from BIM user and manager of the design development
	4. still much work to do regarding further development of technology
	5. discipline required by modelling
	6. establish strategies for implementation and use
	A BROAD APPROACH
	It could be questioned whether the framework is based on a too broad and ambitious approach. Each...
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