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I.     Förord 

Att skriva ett förord måste vara som att skriva autografer efter att ha 
sprungit ett långt maratonlopp, man är så himla trött… men trots detta så är 
det nog den roligaste delen av hela loppet. Jag vill dock inte påstå att mina 
tre år som doktorand känts som ett enda långt maratonlopp, snarare kan den 
sista månaden liknas vid detta. Tiden i Luleå har varit enormt givande och 
rolig trots att jag den senaste tiden bara deltagit virtuellt eller under korta 
besök. Det finns många minnen som kommer upp när jag nu skall göra en 
kort summering av min tid som doktorand. Det hela började en härlig 
aprildag 2002 då Lars Stehn berättade att avdelningen för träbyggnad sökte 
en doktorand… Sedan dess har det hunnit hända åtskilliga saker och numera 
kan jag stoltsera som både amatörskådespelare, ha varit först in på Imperial 
War Museum, förlorat i gocart, studerat färgsemiotik i Londons tunnelbana 
och inte minst skrivit ihop detta alster av mer eller mindre välformulerad 
svengelska. Detta hade dock inte varit möjligt utan hjälp från flera håll, och 
jag vill därför rikta ett speciellt tack till följande institutioner, företag och 
personer:

Till Kempestiftelserna som finansierat projektet. 
Till handledarna Lars Stehn och Helena Johnsson som bistått med 
goda råd, uppmuntran, inspiration och inte minst alla pergament 
rullar! Lars vill jag också tacka för hjälp och förståelse när jag av 
personliga skäl valde att flytta från Luleå. Tycker att det fungerat 
över förväntan under dessa år! Tack även Helena för 
korrekturläsning, språklektioner, webbmöten, visualiseringsråd samt 
ditt alltid goda humör! 
Till personerna på avdelningen för träbyggnad som gjort besöken i 
Luleå till en höjdpunkt varje månad! Tack för alla 
konspirationsteorier à la Bearfoot eller filmatiseringar med regissör 
Hook!
Till forskarskolan Arena MMT och biträdande handledare Jan 
Lundberg som var ett stort stöd i arbetet med paper 2. Även ett stort 
tack till forskarskolans doktorander och handledare som bistått med 
kreativa diskussioner i samband med våra träffar!   
Till Kaj Linnsén, Svensk Hallteknik AB, för värdefull information 
om bakgrund och kundkrav för hallbyggnader. 
Till alla deltagare i Delphi studien som med stor entusiasm bidragit 
med kunskap och idéer om 3D VIZ. 
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Till deltagarna i fallstudierna för värdefull information hur 3D 
verktyget används i andra branscher. 
Till min far som tagit en stor del i mitt arbete och bidragit med både 
kontakter, idéer och stöd, men som tyvärr inte fick vara med hela 
vägen fram.  

Sist men definitivt inte minst, ett stort tack till min kompis, sambo och 
livskamrat Elin! Tack för att du har tagit hand om mig när denna avhandling 
tagit all tillgänglig kraft, jag ser nu fram mot augusti! 

Leksand, Maj 2005 

Henrik Janols 
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II. Abstract

One of the reasons for the low amount of timber in construction is a general 
lack of knowledge about timber engineering and how timber can be used to 
its full advantage. In this thesis the focus is 3D computer visualisation (3D 
VIZ) of non-residential long-span timber structures, used for storage, 
industry and sports where 3D VIZ is defined as a process where a 3D-model 
is enhanced with environmental information e.g. texture maps and realistic 
light effects. An area of interest is the possibilities to increase timber 
construction through communicating the aesthetical properties of an 
exposed timber structure through using 3D VIZ. The aim of this exploratory 
study is to develop a foundation for future theory building through analysing 
the construction process and its use of communication media with respect to 
communication theory and media richness. The study further proposes how 
the communication process of long-span timber structures can be enhanced 
by using 3D VIZ and identifies connections between the construction 
process, participants and project classification.

In this thesis two major research strategies have been utilised, a case study 
and a survey. The first research strategy includes a cross-industry learning 
research setting, using two case studies, applied and analysed regarding 
industrial design and architecture. The case studies suggest that a practice of 
concurrent engineering (CE) in construction and frequent use of 3D-
computer visualisation by integrated product teams (IPT) can help to 
enhance the aesthetical value of the final building. The case studies also 
confirm that 3D VIZ is useful as a communication tool in the construction 
industry and demonstrate that using 3D VIZ during the planning process 
affects the image of the final result created by those involved. The second 
research strategy includes an Internet-based survey where the usefulness of 
3D VIZ during the construction process is evaluated. The results show that 
structural complexity, intended viewer and current building phase influence 
the benefit of 3D VIZ. A number of parameters needed to communicate the 
aesthetics of timber efficiently, i.e. textures, surface structures, true 
dimensions and realistic light effects, have been pointed out. The analysis 
regarding communication theory and media richness indicate that the need 
for rich media, 3D VIZ with high realism and high level of detail (LOD), is 
generally higher for external communication compared to internal 
communication between professionals. The need for rich media is also high 
in the beginning of every new phase, while the need will decrease in the end 
of the phase. 
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III.     Sammanfattning 

En av orsakerna till den låga andelen träbyggande i dagens Svenska 
byggande är en allmän avsaknad av kunskap om trä och hur träets 
egenskaper kan tillvaratas på ett effektivt sätt. Den här licentiatavhandlingen 
behandlar 3D datorvisualisering av hallbyggnader i trä som t.ex. industri- 
eller sporthallar, där 3D datorvisualisering definieras som en process där en 
3D-modell förses med texturer och ljussättning.  Ett område som berörs är 
möjligheten att öka användningen av trä genom att förmedla träets estetiska 
egenskaper med hjälp av 3D datorvisualisering. Syftet med denna 
explorativa studie är att skapa en grund för framtida teoribyggnad genom att 
analysera byggprocessen och dess användning av kommunikationsmedel 
med kommunikationsteori och rikhetsteori. Studien resulterar i förslag på 
hur kommunikationsprocessen av hallbyggnader i trä kan förbättras genom 
att använda 3D datorvisualisering samt identifierar samband mellan 
byggprocessen, deltagare och projektets art. 

Forskningen i denna avhandling bygger på tillämpning av två olika 
forskningsstrategier, nämligen fallstudier samt enkäter. Den första är en 
jämförande studie mellan byggindustri och tillverkningsindustri bestående 
av två fallstudier. En tillämpning av Concurrent Engineering (CE) i 
kombination med en ökad användning av 3D datorvisualisering i 
Integrerade Produkt Team (IPT) skulle kunna öka det estetiska värdet av 
den slutliga byggnaden. Fallstudien bekräftar också att 3D 
datorvisualisering är ett användbart verktyg som rätt använt under tidiga 
skeden i byggprocessen kan påverka bilden av det slutliga resultatet. Den 
andra forskningsstrategin består av en Internet-baserad enkät där nyttan av 
3D datorvisualisering under byggprocessens olika faser utvärderas. 
Resultatet visar att nyttan av 3D datorvisualisering beror av stommens 
komplexitet, mottagare av bilderna samt aktuellt skede i byggprocessen. 
Vidare identifieras ett antal parametrar som påverkar kommunikationen av 
trä nämligen texturer, ytstruktur, verkliga dimensioner samt realistisk 
ljussättning. Analysen med kommunikationsteori och rikhetsteori visar att 
nyttan av rika medier, t.ex. 3D datorvisualiserade bilder med hög 
detaljeringsgrad och hög realism, generellt sett är högre vid extern 
kommunikation än vid intern kommunikation mellan fackmän. Nyttan av 
rika medier är också alltid högst i början av varje ny fas för att därefter 
sjunka något. 
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1. Introduction

1.1 Background

This thesis is part of a wider work at Luleå University of Technology with 
the purpose to strengthen the overall knowledge of timber as a structural 
material in buildings. Today, about 90% of all single-family dwellings have 
a structure of timber, but of all multi stories residential houses and 
remaining buildings the figure is only 5-10 %, Johansson (2001) and 
Björnfot (2004). One of the reasons for the low amount of timber in 
construction is identified as a general lack of knowledge about timber 
engineering, Björnfot (2004). During 2003 the Swedish government 
assigned a commissioner to investigate incentives for increasing the amount 
of timber in construction. During the commission a central vision was 
presented; ”Timber shall be an obvious alternative in all construction 
projects in Sweden, and further on in all Europe”, Ds 2004:1 (2004). The 
research presented in this thesis is a small part of this effort. 

In this thesis the focus is non-residential long-span timber structures, used 
for storage, industry and sports. A measure to increase the use of timber is 
to develop simple and cost-effective long-span solutions, Johansson (2001) 
and O’Conner et al. (2004). Unless timber becomes competitive in cost and 
production with steel, long-span structures will not be a viable market for 
timber. An interesting exception is the niche market of exposed heavy 
timber structures. The appearance of timber is a positive attribute, Holgate 
(1994) and Affentranger (1998); however, this is only recognized in the 
proportion of buildings with exposed structures where an associated cost 
increase generally is accepted, O’Connor et al. (2004). 

Key problem-areas for an increased use of timber identified by O’Connor et 
al. (2004) are: fire-related building code limitations, cost-competitiveness, 
and timber design difficulty generated by a poor training among designers. 
A knowledge-based framework for long-span timber construction that is 
able to store knowledge and experience about timber construction to support 
the design and production of buildable timber structures is presented in 
Björnfot (2004). Johansson (2001) investigated if a glulam truss can be 
made competitive on the Swedish market. Despite a scientific effort to 
systematically optimise a competitive glulam truss, the result showed that 
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steel have an advantage in cost. However it was also reported that several 
clients wished for more aesthetical structures. 

An area of interest is therefore the possibilities to increase timber 
construction through communicating the aesthetic properties of an exposed 
timber structure. Since steel and concrete structures are dominant on the 
market, there are few possibilities for a client to experience the appearance 
of an exposed timber structure. In the segment of sports and industrial 
buildings, the project is often a single time activity in the community, 
organisation or company. Consequently, the client is relatively 
inexperienced with this type of projects and will therefore hire an architect 
or engineer to decide upon the best suitable structure. For common long-
span structures architects are regarded as exclusive and will be the first to be 
rationalised when cutting costs. To date engineers do not seem to generally 
prefer timber, which is not so surprising since timber requires more 
engineering judgement than other building materials because of its 
anisotropic behaviour and variability of properties, Natterer (1992) and 
Petersson (1997). Industrial buildings have the highest proportion of 
engineering workloads but are the second only to hospitals in negative 
favourability rating for timber, O’Connor et al. (2004). The study by 
O’Connor et al. (2004) was performed in North America, but may be an 
indication that the low use of timber in the studied segment is not a local 
tradition in Sweden.

The common way of communicating long-span timber structures is to use 
2D-sections and sketches. There is a risk for aesthetical values of timber 
being distorted through these media. There are nowadays several computer 
tools for 3D visualisation available on the market that can greatly improve 
the communication between architects, engineers and contractors so that 
errors can be avoided during the production of a project, Ganah et al. 
(2001). The integration of computers into the creative stages of the design 
process has however not developed as quickly as was anticipated by the 
early pioneers of computer based architectural design, Dobson (1997).

A possibility discussed in this licentiate thesis is to use 3D computer 
visualisation (3D VIZ) to communicate the aesthetics of a timber structure, 
but also to show how e.g. a complex timber connection technically can be 
designed. 3D VIZ is defined as a process where a 3D-model is enhanced 
with environmental information e.g. texture maps and realistic light effects, 
Figure 1.1.
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Figure 1.1: An example of a 3D computer visualised picture consisting of an 
environmental map, light effects and a model representing timber (produced 
by Inside & Outside). 

To the author’s knowledge there are relatively few scientific studies 
discussing the issue of 3D VIZ applied for timber communication, thereby 
the few numbers of references in this area. The idea of 3D computer 
modelling for communicating visual values is however not a new one. 
Engineers in the manufacturing industry have during long time used 
computer models for engineering analysis and marketing, Issa et al. (2003), 
Tovey (1997), Cory and Bozell (2001). Computer modelling in the 
manufacturing industry was first related to engineering but nowadays 
computer modelling is widely used by other categories like industrial or 
graphical designers, Tovey (1997). The use of computer supported tools to 
communicate visual information has been successful but there are a number 
of aspects e.g. perception of pictures and technical limitations of computer 
images that need to be considered during the use of visual communication, 
Ellis et al. (1993). 

1.2 Visual communication

Pictorial communication is today widely used in the community, partly 
through photos or sketches but also through the science of computer 
graphics, Ellis et al. (1993). While the original problems in the design 
process of shaping, positioning and rendering still remain, the production of 
modern pictures is no longer restricted to old techniques. The introduction 
of computer technology has expanded the artist’s palette, and provides a 
number of 3D-tools available for creating dynamic artificial universes. 
However, the perceptual and cognitive limits of the viewers have remained 
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much the same while the communication tools have evolved, Ellis et al. 
(1993). Therefore, there is a need to understand the limitations of the 
viewers, Ellis et al. (1993). It is e.g. relatively easy for an artist to confuse 
the viewer by manipulating the height and depth in the picture, figure 1.2.

Figure 1.2: Example of a picture where the uncertainty of illustrated height 
and depth create an impossible structure allowing water to run uphill. M.C. 
Escher’s “Waterfall” © 2005 The M.C. Escher Company – the Netherlands. 
All rights reserved. Used by permission.

A computer visualisation or a picture may contain a lot of information, but a 
common misleading notion about pictures is that they are simply and 
universally accessible to everyone without regard for social contexts, in 
such a way that everyone will both see and perceive the same content in the 
same picture, Bauer and Gaskell (2000). This is wrong for several reasons; 
one example is the difficulty in perceiving significant details. One observer 
looking at a photograph sees a motorcar, a second one sees an elderly 
medium-sized family car, a third one sees a 1981 Ford Cortina with rally 
steering wheel and sports wheel-hubs. The vehicle is the same real world 
object to all three observers, but their perceptions, their ability to specify 
and describe it, and the meaning they give to it are different because of their 
individual biographies. The information may be in the photograph, but not 
everyone is equipped to recover it in full, Bauer and Gaskell (2000). The 
perception of pictures is therefore strongly connected to the intended viewer 
of the picture, Kjelldahl (2003). For example, an architect may use his 
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knowledge to understand a 3D computer visualisation in a different way 
than an inexperienced client.  

In this thesis 3D VIZ is applied to communicate the aesthetics of a timber 
structure, where aesthetics is defined as the visual appearance of a structural 
system. The perception among observers of a visualised timber structure 
will also differ depending on aspects other than the individual’s biographies. 
In visually immersive environments, the world appears significantly smaller 
than intended, Thompson et al. (2002). Another effect of 3D VIZ is that 
perceived orientation and spatial design are affected differently by changes 
in the viewing angle, Ellis et al. (1993). A third aspect of uncertainty is the 
quality of the computer screen, which may affect the representation of the 
visualisation. To be true, the list of possible error sources is long if aspects 
such as reflections on the screen, the size of the picture and situational 
factors such as motivation, opportunity, marketing and social setting are 
included. The attitude against computers is also a possible error source since 
the personal response to a computer-generated image depends on both 
personal characteristics such as age, experience and personality but also 
cultural influences such as tastes, trends and fashions.

Both wood, steel and concrete may loose visual aesthetics during computer 
visualisation, but wood may be the material that suffers the most from being 
computer visualised, Nordvik (2004). Despite this, it may be necessary to 
use 3D VIZ in the marketing of timber to compete with steel and concrete, 
Nordvik (2004).

This thesis builds on the hypothesis that the competitiveness of timber will 
increase if exposed timber structures are communicated with 3D computer 
visualisation to potential clients. 

Despite the decrease of non-visual senses such as tactile values and sound in 
a timber building and the error sources mentioned, the hypothesis is stated 
that the competitiveness of timber will increase utilising 3D VIZ. The study 
will consequently be concentrated on descriptive expressions of timber such 
as shape and colour that may be communicated through computer 
technologies.
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1.3 Purpose and aim 

The overall purpose of this thesis is to increase the understanding of using 
3D computer visualisation tools through illustrating limitations and 
strengths connected to different phases in the construction process.

The scientific aim of this exploratory study is to develop a foundation for 
future theory building through analysing the construction process and its use 
of communication media with respect to communication theory and media 
richness. The study further proposes how the communication process of 
long-span timber structures can be enhanced by using 3D VIZ and identifies 
connections between the construction process, participants and project 
classification.  

The practical aim is to create an increased understanding of how long span 
timber structures can be promoted through 3D VIZ, and demonstrate 
methods to produce 3D VIZ efficiently. Finally, provide knowledge that can 
lead to an increase of the competitiveness of long span timber structures.  

1.3.1 Research questions 

To meet the research purpose the thesis will address the following three 
questions.

Research question 1:
What characterises the choice of structural system and how is the 
aesthetical value of timber utilised by the structural engineer?

Research question 2: 
In what way is 3D computer visualisation an efficient way of communicating 
the structural characteristics and visual aesthetics of a timber structure? 

Research question 3:
What characteristics are important in a 3D-computer visualisation of a 
timber structure mapped against the construction process? 

Research question one addresses the choice of structural system in the 
perspective of timber, aesthetical aspects and client demands while research 
question two discusses the possibilities of using 3D VIZ for communicating 
technical and aesthetical information about timber structures. The last 
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research question focuses on applied 3D VIZ used in the program phase, 
schematic design phase, design development phase and construction 
documentation phase. Included in research question three is the need to find 
parameters affecting the production and use of 3D computer visualised 
pictures. 

1.4 Limitations 

This thesis could be seen as an exploratory study since the purpose is to 
increase the understanding, identify connections and define future research 
in the studied area. The findings is however a good foundation for future 
theory building.

The building type examined in this research project is long-span timber 
structures constructed in Sweden. In this thesis timber is considered to be a 
material that has inherent aesthetical features that, if used correctly, can give 
the final timber structure a competitive advantage over other materials. An 
important limitation on the aesthetics of timber is the focus of the global 
sense of timber. This thesis does not examine any properties of wood, e.g. 
wood species or texture, but rather attempts to find a way of communicating 
the sense of a long span timber structure.  

The study also concerns qualities involved when timber structures are 
computer visualized in 3D. Consequently this means that timber is part of 
the entire images, and does not include non-visual qualities such as tactile or 
sound features. All 3D visualisations performed in this thesis and activities 
important during the production of 3D VIZ are taken from the Swedish 
construction process. Furthermore, all respondents participating in the 
research project are employed in Sweden. A number of references from 
papers not concerning the Swedish market are included, but only in cases 
where it is difficult to find information for Swedish conditions. In most 
cases the circumstances are similar to the Swedish studied segment of long-
span buildings. In the analysis two models of communication have been 
utilised, namely the media richness theory, Daft and Lengel (1986) and the 
classical communication model, Shannon and Weaver (1949). These 
theories are not applied through the entire study but have rather been a 
support during the analysis of 3D VIZ as a communication media in the 
construction process.
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1.5 Disposition and appended papers 

This thesis consists of three papers and an introductory part where each 
section is independent and could be read separately. The first chapter in the 
introductory part is an introduction where the global aims and research 
questions are presented. Chapter 1 also includes an introduction to visual 
communication, which is an important part in this thesis. The next chapter, 
Research Methods, discusses the research design applied in this thesis, 
research strategies and data collection methods used in the respective paper. 
This chapter also includes the researcher’s background and influence on the 
research process. Chapter 3 is a theoretical section where six areas important 
for the papers and the introductory part are reviewed, namely the 
construction process, choice of structural material, timber in construction, 
3D computer visualisation, concurrent engineering (CE) and finally 
communication theories. These areas are further discussed in chapter 4, 
Applied Theory, where applied 3D computer visualisation and 
communication with 3D are discussed. The chapter ends with a model of 
analysis describing how the results from the papers, are analysed with 
communication theory mapped against the construction process. Chapter 5 
includes the results from the literature studies and a summary of papers 1-3. 
The next chapter is the analysis where the results from the papers are 
analysed with media richness theory and communication theory regarding 
technical, semantic and effectiveness problems in the communication with 
3D VIZ. The introductory part is completed with a discussion including 
practical implications of the result and proposals for future work.

In the first paper, 3D VIZ in general is discussed but also a number of 
possible parameters affecting the visualisation of a timber structures. This 
paper was the first one produced and should be considered as a starting 
point in the research. In paper 2 a cross-industry learning research setting, 
using two case studies, was applied considering industrial design and 
architecture and their respective use of 3D VIZ. Through an internet-based 
study the usefulness of 3D VIZ during the construction process was 
evaluated in paper 3. Paper 3 should be seen as the main paper in this thesis 
since it is the most extensive study building on parts of the findings from 
papers 1 and 2. 
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Appended papers:

Paper I: “Utilizing 3D-computer visualization for communicating 
aesthetics of long-span timber structures”
Authors are Henrik Janols and Lars Stehn. This paper was published in the 
proceedings from the World Conference of Timber Engineering in Lathis, 
Finland, June 2004. Henrik’s contribution to this paper is part of the 
literature study, the interviews, the analysis of empirical data as well as 
writing the majority of the paper and producing 3D computer visualisations.    

Paper II: “Communicating Visual Values in Construction using 3D-
computer Visualisation”
Authors are Henrik Janols, Lars Stehn and Jan Lundberg. This paper was 
submitted for publication in Journal of Information technology in 
Architecture, Engineering and Construction, November 2004. Henrik’s 
contribution to this paper is the literature study, case study, the analysis of 
empirical data as well as writing the majority of the paper, drawing pictures 
and producing 3D computer visualisations.    

Paper III: “3D Computer Visualisation in Timber Construction – some 
Important Parameters”  
Authors are Henrik Janols, Helena Johnsson and Lars Stehn. This paper was 
submitted for publication in Architectural Engineering and Design 
Management, April 2005. Henrik’s contribution to this paper is the larger 
part of the Delphi study, performing the survey, producing 3D computer 
visualisations, analysing the empirical data as well as writing the majority of 
the paper and drawing pictures. 



10



11

2. Research method 

2.1 Researchers background 

This thesis covers a wide area of knowledge such as the construction 
process, long-span timber structures, communication, computer aided 
design and pictures as a communication media. The research project started 
with an intention to increase the knowledge of timber in the segment of 
long-span structures using 3D computer visualisation to communicate the 
inherent value of timber. This purpose has during the project realisation 
been evaluated and is now formulated as in section 1.3. The researcher has 
off course influenced the research process, both during the preparation of 
the research design but also during the data collection and analysis.

This research project has been performed in a research environment where 
all members have some kind of technical background. The research group 
where the researcher is active is mainly focused on timber engineering and 
industrialisation of construction. The research group is also responsible for 
teaching within the areas of timber engineering, 3D CAD and building 
technology on the M.Sc. in Civil Engineering program. The researcher has 
his own background in this environment, with experience of timber design, 
physical qualities of timber, the construction process, 3D computer 
visualisation and a general knowledge about the construction industry. The 
experience covers only a part of the research project while areas such as 
communication theory and aesthetical and design aspects of timber are new 
to the researcher. A logical question is therefore what an engineer can 
contribute to the study compared to e.g. a qualitative researcher? The 
research questions can probably be answered by both disciplines, but the 
research design and possible error sources would most likely differ between 
the studies. A qualitative scientist may have difficulties in understanding 
technical aspects of long-span timber structures and the construction process 
while engineers e.g. often have little experience in human behaviour and 
perception. The interest for timber is partly dependent on the low percentage 
of timber in the studied segment but also on the environment where the 
research is performed and the researcher’s personal interest. The use of 3D 
computer visualisation as a communication tool may be a result of a 
personal interest in new technologies. The use of new techniques has always 
motivated the researcher for further investigation, and in this case a need for 
development was detected in the construction industry. The use of 3D VIZ 
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was low and when it was used it was seldom optimal. The interest for new 
techniques in combination with a strong passion for timber appealed the 
researcher. There are also numbers of small decisions during the entire 
research process that influence the final result. As an example during every 
interview the researcher influences the discussion based on experience 
based knowledge and interest. 

2.2 Research design 

The research in this compound thesis was conducted in three independent 
papers consistently based on each other. The result of paper 1 was the initial 
starting point for paper 2 and some results of paper 2 were further developed 
in paper 3. During the entire process a literature study, which is reviewed in 
chapter 3 has been in progress. The introductory part completes the study 
with a cross analysis where the perspective of communication is applied to 
3D VIZ. The overall research design is schematically described in Figure 
2.1.
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Figure 2.1: The research design. 

The research design is structured in four main areas, namely the three 
research questions and the introductory part. The first area is described as 
the present use of timber as structural material and answers research 
question 1. This part includes a literature study covering the present use of 
timber structures and aspects influencing the choice of structural material. 
With this knowledge an interview was performed with the purpose of 
finding client requirements important during the choice of structure and also 
to find arguments for choosing timber.  
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The second area discusses 3D VIZ as a communication tool in timber 
construction and answers research question 2. This part starts with an input 
from the first area including visual values of timber and a need for 
communicating them. Paper 1 was the first finished paper in this thesis, 
mainly based on a literature study, and may therefore be seen as an initial 
study to paper 2. Due to the relatively low level of 3D VIZ in construction 
and consequently few possible actors to interview, the manufacturing 
industry was introduced into the research project. The manufacturing 
industry has during several years been working with communication of 
visual values, and are nowadays utilising several such techniques and 
methodologies during their development process of new products. A cross 
industry learning using two case studies resulted in the two arrows from 
area 2 to the introductory part, Figure 2.1. 3D computer visualised pictures 
was detected as an important communication tool, but the applied use of 3D 
VIZ in construction needed to be optimised following the different phases in 
construction, further discussed in paper 3. The second arrow depicts a 
possible use of Concurrent Engineering (CE) in construction discussed in 
paper 2. The CE could be seen as an iterative concurrent process utilised in 
manufacturing industry from design to manufacture and is based on the 
foundation of an integrated product team (IPT), Stehn and Bergström 
(2002), consisting of a group of experts representing all important 
disciplines in the product development chain, Johansson (2001). The CE 
concept involves the industrial designer or in construction the architect for a 
longer time in the project through a parallel process instead of the linear 
process used in construction. Paper 2 shows that one important component 
in the CE process is the use of pictures as a communication tool. Applying 
CE in the construction process could be interesting to investigate, but also to 
study a possible connection between the CE concept and use of 3D VIZ 
since the use of information technology tools is an important part in CE. If it 
is easier to implement the CE-concept in the segment of long-span buildings 
since the number of involved actors is low is another question. These 
questions are of highly interest, but will be saved for further research, 
therefore the dotted line in Figure 2.1.

The third research area concerns applied 3D VIZ of timber structures and 
answers research question 3. The input to this area came from paper 1 and 
paper 2 consisting of key issues during 3D VIZ of timber and a need for 
optimising the use of 3D VIZ according to the current construction phase 
and needs. This part includes a survey performed through an Internet based 
study presented in paper 3. The survey focused on two parts namely to 
optimise the use of 3D VIZ during the different construction phases and to 
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find parameters that affects the perception of 3D computer visualised 
timber. The use of 3D VIZ was mapped against the different phases in 
construction and in the introductory part analysed with communication 
theory. The second output from this part, described with the dotted line in 
Figure 2.1, is a list of parameters affecting the perception of 3D computer 
visualised timber. These parameters may affect the perception of timber, but 
it is still unclear how much and which of them are most important. It is also 
possible that they are connected to each other and is most efficiently used if 
they are combined. However, this is not evaluated in this thesis due to the 
limitation in time and is a suggestion for future research.  

The fourth and last area is the introductory part of this thesis. This part has 
the purpose to combine the three papers and provide the reader with 
complementing information that has been left out in the papers. The 
introductory part also presents an analysis of the collected results and an 
overall discussion. All strategies and data collection methods mentioned in 
the research design are further discussed in sections 2.3 and 2.4.

2.3 Research strategies 

There are many research strategies available; survey, case study, 
experiments, archival analysis or history. Each strategy has its own 
possibilities and disadvantages, which depends on the following three 
conditions, Yin (2003);

the type of research question posed
the extent of the control that an investigator has over actual 
behavioural events
the degree of focus on contemporary as opposed to historical events

This is further the rational argument for the choice of research strategy, but 
the choice can also be influenced by e.g. the researcher’s view of science 
and personal preferences. From an engineering point of view the choice of 
research strategy is often made based on the rational arguments above, but 
also on personal preferences and environmental impacts from the research 
environment. In this thesis two major research strategies have been utilised, 
a case study used in paper 2 and a survey in paper 3. Three different 
methods for data collection have also been used: interviews, a Delphi 
method and a literature study. 
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2.3.1 Case Study 

The case study, like other research strategies, is a way of investigating an 
empirical topic by following a number of pre-specified procedures. Case 
study as a research strategy should be used when a “how” or “why” question 
over contemporary events, without control over behavioural events is asked, 
Yin (2003). A case study could be exploratory, descriptive or explanatory. 
The case study used in paper 2 was partly selected due to the conditions 
named by Yin, since the research questions were posed as two “how” 
questions focusing on contemporary events, without any control over 
behavioural events. The case study was also chosen depending on previous 
successful use of case study research design in the research environment. It 
was impossible to use history or archival analysis since the research 
contained contemporary events. An experiment strategy was also impossible 
since an experiment require control over behavioural events. The 
possibilities were therefore a survey or a case study strategy. A case study 
approach was considered most suitable since the use of a survey often 
involves a large number of interviews or questionnaires, which would take 
long time to perform. The purpose was further not to perform statistical 
generalisation, but rather to perform an exploratory study to learn and obtain 
inspiration through another point of view. The available information to 
design a questionnaire or a structured interview was also minor since the 
investigated research questions were exploratory and aimed to be a basis for 
further research. The data collection method used was therefore interviews, 
section 2.4.2.

Firstly, a multiple case study was conducted at three companies active in the 
manufacturing industry and secondly, one single case study at a 
reconstruction project. The idea was to make a cross-industry learning 
research, linking industrial design in the manufacturing industry to 
architecture in the construction industry.

Case study 1 
The purpose of investigating the manufacturing industry was to understand 
how their product development process is organised, to learn how another 
industrial segment integrates aesthetical aspects into their development 
process, and how these aspects are communicated to clients and other 
participants. It is known that engineers and industrial designers in the 
manufacturing industry during long time have used computer models for 
engineering analysis and marketing, Issa et al. (2003) and Cory and Bozell 
(2001). The use of computer aided design tools has been very beneficial 
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both to verify interactions and tolerances with other parts during the design 
development phase, Cory and Bozell (2001), but also to communicate the 
visual aesthetics of a future product. In comparison with the manufacturing 
industry the integration of computer aided design tools applied in 
construction industry has been slow. The intention in case study 1 was 
therefore to learn how another industrial segment works with 
communication during the product development.   

Three companies from the manufacturing industry were selected with the 
aim of finding a diverse representation of the industry. Company 1 is one of 
the leading Scandinavian manufacturers of ventilation systems and company 
2 is the number three worldwide producer of trucks and buses while 
company 3 is a leading manufacturer of Combat and Terrain Vehicles. The 
selection of case companies was made using three criteria. The first criterion 
was the grade of the company’s success as per revenue of capital, where the 
intention was to find three companies with different economic success to 
investigate if the communication process changes in relevance of 
economical success.  The second criterion was the company size, where the 
intention was to find three companies of differing sizes to investigate if the 
result varied between small or large companies. The final criterion was the 
experience in using industrial design as a part of product development and 
the intention was again to find three companies with differing experiences 
of industrial design. The selection of companies was also made by the use of 
personal references during the first contact with the companies.  

Case study 2 
Case study 2 consisted of a re-construction project at Luleå University of 
Technology. The purpose of the re-construction was to create a natural main 
entrance to the university for future visitors and natural meeting places for 
students, teachers, and other visitors. Respondents representing the client 
and future user were interviewed two times during the project, one in the 
beginning and one in the end. The main objectives with case study 2 was to 
examine the effect of utilizing 3D-computer visualisation for decision 
support in the construction process and practically evaluate and compare to 
the result from case study 1 in the construction industry. 

2.3.2 Survey

Using a survey as research strategy is possible for contemporary events 
which the researcher has no control over and if the research question is 
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formulated with who, what, where, how many or how much, Yin (2003). 
Today the word "survey" is often used to describe a method of gathering 
information from a sample of individuals for further statistical evaluation. 
Not only do surveys have a wide variety of purposes, they can also be 
conducted in many ways such as over the telephone, by mail, by face-to-
face meetings or nowadays even by entering information directly into 
computers either by a trained interviewer or, increasingly by the respondent. 
Information is collected by means of standardised procedures so that every 
individual is asked the same questions in more or less the same way. The 
goal of a survey is not to describe the particular individuals who, by chance, 
are part of the sample but to obtain a compound profile of the population. 

A survey was chosen as research strategy in paper 3, discussing 3D 
computer visualisation during the construction process. The research 
questions consisted of two “what” questions focusing on contemporary 
events without any control over behavioural events. History and archival 
analysis discuss events in the past and an experiment strategy was 
impossible since an experiment require control over behavioural events. 
Similar to paper 2 the survey or case study were the only possible choices. 
The survey was chosen due to the possibility to performing a questionnaire 
on the Internet consisting of 3D VIZ pictures and adjoining questions.

The literature study indicates that academic literature is limited on 3D VIZ 
compared to the knowledge and experience among professionals. It is 
therefore reasonable to use a survey strategy capturing the inherent practical 
knowledge and form initial theories from there. The survey strategy 
provides a broad knowledge, representing several possible aspects important 
during the use of 3D VIZ. The survey performed in paper 3 is classified as 
an Internet-based Delphi study. The Delphi method is a data collection 
method where a researcher condenses knowledge from a group of experts by 
means of a series of questionnaires based on a structured process with 
controlled opinion feedback, Okoli et al. (2004). The survey was performed 
on the Internet to be able to communicating high-resolution images to the 
respondents. A possible future approach is to perform personal interviews 
with a number of these experts with the knowledge base from the results of 
the Delphi survey. 
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2.4 Data collection methods 

During the case studies and the survey, three different data collection 
methods were used, literature studies, interviews and questionnaires. 

2.4.1 Literature study 

A literature study has been in progress during the entire research process. 
The literature study can be divided into two parallel processes, where the 
first sub-process was an ongoing iterative process with the aim of building 
overall knowledge over the research area. This is a snowball strategy 
approach, Miles and Huberman (1994), where investigation of an area of 
interest results in further information and finally new areas of interests. The 
second sub-process consisted of a number of single activities, e.g. the 
literature study over possible methods. This approach has affected the entire 
research since the investigation of new areas in literature often is made 
based on subjective decisions. The largest impact from the literature study 
has been on the overall knowledge but also on the methodological 
discussions used in the thesis depending on the limited experience by the 
researcher of methodical literature.

2.4.2 Interviews 

Interviewing has a wide variety of forms and a multiplicity of uses. An 
advantage of using interviews is the great flexibility in adjusting the 
interview after the current situation. An experienced interviewer has the 
possibility to follow up ideas, reflect on answers and ask about motives, 
which is impossible through a questionnaire. Interviews also give a 
possibility to reflect on intonations, and if anything is unclear pose a 
resulting question, Bell (1993). The most common type of interviewing is 
individual face-to-face verbal interchange, but it can also take the form of 
face-to-face group interviewing and telephone conversations. Interviewing 
can be structured, semi-structured or unstructured, Denzin and Lincoln 
(2000). Interviews also have a number of limitations. They include a high 
degree of subjective information, and therefore it is an obvious risk of biases 
in the result. A practical aspect is the long time for performing an interview, 
which often results in a small number of interviews, Bell (1993). 

Interviews have been used for data collection in case study 1 and 2 in paper 
2. The motive to use interviews as the data collection method is the ability 
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to develop a better understanding of the problem area. In case study 1, three 
companies in the manufacturing industry were examined to investigate the 
communication of visual aesthetics during each company’s respective 
design process. The selection of three companies depended on economical 
limitations since each interview included travel costs and a number of days 
for preparation and evaluation. Each company were on the other side 
carefully investigated and due to the personal reference during the first 
contact, all three companies were highly interested in cooperating. Since the 
study was exploratory and the results were unpredictable, a questionnaire 
was impossible to design. Semi-structured interviews based on three 
question-areas were therefore chosen. The following areas were discussed; 
the organisation of the company, communication flows during the design 
process and computer support during the design development process.  

In case study 2 the effect of utilizing 3D-computer visualisation as a 
decision support was evaluated through interviews. Four respondents in 
total were interviewed at two times. The first interview consisted of 
structured questions where the purpose was to build an understanding about 
the respondent’s previous experience about drawings, 3D VIZ and 
construction projects. Future expectations about the reconstruction project 
were also discussed related to the entrance-path, the entrance and the 
reception. The second round of interviews was performed in the end of the 
project and was based on 3D computer visualised pictures over the entrance-
path, entrance and reception. Adjoining these pictures, structured questions 
were asked, appendix A. 

An interview with a structural engineer has also been presented in the 
introductory part. This interview had the purpose of investigating the 
characteristics in the communication process between the client and the 
structural engineer for the specialised case of long-span timber structures. 
Aspects such as client demands during the choice of structural material and 
arguments for choosing timber were discussed in the interview. The 
interview was structured and based on a number of prepared questions, see 
appendix B. Since the investigated segment of long-span timber buildings is 
a very specialised part of the Swedish market, there are only a handful of 
individuals with this experience. The interviewed structural engineer, has a 
unique knowledge and understanding with 30 years of experience of the 
studied segment, and can therefore be considered to single-handedly 
represent the common situation in this segment. 



21

2.4.3 Delphi method 

The conventional Delphi is a data collection method where a researcher 
collects and condenses knowledge from a group of experts by means of a 
series of questionnaires based on a structured process with controlled 
opinion feedback, Møldrup and Morgall (2001). After the researcher has 
designed the questionnaire, an appropriate group of experts who are 
qualified to answer the questions are selected. The researcher then analyses 
the response and based on the first survey a second one is designed, where 
the aggregated response from all participants in the first round is presented. 
The respondents are asked to revise their original responses and/or answer 
new questions. The process is reiterated until the respondents reach a 
satisfactory degree of consensus, Okoli et al. (2004).  The respondents are 
usually given at least one opportunity to re-evaluate their original answers 
based upon examination of the group response, Linstone and Turoff (1975). 
The respondents are kept anonymous to each other (though not to the 
researcher) throughout the process, Okoli et al. (2004).

An Internet-based Delphi study was performed in paper 3. The Internet-
based Delphi offers major advances compared to the conventional Delphi in 
terms of speed, cost, data analysis and the possibility to show high-
resolution pictures to the respondents. The study consisted of 3D visualised 
projects with different structural and interior complexity. These projects 
were adjoined by open-ended questions. Totally four projects were selected 
using three different criteria’s trying to obtain a representative span of 
timber structures. The first criterion was the use of a visible structural 
system consisting of timber. The second criterion was a varying structural 
complexity between projects. The third criterion was a variety of interior 
complexity, apart from the structure. Finally a fourth project was selected, 
without any visible structural system to validate that the respondents were 
aware of the focus in the study, i.e. the visible structural system. The study 
consisted of 26 respondents, including 11 architects, 4 structural engineers, 
5 contractors, 3 3D-technicans and 3 persons with experience from the 
manufacturing industry. The group size should be of at least 20 respondents 
to overcome risks of individual biases contaminating the aggregate 
responses, Okoli et al. (2004). The selection of disciplines was performed 
on a number of criteria’s. The majority of the expert group consists of 
architects since they are the responsible actor for performing sketches, 2D- 
and 3D generated pictures in “normal” conditions when the architect has a 
larger influence compared to the studied segment of long-span structures. It 
is also important to have the architectural competences taking part if the 
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results in the future would be generalised for other parts of the construction 
industry. The expert group were also consisting of 3D-technicans since they 
are used to work with 3D VIZ and are probably the expert who knows most 
about how to optimise the use of 3D VIZ. An intention, and purpose with 
the participating disciplines, was to make a cross analysis between the 
different disciplines in the expert group, the data for doing this is obtained 
but due to the limitation of time this is recommended for further research. 
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3. Theory

3.1 Construction process 

The construction process is well-known among professionals. Since this 
thesis focuses on communication of timber structures between actors in the 
construction process, a review of the construction process is important for 
the understanding.

3.1.1 Construction process and their actors 

The most common project forms used in Sweden are general contract and 
design and build (D&B) contract. For non-public buildings like storage- and 
less spectacular sports buildings, the influence of architects is little or none, 
resulting in many of these buildings not being reviewed as per their 
aesthetical aspects. Apart from the absence of architects the construction 
process for long-span timber projects are quite the same with the ordinary 
process described in Figure 3.1 and 3.2. General contract is the method in 
which independent professionals (i.e. architects and engineers) are 
employed by the client to complete the design development. The client then 
enters into a separate contract with a contractor to execute the designed 
construction. D&B contract is a form whereby the contractor who constructs 
the works, also undertakes all of, or a proportion of, the design development 
under one contract. A contract consists of the following phases; program 
phase, schematic design, design development phase, construction 
documentation, procurement phase, construction phase and finally 
maintenance phase, Nordstrand (2000). These phases can vary from project 
to project depending on project size, type of project and project form. The 
schematic design is in the following description included in the program and 
design development phase, but is sometimes mentioned as a separate phase. 

Program phase
The purpose of the program phase is to concretise the client’s demands and 
wishes on the future building, but also to inventory all prerequisites and 
laws that can affect the design development and production of the building. 
An architect often performs the program phase and a number of technical 
consultants consulted by the client, Figure 3.1 and 3.2. The result of the 
program phase is a building program which consists of e.g. project and 
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functional descriptions, space and technical programs, site plan, floor plans, 
sections and timetables, Nordstrand (2000). It has been common to start the 
schematic design when the building program is done, i.e. in the beginning of 
the design development phase, but nowadays some of the visual aesthetics 
of a building, e.g. floor plans and 2D-drawings of the facade, are developed 
during the program phase, Nordstrand (2000).

Design Development Phase 
The design development phase incorporates the production of drawings and 
other presentation documents to fix and describe the size and character of 
the entire project as to architecture, structure, technical systems and 
materials, Nordstrand (2000). The composition of the project team depends 
on the size of the project. In a large project there are many participating 
specialists in the design development phase. The design development phase 
starts with the building program. The next step is to determine the structural 
system and installation systems, which establish the system design. The 
final step during the design development is to perform a detailed design, 
which is communicated through descriptions and drawings in the 
construction documentation. Construction documents contain all the 
necessary information to build the project including dimensions, materials 
and codes, Nordstrand (2000).

Procurement phase 
The procurement system is an organisational system primarily intended to 
assigning the resources needed to perform the project and defining 
relationships between parties, Love et al. (1998). Procurement is defined as 
a transaction of a service, contract, product or equipment and is initiated by 
the client. The procurement is specified by a contract between two actors, in 
Figure 3.1 exemplified as the tender appraisal between the client and the 
contractor, Nordstrand (2000). 

Construction phase 
The next step is the construction of the designed project. In this phase all 
descriptions and drawings in the construction documentation are utilised to 
produce a physical representation of the planned project. The construction 
phase is often intense, and small mistakes in the design development phase 
may result in large expenses during the construction phase. The construction 
phase ends with a number of inspections to guarantee the function of the 
building before the client takes over the maintenance of the building. 
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Figure 3.1 illustrates the general contracting form and the communication 
flow from project conception to completion.  

Tenders Construction

Design development Procurement

RFP
including

Construction
documents

Client
Architect Order

Contractor

Consultants

Program

Client

Figure 3.1: Example of the construction process during a general contract, 
after Nordstrand (2000). The length of arrows does not correspond to 
activity time.

In a general contract the client engages a project leader. In the program 
phase, the client usually engages a professional consultant (architect) who 
starts the schematic design. During the following design development the 
client engages a number of consultants, e.g. engineers, who produce the 
basis for tenders, in this case the construction documents utilised in the 
request for proposal (RFP). The client is in a general contract active for a 
longer time compared to a D&B contract and for a general contract the 
client is the key actor until the tender appraisal is done with a building 
contractor. Before this the client has separate contracts with all consultants.

The D&B contract is illustrated in Figure 3.2. 
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Construction
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Figure 3.2: Example of the construction process during a D&B contract, 
after Nordstrand (2000). The length of arrows does not correspond to 
activity time.
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In the program phase, the client engages a professional consultant (usually 
an architect) who develops a conceptual plan, which forms the basis for the 
request for proposal (RFP) by prospective D&B contractors. After 
considering the tenders, the client chooses a contractor who then produces 
the construction documents to be used during the production of the project. 

3.2 Choice of structural material 

3.2.1 Who makes the structural decision? 

Who makes the decision of structural material for non-residential long-span 
buildings? This question is complex due to the numbers of actors involved 
and the dissimilarity between projects according to design and size. Persson 
(2000) has addressed this question but in the case of structural decisions for 
multi-storey housing. One influencing aspect mentioned by Persson (2000) 
is the contract form, if it is a D&B contract the structural decision is often 
made by the contractor but for a general contract the decision is almost 
taken when the contractor receives the tender invitation, Persson (2000). As 
in many design decisions the choice of structural material is a 
multidisciplinary process, O’Connor et al. (2004), who further states that 
architects are considered to have the largest say, followed closely by 
engineers. The focus group in the study by O´Connor et al. (2004) 
contradicted this data, identifying the engineer as the more influential except 
in cases where the structure is used for esthetical effect. 

3.2.2 Factors affecting the choice of structural material 

The selection of structural materials is affected by many parameters. The 
most important parameters during the selection of structural material for a 
multi-storey housing are described by Persson (2000), Figure 3.3.  
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Figure 3.3: Parameters that affect the choice of structural material, Persson 
(2000). 

Aspects such as production cost and time may change depending on 
different characteristics between a long-span structure and a multi-storey 
house, but the parameter itself affects the structural decision in both cases. 
According to Persson (2000) each actor in the construction process has 
some parameters he or she find more important than others. The contractor 
sets the highest value on production cost and time but also on production 
methods. The architect on the other hand sets the highest interest on 
architecture, functionality and environmental aspects. Further, clients value 
the production cost and time but also reliable solutions, i.e. they prefer 
traditional solutions that have been used in earlier projects.  

3.3 Timber in construction 

Timber has been a traditional construction material during long time, both 
for interior and for structural use. Whether timber is attractive or not 
depends on both a personal and societal context that varies over time, e.g. 
historically related trends concerning structural materials and solutions 
(such as timber as domestic, mundane, traditional and steel/concrete as 
urban, engineered, modern). In fact there must be as many opinions about 
what is good “aesthetics” as there are observers. At its best, the discussion 
of aesthetics is thus a search for principles of appreciation that can be shared 
in some degree by most of us. However, tastes will always vary, Holgate 
(1994).
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At present wood is a very popular material in Sweden for single-family 
buildings and in furniture design. The interest of utilising wood in larger 
volumes, i.e. as timber or glulam, has increased since the material has 
inherent aesthetic features that may render the final building competitive 
advantages over other materials. Many studies discuss the inherent value of 
wood in aspects of visual qualities but also non-visual qualities such as 
tactile and sound features, Affentranger (1997), Nordvik (2004), Broman 
(2000). Wood itself is universally liked, it is generally pleasant to touch, it 
has an interesting texture and it is generally considered to be “warm, 
wholesome and secure”, Holgate (1994). Especially for Scandinavians, 
wood is a material that speaks to our roots and we are unknowingly 
confident with the way wood works, Affentranger (1997). 

The typical Swedish client values low cost as the highest priority concerning 
most long span buildings, Johansson (2001). Despite this fact several clients 
have expressed a wish for more aesthetical structures, since in most of the 
long span buildings the structure is visible, Johansson (2001). The decision 
to allow the structure of a building to be visible is important from a creative 
and economical point of view. In this respect timber is superior to other 
building materials due to aesthetic, insulation and fire capacity features. 
Further, it is possible to fulfil statically reasonable demands with an 
expressed structural system, Natterer (1992). 

3.3.1 Long-span timber structures 

The research in this thesis focuses on common types of long-span timber 
structures with a visible structure, Figure 3.4, such as structures used for 
sports, storage and industry. Sports arenas and storage facilities are the two 
most common types of long-span timber structures in Sweden, Björnfot 
(2004), Figure 3.5. 
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Figure 3.4: An example of a 
structural system with columns and 
beams in a store for cars.

Figure 3.5: A long-span timber 
structure with a structural system 
consisting of pre-stressed tied rafter 
on columns. 

A long-span building is often defined as an overhanging structure with large 
free spaces limited by a roof and four walls. A long-span structure may also 
be defined as a building with a span larger than 12-15 m and large spaces 
without columns, Girhammar (1988).

Long-span structures used for sports arenas and storage is a specialised 
segment of the Swedish construction market. About 1000 objects of this 
type are constructed in Sweden every year, and of these buildings 5-10% 
have a timber structure, while steel structures dominate the market, 
Johansson (2001) and Björnfot (2004).

3.4 3D Computer visualisation 

The introduction of computer aided design (CAD) in the construction 
process has saved an abundance of time and energy, but these tools are still 
not being utilised to their full potential, Dobson (1997) and Cory and Bozell 
(2001). During the last years, architects and engineers have started to work 
more frequently in 3D-CAD, but it is a drop in the bucket compared to the 
use in the manufacturing industry, Cory and Bozell (2001). Still a lot of the 
communication is performed through creating 2D-sections. A common 
misunderstanding during discussion of computer aided design tools is to 
mix up 2D-CAD, 3D-CAD and 3D Computer Visualisation (3D VIZ). 
Traditional 2D-CAD is the world of lines, arcs, circles and blocks made in 
2-dimensions and mainly used for 2D drawings, 2D architectural sections 
and for 2D structural documents. These are exemplified in Figures 3.6-3.8. 
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Figure 3.6: 2D drawing 
representing a house with two 
apartments.

Figure 3.7: Construction 
documentation representing a timber 
structure through a 2D-section. 

Figure 3.8: An example of a 2D-section representing the facade of a hotel. 

3D-CAD is made in 3-dimensions, using building elements such as floor 
slabs, walls, roofs, windows, doors, stairs and other objects, which give the 
possibility to create perspective images. 3D-CAD has the inherent 
possibility to perform 2D-sections but also perspective images such as 
Figures 3.9 and 3.10.
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Figure 3.9: A perspective image from 
a 3D-CAD model representing a 
garage and a connected building of 
apartments (produced by Rogier 
Jongeling).   

Figure 3.10: A wire frame model 
created in 3D-CAD representing 
the structure of a long-span 
building.

Figure 3.9 is also an example of a 3D-CAD model often used in Virtual 
Reality (VR) software. Through using VR it is possible to navigate in real 
time in a 3D environment, e.g. in a 3D-CAD model, and to study the 
building from various angles, measure distances, load/unload objects, create 
events, add lighting, textures etc, Woksepp (2002). With a 3D-CAD model 
it is possible to create a 3D computer visualisation (3D VIZ), which is 
exemplified in Figures 3.11 and 3.12. In this thesis the focus is on 3D VIZ, 
defined as a process where a 3D-model is enhanced with environmental 
information e.g. texture maps and realistic light effects. 

Figure 3.11: A perspective image of 
a 3D VIZ representing a timber 
connection in a 3D truss, paper 3 p. 
10.

Figure 3.12: A perspective image of 
a 3D VIZ representing a residential 
house made of timber (produced by 
Inside & Outside) 
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3.4.1 Description of the 3D computer visualisation process 

3D VIZ is mainly generated through one of the two following approaches. 
As for the current study all 3D-models are created within one software, 3D 
Studio Max. Another approach is to create the structure in 3D-CAD and 
then export the file to the rendering software. The general approach when 
creating a model can be divided into the five following phases, namely; 
modelling the structure, adding texture maps, applying lights, animating (if 
the purpose is to create a film) and finally rendering the scene.  

Modelling: The basic design of the 3D 
model, accomplished in a specially 
designed computer program, is a 
framework of vector trajectories, 
displayed in the right of the figure. The 
trajectories are built in three 
dimensions. Between the trajectories a 
monochromatic surface is created, 
exemplified in left part of the figure. 

Texturing: By using photographs and 
patterns the surfaces of the model are 
provided with illusory textures and 
materials, in this case wood on the 
table and blue colour on the ceramics. 
The materials can also be made 
transparent, luminous or shining etc. 

Lighting: The next important step in 
making the scene realistic is lighting 
and atmospheric effects. Different 
sources of light are introduced in the 
scene. The light sources may be 
provided with a wide range of 
properties, e.g. coloured light of 
optional intensity or shadows.
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Animation: During animation the 3D-
model can come to life. The software 
makes it possible to create a virtual 
camera that may be navigated round 
the model. It is also possible to 
animate objects in the scene, e.g. doors 
opening, people walking, cars moving 
and in this image a coffeepot moving.

Rendering: The final step of creating 
an image or film is to render the scene, 
which means that the computer 
calculates the appearance of the scene 
depending on camera angle, light 
effects, material effects and geometry. 
The rendering process is time 
consuming and methods to minimise 
rendering time must be applied.

3.4.2 Software 

In this thesis all 3D computer visualisations have been made using 3D 
Studio Max. In ordinary production of visualisations, 3D Studio Max may 
be too advanced depending on a number of powerful tools not necessary for 
the construction industry, but in this research project software providing a 
high degree of flexibility in the production of 3D VIZ was needed. In the 
most common visualisation software for construction the user is restricted to 
standard shapes adequate for visualisation of houses, but in this case the 
focus was long-span structures with a need for a more flexible software. A 
last but not unimportant reason why 3D Studio Max was used is the 
researcher’s previous experience of the software. A description of 3D Studio 
Max and a number of other modelling and visualisation programs are 
discussed in Appendix C.
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3.5 Concurrent engineering 

The methodology of Concurrent engineering (CE), a widely used 
methodology to integrate customer demands, design and production in a 
holistic sense, Backhouse and Brookes (1996), was introduced in the 
manufacturing industry when it was discovered that the product would most 
certainly be more efficiently produced if the structural designer, industrial 
designer and production engineer worked together, Johansson (2001). The 
CE methodology is based on the foundation of an integrated product team 
(IPT), Stehn and Bergström (2002), consisting of a group of experts 
representing all important disciplines in the product development chain, 
Johansson (2001). The process of concurrent engineering is as an iterative 
process where each actor in the IPT is involved in the product development 
chain for a longer period of time. Each phase in the product development 
chain is iterated until an optimal solution is selected. Figure 3.13 illustrates 
the iterative process between conceptual design (CD), product design (PD) 
and prototype design and verification (PTV).

Figure 3.13: The CE integrated design process adopted from Johansson 
(2001). 

This process will be further explained in the applied theory and discussed in 
relevance for construction. 
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3.6 Communication theory 

In this thesis the communication theory by Shannon and Weaver (1949) and 
media richness theory by Daft and Lengel (1986) has been applied. The 
researcher is aware of that there are several possible theories to consider, but 
due to the absence of previous experience of communication theory and 
limitation of time, and since these two models seems understandable and 
may fit in the research design, no other theory was considered in this thesis. 

The conception of information and communication can be defined in 
numerous ways depending on the researchers background and 
understanding of the own research area. According to Schoderbek et al. 
(1990) the definition of information is strongly connected to the definition 
of data. Data is defined as the unstructured, uniformed facts about events, 
objects or people. The term information is further defined as selected and 
structured data, for a particular problem, for a specified individual, at a 
specific time and for achieving a definite goal, Shoderbeck et al. (1990). 
The understanding of communication, applied in this thesis, has been 
defined as the “exchange of information between a sender and a receiver 
and the inference of meaning between the organisational participants”. 
Efficient communication takes place only when the receiver perceives the 
same meaning to the words or symbols that the sender intended, Shoderbeck 
et al. (1990).

3.6.1 Basic system of communication 

Boland et al. (1995) state that an important model of communication 
dominating in management literature is the Communication model by 
Shannon and Weaver (1949). They described the model as a basic system of 
communication containing five elements: source, transmitter, channel, 
receiver and destination. The information source produces a message, which 
is encoded into a signal and transmitted across a channel with a limited 
channel capacity. The communication theory suggests that communication 
can be improved by reducing noise in the channel. Noise is defined as the 
possibility for error contaminating the message on its route from source to 
destination, Boland et al. (1995). The receiver finally decodes the signal and 
the message arrives at the destination. This classical communication theory 
is illustrated in Figure 3.14. 
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Figure 3.14: Communication model of Shannon and Weaver (1949). 

The transmitted message may have a high or low level of coding but is 
sometimes also uncoded. An example of coded information is AMA-code 
(construction code) or mathematical formulas and an example of low coded 
information is written descriptive text, Carlsson and Josefsson (2002). When 
the symbols or words from the sender are unknown to the receiver, no 
information is transmitted. Therefore, it is necessary that the sender and the 
receiver both know the set of possible messages from which a particular one 
will be selected, Shoderbeck et al. (1990). It is the restriction that both 
sender and receiver have the same information bank (source) that makes it 
possible to quantify information. The larger the information bank of the 
sender and the receiver is, the greater the number of choices available and 
the more information needed to resolve the uncertainty.  

The communication theory has been applied by Cigen (2003) in a study 
investigating the communication flow between the wood manufacturing 
industry and construction industry. The communication flow of the 
construction process was analysed regarding noise in the channel, Cigen 
(2003). According to Cigen (2003) different parties in the construction 
process have different needs for information and the need will change 
during the construction process and phase. This makes demands in what 
way the communication are communicated. General information about the 
project should e.g. be low coded so the majority of the involved actors could 
understand it while information that is supposed for a specific competence 
could be high decoded, Cigen (2003). 

Shannon and Weaver (1949) mentioned three critical parameters that 
influence the communication of information, namely; the technical problem, 
the semantic problem and the effectiveness problem. Each of them can 
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affect the message of 3D VIZ and are therefore further discussed in the 
analysis of the communication process of 3D VIZ.  

The technical problem is concerned with the correctness of 
transference from sender to receiver. It stands for the relation 
between how information is encoded and how efficient the 
information is transferred and understood. Is the information e.g. 
high coded, the communication process will be done faster assumed 
that the receiver has the knowledge to decode the information  
The semantic problem is concerned with the uniqueness, or 
acceptable approximation, in the understanding of meaning by the 
receiver, as compared with the intended meaning of the sender. The 
expression semantic stands for the inherent meaning of a written 
word or expression. The result of an increasing level of encoded 
information will be a decreasing number of people that can decode 
the information. 
The effectiveness problem is concerned with the success with which 
the meaning communicated to the receiver leads to the desired 
behaviour on his/her part. Even if the message has been received and 
decoded properly by the receiver, the receiver may not be interested 
in the message. 

3.6.2 Media richness theory 

One of the most widely applied theories of media use is media richness 
theory, Dennis et al. (1998). Media richness theory proposes that task 
performance will be improved when task needs are matched to a medium’s 
capacity to express information, Daft and Lengel (1986). Two main 
assumptions of this theory are that people want to reduce equivocality and 
uncertainty in organisations and that some media work better for certain 
tasks than others. Daft and Lengel (1986) argue that media capable of 
sending “rich” information, e.g. face-to-face meetings, are better suited to 
equivocal tasks, while media that are less “rich”, e.g. numeric documents, 
are best suited to tasks of uncertainty where there is a lack of information. 
The richness of information, media richness, is defined as the ability of 
information to change understanding within a time interval. Communication 
transactions that can clarify unclear issues to change understanding in a 
timely manner are considered rich. Communications that require a long time 
to reach an understanding or that cannot overcome different perspectives are 
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lower in richness, Daft and Lengel (1986). In order of decreasing richness, 
the media classifications are: 

1. face-to-face
2. telephone
3. personal documents 
4. impersonal written documents 
5. numeric documents 

The reason for richness differences includes the medium’s capacity for 
immediate feedback, the number of cues and channels utilised, 
personalisation and language variety. Face-to-face is the richest medium 
because it provides immediate feedback so that interpretation can be 
checked. Face-to-face also provides multiple cues via body language and 
tone of voice, and message content is expressed in natural language.

Cigen (2003) applied the theory for classifying the need for richness in 
media in relation to the construction. There is a relation between the need 
for rich low coded media, time and construction phase, indicating that the 
need for rich media is most important in the beginning of each phase, Figure 
3.15.

Figure 3.15: The need for media richness according to time and 
construction phase, Cigen (2003). 

However, there have been an increasing number of studies, particularly in 
the 90s, pointing out that studies based on the media richness theory do not 
always hold, Suh (1998), El-Shinnawy and Markus (1997), Dennis et al. 
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(1998). One reason to the increasing scepticism for the theory is that media 
choice is also affected by factors beyond the richness of the medium itself 
such as individuals don’t prefer to use a medium until a sufficient number of 
their colleagues also use it, Dennis et al. (1998). Another reason is the 
present development of new electronic media such as video conferencing 
and voice-mail, which are not considered in the original theory, Dennis et al. 
(1998). The classification of rich media done by Daft and Lengel (1986) 
should be complemented with new electronic communication media and 
classified in order of decreasing richness. This is further discussed in the 
applied theory where a tentative list of electronic media is presented in order 
of decreasing richness.

In this thesis the theory of media richness have been used as a support in the 
analyses of the research questions. The researcher is aware of the problem 
that the theory not concern the use of “new” techniques such as 3D VIZ. 
The theory will primary be used when comparing the current method of 
communicating long-span timber structures with the possible use of 3D 
VIZ, which is classified by the researcher as a rich media compared to the 
current use of 2D-drawings. This will be further discussed in the applied 
theory.
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4. Applied theory 

Applied theory is a section where theories in chapter 3 are combined and 
applied to timber construction. The applied theory is concluded with a 
model of analysis.

4.1 Applied 3D computer visualisation 

Computer visualised timber can be defined differently depending on the 
purpose of the picture and the intended viewer. It is possible to 
communicate different wood species and textures if the computer 
visualisation is performed thoroughly. Nordvik (2004) studied human 
perception of computer visualised wood interiors and stated that 
visualisation of wood through a computer is a bad idea, but to compete with 
other materials wood still needs to be communicated through the computer. 
Another study performed by Broman (2000), suggested methods for 
measuring human preferences towards different visual appearances of wood 
and connected the subjective preference data with objective measurements 
of wood features.

Figure 4.1: Example of a wood 
(glulam) surface of spruce.

Figure 4.2: A 3D VIZ scene trying 
communicating the “global sense” of 
timber as a structural material

In the current study, the properties of the wooden surface, Figure 4.1, are 
not considered, rather the aim is to communicate the global sense of 
choosing a structural system of timber, Figure 4.2. The timber structure will 
be communicated visually through 3D VIZ, and consequently some of the 
other properties of timber will vanish, e.g. the sound in a timber building 
and the tactile features of touching timber.
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Aesthetics of a timber structure is frequently mentioned in this thesis. In this 
thesis, aesthetics is defined as the visual appearance of a structural system. 
However, the perception of beauty of the structural system is left to the 
beholder.

4.1.1 Difficulties and prospects 

The use of 3D computer aided tools for architectural and structural design 
has increased during the last years, but there are still many complications to 
overcome for an optimal use. One advantage of 3D VIZ is the possibility to 
make it easier for clients and sometimes also architects to understand, 
criticise and revise a photorealistic rendering than a technical drawing. It is 
also less expensive to design, simulate and correct an exact 3D-model in the 
computer than to build the actual building with mistakes that may cost 
major time and money to correct, Woksepp (2002). 

A difficulty during the production of 3D VIZ is the modelling of early 
conceptual pictures without having set any exact distances or details. A 
computer-generated picture may communicate that the design is more exact 
and definite than it is. With a sketch it is easier to create a simple picture 
without precise dimensions or details such as doors, windows and colours. 
Another common difficulty during the production of 3D VIZ, is to create a 
model with sufficient realism and level of detail (LOD) yet inexpensive. 
Realism is defined as the amount of people, installations, backgrounds and 
light effects in the model, while LOD is defined as the level of details 
represented in the structure such as nails, bolts and wood grain. If the 3D 
VIZ model has high visual realism, a lot of details and realistic light effects, 
it will take long time both to modelling and to render depending on the 
enormous amount of polygon surfaces in the model. Surfaces in a model 
contain a number of polygons depending on the shape of the surface. Figure 
4.3 and 4.4 exemplify a coffeepot in two representations, with and without a 
surface.
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Figure 4.3: The coffeepot has a 
smooth surface due to the high 
number of polygons in the model. 

Figure 4.4: The coffeepot 
represented by a wire frame model 
exemplifies the high number of 
polygons needed for a smooth 
surface.

A fundamental difficulty in achieving total visual realism is the complexity 
of the real world. There are many surface textures, subtle colour gradations, 
shadows, reflections, and slight irregularities in the surrounding objects e.g. 
patterns on wrinkled cloth, skin texture, tousled hair, scuff marks on the 
floor and chipped paint on wall. These all combine to “real” visual 
experience, Foley (1990). On the other hand, it can be argued that even 
simulations with a lower degree of realism still carry the most important 
information needed for a specific purpose if it is made with a suitable 
technique, Lange (2001). There are certain procedures or tricks in the 
modelling process that will allow a quick rendering of the scene. First is the 
use of single polygons to replace entire entities like trees, surrounding area, 
or complex objects. This procedure works extremely well for items that are 
distant from the observer and camera. Placing a texture map, onto a single 
plane accomplishes the illusion that the object is there in all its complexity, 
see Figures 4.5 and 4.6. 
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Another trick in the modelling process of 3D VIZ is to analyse the situation 
and decide what parts of the visualisation will be visible to the observer. If 
the purpose is to communicate the exterior of a building there is no need to 
create anything inside the building and for connections with hidden nails 
they could be replaced by a surface texture. This might be in contradiction 
with the creation of a complete 3D model for drawing production. 

4.2 Communication with 3D VIZ 

The AEC (Architecture, Engineering and Construction) industry is very 
fragmented with many cultural and legal barriers between the disciplines, 
even if the different departments are part of the same company. The 
relationships between the disciplines are predominantly short-term, only for 
the current project, and therefore often rather cost-based than quality-based, 
Luiten (1994). One of the areas that need improvement is communication; 
migrating from paper-based document exchange to computer aided 
information and knowledge sharing, Luiten (1994) and Cigen (2003). 

Although 3D VIZ have been available to the architectural, engineering and 
construction industry for some time, few architects or engineers use this 
technique to generate construction documents, Issa et al. (2003). One 
example of a consequence referred to the absence of an appropriate 
communication tool in the construction process is visualised in Figure 4.7. 

Figure 4.5: A perspective image of a 
tree consisting of thousand of 
polygons.

Figure 4.6: The same tree, but now 
used as a texture map onto a single 
plane. Now with only 2 polygons. 



45

Figure 4.7: Misunderstanding from multiple 3D-2D-3D conversation, Issa 
et al. (2003). 

Figure 4.7 exemplifies the communication of a mental 3D picture from the 
architect converted to 2D-blueprints and then recreated to a 3D mental 
picture by the contractor and craftsman from sometimes very large and 
hard-to-read 2D-blueprints, Issa et al. (2003). The misunderstandings 
exemplified in the figure can be explained by applying the communication 
theory by Shannon and Weaver (1949) discussed in section 3.6.1. In Figure 
4.7 the used media is a 2D-blueprint, which communicates the message 
using a number of sections and guiding principles. This is encoded 
information, which can be hard to understand depending on the receivers 
knowledge based experience of reading and understanding 2D-blueprints, 
defined as the semantic problem, section 3.6.1. The semantic problem arises 
when the craftsman or contractor sees the 2D-blueprint and creates his own 
mental picture of the project, created from previous experience of similar 
projects. The effectiveness problem has a heavy influence on the selection 
of communication media. It may e.g. be inefficient to send a photorealistic 
3D VIZ with textures, environment and light effect to a structural engineer. 
He or she will probably prefer a selection of drawings where the structural 
system is in focus.   

Architect Contractor Craftsman 

2D Blueprint 
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4.2.1 A redesign of media richness classifications 

The use of media richness theory in communication of long-span timber 
structures with 3D VIZ requires a redesign of the media classifications 
presented by Daft and Lengel (1986), since the current focus is on new 
electronic media. The hypothesis in this thesis is that 3D VIZ is a 
communication media with higher richness compared to current 
communication techniques in construction. Daft and Lengel (1986) 
presented a list of media in order of decreasing richness: 

1. face-to-face
2. telephone
3. personal documents 
4. impersonal written documents 
5. numeric documents 

Communication tools that require a long time to understand or that cannot 
overcome different perspectives are lower in richness, Daft and Lengel 
(1986). The following electronic media are considered; 3D VIZ, 2D-CAD, 
3D-CAD and Virtual reality (VR). The list should be seen as a tentative 
attempt to structure a number of new electronic media in order of decreasing 
richness. The list is adjusted to the aim of communicating the aesthetics of 
exposed timber. A valid list would need further research for confirmation, 
chapter 7.

1. VR (when VR is based on a 3D VIZ model) 
2. 3D VIZ 
3. 3D CAD 
4. 2D CAD 

Virtual reality is considered having the highest richness since it is based on 
3D VIZ with a possibility to experience the environment in an interactive 
manner. VR is however heavily dependent on computer capacity and often it 
consists of a coloured 3D CAD model instead of 3D VIZ, which makes the 
media less rich. When VR is based on 3D-CAD models, 3D VIZ is 
considered as the richest media. The enhanced environmental information is 
the difference between 3D CAD that is listed as number three. 3D CAD 
communicates the space and volume of a long-span timber building. 2D 
CAD is number four and is used for construction documents. 2D CAD 
communicates a lot of important precise information but is difficult to 
understand for an inexperienced viewer, thereby the lower level of richness. 
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4.2.2 Architectural opinions of 3D tools 

Use of technical systems such as 3D-CAD or 3D VIZ is increasing, but 
there are still oppositions from architects about this sort of computer 
support, paper 3 p. 19. The first reason depends on the difficulty to produce 
early conceptual sketches in the computer without having any exact 
distances or details, paper 3 p. 18. A computer-generated picture may 
communicate that the design is more exact and definite than it is. The 
second reason can be found in the last 20 years of development in the 
education of architects. Today, all recently educated architects have 
experience of computer aided design tools from school. This makes it easy 
for them to start using computer tools, in comparison to architects trained 
some decades ago. A common opinion among older, more experienced 
architects is that they prefer the pen before the computer, paper 3 p. 19. The 
third reason is a general problem not only occurring to architects. The 
absence of a common software format between architects, engineers and 
other consultants is crucial for the effectiveness in communication, Wikfors 
et al. (2003). During the last years the IFC (Industrial Foundation Classes) 
standard has been developed to support the collaboration between parties in 
the construction sector, Wikfors et al. (2003). It is also important to find a 
natural “owner” of the computer tool to make it competitive, paper 3 p. 18. 

4.2.3 Communicating visual values - learning from the manufacturing 
industry

The integration of computers into the creative stages of the design process 
has according to Dobson (1997) not developed as quickly or efficiently as 
was anticipated by the early pioneers of computer-based architectural 
design. Computer use in the construction sector is primarily for 
administration work like economy, salaries or communication through e-
mail, Cigen (2003). Use of technical systems such as 3D-CAD is increasing, 
but they are still not fully utilised, Cigen (2003).  

Engineers in the manufacturing industry have for a long time used computer 
models for engineering analysis and marketing, Issa et al. (2003). Currently, 
industrial designers use a collection of CAD systems, surface and solid 
modelling systems, but there is little prospect of a single integrated system, 
Tovey (1997). 3D modelling has proven to be extremely beneficial to the 
manufacturing industry as displayed by e.g. the automotive industry 
modelling entire cars, Cory and Bozell (2001). 
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There are many differences between construction and manufacturing 
industry and the disciplines of industrial design and architecture. A major 
difference between the industries is the project-based nature of construction, 
Crowely (1998). The project culture is predominant in the construction 
industry while the company culture is stronger in the manufacturing 
industry, Naim and Barlow (2003), indicating that cross industry learning 
between industries requires a redesign of philosophies and methods. From a 
product point of view, a long-span structure is large and immobile, the 
production of a building is more or less unique and always completed on 
site, and finally, the building often has a longer life span than other 
manufactured goods, Koskela (2003). 

The design and production process in manufacturing industry is often 
performed by an integrated product team (IPT) consisting of e.g. structural 
engineers, production engineers and industrial designers, Stehn and 
Bergström (2002). These competences work in an iterative process named 
concurrent engineering (CE), previously discussed in section 3.5. The CE 
methodology and decision flow within the IPT, Figure 4.8, will serve as an 
example of how the CE concept is used in the manufacturing industry. The 
first step, PP1, is the product planning phase, where all competences in the 
IPT are usually represented. The following process is principally linked 
together, and reiterated between Conceptual design (CD), Prototype design 
(PD), and Prototype testing and verification (PTV), until an optimal 
prototype is obtained (PTV3). The next reiteration is the Design for 
production (DP) and finally a system validation (CD5), yielding the 
concurrent and finalized design. The CE-methodology involves the 
industrial designer (ID) in the project for a long period of time, primarily in 
the product planning (PP1) and conceptual design (CD1-CD5), but also in 
some of the sub groups of the IPT. The architect in contrast, is mainly 
involved in the schematic design (SD) and at times in the planning process 
(PP). The construction process adapted from section 3.1 and generalised in 
Figure 4.9 can be compared with a relay race where each actor is active 
during one single activity. The participation of architects or industrial 
designers in the design process, Figure 4.8 and 4.9, are marked with shaded 
areas in the flowchart. The construction process described in Figure 4.9 is 
similar for the studied segment of long-span timber structures but with the 
difference that the structural engineer often has a responsibility for the 
architectural decisions if the architect is absent. 
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Figure 4.8: The CE integrated design/production process adopted from 
Stehn and Bergstrom (2002)  
4.9: The “ordinary” Swedish design process in construction, Nordstrand 
(2000). 
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4.3 Model of analysis 

The results from paper 1, 2 and 3 have been summarised and analysed 
separately in each paper. In this compound thesis the results from these 
papers are combined and analysed together to answer research questions two 
and three mentioned in chapter 1, while research question one is answered 
by the literature study and an interview with a structural engineer. In the 
analysis two models of communication have been utilised, namely the 
media richness theory, Daft and Lengel (1986) and the classical 
communication model, Shannon and Weaver (1949). 

In paper 3 3D VIZ has been studied in the different phases of the 
construction process. The need and performance of 3D VIZ is changes 
during the construction process but also with intended viewer and type of 
project. The characteristics of 3D VIZ also depends on the parameters 
affecting the choice of structural material, investigated in research question 
one. The use of 3D VIZ is therefore analysed in each phase of the 
construction process with the theory of communication and media richness, 
figure 4.10. The construction process in Figure 4.10 is indicated with light 
blue colours in the early phases and darker colours of blue in the in design 
development and construction documentation phases, Figure 4.10. Media 
richness theory, indicated with ovals in Figure 4.10, is used to analyse 3D 
VIZ qualities as a communication tool in each phase but also to discuss if 
the need for rich information changes during the construction process, 
similar to Figure 3.15 stated by Cigen (2003). The communication between 
actors is analysed, with the communication theory described by Shannon 
and Weaver (1949) in section 3.6. This analysis is performed on the studied 
segment where architects often are absent and the structural engineer makes 
a part of the architectural decisions. The communication theory, described 
with squares in Figure 4.10, is applied on the communication flow in each 
phase between the source and destination, i.e. client and structural engineer 
and between the structural engineer and other consultants in each phase of 
the construction process, Figure 4.10. The noise effect on the 
communication is further discussed with relevance of technique, semantic 
and effectiveness problem described by Shannon and Weaver (1949). The 
earlier mentioned CE-process and the result from paper 2 would be 
interesting to analyse in terms of communication flow. This would however 
need a lot of further research and is therefore only discussed in the session 
of future research, thereby the broken arrow in Figure 4.10. Figure 4.10 
describes the model of analysis. 
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5. Results

The results presented in section 5.1-5.3 originate from the interview with the 
structural engineer and the results from paper 1-3. These results are 
presented following the three research questions presented in the research 
design, Figure 5.1. 

Figure 5.1: Research design 
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structural engineer is responsible for the architectural design of the 
structure.

5.1.1 Client demands and requirements during structural decision 

Client demands depend on the client and the contract form. The client may 
be the future user and a key actor during a general contract but also a Design 
and Build (D&B) contractor seen as the client by the architect and structural 
engineer. During a D&B contract the major demand from the D&B 
contractor is economy, Linnsén (2005). Less expensive solutions that fulfil 
the functional requirements are often selected. The most common functional 
requirements are the future use of the building, needed space, and type of 
windows and doors. When it comes to projects where the future user is more 
involved, e.g. during a general contract, the economy is still of highest 
importance, but less important than during a D&B contract, Linnsén (2005). 
During a general contract the structural engineer has a larger possibility to 
propose a suitable structural system provided the functional requirements 
are fulfilled.

For general contracting forms the following demands are of importance to 
the client, in order of decreasing value, during the selection of structural 
system and material, Linnsén (2005): 

1. Cost 
2. Function 
3. Maintenance 
4. Aesthetical aspects 
5. Supply and production time 

During a general contract the client relatively often discusses the possibility 
of timber with the structural engineer due to the visual values of timber. The 
advantages and disadvantages of timber are seldom communicated to the 
client since the knowledge about timber structures with structural engineers 
is low, Björnfot (2004). If the structural material is not yet chosen when the 
client contacts the structural engineer, timber may be a suitable option 
provided that the future building contains “light” industry where labours and 
customers will stay. For heavy industries the structure should be of steel or 
concrete due to the risk of damaging the timber structure, partly depending 
on the risk for fire but also on the risk for physical damage, Linnsén (2005). 
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For a D&B contract the demands are different compared to a general 
contract. The demands are numbered in order of decreasing importance, 
Linnsén (2005): 

1. Cost 
2. Supply and production time 
3. Function 

In this case there is seldom any discussion about a timber structure, since 
cost and production time are much more prioritised than aesthetical values. 
The structural material is often chosen in the beginning of the design 
development phase when the structural engineer receives the job from the 
D&B contractor, Persson (2000). 

Figure 5.2: The present information flow during D&B and general contract 
forms for long-span buildings, based on the interview with Linnsén (2005). 
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and therefore indicated with dotted lines in Figure 5.2. The flow of 
information in the D&B process consists of 2D-sections and plan drawings, 
seldom presented with aesthetical aspects since the D&B contractor has low 
priority on aesthetical issues. In the general contract the client or his 
representative is more active in the information flow, dealing with a number 
of requirements on the structural system, and can therefore discuss 
aesthetical issues in a wider range. The information flow in the general 
contract process is dominated by 2D-sections and floor plans. Because of 
the non-existent architectural efforts, and absence of 3D VIZ, there are few 
possibilities to show the client the appearance of the future building. The 
intended mental picture of the project is therefore complex to communicate 
during all phases in the construction process, and achieving a high level of 
client satisfaction may be a challenge.  

5.1.2 Arguments for timber use in long-span structures 

The typical Swedish client values low cost as the highest priority concerning 
most long-span buildings, Johansson (2001). Despite this fact, several 
clients wish for more aesthetical structures, since in most long-span 
buildings the structure is visible, Johansson (2001). Since steel and concrete 
structures are predominant on the market, there are few possibilities for a 
client to experience the appearance of an exposed timber structure in reality. 
Furthermore, the project is often a singular activity in the community, 
organisation or company. Consequently, the client is often relatively 
inexperienced and will therefore hire a professional architect or engineer to 
decide the best suitable structure. During the choice of structural material 
the structural engineer may use some of the following arguments for the 
client to choose timber, Linnsén (2005):

- A timber structure requires no maintenance and fire painting 
- Fast and simple assembly
- Easy to make connections to the structure during production 
- Low cost for buildings with long span and a roof pitch above 14º 
- Timber has a visual value 

These arguments are valid for the studied segment of long-span structures in 
timber where all connections could be designed with ordinary solutions.   
When focus is on buildings containing both storage spaces and offices a 
timber structure is a good suggestion due to the visual value in exposed 
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timber, Linnsén (2005). This could e.g. be shopping centers or car sales 
shops.

5.2 3D VIZ as a communication tool in timber construction 

The second research question asks if 3D VIZ is an efficient way of 
communicating the characteristics of a timber structure concerning 
structural connections and visual aesthetics. The result of Paper I and the 
prevailing trend in practice both confirm that the use of 3D-computer 
visualisation have a large potential to influence the decision making process, 
paper 1 p. 5. Three coupled sub topics were issued, i.e. detail of design, 
impact of light and efficient use of technology.  

Since the manufacturing industry, and especially the industrial designer, has 
long experience of communicating aesthetics through 3D VIZ a cross-
industry learning research setting was applied and analysed in paper 2 
regarding industrial design and architecture. The study suggests that practice 
of concurrent engineering in construction and frequent use of 3D VIZ by 
integrated product teams (IPT) may enhance the aesthetical value of the 
final building, paper 2 p. 14. The communication among the competences 
within the IPT:s of the case companies in case study 1 is a key factor in the 
product development process, both to achieve good aesthetics and a 
competitive solution. The use of 3D-pictures also makes it easier for the 
industrial designer to communicate the intentions with the future product, 
paper 2 p. 12. Case study 2 confirms that 3D VIZ is useful as a 
communication tool in the construction industry and demonstrates that using 
3D VIZ during the planning process affects the image of the final result 
created by those involved, paper 2 p. 13. It provides all parties involved a 
better picture of the final result, e.g. the aesthetical solutions and the sense 
of the building, paper 2 p. 13. 

5.3 Applied 3D VIZ of timber structures 

The last research question discusses what characteristics that are important 
in a 3D-computer visualisation of a timber structure mapped against the 
construction process. According to paper 3, 3D VIZ should be used 
differently depending on the current construction process phase, project type 
and intended viewer, paper 3 p. 13, Figure 5.3.
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Figure 5.3: Applicability of 3D VIZ during the construction process. 
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5.3.1 Important parameters during timber communication 

Apart from answering the research questions, the studies in papers 1-3 
generated results on the 3D VIZ technique itself. There are many parameters 
that affects the perception of a 3D computer visualised timber structure. 
Most important are the use of textures, surface structures, true dimensions 
and realistic light effects (both local and global), paper 3 p. 13. It is also 
important to apply an equal level of use of these parameters in the entire 
model. Both light effects and textures are important if the goal is to create 
highly realistic visualisations. Between surface structures and light effects 
there is an interesting connection. It is less efficient to produce a 
visualisation with only one of these parameters since the surface structure 
depends on the light effects and vice versa, paper 3 p. 17. Picture “c” in 
Figure 5.3 is an example of a picture where the surface structure is 
“invisible” depending on the lack of light effects and the result is a picture 
described as dead or flat (an enlarged copy may be viewed in appendix D). 
The best attempts to represent timber are pictures belonging to category “a” 
in Figure 5.3 with high realism and high level of detail (LOD). An important 
aspect among professionals is the experience based knowledge about 
structures and their dimensions. Even if the visualisation has a low LOD and 
low realism a professional may see and understand that it is a timber 
structure - there is no need for highly realistic 3D VIZ. However, for 
marketing it is more important that the material is communicated in a 
correct way. 
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6. Analysis

In this chapter the results from papers 1, 2 and 3 are analysed following the 
research questions presented in chapter 1. The first research question is 
analysed regarding the use of 3D VIZ to enhance the communication of 
parameters affecting the structural material decision. Research questions 
two and three will be analysed according to the models of communication 
and media richness theory, in Figure 4.10. 

6.1 3D VIZ as a support for structural material decision 

Research question one discussed the choice of structural material and 
parameters affecting the decision. Persson (2000) discussed the choice of 
structural material for multi-storey buildings, and presented eight 
parameters that affect the structural decision, Figure 3.3. In the interview 
with the structural engineer presented in section 5.1, a number of important 
client demands on the structural system for long-span structures were 
presented. The demands changed in importance due to contract form, but the 
most important parameters were cost, function, maintenance, aesthetical 
aspects, and supply and production time. These parameters are presented in 
Figure 3.3, which is redesigned to focus on long-span timber structures in 
Figure 6.1.

Figure 6.1: Client demands that affect the choice of structural material for 
long span buildings. 
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information. It may be beneficial if 3D VIZ is used to control possible errors 
in the structural design thereby decreasing the cost of future construction 
errors. Communication of functional requirements is however an area that 
could be enhanced by using 3D VIZ. In the communication between the 
client and the structural engineer or architect there is often a need for 
confirming volumes, spaces, doors, windows sizes and much more. In this 
area 3D VIZ could be useful, assumed that the computer support is used in 
an appropriate way according to project type, experience of the viewer and 
current construction process phase, paper 3 p. 13. Regarding maintenance 
the use of 3D VIZ will not particularly enhance the communication process 
while aesthetical aspects are enhanced by 3D VIZ, especially for 
inexperienced viewers that have no experience of similar projects. Using 3D 
VIZ during the communication of supply and production time does not 
affect the choice of structural material. The production in particular could be 
supported with 4D modelling in which 3D CAD models are visualized over 
time, Jongeling (2005). This provides the construction team with knowledge 
on optimal logistics management.  

The use of 3D VIZ based on the previous discussion will enhance the 
communication of aesthetical and functional aspects during structural 
decision. According to the client demands presented in section 5 they were 
depending on current contract form, Linnsén (2005). For general contracts 
both function and aesthetical aspects were mentioned as client demands 
while only functional demands were mentioned for D&B contracts. The cost 
is the number one demand for both contract forms while functional demands 
is number two during general contracts and number three for D&B 
contracts, Linnsén (2005). Aesthetical aspects are not mentioned for D&B 
contract while it is number four during general contracts. This indicate that 
the use of 3D VIZ primary enhance the choice of timber in general contracts 
while the use of 3D VIZ does not influence the decision the same during 
D&B contracts.

6.2 Characteristics of 3D VIZ as a communication tool in the 
construction process 

The communication theory by Shannon and Weaver (1949), Figure 3.14, 
could be applied to the communication process for long-span timber 
buildings in different ways - the following choice is made in this thesis. The 
communication theory consists of six elements, i.e. information source, 
transmitter, channel, receiver, destination and a noise source influencing the 
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sent message. The competence that provides the information, e.g. the 
structural engineer or in some cases the architect is defined as the 
information source while the receiver of the information, e.g. the client is 
the destination. The message is transmitted through using computer 
software, which is regarded as the encoder, and the channel in which the 
message is communicated may be regarded as the media. The media could 
be a computer monitor where 3D VIZ is displayed or a picture printed on 
paper, but also a sketch if it is more efficient. The media is influenced by 
noise e.g. screen resolution, time available to look at the project and the use 
of background colours on the drawing. Also technical limitations such as 
computer capacity and different types of software could distort the media. 
The communication of a message is also influenced by the technical, 
semantic and effectiveness problems, section 3.6. These problems can 
distract the message and decrease the efficiency in the communication since 
efficient communication only takes place when the receiver perceive the 
same meaning to the words or symbols that the sender intended, Shoderbeck 
et al. (1990). Consequently, the receiver’s perceptual senses may be 
regarded as the receiver of the message. 

The second and third research questions discuss the possibilities of utilising 
3D VIZ for communication of aesthetical and structural aspects of timber, 
mapped against the construction process. The communication model 
described in chapter 3 is mapped against the communication in each 
construction phase while the use of 3D VIZ is analysed through media 
richness. The communication process will be analysed concerning 
functional and aesthetical aspects, possible noise sources and degree of 
coded information. The largest impact of semantic, technical and 
effectiveness problems are analysed in each construction process phase. The 
analysis is performed in the studied segment of long-span timber structures 
and focuses on how 3D VIZ should be utilised in an efficient way. 

6.2.1 Program phase 

During the program phase the communication takes part between the 
structural engineer and the client, Figure 6.2
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Figure 6.2: The communication process during the program phase. 

The communication consists of a dialogue where the structural engineer 
assists the client in formalising his demands and wishes on the future 
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can efficiently be done with sketches or 3D VIZ pictures with a low LOD 
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previous exemplified in section 1.2, and it is especially important to 
ascertain that all actors involved have the same understanding of the 
communicated picture. Despite this, 3D VIZ pictures have an advantage in 
comparison with 2D-drawings made in CAD. A 2D-drawing has a lower 
richness and needs a high level of experience-based knowledge to be 
understood, compared to 3D VIZ. 
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6.2.2 Schematic design 

During the schematic design phase the main communication takes part 
between the structural engineer and the client. The purpose of this phase is 
to define the project and produce a request for proposal (RFP) including e.g. 
aesthetical wishes and functional requirements, figure 6.3.    

Figure 6.3: The communication process during the schematic design phase. 
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communication with an inexperienced receiver the need of low coded 
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complexity, standard projects, 2D-sections and plan drawings may be 
enough for professionals, paper 3 p. 15. 
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section. During the choice of media it is therefore important to adjust the 
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6.2.3 Design development 

During the design development phase the main communication takes part 
between the structural engineer and other consultants such as electricians, 
ventilations, material supplier etc. involved in the project, Figure 6.4. 

Figure 6.4: The communication process during the design development 
phase.
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6.2.4 Construction documentation 

The last phase discussed in this thesis is the construction documentation 
consisting of communication between the structural engineer and the 
contractor, Figure 6.5.  

Figure 6.5: The communication process during the construction 
documentation phase. 

The construction documents created and transferred to the contractor consist 
of technical, functional and aesthetical descriptions of the project. During 
the construction documentation phase the need for 3D VIZ pictures is highly 
connected to the project complexity. The experience based knowledge 
among professionals helps them to create a mental picture of the final design 
of the project, but if the structure is complex 3D VIZ pictures could be a 
support. The construction documents often consist of 2D-sections, which 
could be complemented with 3D VIZ pictures to decrease the risk for 
semantic problems during the construction phase. Depending on the 
receivers and transmitters technical equipment, in this case the contractor or 
sub-contractor’s computers, it may be a problem to display 3D VIZ in an 
appropriate way. It is important to check that all actors involved are 
compatible with each other regarding computer capacity.  

6.3 3D VIZ with respect to media richness 

The usefulness of 3D VIZ changes depending on intended viewer, project 
type and construction process phase, paper 3 p. 13. Each phase has a 
different need for media richness. In this thesis, 3D VIZ is assumed to be a 
media with a higher level of richness compared to a 2D-drawing but not as 
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high as face-to-face meetings. According to paper 2 p. 11, 3D VIZ, Figure 
6.7, creates a more understandable image of the final result compared to 
traditional plan drawings, such as Figure 6.6. For those involved in 
decision-making, Figure 6.7 was claimed to give all involved a better 
picture of the problems and is therefore a good decision making tool. 
Compared to using 2D-CAD, the 3D-visualisation was able to communicate 
visual impressions concerning material choice and lighting effects, paper 2 
p. 11.

Figure 6.6: 2D Floor plan of the 
entrance.

Figure 6.7: 3D VIZ of the 
entrance.

2D-drawings may be an appropriate choice for representing a project, but to 
decrease possible misunderstandings 3D VIZ should be used as a support. A 
3D VIZ picture with high LOD and realism has a higher media richness 
compared to a 3D VIZ picture with low LOD and realism, but both have a 
higher level of richness compared to a 2D-section.  

Daft and Lengel (1986) claimed that communication is of major importance, 
especially if there are independent sub-groups in the organisation. A 
construction project consists of a number of sub-groups, some active during 
all projects and other only during one single phase. Each new phase can be 
compared to a new starting point. This results in a high need for rich media 
to decrease the equivocality in the beginning of every new phase, while the 
need for rich media will decrease in the end of the phase, Cigen (2003). This 
tendency is similar in all phases, Cigen (2003). Applying this view of media 
need on the previous discussion in sections 6.1 and 6.2, provides the basis 
for Figure 6.8.
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Figure 6.8: The need for media richness according to time, construction 
process phase and intended viewer (the exemplified long-span structure is 
regarded as a complex).

Depending on the tight connection between design development and 
construction documentation for professionals, the richness of information 
may not be as high as stated in Figure 6.8, thereby the arrow in construction 
documentation phase. The specific characterisation of 3D VIZ according to 
construction process phase and intended viewer, professionals (thick line) 
and inexperienced (thick dotted line), is exemplified by the eight pictures in 
Figure 6.8. For a detailed representation of the 3D VIZ pictures see 
appendix D. Figure 6.8 does not include communication of projects with 
low structural complexity, but exemplifies the use of 3D VIZ for complex 
projects. If Figure 6.8 had shown the need for rich media for low complexity 
projects the level of low coded media for professionals would decrease. For 
external communication to amateurs the use of 3D VIZ is independent of 
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project complexity, but for professionals the usefulness of a rich media, 
such as 3D VIZ, decreases for low complexity projects, Figure 6.9.  

Figure 6.9: Relation between structural complexity, usefulness and intended 
viewer, paper 3 p. 16.

Depending on the client’s experience of comparable projects, the arrow in 
Figure 6.9 indicates that the usefulness of 3D VIZ may decreases depending 
on the client. 

6.4 Key issues observed in the analysis  

The analysis discusses the use of 3D VIZ in relevance of communication 
theory and media richness. Three areas were discussed namely the use of 3D 
VIZ referring to choice of structural material, characteristics of 3D VIZ as a 
communication tool mapped against the construction process and finally 
media richness of 3D VIZ, Figure 6.10. 
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Figure 6.10: The model of analysis. 

The need for rich media, 3D VIZ with high realism and high LOD, 
is generally higher for external communication compared to internal 
communication between professionals. The need for rich media is 
also high in the beginning of every new construction process phase, 
while the need will decrease in the end of the phase.  
During the program phase there is a high need for rich media, but 
the use of 3D VIZ is limited due to the limitation in available 
information for producing a computer generated model. If 3D VIZ is 
used it should be pictures with low LOD and low realism.  
During the schematic design phase the need for rich media and 3D 
VIZ is high for inexperienced users but not always for professionals, 
depending on project complexity. For inexperienced users 3D VIZ 
should have high media richness with high LOD and high realism, 
but for professional a high LOD and low realism is enough. 
During the design development phase the need for rich media is not 
as high compared to previous phases. For complex projects 3D VIZ 
should contain a high LOD and low realism. 



72

During the construction documentation phase the need for rich 
media is comparable with the design development phase, but the 
need is generally not as high in the beginning for the construction 
documentation phase. Depending on the tight connection between 
design development and construction documentation all actors 
involved have a higher experience and has not the same start-up 
phase compared to previous phases. 
The need for and usefulness of 3D VIZ is strongly connected to the 
current construction process phase, intended viewer and the 
complexity of the building. 
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7. Discussion

This thesis rests on two major hypotheses, firstly, the assumption that timber 
is a material that has inherent aesthetical features that, if used correctly, can 
give the final timber structure a competitive advantage over other materials. 
Secondly, the competitiveness of timber will increase if exposed timber 
structures are communicated with 3D computer visualisation to potential 
clients. The first hypothesis is supported by e.g. Holgate (1994), 
Affentranger (1997) and Johansson (2001), but still the perception of beauty 
of timber is left to the beholder. The personal response to a timber structure 
depends on personal characteristics such as age, gender, experience and 
personality but also on cultural influences such as taste, current trends and 
fashions, Crilly et al. (2004). The perception of timber is also dependent on 
situational aspect such as motivation to look at the material, opportunity to 
see it and earlier influences from marketing of the material, Crilly et al. 
(2004). This may restrict the use of 3D-VIZ pictures, but the alternative is to 
use highly encoded information such as 2D-drawings as the communication 
media, which certainly will decrease the possibilities to communicate the 
sense of timber. The use of 3D-VIZ will probably decrease the errors 
compared to the present situation in construction, Woksepp (2002). The use 
of 3D VIZ restricts the communication of timber to visual parameters, and 
senses such as tactility and sound characteristics are not considered. The 
computer technology also influences the communication through aspects 
such as screen resolution and personal experience of computers.

3D VIZ of steel or concrete is in some way easier to perform than to 
reproduce wood. Since wood is a material often described as “alive” with its 
surface structure and irregularities of knots, Affentranger (1997), it is hard 
to reproduce graphically. Steel or concrete on the other hand, are often 
described as urban engineering materials, with less natural variation in the 
surface texture. Exposed steel requires fire-protection, which renders the 
surface a single colour. Both wood, steel and concrete may loose visual 
aesthetics during computer visualisation, but wood may be the material that 
suffers the most from being computer visualised, Nordvik (2004). 

In this thesis the purpose was not to communicate the specific wood 
material, instead the intention was to communicate the global sense of 
choosing timber as the structural material. Since the global structural system 
is 3D computer visualised, the influence of a specific texture is not as 
important. According to paper 3, the understanding of a timber structure 
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also depends on the colour and associations about structures and their 
dimensions, paper 3 p. 13. The understanding of timber is however highly 
dependent on the intended viewer and for inexperienced clients the need of a 
highly realistic material is more important, paper 3 p. 15. It is therefore 
difficult to give a general recommendation on how 3D VIZ should be used 
since the need changes from case to case. An effort was made in paper 3, 
valid for long-span timber structures, Figure 7.1. 
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Figure 7.1: Relations between four categories of 3D computer 
visualisations, intended viewer and construction process phase, paper 3 p. 
15.

When focus is on internal communication between professionals it is not 
especially important to have high realism in the pictures because of the 
professional’s experienced based knowledge. However, when focus is on 
marketing to clients and future users it is more important to produce 
visualisations with high realism and high LOD. 

The overall purpose of this thesis, in the field of 3D VIZ as a 
communication tool in timber construction, was to increase the 
understanding how 3D VIZ can be used, in the program, schematic, design 
development and construction phase of the construction process. This topic 
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was mainly discussed in paper 3 with the result that structural complexity, 
communication situation and available information about the project affect 
the visualisation characteristics. Paper 3 was based on the result from papers 
1 and 2, which concluded that 3D VIZ pictures are a more efficient tool for 
communicating the characteristics of a timber structure than common 2D-
drawings. Woksepp (2002) suggested that a virtual reality model (VR) 
provides a better overview of the construction process than 2D-CAD 
drawings do. The present procedure of distributing information by means of 
2D-CAD drawings was considered to be inefficient. According to Ganah et 
al. (2001), computer visualisation tools provide good possibilities for 
communicating design details that cannot be achieved using traditional 
methods. 2D-drawings and plans should still be utilised when they are 
efficient. The benefit of 3D VIZ during the construction process depends on 
the project type, intended viewer and the current construction process phase, 
Paper 3 p. 13. The project type is strongly connected to the benefit of 3D 
VIZ for professionals, since a high complexity project with many 
connections and design details need a high degree of 3D-support. Design 
details are not always simple and easy to understand and it may take 
considerable time to understand difficult or complex details in a 2D-
drawing, Ganah et al. (2001). The different levels of realism and LOD will 
also change depending on the current construction process phase since the 
possibilities for producing 3D VIZ are connected to the available 
information about the project, and consequently changes during the 
construction process. 

There are many parameters that will affect the perception of a 3D computer 
visualised timber structure, but most important are the following, paper 3 p. 
13.

Use of textures 
Surface structures 
True dimensions 
Realistic light effects  

Surface textures are important during the representation of timber, partly for 
communicating the colour of timber, but also visualise characteristics such 
as irregularities of knots. During the texturing of a model one has to be 
observant to possible repetitions in the surface texture since this becomes 
significant when looking from a distance. The next parameter affecting the 
perception of timber is the surface structure. The surface structure is often 
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done through applying a “bump-map” on the texture, with the purpose of 
creating a more realistic appearance of the timber. At a large distance, the 
surface structure does not provide any extra sense of timber, but if the 3D 
VIZ picture is taken more close to the structure it has an influence. The 
success of using surface textures and structures in 3D VIZ is connected to 
the use of realistic light effects. Light effects are very important for the 
perception of timber since they give the scene and timber a more realistic 
appearance with variations of colours and shadows. It also enhances the 
clarity and three-dimensionality of a scene. True dimensions are the last 
parameter mentioned that affects the perception of timber. Since a lot of 
architects and engineers are experienced with the appearance of a timber 
structure they can create a mental picture of a timber structure when they 
see the dimensions. A number of these parameters are also discussed by 
Nordvik (2004), who claims that contrast, colour and light are as important 
as the wooden texture itself. Light effects are also more than weight, lamps 
or the opposite of darkness. It also depends on how the light is reflected and 
on which surfaces. Nordvik (2004) further argues that the context in which 
the wood is situated is crucial to the perception of wood. 

7.1 Future work and a vision of 3D VIZ 

This thesis has touched a lot of interesting issues to study but also developed 
a number of recommendations such as Figure 7.1, where the relations 
between four categories of 3D computer visualisations, intended viewer and 
construction process phase were discussed. Another interesting result is a 
list of parameters important for communicating 3D VIZ timber. These are 
two examples of areas worthy of further investigation and clarification. 
Another area for further research is the CE-methodology presented in 
section 3.5 and the result from paper 2 p. 14, that provide knowledge and 
inspiration about how the manufacturing industry deals with aesthetics and 
how they get successful, aesthetical solutions through utilising integrating 
product teams (IPT) working in a CE-philosophy. It would be interesting to 
investigate the connections between the uses of 3D VIZ and the CE-
methodology. According to paper 2 p.12, all case companies investigated in 
manufacturing industry use 3D- or 2D-pictures to communicate the 
proposed solution between the different competences in the IPT. The use of 
3D-pictures also makes it easier for the industrial designer to communicate 
their intentions of the future product. Is there a connection between the use 
of pictures and a successfully application of the CE-methodology? Further, 
it would be highly interesting to continue the discussion in paper 2 and 
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make a redesign of the CE-methodology applied to construction with 3D 
VIZ as the communication source. The construction process time would 
most certainly be reduced if the architect, structural engineer, manufacturer 
and contractor worked together in an IPT, than when the different 
disciplines work isolated from each other. An applied use of CE in 
construction would also influence the need for media richness discussed by 
Cigén (2003), Figure 3.15. The high need for rich media in every new phase 
will probably decrease since the responsible actors are involved for a longer 
period of time. A tentative layout of the construction process performed in a 
CE-methodology with the use of 3D VIZ are described in Figure 7.2 

Figure 7.2: A tentative construction process using the CE-methodology. 

The fading colour around each construction process phase represents the 
decreasing need for 3D VIZ in respectively phase according to time. The 
use of 3D VIZ is described as low, medium and high where the need during 
the program phase is low due to the limited information. The schematic 
design is described with a high need for 3D VIZ since both aesthetical and 
functional aspects are discussed here. During the design development phase 
the need for 3D VIZ is medium since the main communication is performed 
between professionals and 3D VIZ will primarily be used for projects with a 
high structural complexity. The last phase is construction documentation 
which is supported by a virtual construction in Figure 7.2. Since 3D VIZ has 
been applied in the process it is easy to import the 3D VIZ model into a 
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Virtual reality (VR) software and check the virtual prototype for possible 
errors. It would also be possible to apply 4D in this phase to control 
construction logistics. This process should be iterated until an optimal 
solution is reached. The researcher is aware of the difficulty in this approach 
partly due to the huge differences between the parties in the construction 
industry. The project culture is e.g. predominant while the company culture 
is stronger in the manufacturing industry, indicating that cross industry 
learning between industries requires a redesign of philosophies and 
methods. From a product point of view, it is also necessary to understand 
that buildings differ from other manufactured goods in several aspects. For 
example, a building is often large and usually immobile, the production of a 
building is more or less unique and always completed on site, and finally, 
the building must have a longer life than other manufactured goods.

The following areas would also be interesting for further research: 

To investigate and rank the important parameters such as textures, 
surface structures, light effects and true dimensions discovered in 
paper 3 with the purpose of optimising the production of 3D VIZ. 
All research was made with the focus on timber structures. It would 
therefore be interesting to investigate if the relations discussed in 
figure 6 paper 3, may be generalised to other structural materials. 
Utilising 3D VIZ to communicate the appearance of a structure, 
which material of steel, concrete or timber is best communicated by 
the computer? Does timber still have a competitive advantage when 
computer visualised? 
The Delphi study performed in paper 3 consisted of 3D computer 
visualisations adjoined by open-ended questions. Therefore the 
result depends on personal perceptions of images, computer 
knowledge and the liability of the open ended questions. 
Consequently the result in this paper highly depends on that the 
selection of experts was achieved successfully. To increase the 
reliability of parameters needed to communicate timber, the next 
step should be to perform personal interviews where the result from 
paper 3 is utilised as the base for the interviews. 
The listing of media richness for new electronic media presented in 
section 4 would need further research for confirmation. This list 
should be seen as a tentative attempt to structure a number of new 
electronic media in order of decreasing richness. 3D VIZ, 2D-CAD, 
3D-CAD and Virtual reality (VR) were considered in the list, but 
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there may be other media that should be considered. This list should 
be seen as a first theoretical attempt, in urgent need for verification. 
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Summary
The aim of this paper is to investigate whether 3D-computer visualization is 
a way of communicating the possibilities of building with timber, and in a 
holistic view present some of the activities important for a successful 3D-
model. The result confirm that the use of 3D-computer visualization have 
great potentials, to influence the decision making process. The study further 
shows that grade of detailing and lightning are some key activities for a 
successful 3D-model. 
Keywords: aesthetics, computer supported design, construction, timber 
structures.

1. Introduction 
Of the single story long-span buildings built in Sweden each year, only 5-
10% are constructed with timber. The low number of timber buildings can 
partly be deduced to the lack of information about the possibilities when 
building with timber. There seems to be no existing methods that can 
communicate the overall impression - the sense of wood - of a long-span 
structure in timber. A large number of buildings constructed today, like 
industry-, storage-, sports- and commercial buildings will never be in focus 
of media or having budget allowing for a detailed architectural design. As a 
consequence a lot of these buildings are not reviewed with aesthetical 
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aspects. The typical Swedish client values a low cost as the highest priority 
concerning most long span buildings [1]. The aesthetical features of wood 
are documented in the literature. Affentranger points out that building of 
wood creates a feeling of warmth, safety and confidence, as no other 
material can match [2]. Compared with other materials, timber starts with a 
distinct aesthetic advantage [3]. Holgate [3] furthermore says that wood has 
an interesting texture and it is generally considered to be “warm, wholesome 
and secure”. In this article wood is considered to be a material that has 
inherent aesthetical features that, if used correctly, can give the final timber 
structure a competitive advantage over other materials. However, if the 
structural system is attractive or not is depending on both a personal and a 
society context that varies over time, for instance historical related trends 
concerning structural materials and solutions (e.g. timber as domestic, 
mundane, traditional and steel/concrete as urban, engineered, modern) come 
and go. The aim of this paper is to investigate whether 3D-computer 
visualization is a way of communicating the possibilities of building with 
timber, and in a holistic view present some of the activities important for a 
successful 3D-model. Further, a review of the expression aesthetics is 
performed in order to find a relevant definition for this paper.  

2. Different perspectives of 3D-visualization 

2.1 Aesthetics – the visual appearance 
For artefacts (objects such as buildings), Systems Engineering (SE) provides 
both problem solving principles and a holistic approach to design so as to 
avoid sub-optimisation. SE can be extended to the whole lifecycle of a 
system, providing early-on management of user requirements, systems 
requirements, architectural design and component development to system 
verification, validation, and operational capability [6]. Aesthetics of design 
is said to be “the study of the effect of product gestalt on human sensations” 
[4]. To be able to achieve a whole, a product gestalt, Monö [4] further 
claims that a designer must have knowledge about the basic elements, a 
knowledge of the way in which parts are made into a whole with the desired 
effect on human sensations. As a result, the aesthetics of design also 
includes the study of the way in which human beings read and understand 
how to interpret the parts and the whole of a visual gestalt.

Figure 1: Different forms of aesthetical expressions expressed as an 
objectives tree.  

Aesthetics

Shape Colour Acoustics Tactile 
perception 

Taste Smell 
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Figure 1 tentatively describe that aesthetics can be expressed from many 
different viewpoints, depending on how it is experienced. If a building for 
example is experienced in reality or on a photo, have influence of the 
aesthetic impression. It is obvious that expressions as smell and acoustics 
can’t be experienced by a photo. The definition of aesthetics is based on the 
intention to communicate the visual expression of a structural system with 
help of computer technology. In this paper we understand aesthetics as the 
visual appearance of a structural system. This definition is based on the 
idea that structural systems visual appearance is a descriptive attribute based 
on shape and colour that may be stable. But how this is related to a 
positive/negative judging and interpretation of the attribute is not considered 
in the definition. 

2.2 Effects of utilizing computer visualization in the early decision 
making process 

The effects of utilizing 3D-computer visualization for decision making were 
investigated in a qualitative study of a reconstruction project at Luleå 
University of Technology. The purpose of the reconstruction was partly to 
create a natural main entrance to the university and partly to create natural 
meeting places for students, teachers and other visitors. These purposes 
don’t give any clear picture how the reconstruction will look like, but rather 
give a sense how the future environment will be perceived. The motive for 
the study was the idea that these two general focuses for the project hardly 
could be communicated by only using plan drawings, figure 2a. The 
research question is thus formulated as; can pictures and 3D-animations as a 
communicator be a support to make easier decisions about previous 
purposes. Figure 2b is a typical example of a 3D-visualization used for 
decision support in the qualitative study. In total four respondents were 
interviewed at two times. In the first part, drawings and sketches of the 
construction project were used to understand the perceived final result. In 
the second part computer visualization of the reconstruction was presented 
to the respondents. The second part was designed to find differences in the 
respondent’s image of the final result. Each interview was started with a 
look at the short animation made with 3D Studio MAX. The animation was 
followed by a discussion about pictures focused on the three main areas, 
namely the entrance path, the entrance and the reception. Finally the 
respondents had to answer if they would have changed anything in the 
project if they have had possibilities to see the computer visualization in an 
early design phase.
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Figure 2a: Plan drawing over 
the entrance path made with 
CAD.

Figure 2b: 3D-visualisation of the 
entrance
made with 3D Studio MAX.

The result shows that use of computer visualization during planning process 
affects the image that those involved creates of the final result. It may not be 
a new image, but in comparison with traditional plan drawings as figure 2a, 
the 3D-visualization created an understandable image of the final result. 
According to figure 2a and 2b it was obvious from the interviews that 
details such as shape, colour and lightning ha the valuable effect to create a 
general impression, and thus a common picture of the intended final result. 
The qualitative study also shows that visualization, as a tool, had a clear 
effect on decisions taken during the planning process. This was especially 
clear when the interviewees change their opinion about the entrance path 
and the floor material, Figure 2b, after they had seen the 3D-computer 
visualizations. It gave all project members a better picture of the problems 
and therefore it is felt to be a better tool for decision making.  

2.3 Trends in visualization 
During the Architectural Visualization Conference (AVC 2003) in 
Copenhagen, 2003, the influence of 3D-computer visualization as a decision 
support system was discussed among practicing architects. The general 
attitude during the conference can be summarized as following: 

The actors in the construction industry prefer to do decisions based 
on 3D-models instead of hand sketched drawings. 
3D-computer visualization is a universal language that all actors in 
the design development process understand. 

The use of computer visualisation in construction can mainly be concretised 
into two sub groups, namely 3D-visualization for marketing and sales of 
new project ideas and 3D-visualisation for decision support and production. 
The differences between these groups are mainly the grade of detail in the 
visualizations. This was one of the main topics during the conference and 
will further be discussed in chapter 3. 
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3. Discussion and further research 
The result of the qualitative study and the prevailing trend in practice seems 
both confirm that the use of 3D-computer visualization have great potentials 
to influence the decision making process. The result from the qualitative 
study in chapter 2.2 and trends among practicing architects and designers, 
both by researchers and professionals in the field, points out the key 
question for future research. Should the grade of detail in the computer 
visualization be conceptual or photorealistic? According to this question it 
would also be of interest to study methods for optimizing the creating of 
computer visualization models. During AVC 2003, three coupled sub 
questions were highlighted as key issues, i.e. detail of design, impact of 
light and effective use of technology. Two of these issues are exemplified in 
figure 3a and 3b. 
Detail of design: One important step in productivity is determining the 
scope and quality of work required to satisfy the client’s expectations within 
the limitations of time and budget. Not every job requires photo-realistic 
quality images to communicate the important messages to the client. Figure 
3a is an example of a photorealistic picture with lights, shadows, textures 
and a lot of details of a car “repair” shop where the aim is to illustrate the 
glulam roof system. Figure 3b illustrates a conceptual model without 
textures, realistic light and details such as bolts, nails and interior facilities. 
Again, the central point is the glulam truss.  If the grade of details is too 
high early in the design development from the view of structural systems 
selections or if complete materials are applied to models it may focus 
unnecessary attention on decisions that are better left for later.  

Figure 3a: Example of a photo 
realistic model.

Figure 3b: Example of a 
conceptual model.

The impact of light in the scene: Lights give the scene a more realistic 
appearance, and enhance the clarity and three-dimensionality of a scene. If 
we e.g. compare the sliding door in the left of figure 3a with the same door 
in figure 3b, the light crate natural shadows around the door in figure 3a. A 
variation of lights can also be a good “time saver” to hide areas of 
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secondary interests and focusing on the important, i.e. the structural system 
impression.  
Effective use of technology: It is important to focus on the elements of 
visualization that will impact the output the most and leave the rest by the 
wayside. Upon reaching a certain level of quality or communication value it 
is important to be able to stop and move on to the next task. Perfection is an 
unobtainable goal, worth striving for until it becomes a burden on 
production.

There seems to be a future of utilizing 3D-computer visualization for 
communicating the appearance of a building. Trends in visualization are 
discussed among practitioners and in research and regarded to the 
possibility to communicate the appearance of timber; these trends are of 
especially interest. A famous Swedish architect claim for example that 
timber is best profit-making in evening light. Regarding to the detailing of 
the model, further research need to be done, to investigate how the 
appearance of timber is influenced of a decrease in detailing. Related to 
figure 3a and 3b, the main question to answer is “what will we 
communicate” and “how will it be perceived”? 
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Abstract

Computer visualisation, as an application for communicating visual values 
such as aesthetics in product development, is especially used in the 
manufacturing industry. A large number of buildings constructed today, like 
industry- and sports buildings, will never have budgets allowing for a 
detailed architectural design. A cross-industry learning research setting, 
using two case studies, is applied and analyzed regarding industrial design 
and architecture. The study suggests that a practice of concurrent 
engineering in construction and frequent use of 3D-computer visualisation 
by integrated product teams can help to enhance the aesthetical value of the 
final building. 

Keywords: aesthetics, industrial design, concurrent engineering, design 
process, computer-aided design, communication
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1. Introduction 

3D-Computer visualisation tools offer good visualisation capabilities that 
cannot be achieved using traditional methods, such as 2D drawings [1].
Design details are not always simple and easy to understand and designers 
may spend considerable time on interpreting difficult or complex details in a 
drawing. For architects, the most common communication tool is the sketch. 
Architects are for example trained in reading 2D-drawings and create a 3D 
understanding in their minds but this may be complicated for an amateur. 
3D-Computer visualisation tools have considerable potential to improve the 
communication in construction industry, but the use is still at present limited 
and not fully understood [1]. 

Computer visualisation is becoming increasingly important during the 
whole design development phase. The integration of computers into the 
creative stages of the design process has according to Dobson [2] not 
developed as quickly or effectively as was anticipated by the early pioneers 
of computer based architectural design. Manufacturing industry 
professionals have, compared to construction, many years of experience 
from different computer tools in early design. Especially industrial 
designers utilise the computer for communicate visual values such as 
aesthetics of a future product. Aesthetics as an attribute is reflected in many 
consumer experiences, mainly in arts and fashion, but during recent 
decades, aesthetics in product design have become an effective competitive 
tool in the hands of numerous manufacturing companies [3-8]. Given that 
the product fills some need, product aesthetics could act as one factor to 
enhance the desirability of a given offering in costumers purchasing 
decisions [3]. However, comparable research in construction and 
architectural literature of aesthetics as a visual value and how this value can 
be communicated is limited. Some notable exceptions have included studies 
on the aesthetics of timber structures [9], the aesthetic impact of visible 
concrete [10] and the quality criteria for timber design [11]. The potential of 
expressing visual values such as aesthetics applied to visible structural 
systems in buildings, and how this can be communicated to a future client, 
are the aims with the research presented in this study.

A cross-industry learning research setting is used and analyzed, from 
manufacturing to construction industry, regarding industrial design and 
architecture and the view of aesthetics in each sector. A literature review 
covering industrial design, architecture and construction yields a production 
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and design process comparison, the theoretical framework setting for the 
empirical work. Conclusions and outlines for future research are based on 
the analysis of two associated, exploratory case studies.

2. Different perspectives on design and aesthetics 

The concept of design has been defined in various ways [6,12], but it seems 
that none of these definitions have been universally accepted. Industrial 
design has much in common with architecture and engineering design. 
Indeed, the relationship between industrial design and mechanical and 
production engineering is similar to architecture and structural engineering 
[13]. The aesthetical influence in both architectural and industrial design is 
one common feature. Considering the fuzzy borders of defining aesthetics as 
a sub-element in industrial design, architecture, and art [14], we deem it 
important to formulate a tentative, engineering type, model of aesthetics, 
incorporating the most important elements holistically defined in industrial 
design.  Figure 1 is to be viewed as an objectives tree used in this paper to 
formulate the theoretical base for the limitation and formulation of research 
questions.

Figure 1: Different general aesthetical expressions to consider in industrial 
design and a detailed representation for shape and colour. 
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In this paper, we define aesthetics as the visual appearance of a structural 
system, in agreement with Pahl and Beitz [6]. The definition of aesthetics is 
based on the intention to communicate the visual expression, in cooperating 
shape and colour, of the structural system with the help of computer 
technology. This definition is based on the idea that the visual appearance of 
a structural system is a descriptive attribute that may be stable over time. 
But how this is related to a positive/negative judging and interpretation of 
the attribute is not considered in the definition. 

2.1 A design process comparison

The idea of making improvements in construction by learning from other 
industries is not new. The project culture is predominant in the construction 
industry while the company culture is stronger in the manufacturing 
industry [15], indicating that cross industry learning between industries 
requires a redesign of philosophies and methods. From a product point of 
view, it is also necessary to understand that buildings differ from other 
manufactured goods in several aspects. For example, a building is often 
large and usually immobile, the production of a building is more or less 
unique and always completed on site, and finally, the building must have a 
longer life than other manufactured goods [16].  

Industrial designers create manufactured products from complex 
requirements such as technical-, ergonomic-, economic-, social-, and 
aesthetical issues. Industrial designers are required to be creative and 
visualize the product concept, to represent alternative design solutions, and 
are sometimes regarded as the artist within a so called integrated product 
team (IPT). For high technology, complex products, a IPT, has the overall 
responsibility for the concurrent process [13,17]. The industrial designer 
should be, and usually is, a part of the IPT and involved from the beginning
[6]. Members of the IPT also represent other required competences 
depending on the specific product development, e.g. engineering designers, 
production members, etc. According to the third author and his 30 years of 
experience in engineering design, the IPT work together in a Concurrent 
Engineering (CE) process decomposable into five main phases, further 
displayed in Figure 2a. CE is defined as a systematic approach to the 
integrated, concurrent design of products and their related processes, 
including manufacture and support [18]. 
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The architect has to create a building in an approach that agrees with the 
demands of the client, e.g. the functional-, environmental-, administrational- 
demands. To perform their creative work, architects often use short notes of 
demands and sketches in an early conceptual design [19-20], but also spend 
considerable time studying previous architectural work that act as an 
inspiration [21]. Furthermore, the architect should consider the aesthetical 
demands to ensure a good architecture, e.g. the general impression of the 
building. In the early stages, the program formulation and the schematic 
design, aesthetical design decisions are critical to the evolution and quality 
of the final design [22]. As for an industrial designer, it is equally important 
for the architect to be involved from the beginning of the program phase. 
During a design and building contract, a typical Swedish architect is 
involved in two of the four stages in Figure 2b. 

The CE methodology and decision flow within the IPT, Figure 2a, will 
serve as an example of how the CE concept is used in the manufacturing 
industry. The first step, PP1, is the product planning phase, where all 
competences in the IPT are usually represented. The following process is 
principally linked together, and reiterated between Conceptual design (CD), 
Prototype design (PD), and Prototype testing and verification (PTV), until 
an optimal prototype is obtained (PTV3). The next reiteration is the Design 
for production (DP) and finally a system validation (CD5), yielding the 
concurrent and finalized design. The CE-methodology involves the 
industrial designer (ID) in the project for a long period of time, primary in 
the product planning (PP1) and conceptual design (CD1-CD5), but also in 
some of the sub groups of IPT. The architect in contrast, is mainly involved 
in the schematic design (SD) and at times in the planning process (PP). The 
construction process in Figure 2b can, for example, be compared with a 
relay race where each actor is active during one single activity. The 
participation of architects or industrial designers in the design process, 
Figure 2a and b, are marked with shaded areas in the flowchart.  
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Figure 2 a) The CE integrated design/production process adopted from 
Stehn and Bergstrom [23]  
b) The “ordinary” Swedish design process in construction 
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2.2 Summary of theoretical perspectives

The most important feature characterising CE is the focus on the IPT that 
bring specialised knowledge necessary for the project and hence, the 
industrial designers’ involvement in most phases in the development process 
[17]. In a holistic sense, the responsibilities of architects and industrial 
designers are quite similar. The demands of their daily work, discussed in 
2.1, can be roughly summarized as aesthetical and functional competences, 
and to have a general understanding of technical solutions. Despite these 
similarities, their respective development processes are unalike. Firstly, the 
iterative CE-process in the manufacturing industry focuses on a group 
activity where the industrial designer essentially participates from 
conceptual design to production. The architect is involved in the conceptual 
phase of the process, but has in Sweden decreasing influence later on during 
the design development phase. As showed in Figure 2a, CE is based on an 
iterative matching of the product design requirements to the production 
capabilities. If the architect, the structural engineer, the manufacturer, and 
the contractor cooperated on the conceptual design, the structure would 
most certainly be more efficiently produced than when the different 
disciplines work isolated from each other. The CE methodology has 
previously been used and adapted for construction in a multi-storey timber 
frame house project [23]. A clear result reported was that the design 
conflicts (production difficulty, interference with technical installations 
requirements, etc.) were identified by the IPT before production. This 
reflected the strength of using a CE concept in housing to the involved 
companies [23]. 

The contribution of an architect is one competence that in Sweden often is 
focused upon when costs need to be decreased. For non-famous buildings 
like storage- and less spectacular sports buildings, the influence of architects 
is little or none, resulting in many of these buildings not being reviewed as 
per their aesthetical aspects. The point of ensuring that the aesthetics of a 
building are present is so that they will not go unnoticed, i.e., have some 
influence on the final result, while not necessarily exerting a powerful 
effect. A focus on aesthetics may increase the general interest of products in 
different market segments.  

The literature review has a perspective from the manufacturing- to 
construction industries regarding industrial design and architecture and the 
use of visual aesthetics in each sector. The needs, fundamentals, and 
implementation of process change for design development and aesthetical 
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improvements in the construction industry are addressed in this paper. 
Hence, the purpose of this work can be formulated as two research 
questions:

- How can concurrent engineering (CE) utilized in construction 
increase the possibilities to enhance the aesthetical value of the final 
building?  

- How can aesthetics of a structural system technically be 
communicated during the design development phase?  

3. Case study research methodology  

The research in this paper was conducted using a case study research design. 
Two exploratory case studies were successively performed at three 
companies active in the manufacturing industry, and one reconstruction 
project. The case studies were performed during 2002 and 2003. In 
agreement with Yin [24], the goal when doing case study research was to 
develop and generalise theories and not to do statistical generalisation. 

Case study 1 – is a qualitative study of three companies, described in 3.1, all 
active in the manufacturing industry. The purpose of investigating the 
manufacturing industry was to understand how the CE concept is practically 
utilized, to learn how another industrial segment integrates aesthetical 
aspects in to their development process, and how these aspects are 
communicated to clients and other participants. The three companies were 
carefully selected to get a reliable group of competences representative of 
the investigated area. The selection was made using three different criteria. 
The first criterion can be described as the grade of the company’s success as 
per revenue of capital. The second criterion was the company size, where 
the intention here was to find three companies of different sizes to 
investigate if the result varied between small or large companies. The final 
criterion was the years of experience in using industrial design as a part of 
product development. As in criterion two, the intention is to find three 
companies with different experiences of industrial design. 



9

Table 1: Overview of the three investigated companies.
Company 1 Company 2 Company 3 

Revenue of capital (Euro) 18 million 5500 million 270 million 
Company size (employees) 145 29 000 1050 
Experience of industrial design
(years)

5-10 years 10-15 years 0-1 years 

Persons/functions interviewed  Production- and 
Technical
manager, Project 
manager and 
Industrial design 
manager.           

Manager of 
Styling and 
Vehicle
Ergonomics 

Structural 
manager 

Case study 2 - The main objective with case study 2 was to examine the 
effect of utilizing 3D-computer visualisation for decision support in the 
construction development process. All respondents were involved in a re-
construction project at Luleå University of Technology. The purpose of the 
re-construction was partly to create a natural main entrance to the university 
for future visitors and natural meeting places for students, teachers, and 
other visitors. These purposes do not provide a clear picture of how the 
reconstruction will look like, but rather give a sense of how the future 
environment will be perceived. In total, four respondents, all involved in the 
program planning phase, were interviewed twice. In part one, drawings and 
sketches of the construction project were used as a base for discussion. 
During this part, the respondent’s image of the future result of the 
construction project was surveyed. In between the first and second interview 
sessions, a computer model of the reconstruction was produced. In part two 
of the study, the computer visualization of the reconstruction was presented 
to the respondents. The second part of the case was designed to find 
differences in the respondent’s image of the final result. 

3.1 Description of case companies 

Company 1 – Is one of the leading Scandinavian manufacturers of 
ventilation systems. Since 2001, they are part of an international company, 
famous for their skills in industrial design. Company 1 has no specific 
industrial design department; instead their industrial designers are part of 
the engineering department. Since joining the international company, they 
have taken advantage of the possibilities to cooperate with, e.g. aesthetical 
related questions. 
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Company 2 – Is the number three producer worldwide of trucks and buses. 
As a part of the product development department, Styling and Vehicle 
Ergonomics is the department responsible for visual aesthetics and 
ergonomics. Aesthetical thinking is an important part in their product 
development process, especially in the cabin and for the exterior design. 

Company 3 – Is a leading manufacturer of Combat Vehicles and all Terrain 
Vehicles. Aesthetical thinking is a new parameter for this company. 
Contrary to companies one and two, this company works hard to create 
aesthetics that communicate fear and anxiety.  Company 3 believe that 
visual aesthetics are an important part in the bid for new contracts. 

4. Results 

4.1 Case study 1 

The use of IPT:s in the development process is common to the investigated 
companies. The described CE-process in Figure 2a can also be associated 
with these companies, especially with companies 1 and 2. The IPT is 
usually chosen depending on the specification of the product intended for 
production. The influences of the industrial designer in the IPT are 
described as important in company 2; in some projects the industrial 
designer was used as the project coordinator. In company 1 the industrial 
designer has less influence, but is still an important competence in the IPT. 
Company 3 has minimal industrial design experience, though they have 
noticed that a focus on industrial design has resulted in increased creativity 
between other competences in the company. It has also become clear for 
company 3, that the use of good industrial design can save material and 
money.

Communications among competences in the IPT is central to the case 
companies in the development process, as previously discussed in Figure 2a. 
To reconcile differences between the competences involved in the IPT, i.e., 
mechanical engineer, industrial designer, and production engineer, all 
respondents use pictures as a communication device. Company 2 has, e.g., 
built a number of coordination rooms where project members can use 
advanced technical devices to visualise models and technical solutions to 
each other. Also, company 3 has one person employed who continuously, 
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with help of computers, visualises and updates the products in a model base. 
This methodology helps to show how far the project has advanced and to 
decrease misunderstandings between different competences. A general 
understanding about aesthetics is that visual aesthetics are best 
communicated through pictures and are usually an important part to get a 
successful product. Company 3 declares that buyers of combat vehicles have 
always claimed that aesthetics have little or no significance, but this opinion 
has more or less changed since users do prefer the product with the best 
interior design and aesthetics. The respondent claims that aesthetics 
definitely is an unspoken parameter from their clients, which can be vital if 
the technical specifications are similar between the different products. For 
products from companies 1 and 2, aesthetics is definitely not an unspoken 
parameter. The influence of aesthetics is important and claimed to be critical 
for some products.  

4.2 Case study 2 

The results show that using 3D-computer visualisation during the planning 
process affects the image created by those involved of the final result. It 
may not be a new image, but compared with traditional plan drawings, such 
as Figure 3a, the 3D-visualisation, Figure 3b, created an understandable 
image of the final result. For those involved in the decision making, 
visualisation was claimed to give all involved a better picture of the 
problems and is therefore a better decision making tool. This was especially 
obvious when the interviewees changed their opinion about the entrance 
path and the floor material, Figure 3b, after they had seen the 3D-computer 
visualisations. Compared with using CAD-drawings, the 3D-visualisation 
was able to communicate visual impressions concerned with material choice 
and lighting effects. During the interviews, three coupled sub questions 
were highlighted as key issues, i.e., abstraction, impact of light and effective 
use of technology. 
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Figure 3a: Plan-drawing over the 
entrance path made with CAD. 

Figure 3b: 3D-visualisation of the 
entrance
made with 3D Studio MAX. 

5. Discussion and conclusion 

The first research question discusses the possibilities of using CE in 
construction to enhance the aesthetical value of the final building. Relating 
to Stehn and Bergstrom [23], CE-methodology is applicable in the 
construction industry. However, would a CE-process in construction, 
including an IPT, help to enhance the aesthetical value of the final building? 
The results from case study 1 cannot give an absolute answer, but rather 
provide us knowledge and inspiration about how the manufacturing industry 
deals with aesthetics and how they get successful, aesthetical solutions. 
Communications among the competences within the IPT's of the case 
companies are a key factor in the product development process, both to 
achieve good aesthetics and get a competitive solution, according to price 
and function. All case companies use 3D- or 2D-pictures to communicate 
the proposed solution between the different competences in the IPT. The use 
of 3D-pictures also makes it easier for the industrial designer to 
communicate their intentions of the future product. The CE-methodology 
also involves the industrial designer in the project for a longer period of 
time compared with the architect. We are certain that a CE-process 
including an active architect in the IPT will increase the aesthetical value of 
the final building. A key issue is that it may be too expensive to have an 
architect in the IPT during all phases of the planning development process, 
especially in projects such as industry-, storage-, sports-, and commercial 
buildings. This strengthens the need to find a method that communicates the 
aesthetical intentions of the building to the IPT in an early phase. 
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The second research question discusses the possibilities of communicating 
the sense and aesthetics of a future building. According to the definition of 
aesthetics, i.e., the visual appearance of a structural system, the system 
should communicate the shape and colour according to Figure 1. One result 
from case study 1 is the importance of communication among all 
disciplines, and the use of 3D-pictures as the communication device. The 
general attitude found during the interviews can be summarized as 
following:

Actors in the manufacturing industry prefer to make decisions based 
on 3D-models instead of hand sketched drawings. 
3D-computer visualisation is a universal language that all actors in 
the design development process understand. 

We believe that 3D-computer visualisation as a communication tool might 
be as successful in the construction industry as it has been in the 
manufacturing industry. Case study 2 confirms this and demonstrates that 
using 3D-computer visualisation during the planning process affects the 
image created by those involved of the final result. It also shows that 3D-
computer visualisation as a tool has a clear effect on decisions taken during 
the planning process. It provides all those involved a better picture of the 
final result, e.g. the aesthetical solutions and the sense of the building.

The result of this paper suggests that utilising 3D-computer visualisation in 
IPT’s greatly influences the decision making process, but there are still 
several aspects concerning 3D-technology that need to be discussed. During 
the interviews in case study 2, three coupled sub questions were highlighted 
as key issues, i.e. abstraction, impact of light, and effective use of 
technology. Janols and Stehn [25], illustrate some of these key issues in 
Figure 4a through an example of a photorealistic picture with lights, 
shadows, textures and a detailed car “repair” shop, where the aim is to 
illustrate the glulam roof system as a possible structural choice. Figure 4b 
illustrates a conceptual model without textures, realistic lighting, and details 
such as bolts, nails in the glulam truss, and interior facilities. Again, the 
central point is the glulam truss. If the grade of detail is too high early in the 
design development, from the view of structural systems selections, or if 
complete materials are applied to models, it may focus unnecessary 
attention on decisions that are better left for later. 
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Figure 4a: Example of a photo 
realistic model.

Figure 4b: Example of a 
conceptual model.

Light gives the scene a more realistic appearance and enhances the clarity 
and three-dimensionality [25]. For example, if we compare the sliding door 
at the left of Figure 4a with the same door in Figure 4b, the light creates 
natural shadows around the door in Figure 4a. One important step in 
productivity is determining the scope and quality of work required to satisfy 
the client’s expectations within the limitations of time and budget. Not 
every job requires photo-realistic quality images to communicate important 
messages to the client. 

This study has pointed out that industry-, storage-, sports-, and commercial 
buildings are seldom reviewed with aesthetical aspects during the 
construction planning process. If the architect is involved, it is often at the 
beginning of the process, though they will never have the possibility to 
control the final aesthetics. We believe that a practice of CE in construction 
industry and the frequent use of 3D-computer visualisation in an IPT will 
enhance the aesthetical value of the final product, and provide the architect 
possibilities to communicate the intended appearance. According to case 
company 3 aesthetical requirements are one example of new aspects in 
project design. A parallel, and a suggestion for future research, can therefore 
be to investigate the possibilities and advantages of having aesthetical 
aspects as a factor in the future procurement process in construction? 
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1. Introduction

It is logical for industry professionals in construction, as in any other 
industries, to identify ways to combine tasks, save time and money. The 
introduction of computer-aided design (CAD) in the construction process 
has saved enormous time and energy, but these tools are still not being 
utilised to their full potential1-2. During recent years, architects and 
engineers have started to work more frequently in 3D-CAD, though its use 
is minor compared to the application of, e.g. 3D-modelling in the 
automobile industry2. In this paper 3D computer visualisation (3D VIZ) is 
defined as a process where a 3D-model is enhanced with environmental 
information, e.g. texture maps and realistic light effects. In the study, 3D 
Studio Max was used as the visualisation software. 3D VIZ is often applied 
in projects where the building gains major public or media interest because 
of the project’s economical scope. Many other buildings like industry-, 
storage-, sports- and commercial buildings will never receive the budget 
needed for a detailed architectural design and 3D VIZ of the building. 
Approximately 1,000 objects of this type are built in Sweden each year, of 
which about 5-10% are built with timber as the structural material with steel 
structures dominating the market3. Domination of steel and concrete for 
non-residential buildings is not a local trend in Sweden, where the situation 
is similar in both the United States and Canada4-5. The typical Swedish 
client places the highest priority on low cost concerning most long-span 
buildings. However, several clients wish for more aesthetical structures, due 
to the visibility of most long-span structures3. Since steel and concrete 
structures are predominant on the market, few possibilities exist for a client 
to experience the appearance of an exposed timber structure. Furthermore, 
the project is often a singular activity in the community, organisation or 
company. The client is often relatively inexperienced with these kinds of 
projects and will therefore hire a professional architect or engineer to decide 
the best suitable structure. 

1.1 Communicating the aesthetics of timber 
Affentranger6 points out that buildings made of timber create a feeling of 
warmth, safety and confidence, unmatched by no other material. Holgate7

argues timber has an interesting texture and is generally considered “warm, 
wholesome and secure”. In this paper, timber is considered a material with 
inherent aesthetical features that, if used correctly, can give the final timber 
structure a competitive advantage over other materials.  
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The focus in this study is not the wood itself, e.g. wood species, grain, etc; 
the intention is instead to communicate the global sense of timber. However, 
if the structural system is attractive or is not depends on both personal and 
societal contexts, which varies over time. 
3D VIZ may be a good communication tool for the possibilities of building 
with timber, since this technique allows the client to experience the future 
building with timber8. Since the studied segment of long-span buildings 
seldomly generate high media interest, some competences have been 
regarded as exclusive and will be the first to be rationalised when the cost 
increases, e.g. architectural costs might be in focus when costs need to be 
decreased. This has caused a low grade of architectural review for many 
long-span buildings. However, if the architect were only involved at the 
beginning of the project, it would still be possible to communicate the sense 
and aesthetical demands of the final product during the entire project time 
by using 3D VIZ9. The aim of this study is to investigate parameters 
affecting computer visualisations of long span timber buildings scenes, in 
order to elicit a model containing the information needed during a particular
building phase. Some parameters are hypothesised to be important during 
the early conceptual phase, while other parameters are more significant later 
on in the construction process. The limits of realism have been discussed in 
the area of landscape and urban planning10, where the questions if, how and 
how much the real visually perceived landscape, represented through 
photographs, can be validly represented by means of virtual landscapes. 
Oh11 investigated the perceptional effectiveness of four types of computer 
simulations, namely wire frame models, surface models, combination of 
surface and photograph images and, finally, image processing. Oh’s 
findings demonstrate that the existence or intensity of visual elements affect 
the respondents’ perception of simulations. Particularly, detailed 
representations of colour, texture, shading and human figures in image 
processing were essential in making simulations look more real. Hence, 
only Image Processing among the four methods was successful in separating 
the visual attractiveness of one landscape from another in simulations11. The 
essentials for making simulations look more real, i.e. detailed 
representations of colour, texture, shading and human figures, may also be 
parameters affecting computer visualisations of long span timber buildings 
scenes. These parameters, amongst other, may impact 3D VIZ differently, 
depending on the project type, intended viewer and current building phase. 
The construction process can be described through the following phases12-13,
Figure 1. 
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Figure 1: The construction process over time, from idea to completion. 

These phases apply for most projects, though the responsibility of each 
phase may change depending on the contract form. The most common 
contract forms used in Sweden are general contracts and design and build 
(D&B) contracts.

This paper will focus on efficient modelling, according to the current 
building phase, project type of long span buildings and intended viewer. 
Two research questions in this study can therefore be formulated:  

What is the potential of 3D VIZ communicating timber structures in the 
construction process and what characterises the visualisation design 
depending on the construction process phase?

What parameters in 3D VIZ are essential in the communication of a 
timber structure? 

2. Method

The research was conducted using an Internet-based Delphi method similar 
to Møldrup and Morgall14. The main study, performed during 2004, was 
based on an initial survey and a -test.  

2.1 The initial survey 
The survey was performed to find different parameters assumed important 
for a successful 3D VIZ. The result from the initial survey was then used to 
formulate the questions in the following Internet-based Delphi study and to 
produce different categories of pictures used in the study. The survey 
consisted of two parts, i.e. open-ended questions and alternatives. The first 
part consisted of three questions investigating the respondent’s previous 
experience with 3D VIZ, their opinion about the tool, and the advantages 
and disadvantages of using 3D VIZ or the pencil to communicate a structure 
in timber. In the second part, the relevance of the level of detail (LOD) in 
the structure, colours, textures, lights and sound was investigated. The 

Program phase

Schematic design

Design development

Construction documentation

Construction

Maintenance
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second part was completed with an opportunity to give further propositions 
on parameters not mentioned by the research team. 

The survey was conducted in two groups. The first group consisted of Ph.D. 
students and their supervisors from the disciplines of industrial design, 
wood technology, engineering psychology, and music and sound in 
interactive environments. The purpose of the initial survey in this group was 
to get external input on issues concerning the perception of 3D VIZ pictures. 
A total of 15 participants returned their answers, 9 with past experience of 
3D VIZ. Only the answers from those with previous experience of 3D VIZ 
were evaluated. The second group, with the purpose to get internal input of 
issues concerning 3D VIZ, consisted of professional architects. Only 5 
architects answered from a total of 15 posted; the others were contacted 
once more due to the low respondent rate. Generally, they thought that they 
could not answer the questions because of their absent knowledge about 3D 
VIZ. A number of architects also thought that 3D VIZ was a “competitor” to 
them in the studied segment and preferred to not answer the questions.

2.2 -test
The purpose of the -test was to verify if the Internet technology worked 
properly and if the questions and pictures based upon the initial survey were 
understandable. The -test also evaluated the length of the study. 
Respondents in the -test consisted of the nine persons from the first group 
in the initial survey with previous experience of 3D VIZ. The respondents 
during the -test not only focused on answering the questions, they also 
commented about the pictures, the formulation of the questions and the 
length of the study. The purpose was not to use their answers from the 
Delphi study, but rather make the homepage easier to understand with help 
of their comments.  

2.3 Delphi study 
Literature studies performed by the researcher have indicated a limited 
amount of academic literature on 3D VIZ of timber structures in 
construction, compared to the knowledge and experience among 
professionals. It is therefore reasonable to use a survey capturing the 
inherent and practical knowledge and then form initial theories. For this 
type of exploratory research, a Delphi method is an appropriate research 
design15. The conventional Delphi is a method where a researcher designs a 
questionnaire to be used to collect and condense knowledge from a group of 
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experts based on a structured process with controlled opinion feedback14.
The researcher selects an appropriate group of experts who remain 
anonymous to each other (though not to the researcher) and then performs 
the first round of questions16. The researcher then analyses the responses 
and develops the survey for round two based on the responses to the first 
round, asking respondents to revise their original responses or answer other 
questions based on group feedback from the first survey or both. The 
researcher iterates this process until the respondents reach a satisfactory 
degree of consensus16. The respondents are usually given at least one 
opportunity to re-evaluate their original answers based upon examination of 
the group response17.

The Internet-based Delphi offers major advances compared to the 
conventional Delphi in terms of speed, data analysis and the possibility to 
show high resolution pictures to the respondents. An Internet-based Delphi 
where all respondents were online and present at the same time was done by 
Akkermans et al.15. However, this kind of Internet-based Delphi had the 
disadvantage of high travelling costs. Another problem is the disadvantage 
of direct confrontation of the experts16. The study performed in this paper 
was designed as an Internet based study where all respondents participated 
online through their own personal computers. Each round of the survey was 
accessible for a specified time period of two (survey 1) and three weeks 
(survey 2), during when the respondent could perform the study.   

Figure 2a: Four different kinds of 
pictures were discussed regarding 
use and design. 

Figure 2b: The Internet survey 
also included a number of open-
ended questions. 

The homepage made by the research team, including 3D VIZ, was open for 
two weeks, during when the respondents had the opportunity to answer the 
questionnaire. The questionnaire was divided into two parts, i.e. 3D 
computer visualised pictures in Figure 2a, and a number of open-ended 
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questions in Figure 2b. The pictures showed four projects where each 
project was visualised in four set-ups of the parameters discovered in the 
initial study. The first pages contained the four projects presented on 
separate pages. The following pages contained the same pictures, but now 
arranged in the four categories of the respective parameter. The open-ended 
questions focused on the use of 3D VIZ today, future possibilities and 
limitations.

After two weeks the homepage was closed down for evaluation and 
development of questions and data for session two. The time between 
sessions one and two was one week. This time was as short as possible to 
decrease the risk of the respondents possibly forgetting the information from 
session one. The homepage was finally opened one more time, for three 
weeks. The 3D VIZ pictures used during round one were now enclosed with 
the summary from session one, and a possibility to comment the earlier 
answers, Figures 3a and b. 

Figure 3a: The homepage during 
session two, the pictures on the left 
were possible to enlarge. 

Figure 3b: The open-ended 
questions were summarized and 
entitled with a resulting question.

2.4 The selection of experts 
A Delphi study does not depend on a statistical sample representing a 
certain population. It is a group decision mechanism requiring qualified 
experts who have a deep understanding of the issues. Therefore, one of the 
most critical requirements is the selection of qualified experts16. Group size 
should be at least 20 respondents to overcome the risks of individual biases 
contaminating the aggregate responses16. Different individuals were 
contacted in 2004 through email or telephone with the aim to select a range 
of individuals knowledgeable in the use of 3D VIZ in construction. The 
final selection was 26 experts, including 11 architects, 4 structural 
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engineers, 5 contractors, 3 3D-technicans and 3 experts working in or with 
experience from the manufacturing industry. 

2.5 The selection of projects 
Four projects were selected using three different criteria to obtain a 
“representative” span of timber structures, see Table 1. Criterion one was 
the use of a visible structural system consisting of timber; criterion two was 
a varying structural complexity between projects; and criterion three was the 
interior complexity, apart from the structure. A fourth project was finally 
selected, without any visible structural system to validate the awareness of 
the respondents to the focus in the study, i.e. the visible structural system.  

Table 1: Summary of the visualised buildings. 
Project 1 Project 2 Project 3 Project 4 

Description of 
the visualised 
building

Ice hockey 
building

Car repair shop Public science 
discovery centre  

Part of a coffee 
room 

Description of 
structural 
system 

Pre-stressed tied 
rafter on columns 

2D Truss on 
columns  

3D Truss with two 
storeys 

Timber-frame 
structure with 
massive timber-
floors 

Visible
structural 
system in 
timber 

Yes Yes Yes No 

Structural 
complexity 

Medium Low High Low 

Interior
complexity 

Medium High Low Medium 

2.6 Analysis of the empirical data 
In between both rounds, all empirical data were analyzed to produce the 
summaries adjoining the 3D VIZ pictures in the Delphi Study during the 
second round. The empirical analysis was performed through coding, where 
tags or labels are used as codes for assigning units of meaning to the 
descriptive or inferential information collected during a study18. The 
empirical result from each question in the survey was analysed by coding 
units with matching content and then divided into topics and subtopics. The 
dominating amounts of equal answers were then mentioned in the second 
round summary. If, for example, the respondents’ answers were divided into 
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two equal important opinions, this was mentioned in the summary. In some 
questions the coding process was an injection for a resulting question, 
adjoining the summary in the second round. The same coding procedure 
was also performed after round two, and the following results are presented 
in section 3. 

3. Results

3.1 Initial survey 
The following five parameters were issued as important from the initial 
survey; LOD (Level of detail) in structure, colours, textures, lights and 
sound. The study showed that many of these parameters are connected. 
Almost all respondents mentioned colours and textures as being highly 
connected to where in the building phase the 3D VIZ takes place and to the 
final receiver of the visualisation. One of two main parameters brought up in 
the survey was LOD in the scene. Aspects affecting the LOD were, e.g., 
production cost, communication of complex projects and distance to the 
object in focus. The second main parameter was the picture’s realism, 
defined as the amount of people, installations, backgrounds and light effects 
in the model. A high realism will therefore give a sense of life and activity 
to the picture. The result from the initial survey also made it clear that 
sounds of people talking, etc., would not contribute the communication due 
to the risk that the beholder may focus on the music/sound instead of the 
building. The two main parameters discussed in the initial survey, LOD and 
realism, were then used to produce four categories of pictures found in the 
Delphi study. During the initial survey it was argued that 3D VIZ needs 
high realism in some phases of the construction process but less realism in 
others. The same needs about the LOD in the structure were documented, 
leading to the design of four different categories of pictures, exemplified in 
Figure 4a-d.
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Figure 4a: High realism and high 
LOD

Figure 4b: Low realism and low 
LOD

Figure 4c: Low realism and high 
LOD

Figure 4d: High realism and low 
LOD

3.2 -test
The result from the test group confirmed the proper functioning of the 
homepage, but pointed out that the study was a bit too extensive to be 
commented in detail. The study was consequently reduced and some 
questions were reformulated. 

3.3 Delphi study 
The Delphi study included two rounds where the result from round two, i.e. 
a condensed and reformulated result from round 1, is presented. A total of 
20 out of 26 initial respondents completed the second round. The average 
respondent was active for 63 minutes during the first round and 39 minutes 
during the second.
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Part one – 3D Computer visualised pictures 
The first four pages from the homepage included four projects presented on 
separate pages with an adjoining question. The adjoining question focused 
on the use of these pictures during the construction process for a building 
with a timber structure and in which phase of the process and for what 
purpose could the picture be used. 

Pictures with high realism and high LOD in the structure, such as 
Figure 4a, could be used for the communication and marketing of 
future buildings to clients and users. The primary benefit of these 
visualisations will be for clients, but in project 3, where the building 
has a high structural complexity, the structural engineer would also 
benefit from the visualisations. It was further said that:”Compared
to the other projects, the complexity of project 3 makes it more 
relevant to communicate through 3D Computer Visualisation”. 
Implementing installations and people into the scene is appreciated 
due to the added context and the inherent perception of scale. 
Scenes with low realism and low LOD, such as Figure 4b, are useful 
for internal communication between professionals for space and 
volume studies. The lack of textures and lights make these 
visualisations unsuitable for marketing and communication with the 
client, but apart from the very early phases.  
The result from the next category of pictures, low realism and high 
LOD as in Figure 4c, can be used for structural communication 
between professionals. This is necessary in project three due to the 
structural complexity. This category of visualisations might also be 
used in discussions with the client regarding volume and space. 
However, the lack of light effects creates poor contrast between 
different parts of the building.
The comments on the last category, high realism and low LOD, in 
Figure 4d, stated that these visualisations could be used to 
communicate a future building to a client, while postponing the 
choice of materials. Another suggestion was to use the category 
during light studies. However, the majority of the respondents 
declared that pictures with high realism and low LOD should be 
used with caution, if at all.

The next four pages included the same pictures from projects 1 to 4, but 
now arranged in categories of the four parameters in the Delphi study. The 
adjoining question focused on the perception of 3D Computer visualisations 
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using timber as a structural material. Rearranging the 3D VIZ pictures 
according to the studied parameter and focusing on the communication of 
the timber material resulted in the following. 

Pictures with low realism and low LOD in the structure 
communicate the structural material of timber, though it is 
dependent on the colour and associations of structures and their 
dimensions. It was further mentioned that “this category of 
visualisations can hardly communicate the sense of timber to an 
amateur”, e.g. an inexperienced client. Furthermore, project 4 does 
not communicate timber as a structural material. 
High realism and high LOD provide a good sense of the timber for 
both professionals and amateurs. This sense is dependent on the use 
of details, textures and advanced lighting effects. Yet much of the 
material communicated is experience-based knowledge, but just not 
in the same range as for pictures with low realism and low LOD. A 
problem with this category of visualisations might be the difficulty 
in creating an equal level of realism for all objects in the scene.  
Two opinions regarding Low realism and a high LOD were found 
amongst the respondents by two main opinions. Half of the group 
thought this category of pictures may communicate timber as a 
construction material for both professionals and amateurs. The other 
half thought the material was “dead” and much better when the 
visualisation contained shadows, reflections and textures. 
“Generally, these pictures don’t look lively compared to the previous 
selection, it is possible to imagine parts of timber but it is much 
better when reflections, structures and shadows are present in the 
material”.
High realism and low LOD also divided the group of experts into 
two main groups. The first group claimed the visualisations 
communicated a sense of timber, but depended on the lighting 
effects, colours and experience based knowledge of timber 
structures. These pictures are considered better than compared to the 
previous category, mostly depending on the lighting effects. The 
second group consider this category of visualisations as neutral with 
a hard-to-understand material such as timber.  

Part two – open ended questions 
To communicate a distinct image of an object, 3DVIZ, a photo, reference 
pictures from old projects and 3D models in paper communicate a good 
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representation. 2D drawings may also be a good way of communicating an 
idea provided that the beholder has the knowledge to create a 3D 
understanding from the 2D drawing. However, choosing the most effective 
communication source depending on the project phase, type of project and 
to whom the presentation is directed is most important. Maybe not for the 
architect who often has a clear image of the project in his mind, but for the 
client and future user, 3D VIZ definitely provides an advantage. It is most 
efficient for communication of complex structures or specific details. The 
majority of the respondents believe 3D VIZ might be able to communicate 
the appearance of a timber structure, even though it also depends on the 
volume and proportions of the structure. It is easy to communicate the space 
of a room, but to communicate the sense of a specific material is more 
difficult. A number of parameters important for the 3D VIZ are mentioned 
and most important are the use of textures, surface structures, true 
dimensions, realistic lighting effects (both local and global) and an 
appropriate scale. One frequently mentioned mistake when communicating 
timber is that the visualisation appears plastic and flat due to a lack of 
surface structures and lighting effects. The texture of the timber can also be 
of the wrong scale or the repetition in the texture is too evident. Most 
respondents declare the cost and time to produce a visualisation as the main 
limitations for using 3D VIZ. Another common limitation is the problem to 
produce a computer model without defining exact measures and details at an 
early conceptual phase. A 3D VIZ made at an early phase might send 
signals to the client that the model is more definite than it really is. Finally, 
a fragmentised construction process with many actors and a variety in 
software are other limitations. During session two of the study, the lack of 
an accepted owner of the tool was discussed. Traditionally, it would be the 
architect who “owns” the computer tool, though in the future it would also 
be possible for the clients to use the tool to explain to the architect their 
expectations and demands on the future building. To get a successful 
communication tool all actors in the process should be collective “owners” 
of the tool. The results show that 3D VIZ could be used in several ways in 
the construction industry. In the program phase where the sketch is the 
normal communication source, a more frequent use of 3D VIZ could help 
the client comment more precisely on the architect’s proposal. During the 
design development phase, 3D Computer Visualisation could decrease any 
misunderstandings between different the actors depending on, e.g. complex 
connections. During the construction phase 3D VIZ could be combined with 
2D drawings to decrease any misunderstandings between different sub-
contractors.
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4. Analysis

The first research question discusses the potential of 3D VIZ to 
communicate timber structures in the construction process and what 
characterises the visualisation design depends upon in the construction 
process phase. According to section 3, 3D VIZ should have different 
properties depending on the current phase in the construction process and 
the type of project. From the results it is now possible to summarise how the 
categories of pictures described in Figures 4a-d can be used during the 
construction process, Figure 5.

Figure 5: Suitableness of 3D computer visualisations during construction 
process of a D&B contract. 

Construction process phase, project type and intended viewer are the three 
essential parameters deduced from the Delphi study. The program phase 

Construction process 

Sketches and 3D pictures can be used 
during the program phase. The sketch 
(produced by Gert Wingårdh) in 
example 1 may be successful during a 
discussion about the place and volume 
of the building. Example 2, low 
realism and low LOD, is more 
suitable when demands from the 
client are more concrete.

Construction documents are used 
between professionals and highly 
realistic pictures are therefore 
negligible. The LOD changes 
depending on the complexity of the 
structure. Example 1 should be used 
for a complex structure, and example 
2 for a less complex. 

Program phase 
Task: Concretize the 
client’s demands and 
wishes on the future 
building.
Responsibility: Client and 
Architect 

Schematic design 
Task: Creating the 
appearance of a product 
through hand-drawn 
sketches and 3D 
computer visualisations. 
Responsibility: Architect 

Design development 
Task: To integrate 
structural, mechanical, 
electrical, and other 
systems into the design. 
Responsibility: D & B 
Contractors  

Construction
documentation 

Task: To perform a 
documentation of all 
necessary information to 
build the project. 
Responsibility: D & B 
Contractors  

It is important to have a high LOD in 
the pictures between professionals 
during design development, if the 
structure is complex. Example 1 is a 
picture with high LOD, but with low 
realism. For the client it is important 
to show a realistic picture, example 2.

During the schematic design phase, 
often beginning simultaneously to the 
program phase, exists a need to 
communicate a realistic picture to the 
client. Example 2 with high LOD and 
high realism communicates the 
appearance to the client. Example 1 is 
for internal communication between 
professionals. 

Example 1 Example 2 Description 

4b

4a4b

4c 4a 

4b4c
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seldomly has information available for visualisations with high LOD, such 
as Figure 4a. The focus is to study volumes and space and decide upon 
structural materials in the building. Therefore, using visualisations such as 
Figure 4b in the program phase are suitable. During the schematic design 
exists a need to communicate a realistic picture to the client, i.e. Figure 4a, 
but is also dependent on available information. During design development 
and construction documentation, it is more appropriate to use categories 
with more details and materials, such as Figures 4a and 4c. However, this 
may not always be true depending on the intended viewer, e.g. if the 
communication is for external or internal use, Figure 6. 

-Program phase
(e.g. figure 5b)

RealismLow High

Lo
w

H
ig

h
L

O
D

Internal

External

Communication

- Schematic design phase
- Design development phase

(e.g. figure 5b)

Not useful

Not useful

- Design development phase
- Construction

documentation phase
(e.g. figure 5c)

Not useful

- Schematic design phase
- Design documentation

phase
(e.g. figure 5a)

Not useful

Figure 6: Relations between four categories of 3D computer visualisations, 
intended viewer and construction process phase. 

When the focus is on internal communication between professionals, having 
pictures with high realism is not particularly important because of the 
professional’s experienced-based knowledge. However, when the focus is 
on marketing to clients and future users, a greater importance is placed on 
producing visualisations with high realism and high LOD. Note that an 
amateur does not have the same skill as an architect to create a 3D 
understanding from a 2D-section, and communicating building materials 
without textures makes understanding the future architectural design 
difficult. High realism also helps the client to connect the building to future 
use and scale. It may still be acceptable at an early phase to show a picture 
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such as 4b to the client, but only during the work with volumes and spaces. 
Depending on the structural complexity in the project, the usefulness of 3D 
VIZ may differ, Figure 7. 

Figure 7: Relation between structural complexity, usefulness and intended 
viewer.

For internal use between professionals, the need for 3D VIZ is minor if the 
structure has a low complexity, but increases when several structural 
connections exist as in Figure 4a. For external use to clients and users, the 
usefulness is not as dependent on the structural complexity. Depending on 
the client’s experience of comparable projects, the arrow in Figure 7 
indicates the usefulness of 3D VIZ to possibly decrease depending on the 
client. The main goal during the external communication, however, is to use 
3D VIZ as a common communication channel to increase the understanding. 

The second research question concerned what parameters in 3D computer 
visualisations are essential to communicate a timber structure. 
Communicating an entire room with the help of 3D VIZ can be performed 
relatively easy, though communicating the sense of a material, in this case 
timber, is more complex. The perception of timber depends on several 
issues; this paper concerns timber qualities when timber structures are 
computer visualized. Consequently, this means that timber is a part of the 
entire image, and does not include non-visual qualities such as tactile or 
sound features. According to the Delphi study, the best attempts at 
representing timber are pictures belonging to the category in Figure 4a. 
Experience-based knowledge among professionals about structures and their 
dimensions is important. Even if the visualisation appears as in Figure 4b, a 
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professional may see and understand it is a timber structure. For marketing 
and presenting a concept to a one-time building client, communicating the 
material properly is more important. Many parameters will affect the 
perception of a 3D computer visualised timber structure, most vital are the 
use of textures, surface structures, true dimensions and realistic lighting 
effects (both local and global). It is also crucial to apply an equal level of 
usage to these parameters in the entire model. In the Delphi study, it was 
claimed that lighting effects are more essential than textures for the sense of 
timber but opposing opinions also exist. Both were concluded to be 
important if the goal was to create highly realistic visualisations; however, if 
the purpose is to visualise internal work communication, the effects of 
realistic lighting are of less importance. An interesting connection exists 
between surface structure and lighting effects. It is less efficient to produce 
a visualisation with only one of these parameters, since the surface structure 
depends on the lighting effects and vice versa. Figure 4c is an example of a 
picture where the surface structure is “absent” depending on the lack of 
lighting effects, resulting in a picture described as “dead” or flat. 

5. Discussion

This study has pointed out that an appropriate usage of 3D VIZ in 
construction can enhance the communication of visible timber structures, 
i.e. matching the use according to project complexity, current phase in the 
construction process and intended viewer. However, there may be a danger 
in believing that the technique can solve all problems and be utilised in all 
projects. Still, many suitable techniques besides 3D VIZ exist to 
communicate the representation of a project, such as sketches, 2D-sections, 
reference pictures from old projects and 3D models in paper10, 19.

The future effects of increasing 3D VIZ in the construction industry are 
discussed in several articles2, 20-21. The literature points out that an 
introduction of 3D VIZ in the construction process could save an abundance 
of time and energy21, not only during the program and schematic design 
phases, but also in the communication between contractors, site workers and 
consultants. One frequent difficulty during the construction of visible timber 
structures is the communication of timber connections among professionals, 
depending on the absence of timber construction knowledge3. 3D VIZ may 
be required to facilitate this otherwise difficult and inefficient process by 
using conventional communication media20. Another effect of 3D VIZ is the 
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clear possibility to create an understandable communication between the 
architect and the client during the program and schematic design phases. It 
is advantageous for the client to experience the future project in 3D VIZ, 
since this facilitates experiencing the future appearance and provides 
relevant comments to the architect. In projects where the architect is absent, 
such as industrial, sports and commercial buildings, the use of 3D VIZ 
instead of 2D-sections is judged to be even more important. 

The overall goal during implementation of new software is to maintain 
production levels while the change takes place. Most problems occur here 
because the actors are concerned with production and often revert back to 
the software they are most comfortable with to accomplish a task quickly 
and efficiently2. One of several important items concerning the 
implementation of new software is the level of detail needed in the 3D VIZ2.
As argued in section 4, it is vital to have a high LOD and Realism when the 
targeted viewer needs it, e.g. during communication with an inexperienced 
client or marketing for potential users. However, creating pictures with high 
realism and LOD without having any exact distances or details is not 
necessary, since a computer generated picture may communicate the design 
to be more exact and definite than it is. A suggestion is therefore to make a 
sketch or 3D VIZ with low LOD and low realism in the program phase. This 
is conformant with the argument that even 3D computer visualisations with 
a lower degree of realism can still convey the most important information 
for a specific purpose10. The discussion of adjusting realism and LOD in the 
computer supported building design depending on the purpose, project type 
and intended viewer is also covered by Meniru et al.22. They further state 
that computer support during the early stages of design should provide the 
ability to present design views at different levels of abstraction and for 
different competences. This is supported by the present study, since the 
available information to perform a high LOD visualisation in the early 
phases could differ, occasionally yielding only information for an abstract 
picture.

Finding a natural owner of the 3D VIZ tool in the construction process is of 
great interest to make it more competitive in the future. Recent research 
efforts have aimed to create a product model to be used as a common 
communication source between architects, engineers and other competences 
in a construction project. The current trend, however, is to find a common 
software format for all actors in the industry23.
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Several possibilities for further research are available, but one suggestion is 
to investigate and rank the important parameters discovered in this paper so 
as to optimise the production of 3D VIZ. Another area of interest is to 
investigate current trends of 3D VIZ among various parties in the 
construction industry. The Delphi study indicated that newly educated 
architects prefer computer supported tools in the schematic design phase, 
whereas experienced architects favour the classical sketch. In general, a 
more optimistic opinion of 3D VIZ appears among engineers and 
contractors than architects. All research was conducted with a focus on 
timber structures. It would therefore be interesting to investigate if the 
relations discussed in Figure 6 may be generalised for other structural 
materials. Finally, this study consisted of 3D computer visualisations 
adjoined by open ended questions. The result therefore depends on personal 
perceptions of images, computer knowledge and the liability of the open-
ended questions. Consequently, the result in this paper is highly dependent 
on the successful selection of experts. To increase the reliability of 
parameters needed to communicate timber, the next step is to perform 
personal interviews using the result from this study as the base.
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Appendix A - Interview questions in Case study 1 and 2 

Case study 1: Manufacturing industry 

The interviews were based on the following three discussion areas.

1. The organisation of the company 

2. Communication flows during the design process 

3. Computer support during the product development process 

Case study 2: Reconstruction project 

The following questions were asked during the first interview session. 

General questions: 

1. What are your current working tasks? 
2. What are your previous experiences of construction projects? 
3. What do you think is typical for working in a construction project? 
4. In what way are you involved in this project? 
5. What do you personally think about this project? 
6. How do you like using computers in the daily work? 
7. What is your opinion on visualisation? 
8. What are your opinions when you have used computer generated 

pictures in a construction project? 
9. How can you describe your ability to perceive 3D pictures? 
10. How do you feel towards using 3D pictures to communicate the 

appearance of an object? 
11. What communication source give you the best impression of an 

object?
12. How do you describe a project to other persons? 



Drawings:

13. How often do you use drawings? 
14. Can you describe your experience of interpreting drawings? 
15. What problems may occur when you interpret a drawing? 
16. How do you solve situations when you need to communicate with 

inexperienced people in a construction project? 

Computer visualisation: 

17. What is your opinion about the quality of computer visualised 
pictures? 

18. Would you like to increase the use of computer visualised pictures? 
19. How? 
20. What disadvantages are you aware of when using 3D pictures or 

animations in a construction project? 
21. What advantages do you know? 
22. When in a construction project is it appropriate to use 3D computer 

visualised pictures and animations? 

The entrance path:  

23. What do you think is the motive for the reconstruction of the 
entrance path? 

24. What signals should the entrance path send to a visitor? 
25. Is it important that LTU has a distinct entrance? 
26. Describe your picture of what the entrance path should look like? 
27. Compared to the other parts of the project, how important is the 

entrance path for the final result? 

Entrance:

28. What are the motives for the reconstruction of the entrance? 
29. Where would you like to situate the entrance? 
30. Describe your picture of what the entrance should look like? 
31. Compared to the other parts of the project, how important is the 

entrance for the final result? 



Reception: 

32. What are the motives for the reconstruction of the reception? 
33. What functions should be available in the reception? 
34. What functions should be communicated? 
35. Which are the customers that should be satisfied by the new 

reception? 
36. Should the reception be a meeting place where people could have a 

conversation or should it work as a gate? 
37. Describe your mental picture of the new reception? 
38. What thoughts do you have on the artwork? 
39. Should the art be a part of the entirety or should it be in focus? 
40. Compared to the other parts of the project, how important is the 

reception for the final result? 

Summary: 

41. Do you have anything further to say about the discussed topics? 
42. Do you have any comments to the questions asked and their 

relevance? 

The following questions were asked during the second interview session: 

Entrance:

1. Do the pictures correspond to your expectations of the entrance? 
2. Do you think that the new entrance communicates the intended 

purpose? 
3. Is there anything you would like to change? 

Reception: 

4. Do the pictures correspond to your expectations of the reception? 
5. Is there anything you would like to change? 
6. Are the functions available at the reception communicated through 

the new design? 



7. Does the new design of the reception area enhance the 
communication between visitors? 

8. Do you think that the design of the reception is in harmony with the 
new image of LTU? 

9. How would you like to situate possible artworks in this 
environment? 

Visualisation: 

10. What is your opinion about the animation and its quality? 
11. Do you see any future use of these kinds of animations? 
12. If you had the choice, would you prefer to navigate by yourself in 

the 3D model? 
13. What is your opinion about the quality of the pictures? 
14. Would you like to use these kinds of pictures more frequently? 
15. Do you miss any particular perspective among the pictures? 
16. Would you have preferred pictures with a different level of detail or 

photorealism? 
17. Can you see any danger through using these kinds of pictures or 

animations? 
18. When in the project would these pictures be most valuable? 
19. If you have had the possibility to see a visualisation comparable to 

the previously shown in an early phase of this project, would you 
have changed anything compared to the result of today? 

Summary: 

20. Do you have anything further to say about the discussed topics? 
21. Do you have any comments to the questions asked and their 

relevance? 



Appendix B – Interview questions with the structural 
engineer

The following questions were asked in the interview with the structural 
engineer.

1. Which are the most common client demands in a long-span timber 
project? 

2. Which of these demands are most important during the selection of 
structural material? 

3. How often does the client ask specifically for a long-span structure 
of timber? What are the client’s arguments for timber? 

4. What are your arguments for choosing timber as a structural material 
for a long-span structure? 

5. Do you or the client use the aesthetics as an argument during the 
selection of structural material? 

6. How can the aesthetics of timber further be used to increase the 
competitiveness of timber in long-span structures? 





Appendix C: Software 

CAD market of today is well structured and dominated by a few companies. 
In the following text a number of modelling and visualisation software are 
presented, some of them capable of both modelling and visualising in 3D. 

ArchiCAD produced by Graphisoft is one example of a program utilising 
virtual building technology. ArchiCAD is an object based software, which 
works with “intelligent” objects made with Graphic Description Language 
(GDL) and is used primarily for modelling but also for visualisation. GDL is 
a parametric programming language, similar to BASIC. It describes 3D 
solid objects like doors, windows, furniture, structural elements, stairs, etc., 
and the 2D symbols representing them on the floor plan. Creating custom 
ArchiCAD objects does not require an understanding of GDL. You can 
create custom library parts by using the standard tools, e.g. wall tool for 
vertical elements or roof tool for sloped elements, Simmons (2003). It is 
also possible to import GDL-objects from the Internet since many 
manufacturers of e.g. furniture’s produce GDL-objects for their products. 
ArchiCAD is also capable of importing external references such as DWG-
files from AutoCAD.  

AutoCAD is a modelling software developed by Autodesk. Traditional 2D-
CAD consisting of lines, arcs, circles and blocks made in 2-dimensions and 
mainly used for 2D plan drawings, 2D architectural sections and for 2D 
structural documents. It is also possible to perform 3D models consisting of 
boxes, and other 3D objects. AutoCAD is also compatible with a number of 
expert software developed for plumbing, electricity and ventilation.   

Architectural Desktop, (ADT), is primarily a modelling software developed 
by Autodesk. The software uses the same core as AutoCAD complimented 
with an object oriented approach during the modelling process. It is possible 
to render images in ADT, but the quality is not comparable to pure 
visualisation software. ADT is mostly used as modelling software where the 
3D-model is exported to a pure visualisation program for texturing, lighting 
and rendering.

MicroStation is a program developed by Bentley Systems used for both 
modelling and visualisation. According to the developer MicroStation is 



completely compatible with AutoCAD. Microstation is comparable to 
ArchiCad in functionality, but has currently a weaker position on the 
Swedish market. 

3D Studio Max is a visualisation program developed by Discrete. With 3D 
Studio Max it is possible to model, texturise, apply lights and render a 3D 
scene. However, 3D Studio Max does not contain the possibility to produce 
drawings. The program has been used in the area of film and game 
development. 3D Studio Max provides the possibility to perform animation 
but also realistic human animations in the plug-in software Character 
studios. During the last years the program has been complemented with a 
special AEC-section with prefabricated objects such as doors, windows, 
stairs and walls. They already have material IDs assigned to their 
components for easier material assignment. Since the program is used by 
e.g. game developers there are a lot of non-useful sections in the program 
for the AEC-industry.

Autodesk VIZ is visualisation software developed by Autodesk. This 
software is a relatively new program consisting of parts from 3D Studio 
Max and Lightscape. Autodesk VIZ has possibilities to apply realistic light 
effects in the scene and use advanced rendering.  The program has been 
developed to fit the needs of construction industry and is compatible with 
other Autodesk products such as Architectural Desktop. In similarity to 3D 
Studio Max, Autodesk VIZ has possibility to produce different kinds of 
animations, e.g. walkthroughs and process animations. 

The distribution of these programs among architects in the Swedish 
construction industry has been discussed with the independent Scandinavian 
magazine CAD & Rit-nytt. For small residential houses AutoCAD LT and 
ADT are the most common software’s used by architects. When it comes to 
larger residential, public and industrial buildings the most common software 
for architects are ArchiCAD followed by ADT and MicroStation. In the 
same segment, but for engineers, there is a number of expert software’s 
available for structural design, calculations, installations and timetables, 
Lauterbach (2005).Some common software’s used among engineers are 
Point, AutoCad LT and AutoCad. 

The programs mentioned above are not a complete list of modelling and 
visualisation software’s. The selection is focused on software used by the 
construction industry. Other programs used for modelling are e.g. Catia and 
Unigraphics and for visualisation, Maya, Lightscape and Alias Wavefront.



Appendix D – Enlarged 3D VIZ pictures used in the Delphi 
study

Picture A: High LOD (level of detail) and high realism 

Picture B: Low LOD and low realism  



Picture C: High LOD and low realism 

Picture D: Low LOD and high realism 






