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ABSTRACT: In this article we present the findings from an extensive case study of the use of Virtual Reality (VR) mod-
els in large construction projects. The study includes two parts: The first part presents a quantitative questionnaire de-
signed to investigate how VR models are experienced and assessed by the workforce at a building site. The second part 
includes a qualitative field survey of how VR models can be applied and accepted by professionals in the design and 
planning process of a large pelletizing plant. Through mainly studying persons who had little or no experience with 
advanced IT, we hoped to reveal the attitudes of the average person working at a construction site rather than of an IT 
expert.  
In summary, the study shows that the VR models in both projects have been very useful and well accepted by the users. 
Today’s information flow is, from a general point of view, considered to be insufficient and the hypothesis is that using 
VR models in the construction process have the potential to minimize waste of resources and improve the final result. 
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1 INTRODUCTION 

The information handling in construction projects are 
often based on traditional media, such as drawings, Gantt 
schedules and written specifications, which only provide 
a limited information transfer between the stakeholders of 
the project (Kähkönen 2003). These conditions do not 
provide a solid foundation for an effective construction 
process, (e.g. Egan 1998, Koskela et al. 2003 and Kunz et 
al. 2005). Advances in Information Technology (IT), es-
pecially computer graphics and CAD systems have 
changed the way we work. However, the full potential on 
project level is yet to be reached (e.g. Woksepp et al. 
2006). VR offers a natural medium for the users provid-
ing a three-dimensional view that can be manipulated in 
real-time and used collaboratively to explore and analyze 
design options and simulations of the construction proc-
ess, (Bouchlaghem et al. 2005), It is only recently that VR 
have started to be used in construction projects and there 
has been little empirical investigation of VR technologies 
by companies in the construction sector (Whyte 2001). 
For example, the proper use of VR models in the different 
phases of a construction project is still not clear (Wester-
dahl et al. 2006). 
 
 
2 RESEARCH AIM AND OBJECTIVES 

The aim of the case studies presented is to explore and 
provide insight and knowledge of how VR models are 

apprehended and used by AEC professionals in their eve-
ryday work. The two cases included: 

- A quantitative questionnaire of how VR models was 
experienced and assessed by professionals involved in 
the construction of the large building project, and to 
what extent to VR could complement the use of tradi-
tional 2D CAD drawings. Here, the operational use of 
VR at the building site was the primary target.  

- A qualitative field survey of how VR models was ap-
plied and accepted by professionals in the design and 
planning process of the construction of a large process 
plant. 

Conclusions are drawn from these two cases. 
 
 
3 RELATED WORK 

Bouchlaghem et al (2005) studied the applications and 
benefits of visualization in construction projects covering 
collaborative working and design in the conceptual design 
stage, marketing process in the house building sector and 
modeling of design details in the construction stage. The 
study concluded that: visualization can improve commu-
nication and collaboration amongst designers during con-
ceptual design; in housing development, site layout mod-
els could be used as marketing tools or for planning con-
sultations with planners. Westerdahl et al (2006) made a 
study of how employees of a company of their yet-to-be-
built workplace apprehended a VR model of the architec-



tural design. The results indicated that the VR model 
helped the decision-making process and provided a good 
representation of the future workplace. Savioja et al 
(2003) studied the use of VR models in the construction 
of a new lecture hall in Helsinki. The process started from 
a basic VR model for presentation of the concept and lay-
out. The model was further detailed until a photorealistic 
model of the building could be presented and used for 
detailed studies of the design. The study concluded that 
VR improved the communication and the project partici-
pants were enthusiastic about the possibilities of VR. 
Messner et al (2006) studied the value of visualizing of 
design and construction information in the decision proc-
ess. The use of visualization tools for design tasks was 
found to improve collaboration and communication be-
tween involved stakeholders. Dawood et al (2005) pre-
sented a visual planning tool (VIRCON) with the objec-
tive of assisting construction planners to make accurate 
and informed planning decisions with particular emphasis 
on the allocation of work space. Especially, space plan-
ning in combination with visualization was found useful 
in tests evaluated by professionals. 
 
 
4 THE CENTRALHUSET PROJECT - CASE 1 

The first case study is a questionnaire study that aim to 
investigate how a visualized VR model was experienced 
and assessed by the workforce in the construction of a 
large hotel and office block, Centralhuset. The new 
34,000 square-meter building at the bus and rail station in 
Gothenburg was constructed between the spring of 2001 
and the autumn of 2003. Up to 230 people was employed 
at the site and the construction cost was approximately 
EUR 50 M. The building includes a hotel block, an office 
block and commercial and restaurant premises. Figure 1 
shows three screenshots from the VR model including the 
steel structure, foundations and piles and a proposal for 
office space. 

 

 
 

 
Figure 1. Screenshots from the VR model of Centralhuset. 
 
4.1  The VR system 

The VR demonstrations can be described as desktop im-
mersive. A common 2-dimensional projector visualized 
the VR model on a screen. Two PCs and the visualization 
tool Division MockUp (PTC) were used for the VR visu-
alizations and a Magellan Space mouse was used to navi-
gate in the interactive Virtual Environment. The software 
and hardware used in the study are commercial and avail-
able on the market and was chosen for its functionality, 
price, flexibility and full compatibility with the most 
common CAD formats. The investment can be described 
as reasonable, i.e. suitable not only for large but also for 
small and medium sized enterprises. 
 
4.2 The VR model 

The VR models of the Centralhuset were constructed 
from 2D CAD drawings, 3D CAD models and objects 
supplied by the architects, designers and other subcon-
tractors. Additional sources detailing the surroundings, 
such as ortophotos and photos of building exteriors, were 
purchased from the National Land Survey of Sweden 
(LMV) or produced using digital cameras. Imported into 
the VR software, the model could be structured in an as-
sembly manager with hierarchical and parent-child rela-
tions (tree-structure). This facilitated breaking down the 
VR model into modules or “sub-models” depending on 
application. This also allowed the users to create VR ob-
ject catalogues and to distribute (via LAN, Internet, CD et 
cetera) streamlined VR models for different purposes. 
Additional features and objects, such as textures, ortopho-
tos, the construction crane, site office, rail area, and exist-
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ing rail station, were subsequently added. The VR model 
of Centralhuset includes the adjacent surroundings, exca-
vations, the cast-in-place basement, piles and pile foot-
ings, prefabricated and cast-in-place supporting structure 
(steel and concrete), pre-fabricated and cast-in-place 
floors, parts of the façade, rail area (platforms, railway 
tracks, et cetera), site office, and a moving crane. The 
exact locations and angles of all 347 cohesion pilings 
were visualized. The equipment together with the VR 
model was installed at the building site. During construc-
tion, the VR model was maintained and updated with vital 
information. To facilitate the distribution of information, 
a local website was set up where the users could present 
data for downloading. This website also served as a meet-
ing place where images and animations could be 
downloaded and studied. Approximately 350 working 
hours was spent to construct the 10,000-object VR model, 
at a cost of approximately EUR 35,000 This expenditure 
was financed by the research project and the main con-
tractor, NCC Construction Sverige AB. The benefits from 
exploiting the VR model - primarily as a tool for planning 
site activities and incoming and on site logistics - were 
accrued to the construction project. 
 
4.3 Research methodology 

A questionnaire consisting of 20/21 questions or state-
ments (21 directed at the building owner representatives) 
was used to evaluate how the different type of actors per-
ceived and assessed the use of VR in the project. The first 
three questions pertained to individual characteristics - 
age, profession and computer skills. Then, statements for 
investigating participants’ attitudes towards the use of the 
VR model and the information flow at the building site 
were presented. The questionnaire closed with a section 
containing general statements concerning the use of a VR 
model in the respondents’ own profession. Although lead-
ing questions or statements should be avoided in a ques-
tionnaire - as they could reflect the position of the re-
searcher - we nevertheless decided that an approach of 
this sort was best for this study: 

1. How will the VR prototype be envisaged, experienced 
and assessed by the users? 

2. To what extent can a VR model complement the use 
of 2D CAD drawings?  

The participants were asked to express agreement or dis-
agreement on a five-point Likert scale: “Strongly agree” 
(5), “Agree” (4), “Undecided” (3), “Disagree” (2) or 
“Strongly disagree” (1). The Likert scale was used for all 
the questions in the questionnaire, with the exception of 
questions relating to personal characteristics, first contact 
with VR, information flow and the final questions di-
rected at the building owner representatives. The mean 
and the standard deviation for the participant group as a 
whole were calculated for each statement. 
 
 
 
 
 

4.4 Participants 

Altogether, 93 people participated in the study. The ma-
jority of the people involved in the construction of Cen-
tralhuset participated in the study. Tables 1 and 2 show 
the distributions of occupation and age of the 93 respon-
dents. The occupations were of the following categories 
(see columns 1-8 in table 1): 1. construction workers; 2. 
site managers; 3. constructors; 4. architects; 5. handling 
officers; 6. representatives of the building owner; 7. sub-
contractors; and 8. “others” - “others” including estima-
tors, economy assistants and external specialists. 
Table 1. Participants’ occupation. 
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Table 2. Age class distribution. 
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The construction workers were in majority. The age 
ranged from 20 to 62 years. Differences due to gender 
could not be investigated, since too few females partici-
pated in the study. 57 % of the participants considered 
themselves to “have good computer skills”. For 75 % this 
was the “first contact with Virtual Reality”. The majority 
of the participants that previously had experience of 3D 
modeling and/or with VR were designers. 
 
4.5 Results 

The main goal of the study was to establish whether or 
not a VR model could be used as a practical and reliable 
tool to improve communication at the building site. The 
results from the questionnaire are presented as means and 
standard deviations in Tables 3, 4 and 5. If not stated oth-
erwise, the response format was a five-point Likert scale 
(n=93).
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Table 3. Investigating how participants experience use of a VR 
model. 

 
 

Table 4. The participants’ present and desired future access to 
information. 

 
 

Table 5. Summary of the participants’ attitudes toward use of 
the VR model in work. 

 
*Two additional questions for the representatives of the building owner 
are presented last in section 4.5. All participants except the representa-
tives of the building owner answered the first statement in the “Final 
section”. 

 
The result shows that the participants got a good first im-
pression and have confidence in the VR model (1a, 1b). 
The potential of using the VR model to navigate and to 
scrutinize and explain details was also considered to be 
useful (2a, 2b, 2c). The participants also felt that a VR 
model could facilitate cooperation and understanding 
within or between occupational groups. However, some 
participants expressed doubts of being able to create VR 
models of detailed 3D CAD information in good time for 
reviewing before performing related site activities. “The 
time between detailed design and construction is often too 
short”, they said. The result was more ambiguous regard-
ing the use of VR for facilitating information handling (4a 
and 4b), although 52% stated that they would like to re-

ceive information from VR models in a future job situa-
tion (4d). The last part of the questionnaire, “To use VR 
in one’s own work” generated comments such as, “This is 
great but how do we implement it in our everyday work?” 
or “Interesting, but can we save any money by using a VR 
model at the building site? How?” Nevertheless, a major-
ity of the respondents considered VR models to be useful 
(5a) and could imagine using it in their work (5b). How-
ever, some concerns were expressed of the financial bene-
fits and management of VR. 
Most of the comments concerned level of detail, costs and 
possible benefits of VR. The highest potential was be-
lieved to be when an unfamiliar task was about to be per-
formed (planning site activities). The rest of the com-
ments related to foreseen problems associated with keep-
ing the VR model up-dated and the need for adaptation to 
the conditions on the building site. Other comments re-
lated to when the major breakthrough for VR in construc-
tion was likely to occur. Representatives of the building 
owner responded to two additional statements: 

1. I believe that using VR models can give me a more 
favorable position in relation to a client. 

2. I believe that by using VR, I can reduce the costs of 
errors sufficiently to cover the costs of the modeling 
work.  

The participants strongly agreed to the first of these two 
statements (M=4.5). The second statement received a 
slightly positive response (M=3.25). Since only four 
building owner representatives participated, the response 
is only indicative. A much larger number of participants 
are needed to ensure reliable responses. However, the 
estimated cost of the VR model in the Centralhuset pro-
ject was approximately 2 ‰ and according to Josephson 
(1990) the errors generated at the site is estimated to be 
10% of the total construction cost. 
 
 
5 THE MK3 PROJECT - CASE 2 

The second case concerned how VR models have been 
applied and accepted by the client and design and plan-
ning teams in the construction of a large palletizing plant, 
the MK3 project. Due to increased demand for upgraded 
iron ore products for steel making, the Swedish state-
owned mining company LKAB has recently increased 
their capacity by finishing the building of a new pelletiz-
ing plant (MK3) in Malmberget, northern Sweden. A 
workforce up to 250 people was employed by the con-
structors at the building site, while some 150 consultants 
and engineers were engaged in the design phase. The total 
expenditure was approximately EUR 280 M. Since time 
to market is a crucial factor for LKAB, the contractual 
agreements for co-operation in the project support col-
laborative working methods such as concurrent engineer-
ing, open information flow and introduction of innova-
tions in the design process. The complexity of the project, 
the number of actors involved and the desire to involve 
the client and the end-users, such as industrial workers 
responsible for the plant operations, in the design work 
makes VR an excellent enriched source of communica-
tions. Figure 2 shows three screenshots from the VR 
models including an overview of the plant, a typical colli-
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sion detected between different teams design (cable lad-
der and pipes) and a part of the machinery section repre-
senting a design review from the aspect of maintenance. 

 
 

 
 

 
Figure 2. Screenshots from the VR models of the MK3 project. 
 
The purpose of using concurrent engineering in the pro-
ject was to shorten the lead time. It was decided early in 
the project that most of the design should be in 3D and 
that the different 3D designs should be assembled in digi-
tal mock-ups (integrated VR models) for communication 
and coordination purposes. Design engineers with experi-
ence of 3D modelling were recruited to the project and the 
different design teams selected the 3D CAD tools of their 
choice. The selection of CAD tools was based on peoples 
experience not on technical demands! 
The design of the plant in the MK3 project was affected 
by the following parameters:  

1. The design of the manufacturing process.  

2. Process layout – maintenance, logistics, working envi-
ronment. 

3. The construction of the plant. 
The client was responsible for the overall design process 
while the different design teams were responsible for the 
design of the subsystems in the plant, i.e. process equip-
ment, building structure, installations, et cetera, and for 
providing correct and updated input data to the VR mod-
els. A VR consultant working for the client managed all 
the VR data and provided updated VR models accessible 
for everyone involved in the design process. The different 
design team exported updated 3D models to a FTP server 
every two weeks. Various VR models was produced and 
used in design reviews for different purposes, e.g. design 
coordination, work environment, clash detection, and 
planning. Updated VR models were available on the FTP 
server to the design teams throughout the design phase. 
 
5.1 The VR system and VR models 

The VR system used in the MK3 project is a low-cost 
approach that consists of commercial software, PC com-
puters and servers. The visualization tool Walkinside™, 
which was selected as VR platform in the project, can 
import most of the major CAD formats. All presentations 
of the VR models were interactive and done with com-
puter monitors or 2D-projectors. Most of the information 
that makes up the VR models of the plant originates from 
3D CAD models developed by different design teams. 
The only exception in the project is the electrical installa-
tions that were modeled only in 2D. However, the cabling 
was later remodeled as 3D CAD objects to show the loca-
tion of the cable ladders in the plant. The different design 
teams responsible for the development of steel, concrete, 
machinery, ventilation, et cetera; extract chosen parts of 
the 3D models to be included in the VR models. The de-
sign was carried out using a number of 3D CAD applica-
tions such as: Solidworks, Tekla Structures, AutoCAD, 
Microstation (where most of the mapping of material and 
textures was done) and Intergraph’s PDS system. Apart 
from the use in creation of VR models, most 2D CAD 
shop drawings were directly generated from the 3D mod-
els. The VR consultant converts the uploaded 3D models 
into VR format and produces different VR models for 
different purposes, e.g. design reviews, site planning, 
production, mounting, working environment for safety 
and maintenance. The VR models were also used for ocu-
lar clash detection (automatic clash detection is being 
carried out in the 3D CAD software by the design teams 
themselves), distance measuring, user positioning (XYZ 
coordinates or on an overview, updated in real-time), 
turning on/off objects layers, gravity, impenetrable ob-
jects, the use of avatars for simulation of workforce and 
trucks, et cetera. The total amount of information describ-
ing the VR models of the pelletizing plant is extensive, 
and includes the construction (prefabricated and cast in 
place concrete, and the steel structure), the installations 
(machinery, HVAC, electrical installations) and its sur-
roundings. All expenditures from creating, using and han-
dling the VR models were financed by the client. 
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5.2 Research methodology 

A qualitative research methodology was used. The study 
is based on field investigations and informal interviews 
with 12 respondents involved in the design and planning 
of the construction project. 
 
5.3 Procedure and participants 

The interviews were conducted on a one-to-one basis in 
conjunction to the participants’ everyday work. This in-
formal method helped us to map out the working process 
as well as to obtain a deeper knowledge of the experience 
of using VR in a systematic way throughout the design 
and construction process. The 12 interviewees, all men, 
represented the client and a number of subcontractors 
with responsibilities within project management and 
planning, design coordination, business management and 
development (representing the client), technical engineer-
ing and VR modeling. All but one, the VR consultant, had 
several years of experience from similar construction pro-
jects. However, the VR consultant was the only one that 
had some experience of working with VR models. Every-
one uses computers frequently and agreed that the amount 
of information in construction projects is probably enough 
but needed to be more structured and easier to communi-
cate to the different stakeholders in the project. 
 
5.4 Results 

The following section summarizes the main findings on 
the use and benefits of VR from the field study and inter-
views with the 12 respondents.  
A number of VR models were produced throughout the 
project in order to support the design and planning proc-
ess. These VR models were fully accepted and considered 
useful. According to the interviewees, the VR models 
provided well-structured and easy-to-understand design 
information throughout the project in a way that is not 
possible using traditional documents and 2D CAD draw-
ings. The users could analyze the design both from a per-
spicuous as well as detailed perspective by navigating 
freely in the VR models, which made it easier to explain 
and discuss different design solutions with a larger group 
of professionals with different knowledge and experience. 
The VR models were extensively used in the reviews 
meetings that occurred every two weeks. Here, design 
solutions were examined from the different perspectives 
and requirements on function, work environment and 
maintenance. Clashes between the different design disci-
plines was also discussed and resolved. The use of VR 
made the review work much easier and minimized the 
risk for misinterpretations. This implies that more valu-
able time could be spent on finding solutions and oppor-
tunities. However, one of the greatest advantages in de-
sign reviewing as well as in the individual design work 
was the increased understanding for the overall design. 
The design teams could, interactively, in a virtual envi-
ronment, explore different alternatives by predicting, un-
derstanding and evaluating the impact on the project as a 
whole in order to come up with the best solutions for the 
client. Besides making it easier to make crucial decisions; 
the VR models have also involved the client in the every-

day design work. The use of VR enabled the client to col-
lect opinions from a wider audience, such as the plant 
operating and maintenance staff. There are several exam-
ples in the MK3 project where the VR models have been 
used to facilitate the client’s decision-making in the de-
sign process. For example, due of the tight time schedule, 
the client and the different design teams needed to take 
quick internal decisions often without consulting the other 
design teams on a regular design review meeting. The VR 
models have helped them to better understand the multi-
disciplinary consequences of a decision. From the client's 
perspective, the impact of the decision on the manufactur-
ing processes has the highest priority. All other decisions 
regarding for example construction, HVAC, et cetera, are 
of subordinate significance. Therefore, when the client 
had chosen the plant process and the machinery to pro-
duce the required capacity, the spatial needs could be de-
fined. These needs were described to the construction 
design teams using a VR model of the plant process de-
sign. The design teams could then begin to plan the layout 
of the construction and select technical solutions to be 
discussed, followed up and evaluated in the succeeding 
design review meetings. 
The interviewees concluded that one of the major benefits 
in the design was the increased level of understanding; 
especially within areas outside the scope of their own 
profession, or to quote one of the design managers: “I was 
skeptical at first but when I realized that by studying one 
VR model instead of spending time searching through 
piles of paper drawings could save me a lot of valuable 
time thus I could focus on what is important”. To illus-
trate his point, he mentioned how much easier it was to 
design the concrete foundations of the machinery when 
you get a clear picture from the VR model of how the 
mounting frames were designed. Using VR models was 
also considered especially valuable for: providing data to 
the clients’ investment-decision; in the conceptual design 
of the plant layout; in the detailed design phase and for 
speeding up the CE-marking of the plant. 
A number of VR models were also produced that showed 
the general phases of the project during construction in 
order to support the scheduling process. These VR mod-
els, which we define as phase models, was accepted and 
considered useful by the planners. However, it was noted 
by the planners that the phase models are limited in the 
sense that they are only approximate representations of a 
certain state in the construction process, without a direct 
link to the project schedule. The following examples illus-
trate the use of VR in the planning of the work: 

- The design models are complex as they involve many 
different disciplines and complex geometries. For ex-
ample, almost all conveyor belts in the bailing section 
are sloping away in different directions, often crossing 
and connecting to parts of the plant that are designed 
by several other suppliers and designers. VR models 
could certify constructability and order of assembly. 
Moreover, VR models have been used in advance to 
identify critical areas or parts of the plant and have 
used that information in order to speed up the CE-
marking process.  

- The construction space is limited, e.g. the work often 
involves about many different suppliers and contrac-
tors at the same time, in the same area. For example, 
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assuring that the pipe-installation will not be clustered 
together in cramped spaces without space for mainte-
nance VR models was used to plan and coordinate the 
site activities and assure future access.  

- Construction time is limited and requires from all in-
volved contractors and suppliers to work with several 
crews at the same time. Using VR models have facili-
tated a concurrent approach and helped reducing lead 
time (from investment decision to start of production) 
to two years.  

- VR models were used to support planning and deci-
sion-making of prefabrication. For example, to speed 
up the production it was decided that larger parts of 
the belt conveyor system could be assembled off-site 
after it was checked in the VR model that these preas-
sembled belt conveyor parts could safely be lifted in 
the plant.  

According to the planners, the biggest value from using 
VR models was obtained from including the setting-out 
grid (created as “VR solids”) in the VR models. The set-
ting-out grid provided the planning teams reference posi-
tions from where distances to the construction parts could 
be measured. This created a common frame of reference 
and a better spatial understanding. The VR models also 
facilitated the structuring and handling of the massive 
amount of information in the planning process. This took 
some of the work load off the planners. 
 
 
6 DISCUSSIONS 

6.1 The Centralhuset case study 

The aim of the questionnaire study was to investigate the 
way work force at a large building site experienced and 
assessed the VR model as well as the intended use for 
information purposes. The VR model focused primarily 
on the supporting structure, the foundations and the pre-
fabricated floor components of the building. We expected 
that some of the occupational groups could have more use 
for the model than other groups. Therefore, we endeav-
ored to perfect the original version of the VR model to 
make it as suitable as possible for all the occupational 
groups involved.  
In the questionnaire, three objective personal characteris-
tics of the participants; age, occupation and computer 
skills, were determined. Only some relationships between 
these characteristics and the views or attitudes that the 
participants expressed in their responses could be found; 
e.g. younger respondents with higher computer skills 
were slightly more positive to VR and all architects liked 
the idea to communicate their work using VR models. 
Although the construction workers were the group whose 
computer skills were most limited, they were particularly 
positive in their assessment of the advantages of using VR 
in the construction process. The fact that they receive 
information largely from 2D CAD drawings and personal 
communication may well have contributed to the positive 
attitude to new and richer forms of communication media. 
Although we did not perform any significance tests, the 
reasonably high mean values combined with low standard 
deviations obtained for most of the test items relating to 
the participants’ attitudes and assessments, indicates a 

high degree of consensus. This gives a strong indication 
of the conclusions drawn. 
 
6.2  The MK3 case study 

According to the interviewees, the use of VR facilitated 
the concurrent design process; especially in the design 
coordination process, the design review process and the 
capturing of client requirements on the final design, and 
to some extend the planning process. By comparison to 
the traditionally-used 2D and document-based working 
methods both designers and planners states that they have 
obtained a higher degree of spatial understanding and a 
better understanding of how and when the construction is 
going to be built. As a result, they have been able to 
evaluate different solutions and better understand the fu-
ture consequences of a decision. A rough estimate based 
on previous experience from a similar project using 2D 
drawings by the design coordinator showed that the cost 
of using VR is much less compared with the savings in 
design coordination alone once the design is made in 3D. 
The staff devoted to design coordination was halved 
(from 15 to 7 designers) compared to the 2D design pro-
ject. Still, the quality of the design coordination was 
deemed to be higher in the MK3 project.  
The VR models were accepted and considered reliable 
largely because they directly origin from the different 3D 
CAD models. However, although the planners considered 
the VR models to be reliable and also well-structured 
most of the planning work was done using traditional 
methods. The two main reasons for this are believed to be 
that the traditional way of working is still firmly estab-
lished and that the “right” VR models often were inacces-
sible when much of the planning work was conducted. 
There was simply not enough time to produce and present 
production adapted VR models to the planning team.  
Neither realistic VR models (lighting, texture, et cetera) 
nor the experience of presence was considered to be es-
sential for designing and planning. Computer monitors 
and projectors (2D) were believed to be sufficient for the 
VR presentations. According to the client most value has 
been derived in the use of VR as a decision support in the 
conceptual design of the plant layout and in detecting 
collisions in the detailed design phase. 
 
 
7 CONCLUSIONS 

Focusing on two case studies – two construction projects 
– made it possible to go into depth when investigating the 
use of VR models in large construction projects. How-
ever, it should be noted that conclusions drawn should be 
interpreted in regard to this limited scope. 
The results of study 1 indicate that there is a need to im-
prove the information flow at building sites. The useful-
ness of technical aids, such as VR, appears to be obvious. 
Indications that can inhibit integration of VR into the 
building process were also found in limited technical 
knowledge and financial considerations. The present pro-
cedure of distributing information by means of 2D CAD 
drawings is ineffective. Moreover, designing in 2D rather 
than directly in 3D considerably increases the cost of pro-
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ducing a VR model. Additional comments also revealed 
that it is important to inspire and give confidence in new 
aids, such as VR models. Otherwise, there is always a risk 
for a low utilization ratio. 
The results of the study 2 indicate that client and the great 
majority of the designers and planners accepted and were 
positive about using VR models as a tool for improving 
information handling in the MK3 project. The usefulness 
in both the design and planning process was acknowl-
edged. In the beginning of the project both fascination 
and skepticism over the VR technology was noted which 
was thought to influence the acceptance and credibility of 
the VR models. However, these symptoms quickly van-
ished when the use of VR models become a natural part in 
the daily work. Also, several respondents argued that the 
use of VR will probably increase in future project and that 
more built-in intelligence in the VR model will extend its 
use in designing, planning and process simulation. 
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