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Abstract 
LKAB, a large mining company in Sweden, has decided to invest €290 million in a new pelletizing plant in 
Malmberget, Sweden (MK3). The complexity of the project, the number of multidisciplinary participants and the 
necessity to coordinate and facilitate the construction site activities according to a tight schedule makes Virtual 
Reality (VR) and 4D CAD prototyping exceptionally useful in the planning process. 
This paper describes a case study to explore a practical approach of using VR and 4D CAD to facilitate work 
site planning in a real large-scale construction project. The research work was performed and evaluated in con-
cordance with the actual work on the building site including the research group, planners and site managers.  
The evaluation of the case study shows that the use of VR and 4D CAD have facilitated the construction plan-
ning process. Besides coordinating and visualizing of the site activities, the virtual prototypes have also im-
proved the understanding of the construction and collaboration among all parties involved. The main drivers for 
collaboration have been the time pressure in the project resulting in a concurrent engineering approach and a set 
of common goals, making the involved stakeholders to focus on the overall project performance.   
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1. INTRODUCTION 
The Swedish state owned mining company LKAB has 
recently initiated the design and planning process of a 
new pelletizing plant in Malmberget, northern Sweden. 
The plant, called Malmberget Kulsinterverket 3 (MK3), 
is planned to be operational by October 2006 and in-
volves an investment of €290 million. It will be comple-
mentary to an existing pelletizing plant for the purpose of 
increasing the production capacity.  
This paper presents the findings from the design and 
scheduling process of the pelletizing plant. At the start of 
the project it was decided by the project team to use 
model-based methods and Virtual Reality (VR) in the 
design and scheduling process of the project as tools to 
meet the client’s requirements. A team of researchers 
from the Center for Information Technology in Construc-
tion (eBygg) at Luleå University of Technology is 
closely monitoring and studying this application of mod-
eling software and VR walkthrough environments. In 
addition to these analyses, prototype software is devel-
oped and applied for 4D simulations in which the 3D 

models of the project are integrated with schedule data 
that follows from the project’s construction schedules. 
The 4D simulations are experimental in the project, but 
are closely monitored by the project team, mainly as a 
result of the positive experiences with the use of VR in 
the project. 

2. RESEARCH AIM AND SCOPE 
The scale of the project, the extent to which the modeling 
tools and VR environments are used, and the very tight 
project delivery schedule make the project an interesting 
environment to study the application of VR and 4D mod-
eling. Our aim is to report the practical approach that is 
applied by the project team to facilitate the scheduling 
process in the preconstruction stage. We illustrate this 
approach with a number of VR and 4D models of the 
project. The impact of these models will only be meas-
ured qualitatively since it is difficult to estimate the im-
pact on economy and time in a project such as MK3. We 
will instead estimate the effect by evaluating how the 
client and the other stakeholders have been using VR and 



4D as alternative forms of communication and also pro-
vide the readers with some case examples.  
We first introduce the concept of virtual prototyping after 
which we briefly describe the case study project. We then 
outline and evaluate the application of virtual prototyping 
in the case study project. Concluding remarks and rec-
ommendations for future research follow this section. 

3. VIRTUAL PROTOTYPING 
“A virtual prototype is a computer simulation of a physi-
cal product that can be presented, analyzed, and tested 
from concerned product life-cycle aspects such as de-
sign/engineering, manufacturing, service, and recycling 
as if on a real physical model. The construction and test-
ing of a virtual prototype is called virtual prototyping”, 
[Wang2002]. The two main virtual prototyping technolo-
gies that are used in the design and scheduling process of 
the MK3 project are VR and 4D modelling. 

3.1 Virtual Reality for coordinating designing 
and scheduling 
One way to approach the challenge of providing a good 
understanding of the construction and its facilities would 
be to exploit the potentials advanced visualization tech-
niques such as VR provides. VR is a spatial and commu-
nicating medium well suited to facilitate collaboration 
and understanding about the construction and the proc-
esses needed to erect it [Woksepp2004]. Even though VR 
today primarily is used for visualizing the final product 
[Woksepp2001] there is also a great potential to use it as 
a universal interface to all design applications 
[Aouad1997; Issa1999]. It might seem that we are evad-
ing the issue of “lack of trust” by suggesting a technical 
solution, but the fact is that VR has proven to promote 
collaboration in e.g. the design process through its ability 
to allow team members to create a design and evaluate it 
simultaneously for function, cost and aesthetics 
[Issa1999]. Actually, some of the major business drivers 
for VR identified by lead users are just coordinating de-
sign and design reviews [Whyte2002], which also leads 
us to the possibilities to facilitate effective processing of 
client requirements and planning of site activities. 

3.2 4D modeling 
4D modeling is a process method in which 3D CAD 
models are visualized in a 4-dimensional environment. 
Construction plans can be represented graphically by 
adding the time dimension to the 3D model to allow pro-
ject planners to simulate and analyze what-if scenarios 
before commencing work execution on site [Mal-
lasi2002]. A 4D model of a project allows project stake-
holders to review the planned or actual status of a project 
in the context of a 3D CAD model for any day, week, or 
month of the project [Fischer2004]. In several studies 4D 
has proven to be a good visualization and schedule re-
view tool by which project stakeholders are able to better 
understand a construction schedule with 4D visualization 
than traditional construction management tools [Son-
ger2001; Yerrapathruni2003; Chau2004]. Koo [2000] 
identifies 4D modeling as a tool to convey planning in-

formation (visualization tool), enhance collaboration 
among project participants (integration tool), and to sup-
port users to conduct additional analyses (analysis tool).  
Although geometrical data and temporal data are present 
in commercial 4D software, the utilization of these mod-
els has so far mainly concentrated on the visualization of 
construction processes. Planning supported by visual 
analyses of 4D models is considered more useful and 
better than traditional planning [Heesom2004; Jonge-
ling2004], but does not take advantage of the quantitative 
data contained by 4D models. Recent research efforts in 
4D modeling show an increasing interest in providing an 
integrated 4D environment to support a variety of quanti-
tative analyses of for example work spaces, work flows 
and use of resources [Akbas2004; Akinci2002; Li2003]. 
In this paper we describe the relevance of 4D modeling 
as an instrument to facilitate the scheduling process of 
the MK3 project. We study the use of a location-based 
modeling approach as a method to facilitate 4D modeling 
and quantitative analyses from 4D models. 

4. THE MK3 CASE STUDY 
4.1 General 
The client’s (LKAB) three key goals in the MK3 project 
are to obtain a plant with required Capacity in Time 
within the Investment frame. The time period from the 
decision of investing in the construction of a new pellet-
izing plant to its completion is limited to two years. This 
puts great demands on the project organization and pro-
ject performance. The preliminary study and the prelimi-
nary design, which both formed the basis for the invest-
ment decision, were also carried out during a very short 
period of time.  
Normally in construction projects, the spatial needs gov-
ern the preliminary design, which in its turn is transferred 
into a real concept via the architects drawings and docu-
ments. However, in the MK3 project the priorities in the 
planning and design process are the following: 

1. The manufacturing process (dictating) 
2. Layout (the plant and its surroundings) 
3. The construction process of the plant 

This leads to a situation where the focus lies on assembly 
and functionality of machinery in the plant instead of the 
actual building. All separate design processes including 
construction, HVAC, electrical installations, et cetera, 
occur simultaneously in a concurrent design approach. 
Because of the complexity of the project the contract is 
based on incentives to meet the client’s requirements in 
function, time and costs.  
The contractual form in the MK3 project is called Part-
nering and is used to form an open collaborative envi-
ronment. Partnering often involves cost reimbursable 
forms (transparency) for remuneration either with some 
incentives or without. The incentive is often based upon 
sharing savings and overflows of the target price. In the 
MK3 project the incentives are based on a combination 
of the three project goals to make all major stakeholders 



focused on the overall project performance. This facili-
tates problem solving and shift focus from the individual 
goals for the involved partners to the overall project 
goals. It was also decided to use model-based methods 
(3D and VR) in the design and planning process of the 
project to enhance the communication and reduce the 
risk.  

4.2 Modeling tools and work process 
Most of the information that makes up the VR prototypes 
of the plant originates from 3D CAD models developed 
by groups of multidisciplinary design teams. These teams 
work together with a common goal to fulfil the client’s 
design intents of the pelletizing plant. Apart from form-
ing the base for the VR prototype, the 3D CAD models 
are also being used for other purposes such as: spatial 
planning, extracting 2D CAD drawings and further proc-
essing in order to extract more detailed 2D CAD draw-
ings as well as for updating 2D CAD drawings. The 2D 
CAD drawings are only used for production.  
The VR system used in the MK3 project is a low-cost 
approach that consists of commercial software, PC com-
puters, servers and projectors. The system is mainly used 
for coordination and review of the design, but is also 
applied for scheduling purposes. The VR software being 
used is Walkinside™, for which VR files are created via 
an add-on to Microstation. An independent VR consult-
ant is appointed to work full-time managing the VR 
model and the information that is passing through. 
The design teams who extract and choose the parts to be 
included in the VR prototypes are responsible for the 
development of the 3D models. These are then trans-
ferred into a common FTP server that works as a hub for 
exchanging and storing all visualization information. 
Every design team has their own dedicated folder with 
assigned authorization to facilitate the exchange admini-
stration and also to secure those parts of the information 
that is, for example, protected by patent. It is also com-
mon that the designers do not want to share all the infor-
mation they create [Staub1999]. They simply want to 
share the relevant information for a particular situation 
[Liston2001]. The design teams are also responsible that 
the latest updated version should always be available.  
The modeling is carried out in 3D CAD software such as, 
Solidworks, AutoCAD, Tekla Structures, Microstation 
(where most of the mapping of material and textures is 
done), Intergraph’s PDS system, Inventor, SteelCAD and 
Enterprixe Structural. The common exchange format is 
primarily DWG. At the start of the project the VR con-
sultant and design team set a number of minimal specifi-
cations for the contents of the DWG files to facilitate the 
information exchange and creation of VR models. It was 
decided that they should work in the same coordinate 
system and to model objects of the same type with the 
same colour. File sizes are kept down by dividing the 
project in several DWG files per design discipline. These 
specifications are rather basic and minimal, but are suffi-
cient for the information exchange and VR modelling 
process.  

After a new set of 3D CAD models has been transferred 
to the FTP server they are converted into VR format by 
the VR consultant. Large models are converted inde-
pendently, optimized and integrated with the other mod-
els in the VR prototypes. Smaller models are converted 
in groups. The aim is to present updated versions every 
week, however, the reality is that this occurs every two 
weeks or when some major changes have been made. To 
smooth the progress of integration, all 3D CAD models 
are modelled using the same coordinate system. The total 
amount of information describing the VR prototypes of 
the pelletizing plant is extensive, including the construc-
tion (prefabricated and cast in place concrete, and the 
steel structure), its installations (machinery, HVAC, elec-
trical installations, etcetera) and its surroundings. The 
VR prototypes are considered to be reliable because they 
origin directly from the design teams’ 3D CAD models 
and have not been regenerated via some supporting 2D 
CAD drawings. 
After the transfer, storing, converting and optimizing 
have been completed, the VR consultant then produces 
different VR prototypes for different purposes. For ex-
ample; design reviews, construction site planning, pro-
duction, mounting, working environment, presentations, 
exchange of experiences, etcetera. After having produced 
the prototypes the consultant transfers these back to the 
design team’s folders at the FTP server. Focus is also on 
producing suitable VR prototypes for the customer to use 
for e.g. spatial planning, understanding the construction 
and its machinery, training of workforce, reconstruction, 
new work activities, handling hold-up in production, et-
cetera. 

4.3 The project scheduling process 
Effective planning throughout the construction project is 
essential for achieving a high level of quality and profit-
ability. A comprehensive and parallel information ex-
change process characterizes the multi-disciplinary and 
concurrent project scheduling process in the MK3 pro-
ject. Traditionally, as well as in the MK3 project, this is a 
document-oriented process where the planners rely on 
conventional scheduling tools (e.g. Gantt charts), 2D 
CAD drawings, paper documents and personal meetings. 
This work process is putting great demands on the plan-
ners, because they have to determine whether the acces-
sible information is reliable or not besides performing the 
actual planning work. In consequence of this procedure 
one planner described that he had considerable difficulty 
in achieving an overall picture and understanding of the 
project. The lack of a continuous and structured informa-
tion flow in construction projects are traditionally ac-
cepted as a natural part of the process and problems are 
dealt with on the construction site as they arise.     
In this study we will focus on the preconstruction stage. 
Waly et al [Waly2002] describe this stage as the 
macroplanning process, which involves selecting major 
strategies, reviewing the design for constructability im-
provement, site planning for major operations and con-
struction path, and arranging for the primary means, 



methods and resources required for the execution of the 
work packages. Our hypothesis is that this process can be 
facilitated by the use of VR and 4D. 

4.4 The Virtual Reality approach 
All demonstrations of the VR prototypes are done with 
computer monitors or projectors (2D) (often referred to 
as ‘Desktop VR’). Screenshots and movies are produced 
and distributed via the FTP server. In addition to over-
viewing and detail examining, the VR software is used 
for ocular clash detection (automatic clash detection is 
being carried out in the 3D CAD software by the design 
teams themselves), distance measuring, user positioning 
(via XYZ coordinates or marked on a general map, up-
dated in real-time), turning objects on/off via layers, 
gravity, impenetrable objects and avatars, see Figure 1. 

 
Figure 1: A screenshot extracted from a VR prototype 

showing the avatar inside one of the main facilities in the 
pelletizing plant. 

 

An especially practical functionality of the VR system is 
that the users can mark areas within the VR prototype 
and write notes in a separate text entry window that is 
connected to the marked area, but logged in a separate 
text file. The text and its connection can later be resumed 
by clicking the notes. A number of people can also inter-
act collaboratively in the VR environment over the net-
work. 
Figure 2 outlines the iterative design and planning proc-
ess and use of VR in the MK3 project. The client is re-
sponsible for the overall design and planning process 
while the design teams, here denoted DS 1 to n, is re-
sponsible for the design of the sub-systems in the plant, 
i.e. process equipment, building structure, installations 
etcetera.  All design teams is also responsible for provid-
ing correct and updated input data to the "VR database" 
and “4D CAD database”. An independent VR consultant 
working for the client manages all the VR data and also 
makes updated and corrected VR prototypes accessible 
for everyone to use in the project.  
The provided VR prototypes, denoted VR1 to VRn, are 
also used in the design review meetings that take place 
once every fortnight. Errors discovered during these de-
sign review meetings are instantly delegated to the design 
teams concerned. All errors that have been attended to 
are logged and later confirmed in the next following 
meeting. Decisions on major changes in the design are 
taken after conducting a risk analysis on the three goals 
in the project; the capacity, the time and the economical 
impact. These decisions are always taken in the risk 
management group consisting of the client and the main 
subcontractors in the Partnering contract. However, the 
greatest value for the customer comes from the ability to 
supervise, interact and provide input to the design teams 
in the design reviews during the entire design process.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Specified and collaborative VR and 4D models in a continuous design and planning process in the MK3 project 
Deleted: 

 



According to the planners, the biggest value from using 
VR models to support the planning process is obtained 
from including the setting-out grid (created as “VR sol-
ids”) in the VR models. The setting-out grid provides 
them with a starting position from where distances to 
the construction parts can be measured and conse-
quently brings forth a better spatial understanding.  
In addition to the work processes related to VR, the use 
of 4D CAD is also outlined in Figure 2. As mentioned 
in the introduction, the use of 4D CAD is experimental 
in the project, but is closely monitored by the project 
team. Many project team members consider 4D as a 
logical next step in the application of a model-based 
design and scheduling approach. A number of VR 
models were made in the project that showed the gen-
eral phases of the project during construction in order to 
support the scheduling process. These VR models of the 
construction process, which we define as phase models, 
are considered useful by the project team. However, it 
was noted by the MK3 project team that the phase mod-
els are limited in the sense that they are approximate 
representations of a certain state of the construction 
process, without a direct link to the project schedule.  

4.5 The 4D CAD approach 
The evaluation of the use of VR, described in the previ-
ous section, was mainly conducted throughout inter-
views with the project team and studies of the VR mod-
els. The application of 4D is studied in cooperation with 
the MK3 project team, where 4D prototype tools and 
4D methods are developed and tested that suit the con-
ditions of the MK3 project. Before we describe the 4D 
modelling process in further detail, we introduce the 
project settings for which the 4D models are made. 

4.5.1 Balling station 
The pelletizing plant consists of two main parts: 
• A machinery section, consisting of a single large 

process installation, mainly delivered by one sup-
plier and constructed by one contractor. 

• A balling section, consisting of five sub-stations in 
which the actual steel pellets are rolled. Each ball-
ing station consists of a large tilting drum that 
measures 3 meters in diameter and 12 in length, 
connected by several conveyor belts. The conveyor 
belts of each balling station connect to conveyor 
belts that run throughout the plant. 

Within this study a focus is made on the balling station 
as the design, scheduling and construction are the most 
complicated part of the whole pelletizing plant. There 
are a number of conditions that make the balling station 
an interesting environment for application of 4D: 

• The design models are complex as they involve 
many different disciplines and complex geometries. 
For example, almost all conveyor belts are sloping 
away in different directions, often crossing and 
connecting to parts of the plant that are designed by 
several other suppliers and designers. The complex 

design raises questions about the constructability 
and order of assembly of the balling section. 

• The construction space is limited. The drums and 
conveyor belts are almost completely preassembled 
when they arrive at the construction site and have 
to be fit in a steel structure that will support them. 
One main contractor conducts the work on the steel 
structure, but the work on the balling stations in-
volves about 10 different suppliers and contractors 
at the same time, in the same area. 

• The construction time is limited and requires from 
all involved contractors and suppliers to work with 
several crews at the same time. The limited con-
struction time only allows minor buffers in time be-
tween the different installation activities, of which 
many are in fact planned to be carried out concur-
rently. 

These conditions force the project team to carefully 
schedule and coordinate the construction process, but 
due to the complexity and amounts of data the conven-
tional planning methods appear to difficult to apply. To 
illustrate; LKAB employs two planners in the project 
that solely work with the coordination of schedules, for 
which they use a master schedule in Gantt format. This 
master schedule contains at the time of writing about 
5000 activities, but is expected to contain 15000 activi-
ties when the project advances. The main interests of 
the MK3 project team in 4D modeling are therefore the 
following: 
• 4D models are needed that describe the overall 

construction of balling section of the pelletizing 
plant. The main aim of these models is to analyze 
the constructability of the plant. To illustrate: will 
the drums fit in when the work on the steel struc-
ture advances? 

• In addition to 4D models that show general con-
struction process, there is a need to model the space 
usage of suppliers and contractors during the con-
struction of the balling stations. This 4D model 
should show construction operations in detail and 
spaces that are needed and available during con-
struction.  

The process of preparing and analyzing the 4D models 
requires an alternative approach to 4D modeling com-
pared to a straightforward linking process of 3D objects 
with schedule data that subsequently is browsed visu-
ally in time. The conditions in the MK3 project force us 
to think of a 4D modeling method that suits the project. 
The volume of available 3D data is considerable and 
not prepared to be used for 4D simulations. The struc-
tural engineers, for example, use SteelCAD in which 
they have structured the project data hierarchically in a 
database. From SteelCAD they export to the Enterprixe 
model server, which in its turn uses AutoCAD as a cli-
ent to create DWG data of the project. This conversion 
to DWG does not include the object hierarchy that was 
created by the engineers. All the 26000 objects are 



saved in a flat manner, without any property data by 
which objects can be identified. The only identifier is 
the layer on which an object is located, but the total 
number of layers amounts only 9 different layers. 
The model by the process engineers is created in Auto-
desk Inventor and consists of about 50000 objects that 
are grouped in blocks in the DWG. Some of the objects 
in this model have properties defined, but most of them 
are limited to just geometry. 
The schedule data is available in Gantt charts that to-
gether contain between 5000 and 15000 activities. Most 
of the activity names are rather cryptic as they directly 
result from data systems used by suppliers that connect 
to the project-scheduling database with their internal 
planning systems. 
The MK3 project team is interested in modeling and 
analyzing space usage and availability with 4D models, 
but the available 3D models from the design process do 
not contain these types of objects. 

4.5.2 Location-based 4D modeling approach 
A location-based approach to the 4D modeling process 
is applied in order to be able to work with the amount 
of data and to be able to extract quantitative data from 
the resulting 4D models. By using locations as a com-
mon denoter for both 3D CAD objects and activities, 
the information modeling and retrieval process is 
greatly facilitated. The locations for the 3D CAD mod-
els are specified according to the grid lines, which are 
used by the structural engineers. The grid ranges from 
H to X in one horizontal direction and from 10 to 18 in 
the other horizontal direction. The average distance 
between the gridlines is 7 meters. The vertical specifi-
cation for locations is based on the coordinate system 
that is used by the MK3 project team. Each vertical 
level amounts between 3 and 5 meters. Based on the 
horizontal and vertical distribution of locations, loca-
tions are located in the form of transparent 3D mass 
objects as shown in Figure 3.  
The 3D CAD objects from the various design disci-
plines are mapped according to the 3D locations. A 
property set is created for all 3D CAD objects, called 
location, which specifies to which location(s) in the grid 
the objects are placed. Objects can be contained by 
multiple locations and one location can contain multiple 
objects. After having specified the locations for all ob-
jects in the vertical and horizontal plane, the objects are 
hierarchically arranged according to object type, verti-
cal position and horizontal position. This process is 
automated by using an experimental add-on program to 
AutoCAD that publishes the CAD objects according to 
a user-defined structure in a database as VRML files. 
All CAD objects are published in this way, resulting in 
a hierarchical database with one VRML file per object 
assembly for which a location is specified.  
 

 
Figure 3: A location-based 4D modeling approach in the 

MK3 project 
The production scheduling is carried out using the line-
of-balance method, [Kenley2004]. Locations are dis-
tributed on the Y-axis of the diagrams and have several 
different levels. The first level is the vertical level and 
the second level the horizontal distribution of locations. 
Construction time is presented on the X-axis of the dia-
grams. Lines in the diagram that enable users to quickly 
detect time-space conflicts present activities. Time-
space conflicts can result from different activities going 
on at the same time, at the same place. The use of line-
of-balance diagrams is a first step in the analyses of 
time-space conflicts, but provides also a limited insight 
in the complex spatial configuration of the project. The 
line-of-balance diagram is a powerful instrument to 
distribute an activity from one location to another. This 
process of distributing activities over locations is done 
in combination with the hierarchically organized 3D 
model on a parallel screen. 
The activities and locations are exported as schedule 
data to the 4D software, which directly connects to the 
database with 3D model data. The process of linking 
the activities and 3D model data is a straightforward 
process as a result of the matching data structure of the 
3D and schedule data. The 4D model that follows is the 
4D base model of the study. This model shows the 
overall construction process and is useful to analyze the 
constructability of the balling station. It facilitates the 
planners to evaluate several schedule alternatives and to 
communicate the schedule intent to the suppliers and 
contractors.  
The 4D base model is limited to 3D CAD components 
from the design models and does not include informa-
tion about workspace usage. This information is added 
to the 4D base model in the 4D environment. The 3D 
space objects that represent locations are used as work-



space objects in the 4D model and are published to the 
database where they are sorted by vertical and horizon-
tal location. The 3D location objects are added to the 
4D base model by manually linking them as resources 
to activities. This is done for every construction day by 
stepping through the 4D model with a one-day interval.  
An activity has the following properties and links in the 
4D model, Figure 4:  

 
Figure 4: Links and properties in the 4D environment 

For every workspace a type and duration can be speci-
fied. There are a number of research efforts that have 
looked into the generation and planning of space usage 
on construction sites [Akinci2002, Mallasi2002]. Ak-
inci [2002] identifies for example the following types of 
space needed during construction activities: 
• Building component space; the physical space oc-

cupied by the building component to be installed. 
• Labor space; the space used by a labor crew install-

ing the components. 

• Equipment space; the space used by the equipment 
supporting a labor crew or a component during in-
stallation. 

• Hazard space; the space generated when an activity 
creates a hazardous situation. 

• Protected space; the space required to protect a 
component from possible damage for a certain pe-
riod of time. 

• Temporary structure space; the physical space oc-
cupied by temporary structures, such as scaffolding 
and shoring. 

The 4D model in this study is limited to visualizing and 
analyzing the building and labor spaces during con-
struction. For certain critical activities there are spaces 
added for equipment. 3D objects from the design mod-
els visualize building components. 3D location objects 
visualize labor and equipment spaces, with a unique 
color per space type. 
The workspace loaded 4D model that results from this 
linking process is more detailed than the 4D base model 
and shows activities down to crew level per construc-
tion day. The space loaded 4D model is not created for 
the whole construction as this would result in consider-
able modeling efforts and large amounts of data. A 
number of critical phases are therefore modeled to show 
the potential of this 4D modeling approach. The critical 
phases are selected by using the line-of-balance dia-
gram and the 4D base model. The workspace loaded 4D 
models are subsequently used for quantitative analyses 
in which distances between concurrent activities are 

analyzed and workspace usage by different crews and 
contractors. 

4.6 Combining techniques provides further 
values 
By combining VR and 4D techniques the users can de-
rive further advantage in the planning process. This is, 
however, practically difficult to manage because of the 
additional resources this approach calls for. The 3D 
information originates from the same 3D CAD models, 
but is converted into and used in two different systems 
(see section 3.1 “Virtual Reality for coordinating de-
signing and scheduling” and 3.2 “4D modeling”), thus 
managed by professionals with different skills. A sche-
matic picture of the VR and 4D information handling in 
the continuous designing and planning process is shown 
in Figure 2. What is not clear in this figure is that the 
users constantly have to verify that they are using the 
latest versions of the 3D CAD models as a basis for 
their VR and 4D models. This puts heavy demands 
upon users how the information is managed and distrib-
uted, especially in large and complex projects. We 
therefore recommend this approach when facing par-
ticular problematical situations, e.g. advanced technical 
design solutions or narrow spaces (HVAC, et cetera), 
i.e. when the project planning is performed in more 
detail or when the consequences are considerable. 
Combining VR and 4D have not had any practical ap-
plication in the MK3 project, only as experimental 
work.  

5. CONCLUSION 
The planning process in a multi-disciplinary and con-
current large-scale project such as the MK3 project is a 
complex and difficult process to manage. However, the 
use of VR and 4D models, individually or combined, 
has the potential to increase the performance and reli-
ability of the information according to the several inter-
views and tests performed on the construction site. By 
comparison to the traditionally used 2D and document-
based working methods the designers and planners can 
obtain a higher degree of spatial understanding from the 
VR demonstrations and better understanding of how 
and when the construction is going to be built from the 
4D demonstrations. As a result the planners are able to 
foresee future consequences from different decisions 
and they can test and evaluate different solutions, fur-
ther develop exchange of experience, and plan and 
manage the time schedules.  
The reliability of the information has been obtained by 
continuously updating the VR and 4D models using the 
different design teams’ 3D CAD production models. In 
the MK3 project, one person was appointed to manage 
all information that was exchanged between all project 
participants. This proved to be a good investment. As a 
consequence, the rich information environment has fa-
cilitated the planners to focus on ‘priority of considera-
tion’. 
The technical interoperability between the different 
design teams and planners has not been an obstacle de-

Activity Name 
Properties (locations) 
Material (links to design objects) 
Resources (links to workspaces) 



spite the variety CAD system used in the project. The 
propriety format DWG provided ‘enough’ interopera-
bility for the users in this project. The technical interop-
erability has been identified as one of the main barriers 
in several research project conducted over the last dec-
ade. Instead the project management focused on select-
ing the best designers available using the CAD software 
of their choice. The interoperability was then a techni-
cal matter of selecting the common format and to over-
come some of the spurious errors that occurred in the 
exchange of the DWG files to the VR prototype as well 
as linking the 3D CAD models to the tasks in the 4D 
systems. Most of these exchange errors could easily be 
detected. 
The reluctance to share information is also a major 
identified barrier in the construction sector. Even 
though the Partnering contract facilitates the coopera-
tion between the different stakeholders by trust, the 
main cause for the intense information flow and will-
ingness to share has been the time pressure forcing the 
different design teams to act concurrently. 
Based on the experience from the MK3 project, the 
client LKAB, has decided to use the same contractual 
concept and working method provided by VR in the 
next project – the construction of a new pelletizing 
plant in Kiruna, Sweden, twice the size of MK3. 4D 
will still remain at the experimental stage. 

6. RECOMMENDATIONS FOR FUTURE 
RESEARCH 
Despite the rapid technical progress during the last dec-
ades both VR and 4D can still be regarded as unex-
ploited resources in the construction industry. Much 
remains to be investigated. Rather than suggesting tan-
gible proposals for future research projects we will in-
stead try to point out (some of) the most important areas 
to explore the impact of using VR and 4D in – as stand-
alone working methods or applications or in conjunc-
tion with the most commonly used design and planning 
tools and methods in the construction industry today. 
Project characteristics: 
• Collaboration forms, e.g. Partnering 
• Organisation, concurrent engineering, the need for 

champions and specialist function (VR/4D coordi-
nator) 

• Client value 

• Risk management 
Model-based working methods: 
• Working guidelines for 3D, VR and Location-

based planning in combination with 4D 
• Handling of updates and modeling errors – data 

reliability 
• Communication and design reviews using model-

based environment 
Technical issues: 

• Recommendation for hardware and software re-
lated to the modeling efforts 

• Interoperability issues 
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