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Abstract 
 

Building Information Modeling, abbreviated BIM, is a process of information sharing which 

enhances communication and which helps in visualizing complex problems in the building 

industry. BIM has not been used in a larger extent in the production phase of civil works. The 

purpose of the study is therefore to investigate driving forces behind the use of BIM and the 

resistors against it and to investigate in what ways BIM could be used in the production phase.  

 

The theoretical framework is based on one licentiate thesis, two degree projects, three 

research papers and three books. A qualitative method with semi-structured interviews was 

used. The interviews were made with a calculator, a supervisor and a CAD planner from 

Skanska, a constructor and project manager from ELU, a Project Information Officer from 

Tyréns and a VDC coordinator and VDC business developer from Veidekke who all have 

been working with BIM. This was to get a good representation from different actors and 

people with different professional roles. 

 

The study shows that the driving forces behind a use of BIM are that it enhances collaboration 

and communication between the actors, it makes it easier to visualize the project and the 

scope, and it provides a higher degree of accuracy of coordination’s. BIM also makes the 

work more effective and results in fewer errors. Above all, BIM give a possibility for a 

shorter production phase, shorter total project duration and a lower total cost. The study also 

shows that the resistors against the use of BIM are employee’s negative attitude against 

administrative work, that it is hard to measure profitability of using BIM, the uncertainty of 

who has the legal ownership of the data, and who has the responsibility of the accuracy of it. 
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That the implementation cost and the design phase are more expensive is also a resistor 

against a use of BIM.  

 

BIM could be used in visualization with 3D models in collision controls and co-reviews in 

meetings, work preparations and at site. A workplace outline could also be printed from the 

3D model to be placed on the site for visualization. 4D scheduling and 4D animations could 

be used for visualization in meetings, work preparations and at site. The study showed that 

quantity takeoff and cost estimation with 5D is only reconciled in the meetings in the 

production phase and that the programs for it are not needed in this phase. RFID tags could be 

used at site for logistics and tracking materials, and field verifications could be used to verify 

that a work task is executed according to exact coordination’s in the 3D model. Furthermore 

tablet computers could be used for bringing the technique of BIM to the site which enables a 

better understanding of complex work tasks for the workers. A BIM coordinator who 

understands the process of working with BIM and who could work as a bridge between the 

users and the technical development team is important in a successful implementation.  

 

The study also shows that the focus of BIM should lie on how to make use of the technique. 

The examples of how BIM could be used in the production phase of civil works have to be 

useful and meet the needs and demands of the users. The processes of using 3D models, 4D 

scheduling, 4D animations, RFID tags, field verifications and tablet computers should 

therefore be studied thoroughly to find how the technique could be applicable at site, in 

meetings and work preparations and how it could enhance the daily activities and work tasks. 

If the demands are met it will be accepted by both the user and the organization. Further 

research should therefore lie on how 3D models, 4D scheduling, 4D animations, RFID tags, 

field verifications and tablet computers could be useful in the production phase. These BIM 

techniques should then be tested on a real project to investigate how the processes could be 

useful at site, in meetings and in work preparations. Further research should also be made on 

how countries like Norway, Finland and USA have made use of BIM in the production of 

civil works. 
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Sammanfattning 

 

Bygginformationsmodellering, förkortat BIM, är en process för informationsutbyte som 

förbättrar kommunikation samt förståelsen för komplexa problem inom byggbranschen. BIM 

har inte använts i en större utsträckning i produktionen av väg- och anläggningsprojekt. Syftet 

med studien är därför att undersöka drivkrafter bakom ett större användande av BIM och 

motstånd mot det, samt att undersöka på vilket sätt BIM skulle kunna vara användbart i 

produktionen.  

 

Den teoretiska grunden bygger på en licentiathandling, två examensarbeten, tre 

forskningsrapporter samt tre böcker. För intervjuerna användes en kvantitativ 

semistrukturerad metod. Intervjuerna gjordes med en kalkylator, en arbetsledare från Skanska, 

en CAD planerare från ELU, en Project Information Officer från Tyréns samt en VDC 

samordnare och VDC affärsutvecklare från Veidekke, som alla har arbetat med BIM. Detta 

var för att få en bra representation från olika aktörer och personer med skilda yrkesroller. 

 

Studien visar att drivkrafterna bakom en användning av BIM är att det förbättrar samarbetet 

och kommunikationen mellan aktörerna, gör det lättare att visualisera projektet, dess 

omfattning samt att det ger mer korrekta data. BIM gör också arbetet mer effektivt och 

resulterar i färre fel. Framförallt möjliggör BIM en kortare produktionsfas, kortare projekttid 

och lägre totalkostnad. Studien visar också att anställdas negativa attityd mot administrativt 

arbete är ett av motstånden mot en större användning av BIM, att det är svårt att mäta 

lönsamheten med det och att det är osäkert om vem som har äganderätten till informationen 

samt vem som har ansvaret över att den är korrekt. Att implementeringskostnaden och 

designfasen blir dyrare är också ett problem med BIM.  

 

BIM kan användas för visualisering med 3D-modeller i kollisionskontroller och 

samgranskning i möten, arbetsberedningar och på byggarbetsplatsen. En APD-plan kan även 

skrivas ut från 3D-modellen för att visualisera byggarbetsplatsen. Tidsplanering och 

animationer med 4D skulle också kunna användas till visualisering i möten, arbetsberedningar 

och på byggarbetsplatsen. Studien visar att mängd- och kostnadsberäkningar med 5D endast 

stäms av i produktionsfasen och att programmen inte behövs i produktionsfasen. RFID-taggar 

kan användas på byggarbetsplatsen för logistikplanering och för att spåra material. 
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Fältkontroller kan vara användbart för att verifiera att ett arbete utförts exakt enligt 3D-

modellens koordineringsdata. Handdatorer kan användas för att få ut tekniken för BIM på 

byggarbetsplatsen vilket möjliggör för en bättre förståelse för komplexa arbetsuppgifter för 

yrkesarbetarna. En BIM samordnare som förstår processen att arbeta med BIM och som kan 

överbrygga kommunikationssvårigheter mellan användarna och teknikutvecklingsgruppen är 

en mycket viktig aktör för ett framgångsrikt införande av BIM i ett projekt.  

 

Studien visar också att fokus bör ligga på hur man utnyttjar tekniken med fokus på nytta och 

användbarhet. De arbetsuppgifter som BIM skulle kunna användas till i produktionsfasen 

måste vara användbara och tillgodose användarnas krav och behov. Processen med att 

använda 3D-modeller, tidsplanering och animationer med 4D, RFID-taggar, fältkontroller och 

handdatorer måste därför studeras noggrant för att hitta hur tekniken kan tillämpas på 

byggarbetsplatsen, i möten, i arbetsberedningar samt hur den skulle kunna förbättra dagliga 

aktiviteter och arbetsuppgifter. Om användarnas krav är uppfyllda kommer tekniken att 

accepteras av både användaren och organisationen. Ytterligare forskning bör därför ligga på 

hur 3D-modeller, tidsplanering och animationer med 4D, RFID-taggar, fältkontroller och 

handdatorer kan vara användbara i produktionsfasen. Dessa tekniker bör sedan testas på ett 

verkligt projekt för att undersöka hur processerna för BIM skulle kunna vara användbara på 

byggarbetsplatsen, i möten och arbetsberedningar. Ytterligare forskning bör också göras på 

hur länder som Norge, Finland och USA har använt BIM i produktionsfasen i väg- och 

anläggningsprojekt. 

 

 

 



 

6 

 

List of figures 

Figure 1: The effects of system usefulness   22 

Figure 2: Spatial awareness    37 

Figure 3: Virtual Design and Construction   40

  

List of tables 

Table 1: Driving forces according to the theory   16 

Table 2: Resistors according to the theory   17 

Table 3: Driving forces & Resistors according to the results  45 

Table 4: Examples of use according to the results   46 

Table 5: Summarized Driving forces & Resistors   53 

Table 6: Use for BIM in the production phase of civil works  55 

 

 

 

  



 

7 

 

List of acronyms 

2D Two dimensions, lengths and width 

3D Three dimensions, includes depth 

4D Four dimensions, includes time 

5D Five dimensions, includes cost 

BIM Building Information Modeling/ Building Information Model 

CAD Computer Aided Design  

ICE Integrated Concurrent Engineering 

ICT Information and Communication Technology 

RFID tags Radio Frequency Identification tags 

PIO Project Information Officer 

VDC Virtual Design and Construction 



 

8 

 

English-Swedish dictionary 

Augmented reality  Förstärkt verklighet 

Building Information Modeling Bygginformationsmodellering 

Business developer  Verksamhetsutvecklare 

Calculator   Kalkylator 

Changes and additional work Ändrings- och tilläggsarbeten, ÄTA 

Civil works   Väg- och anläggningsprojekt 

Construction meeting  Byggmöte 

Contractor   Entreprenör 

Design phase   Projekteringsfas 

Divisional manager  Avdelningschef 

Workers   Yrkesarbetare 

Owner   Beställare 

Supervisor   Arbetsledare 

Workplace outline  Arbetsplatsdispositionsplan, APD-plan 

Work preparation  Arbetsberedning 

 

 



 

9 

 

Acknowledgement 

To begin with I would like to thank Professor Väino Tarandi, supervisor at The Royal 

Institute of Technology, i.e. Kungliga Tekniska Högskolan for his help in the seminars and his 

thoughtful feedback. Thereafter, I would also like to thank Peter Hedvall, supervisor at 

Skanska Construction, for his support and for contributing with his extensive knowledge of 

the production phase.  

 

I would also like to thank senior lecturer Tina Karrbom Gustavsson for her great dedication in 

the master program track, Architectural Design and Construction Project Management. I 

would also like to acknowledge Ph. D and researcher Jessica Lindbergh for the preparation 

the course ‘Theory of science and business research methods’ provided. 

 

At last, I would like to thank the people who were interviewed, Henrik Aläng, Claes Westin, 

Jesper Åström, Henrik Ljungberg, Linus Malm and Fredrik Wincent. Thank you for 

contributing with your time and knowledge. 

 

 

Stockholm, May 2012 

 

Frida Krantz 



 

10 

 

Table of content 

1. INTRODUCTION .............................................................................................................. 12 

1.1 Background ................................................................................................................................. 12 

1.2 Justification for the project ......................................................................................................... 12 

1.3 Objectives and purpose ............................................................................................................... 13 

1.3.1 Description of the context .................................................................................................... 13 

1.3.2 Research question ................................................................................................................ 13 

1.3.3 Limits of the thesis............................................................................................................... 13 

2. THEORETICAL FRAMEWORK ................................................................................... 14 

2.1 Driving forces and resistors ........................................................................................................ 14 

2.1.1 Driving forces ...................................................................................................................... 15 

2.1.1 Resistors ............................................................................................................................... 16 

2.2 BIM in civil works ...................................................................................................................... 17 

2.2.1 Visualization with 3D .......................................................................................................... 19 

2.2.2 4D scheduling and animations ............................................................................................. 19 

2.2.3 Quantity takeoff with 5D ..................................................................................................... 20 

2.2.4 BIM at site ........................................................................................................................... 21 

2.2.5 Development of BIM ........................................................................................................... 21 

3. RESEARCH DESIGN ....................................................................................................... 24 

3.1 Methodological approach ............................................................................................................ 24 

3.2 Data ............................................................................................................................................. 24 

3.2.1 Interviews ............................................................................................................................ 24 

3.2.2 Literature review .................................................................................................................. 25 

3.3 Criticism of the sources ............................................................................................................... 26 

3.3.1 Interviews ............................................................................................................................ 26 

3.3.2 Degree projects .................................................................................................................... 26 

3.3.3 Literature ............................................................................................................................. 27 

3.4 Practical and ethical issues .......................................................................................................... 29 

3.4.1 Confidentiality ..................................................................................................................... 29 

3.4.2 Need for anonymity ............................................................................................................. 29 

  



 

11 

 

4. FINDINGS .......................................................................................................................... 30 

4.1 Work processes in the production phase ..................................................................................... 30 

4.1.1 Production meeting .............................................................................................................. 30 

4.1.2 Construction meeting ........................................................................................................... 30 

4.1.3 Work preparations ............................................................................................................... 30 

4.1.4 Work tasks at site ................................................................................................................. 30 

4.2 Interviews .................................................................................................................................... 31 

4.2.1 Introduction.......................................................................................................................... 31 

4.3.2 BIM in civil works ............................................................................................................... 32 

4.2.3 Driving forces and resistors ................................................................................................. 33 

4.2.4 Visualization with 3D .......................................................................................................... 35 

4.2.5 4D scheduling and animations ............................................................................................. 37 

4.2.6 Quantity takeoff with 5D ..................................................................................................... 38 

4.2.7 Development of BIM ........................................................................................................... 39 

5. ANALYSIS AND DISCUSSION ....................................................................................... 42 

5.1 Building Information Modeling .................................................................................................. 42 

5.2 Driving forces and resistors ........................................................................................................ 43 

5.3 Examples of use .......................................................................................................................... 46 

5.3.1 Visualization with 3D .......................................................................................................... 46 

5.3.2 4D scheduling and animations ............................................................................................. 47 

5.3.3 Quantity Takeoff with 5D .................................................................................................... 48 

5.3.4 BIM at site ........................................................................................................................... 48 

5.3.5 Development of BIM ........................................................................................................... 50 

6. CONCLUSION ................................................................................................................... 52 

6.1 Research question ....................................................................................................................... 52 

6.2 Driving forces and resistors ........................................................................................................ 52 

6.3 Use for BIM in the production of civil works ............................................................................. 54 

6.4 Usefulness ................................................................................................................................... 55 

6.5 Further research........................................................................................................................... 56 

REFERENCES ....................................................................................................................... 57 

APPENDIX 1- INTERVIEW GUIDE .................................................................................. 59 



 

12 

 

1. Introduction 

The introductory chapter presents the background and justification for the project. The 

subject of Building Information Modeling and the occupational field of civil works is 

explained. The objectives and purpose with description of the concept and research questions 

is presented and the limits of the thesis are stated. 

 

1.1 Background 

The Swedish construction industry is currently in a period of transformation when it comes to 

information and communication exchange. Building Information Modeling, the process of 

information sharing that combines 3D models with programs for construction management, is 

supposed to increase communication and collaboration in a project and therefore save both 

time and costs (Hardin, 2009). The Swedish construction companies have competitors on the 

global market that already are working with BIM (WSP, 2011). However, BIM has not been 

used to a lager extent in the production of civil works since the Swedish construction industry 

have not known how BIM could be useful in civil works and has doubts that it will be usable 

in the production at site (Hedvall, 2012, Hedskog, 2011). Therefore, a master thesis based on 

scientific theory and method is made. The thesis analyzes and studies driving forces and 

resistors when using BIM. It also investigates examples of how BIM could be used in the 

production phase of civil works.  

 

Civil works is the engineering field that refers to work tasks in a first production phase of a 

project. It has in most cases to do with ground works as blasting, excavation and piling. 

Furthermore it normally includes concrete works and heavy constructions´ as reinforcement, 

concrete casting, preparation for roads and buildings. Moreover it also includes other work 

tasks included in the foundation of a project (Hedvall, 2012). 

1.2 Justification for the project 

There is a belief that BIM, in the future will be the major competitive factor when tendering 

for construction projects (WSP, 2011). Today it is already used when planning projects, but 

there is a threshold in implementing it in the production phase. Skanska Construction is thus 
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asking for an analysis of the driving forces and resistors of using BIM in the production phase 

of civil works, to become the most competitive contractor on the market and also a study of 

how BIM could be usable in the production of civil works (Hedskog, 2011). The conclusions 

developed for Skanska Construction will nevertheless be created to be applicable by all 

Swedish contractors.  

1.3 Objectives and purpose 

1.3.1 Description of the context 

The thesis is conducted within the program area of Architectural Design and Construction 

Project Management. It corresponds to 30.0 credits (hp) and was executed during a period of 

20 weeks. The thesis is made on behalf of Skanska Construction.  

 

The purpose of this thesis is to find examples of how Skanska Construction could use BIM in 

the production phase of civil works, in order to save time and cut costs and also to examine 

driving forces for and resistors against it. 

1.3.2 Research question 

 What driving forces and resistors are there with a use of BIM in the production phase 

of civil works? 

 In what ways could BIM be used in the production phase of civil works? 

1.3.3 Limits of the thesis 

The thesis is limited to the production phase of civil works in Sweden. The different programs 

that could be used will not be included in the thesis due to the time limit. Furthermore the 

implementation process will not be studied.  

 

The study is aimed for people with knowledge of the building process who are interested in 

learning more about BIM, the driving forces and resistors behind the use of it and wants to 

know more about how BIM could be used in the production phase of civil works. 
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2. Theoretical framework 

In this chapter the literature review is presented. The literature review is divided into two 

parts. The first part is focusing on driving forces behind the use of BIM in the production 

phase of civil works and resistors against it. The second part is investigating how Skanska 

Construction could use BIM in the production phase of civil works. 

 

2.1 Driving forces and resistors 

The research papers being reviewed are; Building Information Modeling (BIM): Benefits, 

Risks and Challenges (Azhar et al., 2008a) and Rethinking communication in construction 

(Wikforss and Löfgren, 2007). The degree project being reviewed is; Effektivare 

produktionsarbete med BIM som arbetssätt på Skanska Väg och Anläggning region 

Stockholm (A more efficient production with BIM as a working method at Skanska 

Construction region Stockholm) (Källemyr and Sellén, 2011). The research papers and the 

degree project are analyzing the driving forces and resistors of using BIM and how it can 

make the construction industry more effective. The literature review is structured after what 

the researchers have written on the subject. 

 

Wikforss (2007) is an architect, PhD, Professor in Project Communication and senior lecturer 

in Architectural Forms. Löfgren (2007) has a degree of Licentiate of Technology from 2006 

with the thesis; Mobile Computing and Project Communication. The Licentiate thesis is used 

in the second part of the literature review. Wikforss and Löfgren (2007) used two case studies 

from the design phase and one case study from the production site; where direct observations, 

interviews and document analysis were used, to examine the communication flow. Wikforss 

and Löfgren (2007) are not focusing on BIM specifically, but write that it is a process of 

sharing information. Even though researchers have been focusing on BIM for more than 30 

years the authors believe that it is a long way to go before it could be used in full-scale in 

architecture and construction. The authors focus instead on communication in construction 

projects and the concept of Information and Communication Technology, abbreviated ICT. 

ICT is a concept that supports BIM which refers to the networks and tools that help 

companies to communicate more effectively (Wikforss and Löfgren, 2007). 
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Azhar et al. (2008) used three question surveys to explore the role of BIM in the construction 

industry and the academia. The authors also used one case study and data from ten 

construction projects. Azhar et al. (2008) describe BIM as the development and use of 

computer models to simulate planning, design, construction and operation in a project. It is 

also explained as a help for architects, engineers and constructors to visualize the building and 

detect problems in the process of the design, construction or operation (Azhar et al., 2008).  

 

Källemyr and Sellén (2011) started their research paper with a pre-study consisting of visits 

and meetings with employees from Skanska Construction. They held three interviews with 

employees where the questions were based on their pre-study. Finally they created a fictional 

project based on the result of the pre-study to show how BIM could solve occurred problems. 

Källemyr and Sellén (2011) define BIM as a way to manage digital information in the 

building process and share it with all actors. The model is built with 3D computer software 

that supports BIM which all actors have access to. When something is changed in the model, 

all information in the model changes and gets up to date. When the project is complete, the 

information could be used in the management of the building (Källemyr and Sellén, 2011). 

2.1.1 Driving forces  

A platform with ICT tools that enables for communication and collaboration within the 

project could make the production phase more effective when the schedule is tight (Wikforss 

and Löfgren, 2007). Information exchange between different actors becomes more effective 

when using BIM, since changes can be made directly in the model. 3D models can give a 

more representative view of the building since it includes more information compared to a 2D 

model. Hence, it is easier for the client to visualize what the building will look like when it is 

completed (Källemyr and Sellén, 2011). A 3D model could provide a higher degree of 

accuracy of the coordination’s of the building parts which reduces clashes on site. BIM will 

make the processes faster and more effective since the information is more easily shared and 

also can be reused. The whole life-cost will be more predictable and easily understood and the 

life cycle data with requirements, design, construction and operational information can be 

used in facility management when the project is completed (Azhar et al., 2008a). The final 

argument for BIM is that the 3D model can be connected to programs of time-scheduling and 
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calculation which will make the logistics more effective and the budget and energy 

calculations more accurate (Källemyr and Sellén, 2011). 

 

Table 1: Driving forces according to the theory 

 Easy to share information – enhances collaboration and communication 

 Visualization 

 Accuracy of coordination’s 

 Shorter project duration 

 Predictable life cycle cost 

2.1.1 Resistors  

One problem on the construction site is the tight time schedule and the focus laying on 

planning, coordinating and completing the project. While the production is in progress the 

construction managers, supervisors and superintendents are needed on site. At the same time 

they are also needed in the office to order material, attending production meetings and 

following up the budget. Another problem is the employee’s negative attitudes against 

computers. The production managers, construction supervisors and superintendents feel that 

they are spending too much time doing administrative work in front of the computers. The 

challenge is to improve this administrative work to increase efficiency and productivity 

(Wikforss and Löfgren, 2007). The requirements for successfully using BIM are that all actors 

involved uses 3D and that they have the same file format. Källemyr and Sellén (2011) also 

believe that the tools for BIM have to be improved and enhanced to be able to work with 

complex files with extensive information (Källemyr and Sellén, 2011). There is also a 

problem of the legal ownership of the BIM data since it is hard to protect information and 

solutions with copyright and laws and both the owner and the team that developed the data 

could claim the ownership. Another problem is that there is an uncertainty of how to decide 

who will be responsible for the accuracy of the costs and the accuracy of the coordination’s in 

the scheduling data. The consequence is that nobody is responsible for the accuracy (Azhar et 

al., 2008b). Furthermore it is important that all actors on the market decide and agree to 

standardize how to work with BIM and what formats to use. The legal problem of who owns 

the 3D model and its information is also discussed in this paper. It is hard to decide who is 

responsible for the accuracy of the model and who is responsible for any errors in the model. 
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A suggestion is that the users of the model should only have authority to make changes in the 

work tasks of their profession, to avoid making changes in other parts of the model (Källemyr 

and Sellén, 2011, Azhar et al., 2008b). 

 

Table 2: Resistors according to the theory 

 Employee’s negative attitudes against administrative work 

 Uncertainty of the legal ownership  

 Uncertainty of responsibility over accuracy of costs, data and coordination’s 

2.2 BIM in civil works 

This part of the literature review is focusing on the research question of how BIM could be 

used in the production phase of civil works. The aim is to develop concrete examples of how 

it could be used and finally evaluate what example could be used in the different work 

processes in the production phase of civil works.  

 

The literature review is based both on research papers but also on books that have been 

written on the subject. The book being reviewed is; BIM Handbook: A Guide To Building 

Information Modeling: For Owners, Managers, Designers, Engineers, and Contractors 

(Eastman et al., 2011) and BIM and construction management proven tools, methods, and 

workflows (Hardin, 2009). The research papers being reviewed are; BIM förändrar 

produktionen (BIM alters production) (Shamloo and Mobaraki, 2011) and Mobile Computing 

and Project Communication (Löfgren, 2006a). The literature used proposes several examples 

of how BIM could be used. The examples are evaluated in the conclusion after their 

applicability in the production phase in civil works. The literature review is structured after 

what these researchers have written on the subject. 

 

Eastman et al. (2011) is a team of academics and researchers who published their first edition 

of BIM Handbook in 2008. The second edition used in the thesis includes new advances in 

BIM technology, processes and tools. It also includes new projects and case studies. The book 

is built on work experience and cases. Eastman et al. (2011) describe BIM as a process that 

architects, engineers and constructors could use in the design, construction and operation of a 
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building. BIM, Building Information Modeling, is an activity rather than the object that is the 

Building Information Model. BIM could be used as a support in construction, fabrication and 

procurement and also in the whole life cycle perspective when the project is finished. The 3D 

model provides an accurate construction model of the building. A BIM project that is well 

executed should result in better quality, lower costs and reduced project duration (Eastman et 

al., 2011). 

 

Shamloo and Mobaraki (2011) used a qualitative research approach with 14 interviews as the 

research method in their degree project. The interviews were made with people who had 

previous experience of working with 3D models and/or BIM. Shamloo and Mobaraki (2011) 

define BIM as the total information collection during the life cycle of a building. The 

information that is collected is presented as 3D objects that are representing the building parts 

and spaces in the project. BIM is not a technique but a generic term of how information is 

created, stored and used systematically (Jongeling, 2008 in Shamloo and Mobaraki, 2011).  

 

Hardin (2009) is a construction manager and architect who worked with and lectured about 

BIM. The book is built on case studies, interviews and years of discussions and practice of the 

use and concept of BIM. It also includes tutorials with examples of how to use BIM in some 

programs that the author and his colleagues are accustomed to work with. Hardin (2009) 

explains BIM for a contractor as a virtual construction with objects that represents a structure 

or a facility. The aim with BIM is claimed to increase the communication and collaboration in 

a project (Hardin, 2009). 

 

Smith (2009) is the founder of NIBS Facility Information Council that also have developed 

the U.S. National CAD and BIM Standards. Smith and Tardifs (2009) both have a background 

in the buildingSMART alliance. The book is built on the authors experiences and interest in 

BIM (Smith and Tardif, 2009).  

 

Löfgren (2006) studied industrial management and telecommunication systems at the Royal 

Institute of Technology. In 2006 he wrote the Licentiate thesis for his doctoral research 

project at the Royal Institute of Technology. The thesis focuses on how mobile computing and 

wireless Information and Communication Technology could improve information 

management and communication at site. The thesis builds on a case study of a mobile 
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computing pilot project at Skanska AB. The literature review focuses on the parts were 

Löfgren (2006) write of the usefulness and benefit in using tablet computers at site (Löfgren, 

2006a). 

2.2.1 Visualization with 3D  

The level of detail of the information in a building model depends on the functions it will be 

used for (Eastman et al., 2011). The contractor could use BIM for visualization with 3D 

models. The 3D model could be used for visualizing the construction in work preparations, 

collision controls and in the co-reviews between the different disciplines (Eastman et al., 

2011, Hardin, 2009). The accuracy is proven to be greater when collision controls are done in 

one file compared to collision controls in 2D, which have driven the development towards a 

greater use of 3D models (Hardin, 2009). The 3D model could help all parties understand the 

details and get a similar picture of the design (Eastman et al., 2011) which reduces the risk for 

misunderstandings and clashes (Shamloo and Mobaraki, 2011). The 3D model helps all 

parties to get a holistic view of the project and makes it easier to visualize drawings and to 

understand what has to be done in the work preparations. Shamloo and Mobarakis (2011) 

interview showed that 3D visualization also made it easier for the workers to assemble the 

work, which showed to be appreciated. It also showed that people who had experience of 

working with it thought that it worked well and that it has future potential. A condition for 3D 

visualization to work is that there must be computers and support available at the site 

(Shamloo and Mobaraki, 2011). 

2.2.2 4D scheduling and animations 

BIM could be used in construction analysis and planning with 4D animation models and 

schedule control (Eastman, 2011). In 4D CAD the projects construction schedule is connected 

to the 3D model (Shamloo and Mobaraki, 2011). 4D scheduling could visualize the 

construction plan with 4D animations of the site being built according to the schedule. The 4D 

animation could thus help the contractor to see if the planned work is realistic. 4D animations 

work30 

 as a communication tool to understand the scope, detect potential problems early and 

visualize the planned construction with completion dates to all actors. Hardin (2009) state that 

“In a schedule animation, you can show the earthwork excavation, site demolition, pile 

driving, piers, excavation, forming, site utilities, crane erection, truck loading areas, staging 
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and lay down areas, reinforcement and rebar concrete foundation pour, structural steel 

erection, and so on” (Hardin, 2009, p. 97). It could also be used in site logistics and 

coordination of work (Hardin, 2009, Eastman et al., 2011). However 4D CAD is expensive 

and requires both knowledge and experience of how to link a schedule to a 3D model 

(Eastman, 2011). It is also demanding for people working with it for the first time (Shamloo 

and Mobaraki, 2011). If the scheduling with 4D is done properly the benefit in cost and time 

would most likely exceed the implementation cost (Eastman, 2011).  

2.2.3 Quantity takeoff with 5D 

A building model provides a good appraisal of the quantities but it does not replace 

estimations since the estimation in the model is uncertain and also since it is not legally valid. 

Estimators could use quantity takeoffs for visualization, detecting special conditions and 

compare prices from subcontractors and suppliers. A building model with a high level of 

detail could reduce bid costs and uncertainties. Furthermore it is important to use BIM 

software in an early design phase so that building parts are defined early, to be able to extract 

quantities and to create cost estimates later on (Eastman, 2011). 

 

There are three ways that BIM could be used in quantity takeoffs; exporting quantities to 

estimation software, link the BIM tools to the estimation tool and to use a quantity takeoff 

tool. In the first option the estimator could extract quantities and objects from the BIM model 

and use the information in estimation software as MS Excel (Eastman, 2011, Smith and 

Tardif, 2009). In the second option the BIM tools are directly connected to the estimation tool 

allowing the estimator to associate objects with detailed information as assemblies of building 

parts, labor, material, recipes or an external cost database. If the information is connected to 

the BIM components it could also be used to create a 4D model. In the third alternative the 

program for quantity takeoff is directly linked to a library of estimations of building parts, 

labor and material, which is connected and imported in the cost estimate. Quantity takeoff 

with BIM could reduce errors and improve accuracy of the estimates. BIM should however 

only be used as a helping tool in cost estimations. The complete estimation has to be done by 

a cost estimator since there is always remaining information that has to be added to the 

estimations from the library (Eastman, 2011).  
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2.2.4 BIM at site 

BIM could be used on site when the contractor is trying to detect errors on site. The model 

could be used when doing field-verifications to see if the executed construction matches the 

model. The contractor could also use laser scanning measurements when checking that the 

poured concrete is in the right place. The data could then be connected to the BIM system and 

to GPS-tools with exact coordination of the building model which could be used to verify 

locations on site (Eastman et al., 2011). Identification tags called RFID tags, i.e. Radio 

Frequency Identification, could be used to identify and track equipment when being scanned. 

The information in the RFID tag could be saved in a database to support the installation 

(Eastman et al., 2011, Hardin, 2009). If the RFID tags are linked to field-verification devices 

connected to the BIM system the work status are constantly updated. This would give the 

contractor a frequent update and feedback of the progress of the project. The tags could also 

be used for a 4D animation of the logistics plan in complex coordination’s (Eastman et al., 

2011). 

2.2.5 Development of BIM 

Mobile project communication tools as tablet computers could be used at the construction site 

for improving and enhancing construction management and communication at site. A 

requirement is that the tools in the tablet computers are designed to improve the performance 

and quality, meaning that the technology has to be adjusted to fit the organization both with 

its activities and work routines at site. This is described as a concept of usefulness includes 

the concepts of usability and utility, which is illustrated in Figure 1 below. The concept of 

usability means that a tool, such as tablet computers, has to be easy and efficient to use and 

that it has to support and fulfill the personal development of the user. That a tool has to be 

utilized means that it has to be practically applicable, improve activities and enhance the work 

tasks. If the use of tablet computers fulfills the requirements for both usability and utility the 

user will feel that it supports their needs and demands. The result of the tablet computers 

usefulness will mean that the technology will fit the specific work processes, it will be 

accepted by both the organization and the user and the organization will support the decision 

of implementing it (Löfgren, 2006a). 
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Figure 1: The effects of system usefulness (Löfgren, 2006b) 

 

To be able to successfully implement tablet computers on site it is important to examine how 

the technology could support the users work routines. The processes were the technology 

could be used has to be studied thoroughly and the needs and the demands of the user has to 

be identified in order to meet the business needs (Löfgren, 2006a, Smith and Tardif, 2009).  

The ICT tools have to be designed to fit the construction processes and the work tasks 

(Löfgren, 2006a). The tools should be evaluated by typical end-users in a pre-evaluation 

discussion (Dawood et. al, 2005). The tablet computers also have to be easy to use to not 

disrupt the daily work but enhance it. It should also not interfere with the social collaboration 

between actors, business practice or with management and leadership. Otherwise it will not be 

usable or accepted by the user or the organization (Löfgren, 2006a). The tools should, after 

being evaluated after its usefulness, be analyzed through a cost/benefit perspective to examine 

if the use of it will result in an increased revenue and profit and also to find the return on 

investment (Smith and Tardif, 2009).  

 

Furthermore it is important to have a key user that could function as a bridge between the 

users at site and the technical development team. The key user has to be involved in the 

processes at site and should listen to both the user and the technical development team in 

finding the right ICT tools and technical support for the business activity (Löfgren, 2006a).  
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The implementation of tablet computers is a process of trial-and-error (Löfgren, 2006a). The 

knowledge gained and lessons learned should be used in future projects (Smith and Tardif, 

2009).  However, the quality, utility and value of using tablet computers will be shown when 

it is tested on a real project on site (Löfgren, 2006a). 
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3. Research design 

In this chapter the research design is presented. The methodological approach and data that 

have been used are explained. Furthermore are the sources criticized and practical and 

ethical issues are discussed. 

 

3.1 Methodological approach 

A qualitative research method with interviews is used. The aim is to investigate driving forces 

and resistors when using BIM and in what ways Skanska Construction could use BIM in the 

production phase of civil works. The interviews were used to get an insight in how BIM is 

used in existing construction projects and to get answers on the research questions (Ghauri 

and Grønhaug, 2010). 

3.2 Data 

The data that is used consists of semi-structured interviews, a Licentiate thesis, degree 

projects, books and scientific research papers. The interviews were conducted with employees 

that are or have been working with BIM from Skanska, ELU, Tyréns and Veidekke. This is to 

get a good representation of different actors and their different views on the subject. The 

literature  will give knowledge about researchers’ ideas and results within the subject and will 

be a base for the literature review (Ghauri and Grønhaug, 2010). 

3.2.1 Interviews 

The interviews were focusing on how BIM could be used in the production phase of civil 

works, in order to save time and cut cost and show the driving forces behind and resistors 

against it. To avoid collecting too much information that is hard to handle, the interview 

questions had to be well connected to the research questions. To be sure to find a possible 

date and time that could fit all the interviewees most of the interviews were arranged early. To 

start the work with the master thesis with the interviews made it easier to re-schedule 

interviews that could not be carried out on scheduled dates. It is also important to have in 

mind that the interviews would lead to extensive materials that would take time to handle and 
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re-write and to have that in mind when doing the time plan. The questions were written to 

avoid from being leading and is therefore first critically analyzed and then re-written during 

the time of the interviews, new questions arose and old had to be changed. A positive 

argument for the use of interviews as research method is that it is flexible, which made it 

easier to have a dialogue around the questions and also to change, add and adjust questions as 

the interview went along. 

 

Since there is not yet an agreed definition of BIM in the industry, the interview was started by 

asking how the person being interviewed would define it. The person’s background and how 

he or she have used BIM in previous projects or were working with BIM at the time of the 

interviews are also relevant for the interview. Open-ended questions were used to get the 

interviewees own perspective and ideas on the subject and give the interviewees space to use 

their own words and to think freely. The interview was both taped and written down with 

support words to not miss important answers during a discussion that was not following the 

pre-written questions. The full interview was written down as soon as possible to avoid from 

losing ideas and connections as time goes by (Ghauri and Grønhaug, 2010). 

3.2.2 Literature review 

To be able to understand and define the subject of BIM, a first literature review of three 

scientific research papers was made, focusing on driving forces and resistors when using 

BIM. The second literature review focuses on finding concrete examples on how BIM could 

be used in the production phase of civil works. The purpose of the review is to improve and 

update the already existing research, explain important concepts and make sure that the 

research question is relevant. The biggest advantage with using second hand data as the 

research method was that it saved time and helped to understand the research problem (Ghauri 

and Grønhaug, 2010).  

 

It was important to collect and read several literature reports and degree projects before 

writing the literature review since some of the literature had a higher relevance and that the 

connection between the papers and the focus on the thesis got more clear as information was 

collected and literature was being read. It was also clear that it was necessary to re-write the 

literature review as new information and deeper knowledge of the subject changed the focus 

and conclusions as the time went along (Ghauri and Grønhaug, 2010). 
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3.3 Criticism of the sources 

3.3.1 Interviews 

Ghauri and Grønhaug write “The main advantage of primary data is that they are collected for 

the particular project at hand” (Ghauri and Grønhaug, 2010, p. 99).The interviews builds on 

the research questions of the thesis and data is collected for only the purpose of the thesis. The 

disadvantage with using interviews was that the data collected is depending on the answers 

the interviewee provides. If the person being interviewed does not belive that the interview is 

important or that the subject is interesting, the answers will not be usable. The persons being 

interviewed were however choosen because of their interest and knowledge of the subject and 

answered to as many questions as they could extentivly. The interviews have therefore a high 

degree of reliability (Ghauri and Grønhaug, 2010).  

3.3.2 Degree projects 

The research papers and the degree project being used are second hand sources. The 

information the degree papers build on is collected for a different purpose and does not have 

the same research question as this thesis (Ghauri and Grønhaug, 2010). 

 

The first part of the literature review is focusing on the research question; What are the 

driving forces and resistors when Skanska Construction is using BIM in the production phase 

of Civil Works? Källemyr and Selléns (2011) research problem is to find out how Skanska 

Construction, could solve the difficulties with working with BIM in civil works (Källemyr 

and Sellén, 2011). The degree project has a similar research problem and is also written the 

current year.  

 

The second part of the literature review is focusing on the research question; In what ways 

could Skanska Construction use BIM in the production phase of Civil Works? Shamloo and 

Mobarakis (2011) research question is examining what Skanska needs to do to increase the 

use of BIM in the production. This research question, also written in the current year, is also 

similar to the one examined in this thesis. The degree projects could consequently be seen as 

reliable (Shamloo and Mobaraki, 2011).  
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To further examine if the degree projects were reliable the sources authenticity were checked. 

The sources used were both first hand sources with interviews and second hand sources with 

literature which all appeared to be reliable (Ghauri and Grønhaug, 2010). 

3.3.3 Literature 

The research papers being used are second hand sources. The information these papers builds 

on are collected for a different purpose. The research paper by Azhar et al (2008) used in the 

first part of the literature review is examining problems and possibilities with BIM which is 

the first research question in this thesis. The paper is however written in 2008, which slightly 

lowers the reliability (Azhar et al., 2008b). The research paper by Wikforss and Löfgren 

(2007) is examining problems and possibilities with communication in the construction 

industry, which is not that similar to the research question in this thesis. Both this and the fact 

that the research paper is written in 2007 indicates that the information is not completely 

reliable. However the first part of the literature review is aiming towards analyzing driving 

forces and resistors when using BIM, which is only used as a base for understanding the 

problems and possibilities of the subject of BIM. The research papers are therefore seen as 

reliable enough to examining and understanding BIM as a first step (Wikforss and Löfgren, 

2007). The sources in the second part of the literature review that examines the main issue, 

how Skanska Construction could use BIM in the production phase of civil works, had to have 

a higher degree of reliability. The sources had to be written in the current year and will have 

to been collected for a similar purpose as this thesis (Ghauri and Grønhaug, 2010). 

 

The literature used in the second part of the literature review by Eastman et al. (2011) is 

focusing on how BIM could be used in the design, construction and in the facility 

management of a building. However the chapter that has been used in the literature review, 

BIM for contractors, deals with examples of how contractors could use BIM for their needs. 

These examples brought up in the literature could as well as being used in the construction of 

a building, be used in the production phase of civil works. The literature could consequently 

be seen as reliable (Eastman et al., 2011). Hardin’s (2009) focus lies on BIM in construction 

management. The chapters used are focusing on examples of how BIM could be used, similar 

to the research question, which makes the literature trustworthy for the purpose of the 

literature review (Hardin, 2009). The Licentiate thesis by Löfgren (2006) is focusing on how 

mobile computing and wireless Information and Communication Technology could improve 
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information management and communication at site, which is similar to the research question. 

The thesis is written in 2006 which lowers the reliability but since it is a Licentiate thesis for a 

doctoral research project it is seen as reliable enough (Löfgren, 2006a). The literature by 

Smith and Tardif (2009) is a guide for implementing BIM in building projects. The texts that 

have been used focuses on the usability of BIM and the importance of meeting the business 

needs when implementing the technique. The literature is used as a complementary reference 

to the literature by Löfgren (2006) since both literatures are examining the need for usability. 

Smith and Tardifs (2009) literature is not written for a similar purpose as the research 

question but since it is used only to examining the need for usability it is seen as reliable 

enough (Smith and Tardif, 2009). 

 

To examine if the literature was reliable the sources authenticity were examined. The sources 

used by Azhar et al. (2008) were both first hand sources with interviews and second hand 

sources with literature, the writers own experience and research papers which all seems to be 

reliable (Azhar et al., 2008b). The sources used in the literature written by Eastman et al. 

(2011), Hardin (2009) and Smith and Tardifs (2009) are harder to control for authenticity as 

each part in the chapter is written as a flowing text of examples and does not have references 

in the end of each part. The references are instead listed in a bibliography in the end of the 

book (Eastman et al., 2011, Hardin, 2009, Smith and Tardif, 2009). The chapters used in the 

literature by Eastman et al. (2011) is focusing on how BIM could be used by contractors 

which is similar to the research question of the thesis, and the fact that it is written in the past 

year is seen as reliable enough (Eastman et al., 2011). The chapters used in Hardin’s (2009) 

literature is focusing on examples of how BIM could be used by a contractor. The examples 

are applicable on the production phase. Hardin’s (2009) and Smith and Tardifs (2009) 

literature is not written in the past year but, since the examples and texts used are not 

depending on the year it is written, it is still seen as a reliable source (Ghauri and Grønhaug, 

2010, Hardin, 2009, Eastman et al., 2011).The sources used in the chapters, The importance of 

usefulness and The scope of benefit, by Löfgren (2006) were a doctoral thesis, a book focusing 

on usability and case study material (Löfgren, 2006a). The sources are considered to be 

reliable.  
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3.4 Practical and ethical issues 

3.4.1 Confidentiality 

The thesis is made after a request from Skanska Construction. Since Skanska is a well-known 

company on the market they are protective about all internal information that could be used 

by competitors on the market. All possible material and information concerning Skanska that 

could be seen as confidential are kept secret and have not been discussed in the thesis 

(Hedskog, 2011, Hedvall 2011). 

3.4.2 Need for anonymity 

If any critical or sensitive information would have been found in the thesis there would have 

been a discussion with the supervisor from Skanska whether Skanska would want to be 

anonymous and referred to as the contractor in the thesis. The supervisor controlled the text 

during the process of the work of the thesis. The thesis proved however not to contain any 

sensitive information and a discussion of referring to Skanska as the contractor was not 

necessary (Hedskog, 2011, Hedvall 2011). 
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4. Findings 

In this chapter the daily process of the meetings and work tasks in the production phase is 

first presented. Then are the findings of the six interviews presented. The interviews are 

divided into common areas of discussion such as the interviewee’s professional role and their 

description of BIM, BIM in civil works, driving forces and resistors, visualization with 3D, 4D 

scheduling and animations, quantity takeoff and the development of BIM.  

 

4.1 Work processes in the production phase 

4.1.1 Production meeting 

There is a production meeting every week. In the meeting the time plan and the phase plan is 

reconciled. A risk inventory is regarded concerning future risks and found risks. Work 

preparations that will be made are discussed in a resource planning were the need for workers 

are planned. Future purchases and purchase of sub-contractors is planned and the workplace 

outline is brought up to date (Hedvall, 2012). 

4.1.2 Construction meeting 

Construction solutions and method of choice are discussed and clarified with the constructors 

(Hedvall, 2012). 

4.1.3 Work preparations 

Hazardous work moments in the terms of work environment, economy and quality are in the 

work preparations discussed and planned on a detail level (Hedvall, 2012). 

4.1.4 Work tasks at site 

The usual work processes at the site in civil works is blasting, excavation, piling and heavy 

constructions as reinforcement, concrete casting and preparations for roads and buildings 

(Hedvall, 2012). 
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4.2 Interviews 

4.2.1 Introduction 

Henrik Aläng (2011) is a calculator who works with quantity takeoffs at Skanska Healthcare 

for the project New Karolinska University Hospital. The interview was done at the project 

office for New Karolinska University Hospital the 28
th

 of December. BIM for Aläng (2011) is 

when you are able to extract quantities from the 3D model and use it for the calculation 

(Aläng, 2011) 

 

Claes Westin (2012) is a supervisor at Skanska who have worked with BIM at Bromma 

Blocks. The interview was done at the project office for Skanska’s new headquarters; 

Kvarteret Lustgården the 11
th

 of January. Westin (2012) describes BIM as when you are 

taking advantage of different processes and information in a project. BIM is when information 

is flowing in a project, as for example the schedule, costs, dimensions and fire classifications. 

BIM is also when all information is available and there is a model holding all information 

needed. Westin points out that you have to separate BIM and the 3D model. It has to be more 

parameters included than a 3D model to have a BIM project (Westin, 2012). 

 

Jesper Åström (2012) is a constructor and project manager for housing projects at ELU. 

Åström is also a development coordinator. The interview was done at ELU’s headquarters the 

13
th

 of January. Åström (2012) describes BIM as working with BIM planning, time 

dimensions and modeling. His belief is that we are still not there (Åström, 2012). 

 

Linus Malm (2012) is a Project Information Officer, i.e. BIM coordinator at Tyréns. He is 

also divisional manager of a construction department at Tyréns. The interview was made at 

Tyréns headquarters the 7
th

 of February. Malm (2012) differ the model, Building Information 

Model, from the work process, Building Information Modeling. He describes Building 

Information Modeling as object based 3D planning with a model, instead of simple lines, and 

that you are able to extract information from the model. If you use the object model for 

something more, it is BIM. He also explains BIM as a three step staircase were the first step 

in the use of BIM is visualization and collaboration. The second step is the use of time 

scheduling with 4D and quantity takeoffs with 5D. The third and last step is to use BIM for 

automation and building products (Malm, 2012). 
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Henrik Ljungberg (2012) is a CAD planner at Skanska, in the department for bridges and 

constructions. The interview was done at Skanska’s headquarters in Gothenburg the 13
th

 of 

February. BIM in Ljungberg’s (2012) point of view is when you work with 3D design, 

machine steering data and staking data (Ljungberg, 2012). 

 

Fredrik Wincent (2012) is a VDC coordinator and business developer for VDC at Veidekke 

Entreprenad AB in Sweden. The interview was made at Veidekke Headquarters in 

Sundbyberg the 16
th

 of March. Wincent (2012) describes BIM as both the product and the 3D 

model that also includes 4D and 5D. It is the technique and the things around it. BIM is 

included in the operation method called Virtual Design and Construction that Veidekke uses. 

VDC also includes the organization and the processes which are an operation method called 

ICE, i.e. Integrated Concurrent Engineering that NASA uses. Wincent (2012) describes there 

to be three levels of BIM as Malm (2012) referred to as an three stairs staircase (Malm, 2012). 

The first level is visualization, the second is integration and the third is automation. BIM 

could in the first level be used for visualization with a 3D model and pictures of the site, when 

using an interactive whiteboard as the ones from Epson or SMART Board and also to work 

with employee involvement and rolling time schedule. In the second level BIM could be used 

for integration with production calculation and/or purchase lists, time scheduling with the 

planning program Line of balance and also to do a work outline in 3D. In the third level it 

could be used for automation with machine guidance and RFID tags that allows you to trace 

deliveries and follow objects the whole way. BIM is at the present used in visualization and 

automation at Veidekke (Wincent, 2012b). 

4.3.2 BIM in civil works 

Skanska has a BIM department that leads the objectives and strategies of BIM. The 

department has some development projects were they work with document management 

systems, quantity takeoffs, 4D scheduling, security, work outline and visualization. Skanska 

has decided that projects over 50 MSEK shall implement BIM in some form through project-

specific definition. This is done in collaboration with a BIM coordinator. The requirements 

for BIM in the design phase are the use of 3D modeling and delivery of data for staking and 

machine control. A further application to the requirements is 4D simulations, work 

preparation or a workplace outline. For BIM to be useful it is important that the BIM-
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coordinators be closer to the project than sitting at the office. Furthermore it is important to 

work a lot in the first stage of a project and it is also essential to collaborate in setting a 

standard of how to build a model and draw lines. Ljungberg (2012) would like to see more of 

BIM in civil works in Skanska, with direct import of data for staking and machine control and 

4D simulations. Moreover he says that BIM could be used more in the master schedule and 

that you could also go in to details in the schedule (Ljungberg, 2012). 

 

Westin (2012) believes that BIM should be part of the daily agenda, with the use of a 3D 

model and where you could look at the quantities, board of objectives and to be used it in the 

production meetings. BIM could also be used for information of steel, concrete and 

reinforcement in the production phase of Civil Works. The 3D model could have information 

of the stages of the concrete casting, quality and its characteristics (Westin, 2012). It could 

also hold a list of the concrete that is needed in a first phase (Åström, 2012). Furthermore 

BIM could be used for 4D scheduling and simulations, quantity takeoff with 5D, work 

preparations, when doing a workplace outline, crane lifts and temporary constructions. It 

could also be used for machine steering technologies, estimating drying time of the concrete 

and doing acoustic analysis and energy analysis (Malm, 2012). 

 

BIM is used for visualization and automation in the production phase at Veidekke. They use 

3D models, pictures of the site, with an interactive whiteboard, in employee involvement and 

rolling time schedule. It is also used for automation with machine models and RFID tags that 

allows you to trace deliveries and follow objects the whole way. But it could probably also be 

used in the second level of BIM called integration that includes calculations, purchases, time 

scheduling and also a work outline in 3D (Wincent, 2012b). 

4.2.3 Driving forces and resistors 

BIM is useful in any project, if you believe in it (Malm, 2012). But it is hard to measure the 

profitability and time savings. When you use BIM you often do collision controls and co-

reviews were problems can be found but you would not know what the cost would have been 

if you had not found the problem (Ljungberg, 2012). Few companies measures the profit that 

BIM could provide, instead they trust to believe that it will be profitable (Malm, 2012).  
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BIM is an extra cost. Small consulting firms has had difficulties with it and some take extra 

charge for it while the larger ones all use it and does not charge anything extra for it. Malm 

says that he could be seen as an extra cost when he is working with BIM in a project but that 

everyone thinks that the work he does is important. You have to get people to see the benefits 

and make them interested in BIM. Show the Project Manager how much money that could be 

saved and give people training to get them to understand how to work and design with it 

(Malm, 2012). It is easier to see the profit with BIM in larger civil work-projects than in the 

smaller (Ljungberg, 2012). Westin (2012) thinks that BIM is more useful in smaller projects 

since it is easier to do a whole scale model in a smaller project. It is needed more in larger 

projects but if all information is not included it will not be useful (Westin, 2012). Aläng 

(2011) believes that there should not be a difference between the profitability of larger 

projects compared to smaller projects. The quantity takeoff takes longer time in a larger 

project Aläng says, but he believes that the profit is as big in percentage for larger and smaller 

projects.  Skanska are earning money using BIM already. They are also saving time. It is hard 

to measure the money they save, but it is obvious that they are much more effective in their 

work now (Aläng, 2011).  

 

It is more expensive to draw in 3D than it is with 2D since it is more work with it, but if you 

know how to use the 3D model correct there will be less error. Åström (2012) adds that he 

believes that if you work in peace and quiet in the design phase you have it back in the 

building phase. The total cost will probably be lower while the design stage will be more 

expensive (Åström, 2012). Is not good to shorten the design phase but you could shorten time 

in the production phase. BIM could make the production more effective and the 

communication more effective (Malm, 2012). Westin (2012) worked in a project called 

Bromma Blocks were he states that they saved time in the production phase and that it was 

also good economy overall (Westin, 2012). It should be possible to be more effective in the 

meetings with the help of BIM. BIM could save time that could be used on more qualitative 

work but you also have to have time to think (Malm, 2012). Hedvall (2012) agrees with this 

and adds that people previously talked about the concept of 3T, i.e. total time thinking. This 

indicates the importance of taking the time for discussions, planning and having 

brainstorming. You should not forget the importance of taking time for planning (Hedvall, 

2012). BIM is not supposed to cut time but to be more effective and make time for 

communication and information exchange (Malm, 2012). 
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4.2.4 Visualization with 3D  

The idea with the 3D model was from the beginning that the architects would pick out the 

drawings directly from the model. That is not how it really works today and the architects are 

probably working twice as much doing both 2D drawings and a 3D model (Aläng, 2011). The 

problem is that the 3D model does not have a legal validity. It has to get the same legal 

validity as the 2D drawings have, to do the information reliable and the architect could do cuts 

in the model and extract the drawings directly from the model. It is important that the person 

working with BIM can focus on the right things. But BIM could never be negative (Westin, 

2012). Another problem with 3D modeling is that is takes longer time to design it (Åström, 

2012). By making a 3D model you could directly see if it is possible to build it and the time 

spent on drawing is worth the time (Wincent, 2012b). 

 

In most projects you are expecting to work with 3D models (Ljungberg, 2012). But there are 

not many projects that are BIM projects today. It is often only 3D models. You can use the 

model for information of acoustic classification and fire classification but you almost 

exclusively use it for geometry (Malm, 2012). When the owner requests to have a BIM 

project you often have to ask them to specify what they want (Malm, 2012, Åström, 2012). 

Sometimes the owner has clear requests of what they want. It is important to ask for a 

definition of what they think should be included in a BIM project. Things that ELU believe 

should be included in a BIM project is policy documents and a BIM coordinator. The models 

that are used also have to be able to talk to each other to be used in collision controls and co-

reviews (Åström, 2012). The BIM coordinator should be involved in the project from the 

beginning and should also work for the contractor (Hedvall, 2012). People only learn on 

which level to model in and how to code the model. Instead start with a simple structure and 

go on with a 2D drawing. Many people try to learn this new technology. It could be very 

frustrating at the beginning but when you know the programs you are over the threshold 

(Åström, 2012). 

 

Ljungberg (2012) believes that BIM will grow in collision control and in the co-review 

between different disciplines in Skanska. Collision controls makes it more easy to detect why 

something collide and the problems behind it (Ljungberg, 2012, Malm, 2012). You are able to 

see all gaps and that it all works (Åström, 2012). If the model does not have any collisions 

there will not be any in reality (Wincent, 2012b). However there is a problem with the 
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responsibility of the co-review after the model is finished (Ljungberg, 2012, Malm, 2012). 

The people who have the responsibility over the co-review believe that the BIM coordinator 

should have the responsibility, while the coordinators want to invest their time on other 

things. This makes it hard to go further with the problems found. Another problem with co-

reviews is that the programs do not find problems as a tube stock placed in front of a window. 

Ordinary co-reviews with 2D drawings should not be underestimated (Ljungberg, 2012, 

Malm, 2012). 

 

BIM can be used for producing a work outline in 3D and in work preparations (Ljungberg, 

2012). The work outline could be connected to time and also be printed out to be placed on 

site (Wincent, 2012).  Ljungberg (2012) says that people believe that 2D is more 

understandable, but it is much easier with 3D. He says that he always has worked with 3D. 

The first project was the concrete tunnel Götatunneln. They did not know if the reinforcement 

would fit on top of the poles. With the model they could see the worst cut both in longitudinal 

and transverse angles in the work preparation and that the reinforcement in fact would fit. If 

some of the reinforcement collided in the model they only move them a bit which made it 

work. This work preparation had to be done in collaboration with a person with experience of 

working with reinforcement and it was a huge benefit being able to do that (Ljungberg, 2012). 

Ljungberg (2012) also worked in one project called Partihallslänken were they had problems 

in understanding the drawings in complex structures. When a 3D model was finally made it 

got possible to look at the model directly. They also did a time schedule. In the project they 

worked a lot with trying to make it possible to search for objects and connect them with an 

activity to get all previous information updated when the model or time plan changes 

(Ljungberg, 2012). All changes done in the model should change the information in all plans 

and sections. A problem is that all texts do not always follow when you have done a change in 

the model and you have to check it manually. The 3D model is needed for coordination and to 

get an oversight of the project (Åström, 2012). When you look at a 2D drawing you often see 

different things. One person sees an open space between two rooms and another while another 

person sees a wall instead, as figure 2 shows. 
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Figure 2: Spatial awareness (Wincent, 2012a).  

 

It is important to know that you are making decisions about the same thing and 3D drawings 

help to do this (Wincent, 2012b). It would help if the workers to have a 3D model on site to 

see how the reinforcement would be located and to twist and turn and zoom in on the model 

to get a better picture of it and see how the brackets would be placed (Åström, 2012, Wincent, 

2012b). 

4.2.5 4D scheduling and animations 

4D animations show how the time schedule looks like in a certain moment as a help in 

communication (Malm, 2012). It gives you a check-up that you have thought right in the 

design phase (Ljungberg, 2012). In 4D animations you connect the objects with what is being 

built (Malm, 2012). All schedules could be turned into models (Westin, 2012). The 

animations could then be shown in meetings (Malm, 2012). You have to decide to work with 

4D from the start and someone who is close to the production and is familiar with the 

schedule has to take the time to work with the 4D schedule (Hedvall, 2012). Conducting and 

capturing information that is needed for a 4D animation is both hard and time consuming 

(Westin, 2012). Malm (2012) and Westin (2012) who both have worked with 4D animations 

felt that they do not get enough benefit from it and that it was not time effective (Malm, 

2012). It was also hard to get the 3D model and time schedule out in the building process 
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(Westin, 2012). Wincent (2012) on the contrary believes that it does not have to be exact. You 

could use a simple 3D model done in the program Sketch-up and connect it to a time 

schedule. The visualization of a simple 4D animation is enough to make the different parties 

understand potential problems and communicate it (Wincent, 2012b). 

 

Hedvall´s vision for the use of BIM in civil works is to be able to connect the 3D model with 

a schedule to enable for the workers to get a view of the project being built day-by-day. The 

animation could make the workers to understand the complex structures better and get more 

engaged in the work. A problem with this vision is that it is hard to do immediate changes in a 

4D schedule since there is hardly ever any gap in the time schedule. It is important to be able 

to make changes directly in the model (Hedvall, 2012). Malm (2012) has difficulties believing 

that 4D would give more benefits (Malm, 2012). 

4.2.6 Quantity takeoff with 5D 

When using quantity takeoff you export an IFC-file from the 3D model to the program 

Solibri. The quantities from Solibri could after that be used for the calculation and be 

imported manually into a calculation program. It is hard to get a system with programs that 

are connected with each other, but there is also a possibility to connect the 3D model with a 

program for cost estimations (Aläng, 2011).You could use the quantity takeoff for resource 

planning and if the quantities are changed the calculation will be brought up to date in an 

instance (Malm, 2012). Today many companies ask for the model to use it for calculation 

(Åström, 2012).  

 

A problem with quantity takeoff is that the people working with the quantities are not used to 

working with 3D, and feel as they lose the control over the accuracy of the quantities.  It is 

also a problem that the models are not legally valid since this makes it hard for the calculators 

to know how much work and time they should calculate for the models. As a result the 

calculators are not standing for the accuracy of the information when they are sending it to 

other companies (Aläng, 2011). Another problem to solve is that there has to be a detailed 

standard everybody draws after when doing the model. But Aläng (2011) states that it is quite 

clear that this is how you will work in the future (Aläng, 2011). Quantity takeoff and cost 

estimations with 5D are particularly done in the design phase. The quantities and cost 

estimations will be reconciled in the meetings in the production phase, but there will not a 
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need for quantity estimations and cost estimations with 5D in the production phase (Hedvall, 

2012). 

4.2.7 Development of BIM 

The next step in the development of BIM is to make the technique accessible and mobile by 

getting mobile devices out on site with smart phones, iPad’s and tablet computers (Åström, 

2012, Ljungberg, 2012, Wincent, 2012b). The IT department at Skanska is looking at the 

ability to access data on site with the help of smart phones and tablet computers. This new 

technology is called Augmented Reality and allows you to look at 3D models in real life. The 

tablet computer has a program that is similar to the ones that game consoles use, except that 

the model is connected to real GPS coordinators at the site. However the GPS function does 

not work as it is supposed to do right now. The model could also have a 4D function where 

you could see the project being built in time. You could use it in work preparations and bring 

the tablet computer to the site and see e.g. how the reinforcement will be located. You could 

also hold the tablet computer above a 2D drawing and the tablet computer would show the 

drawing in 3D. Skanska will soon be testing this new technology in a project (Ljungberg, 

2012). However a difficulty according to Ljungberg (2012) is that the workplace on site is 

dirty and the screen is very sensitive (Ljungberg, 2012). Wincent (2012) does however not 

agree with the statement that tablet computers are sensitive and argue that a hard case would 

be a sufficient protection against that kind of problem (Wincent, 2012b). 

 

Another important development in the use of BIM is to focus on the whole operation method 

including the organization, the work processes and the people behind it. The method is called 

Virtual Design and Construction, i.e. VDC. As stated previously VDC combines the product 

and the technique of BIM with the organization and the process of working with it. BIM, the 

organization and the process are all connected to the projects objectives, as figure 3 shows. 

The objectives of the project are connected to the objectives of the owner, i.e. the business 

goals (Wincent, 2012b). 
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Figure 3: Virtual Design and Construction (Wincent, 2012c). 

 

BIM is the product and the technique that includes 3D, 4D and 5D. The organization and the 

process are, as stated previously, referred to as a concept called ICE, Integrated Concurrent 

Engineering. The idea is that all disciplines involved in a project gather in a room called the I-

room were they all work with visualization and in collaboration for a faster and better result. 

The room has a table with several chairs, an interactive white board, a time schedule with 

post-its, and internet that all involved could plug-in to. The most important actor is the owner, 

since they make the decisions. Sometimes even the owner’s owner is presence. All actors 

involved are carefully chosen for their ability to collaborate and they also have to have 

worked in similar projects before. The focus in working with VDC lies consequently with the 

process of a project and the collaboration and communication between the people working 

together in a project, where BIM is the product and the technique that the actors are working 

with (Wincent, 2012b). 
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5. Analysis and discussion 

The results from the interviews are in this chapter connected to the theory in the literature 

review to analyze where the results from the findings correlate with the theory and where it 

deviates. The chapter begins with a definition of BIM according to the findings and the 

theory. After that are the results of driving forces and resistors discussed. Furthermore are 

the results of general examples of how BIM could be used in the production presented, 

followed by a discussion around examples of the use in the daily production processes. The 

chapter ends with a discussion of the importance of focusing on the process of working with 

BIM, the organization behind it and how to make use of BIM. 

 

5.1 Building Information Modeling 

Building Information Modeling, BIM, is a process and activity of how digital information is 

created, stored, used and shared in a systematic and quality assured way in a project (Eastman 

et al., 2011, Jongeling, 2008, Källemyr and Sellén, 2011). BIM is also an information process 

when information from the schedule, costs, dimensions and fire classifications is exchanged 

(Westin, 2012). The process includes the use of computer models that represent the total 

information collection in a project (Eastman et al., 2011, Azhar et al., 2008b, Jongeling, 

2008). It also includes the activity of using networks and tools to help companies 

communicate effectively (Eastman et al., 2011, Wikforss and Löfgren, 2007). These activities 

are referred to as Information and Communication Technology, i.e. ICT (Wikforss and 

Löfgren, 2007). BIM could be used by architects, engineers and constructors in all phases to 

stimulate the planning, design, construction and operation of a building (Eastman et al., 2011, 

Azhar et al., 2008b, Källemyr and Sellén, 2011). The aim in using BIM is to increase 

communication and collaboration in a project (Hardin, 2009). BIM could also be used in a life 

time perspective since the information collected could be used in management and operation 

when the project is finished (Eastman et al., 2011, Källemyr and Sellén, 2011, Jongeling, 

2008, Azhar et al., 2008b) 

 

The use of BIM could be described divided into three levels; visualization, integration and 

automation. The first level in using BIM is using visualization with a 3D model in the daily 

work tasks in understanding drawings of the site and using it in work preparations. The 
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second level is to use BIM for integrating the model with the time schedule, purchases, and 

calculations and in the work outline. The third level of using BIM, called automation, is to use 

building products, machine models and RFID tags (Malm, 2012, Wincent, 2012a). 

 

The building information model provides an accurate construction model presented as 3D 

objects that represent the building parts, spaces or structures in a project (Eastman et al., 

2011). The building model is built with computer software that supports BIM. If a change is 

made in the model the change strikes through the whole BIM system (Eastman et al., 2011, 

Källemyr and Sellén, 2011). It is important to make a difference between the building 

information model in 3D and the work process called building information modeling. A 

project that only uses a 3D model, the building information model, is not a BIM project. More 

parameters than using a 3D model for planning and design has to be included to have a BIM 

project  (Westin, 2012, Malm, 2012). If you use the object model for something more than 3D 

design, it is BIM (Ljungberg, 2012). A BIM project uses additional information programs 

such as programs for 4D scheduling, quantity takeoff, steering data or staking data that could 

connect to the object based 3D model (Eastman et al., 2011). A BIM project that is well 

executed could result in higher quality, lower costs and a reduced duration of the project 

(Eastman et al., 2011). BIM is both a product and a technique. BIM is included in the 

operation method called Virtual Design and Construction that also includes the organization 

and the processes (Wincent, 2012b). 

5.2 Driving forces and resistors  

The focus of driving forces and resistors differs in the theory from the findings. The theory is 

focusing on driving forces and resistors for the users while the findings focus more on the 

time and cost factor as a driving force or resistor. The reason for this is how the questions in 

the interview are formulated, which could be seen in the appendix. There is however a pattern 

of similarities in the results. The results are summarized in Table 3 below. The view that BIM 

could be usable in all projects if the users and the organization believes in it were shared by 

all interviewees (Malm, 2012). This view did not seem to be shared by the literature. The 

reason is probably because the literature has a more objective perspective. The findings shows 

that it is hard to measure the profitability and time savings since you would not know what the 
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cost would have been or how much time would be spent if you had not found a specific 

problem (Ljungberg, 2012).  

 

The result shows that BIM is an extra cost. However BIM could make the production more 

effective and the communication better (Malm, 2012). BIM will make the processes faster and 

more effective since the information is more easily shared and can be reused. The whole 

lifecycle-cost will be more predictable and easily understood and the lifecycle-data with 

requirements, design, construction and operational information can be used when the project 

is completed (Azhar et al., 2008b). Is not good to shorten the design phase but you could 

shorten time in the production phase. The design stage will most likely be more expensive 

when using BIM while the total cost will be lower (Åström, 2012). BIM could save time that 

could be used on more qualitative work but you also have to have time to think (Malm, 2012). 

You should not forget the importance of taking time for planning (Hedvall, 2012). BIM is not 

supposed to cut time but to make the process more effective and also to make time for 

communication and information exchange which the results indicates (Malm, 2012). 

 

The result indicates that a resistor against using BIM in the production phase of civil works is 

the employee’s negative attitudes against spending too much time doing administrative work 

in front of the computers. The challenge is to improve this administrative work to increase 

efficiency and productivity. A platform with ICT tools that enables communication and 

collaboration within the project could make the production phase more effective and reduce 

the administrative work (Wikforss and Löfgren, 2007). Information exchange between 

different actors becomes more effective when using BIM, since changes can be made directly 

in the model (Källemyr and Sellén, 2011). The result shows that the 3D model could provide 

a higher degree of accuracy of the coordination’s of the building parts which reduces clashes 

on site (Azhar et al., 2008b). 3D models can give a more representative view of the building 

since it includes more information compared to a 2D model. It makes it more easy to visualize 

the scope of the project and what the building will look like when it is completed (Källemyr 

and Sellén, 2011). 

 

The result shows that a conditions for successful implementation of BIM are that all actors 

involved are using 3D, the same file format and also that they use a standardized way of 

working (Källemyr and Sellén, 2011, Azhar et al., 2008b). Furthermore the tools for BIM 
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have to be improved and enhanced to be able to work with complex files with extensive 

information (Källemyr and Sellén, 2011). There is also a problem of the legal ownership of 

the BIM data which the result indicates, since it is hard to protect information and solutions 

with copyright and laws and both the owner and the team that developed the data could claim 

the ownership (Azhar et al., 2008b). Another problem is when deciding who will be 

responsible for the accuracy of the costs and the accuracy of the coordination’s in the 

scheduling data and who is responsible for any damage in the model (Azhar et al., 2008b). 

The users of the model should only have authority to make changes in the work tasks that are 

included in their profession (Källemyr and Sellén, 2011, Azhar et al., 2008b). Moreover the 

3D model has to get the same legal validity as the 2D drawings so that the information could 

be trusted and used as a legal construction document (Westin, 2012). If the academia and the 

construction industry decided to agree on writing a specification of how to use BIM in the 

general agreements that all construction companies in Sweden use, the uncertainty of legal 

ownership, and responsibility of the data would not have to be a problem. The academia and 

the construction industry should also decide to give the 3D models legal validity. If the 

Swedish construction industry does not start to use BIM to a larger extent they will be left 

behind on the global arena where most countries already are working with BIM. 

 

Table 3: Driving forces & Resistors according to the results 

Driving forces Resistors 

 Easy to share information, enhances 

collaboration and communication  

 Visualization of the project and the 

scope  

 Higher degree of accuracy of 

coordination’s  

 More effective work  

 Less errors  

 Possibility for shorter production 

phase and total project duration  

 Lower total cost  

 Employee’s negative attitudes against 

administrative work 

 Uncertainty of the legal ownership of 

models and data  

 Uncertainty of responsibility over 

accuracy of costs, data and 

coordination’s  

 Hard to measure profitability  

 Expensive implementation cost  

 Expensive design phase 
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5.3 Examples of use 

Table 4 below summarizes the examples of how BIM could be used in the production phase 

of civil works, which will be presented in the following text. How the examples could be used 

in the work processes in the production phase are also discussed. The results of examining 

how BIM could be used clearly shows that the focus has to lie on the process of working with 

BIM and how to make use of the technique, which will be further discussed in the end of the 

analysis and discussion called Development of BIM.  

 

Table 4: Example of use according to the results 

 Prod. 

Meeting 

Constr. 

Meeting 

Work 

prep. 

At site Comment 

Visualization with 3D X X X X  

4D scheduling and 

animations 

X X X X  

5D quantity takeoff 

and cost estimations  

    Not done in 

the prod. 

phase. 

RFID tags and field-

verifications 

   X  

Tablet computers    X  

5.3.1 Visualization with 3D 

The results of the theory and the findings shows that BIM could be used for visualization with 

3D in meetings, work preparations, collision controls and in the co-reviews between the 

different disciplines (Eastman et al., 2011, Hardin, 2009). The 3D model could help all parties 

understand the details and the scope of the design (Eastman et al., 2011). It takes however 

longer time to draw in 3D since you have to do all details (Åström, 2012). But the time spent 

on drawing in 3D reduces the risk for misunderstandings and clashes when the workers are 

supposed to build according to the drawings (Wincent, 2012b).  Collision controls makes it 

easier to detect why something collides and the problems behind it (Ljungberg, 2012, Malm, 

2012). You are able to see all gaps and that it all works together (Åström, 2012). If the model 

does not have any collisions there will not be any in reality (Wincent, 2012b). The findings 
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indicate that there is a problem with the responsibility of the co-review after the model is 

finished (Ljungberg, 2012, Malm, 2012). The people who have the responsibility over the co-

review believe that the BIM coordinator should be responsible which makes it impossible to 

go further with the problems that are found (Ljungberg, 2012, Malm, 2012). 

 

BIM could also be used for doing a work outline in 3D and in work preparations (Ljungberg, 

2012). The work outline could be connected to time and also be printed out to be placed on 

site (Wincent, 2012).  The 3D model is good for coordination and helps all parties get an 

oversight of the project of the project which makes it easier to visualize drawings and to 

understand what has to be done in the work preparations (Shamloo and Mobaraki, 2011). 

Work preparation with 3D should be done in collaboration with a person with experience of 

working with the specific work task (Ljungberg, 2012). When you look at a 2D drawing you 

often see different things. It is important to know that you are decision making about the same 

thing and the 3D model helps to do this (Wincent, 2012b). A 3D model on site could help the 

workers see how the reinforcement would be located to get a better picture of it. It helps to 

visualize how the brackets are supposed to be placed and how to assemble the work (Åström, 

2012, Wincent, 2012b). If the reinforcement collide in the model it is easily moved in the 

model to make it work (Ljungberg, 2012). 

5.3.2 4D scheduling and animations 

BIM could be used in construction analysis and planning with 4D animations models and 4D 

schedules (Eastman, 2011). In 4D animations you connect the objects with what is being built 

(Malm, 2012). 4D animations shows how the time schedule looks like in a specific moment 

and work as a help in communication (Malm, 2012). 4D animations works as a 

communication tool to understand the scope, detect potential problems early and visualize the 

planned construction with completion dates to all actors (Eastman, 2011, Hardin, 2009). It 

gives you a check-up that you have thought right in the design phase (Ljungberg, 2012). 4D 

scheduling could visualize the construction plan with 4D animations of the site being built 

according to the schedule. The 4D animation could help the contractor to see if the planned 

work is realistic (Malm, 2012). The animations could then be shown at meetings and in work 

preparations (Malm, 2012). A vision in the use of BIM in civil works is to connect the 3D 

model with the time schedule for the workers to see the project being built day-by-day. The 

animation could make the workers understand complex structures better and thus get more 
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engaged in the work. A problem with this vision is that it is hard to do quick changes in a 4D 

schedule since there is hardly ever any gap in the time schedule. It is important that you are 

able to make changes directly in the model (Hedvall, 2012). The theory did not write anything 

about that there being any problems in making changes in the model. The reason is probably 

because it is more generalizing and that it is not explaining 4D in detail and instead aimed 

towards exploring the possibilities with 4D scheduling. 

 

It is important to decide to work with 4D from the beginning of the project and someone who 

is close to the production and familiar with the schedule has to be responsible over the 4D 

schedule (Hedvall, 2012). The results indicate that it is important to have a BIM coordinator. 

This person should also be responsible for the 4D schedule and animations. The BIM 

coordinator should be involved in the project from start and should also work for the 

contractor (Hedvall, 2012). 4D CAD is expensive and requires knowledge and experience of 

how to link a schedule to a 3D model (Eastman, 2011). It is also demanding for people 

working with it for the first time (Shamloo and Mobaraki, 2011). Conducting and capturing 

information that is needed for a 4D animation is both hard and time consuming (Westin, 

2012). It could also be hard to get out the 3D model and time schedule into the building 

process (Westin, 2012). But 4D schedules and animations do not have to be exact. You could 

use a simple 3D model done in the program Sketch-up and connect it to a time schedule. The 

visualization of a simple 4D animation is probably enough for the actors to visualize and 

understand potential problems and to start a communication around it (Wincent, 2012b). If the 

scheduling with 4D is done properly the benefit in cost and time would most likely exceed the 

implementation cost as both the theory and findings indicates (Eastman, 2011).  

5.3.3 Quantity Takeoff with 5D 

The results show that the quantity takeoffs and cost estimations done in the design phase are 

only reconciled in the production phase. There is consequently no need for quantity takeoffs 

and cost estimations with 5D in this phase (Hedvall, 2012). 

5.3.4 BIM at site 

The theory states that BIM also could be used at site for field-verifications with laser scanning 

measurements connected to GPS tools. The findings from the interviews did however not 

mention this which is probably because the questions were focusing on a general view of how 
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BIM could be used and not specifically on how it could be used on site. Furthermore the 

results show that BIM could be used at site for automation with machine guidance and to 

identify, trace deliveries and track equipment’s with RFID tags (Eastman et al., 2011, Hardin, 

2009). The tags could also be used in making a 4D animation of the logistics plan (Eastman et 

al., 2011). The 3D models, 4D schedules and 4D animations could then be brought to site 

with the use of tablet computers which both the theory and the findings show (Löfgren, 

2006a).  

 

BIM could also be used for holding information of steel, concrete and reinforcement in the 

production phase of civil works. The level of details depend on the functions it will be used 

for (Eastman et al., 2011). The 3D model could have information of the stages of the concrete 

casting, concrete quality and its characteristics (Westin, 2012). It could also hold a list of the 

concrete that is needed in a each phase (Åström, 2012). That BIM could be used in planning 

for crane lifts, temporary constructions, for estimating drying time of the concrete and doing 

acoustic analysis and energy analysis which is both mentioned in the theory and the findings 

(Malm, 2012).  

 

Mobile project communication tools like tablet computers could be used in the construction 

site for improving and enhancing construction management and communication at site 

(Löfgren, 2006a). Smart phones could be used at site for the same purpose. The use of tablet 

computer is believed to be the next step in making the construction processes more effective 

(Åström, 2012, Ljungberg, 2012, Wincent, 2012b). This new technology are called 

Augmented Reality and allows you to look at 3D models in real life, allowing you to stand on 

site holding up the tablet computers and on the screen see the future project. The tablet 

computers have a program that is similar to the ones that game consoles use, except that the 

model is connected to real GPS coordinates at the site. However the GPS function does not 

work as it is supposed to do right now. The model could also have a 4D function where you 

could see the project being built. You could use it in work preparations and bring the tablet 

computers to the site and see how the reinforcement will be located. You could also hold the 

tablet computers above a 2D drawing and the tablet computer would show the drawing in 3D 

(Ljungberg, 2012). A difficulty with these tools is that the workplace on site is dirty and that 

the screen is sensitive (Ljungberg, 2012). But a hard case would probably protect them 

sufficiently (Wincent, 2012b).  
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5.3.5 Development of BIM 

The result shows that it is important to focus on the process of using BIM and the usefulness 

of it. In the findings this focus of combining the product and the technique of BIM with the 

organization and the process of working with it is called VDC (Wincent, 2012b). In the theory 

it is referred to as a concept of usefulness, which is illustrated in Figure 1 (Löfgren, 2006a).  

 

The result indicates that the concept of VDC has a greater focus on making the process of 

working with BIM useful, compared to the concept of BIM (Wincent, 2012b). Therefore it is 

very important for contractors who are working with BIM to remember that BIM has to be 

useful and that they have to focus on how it could support the users work routines, to be able 

to gain from using it.  Another requirement is that the tools have to be designed to improve 

the performance and quality at site and has to be adjusted to fit the daily activities and work 

routines. The tools should be usable means that it should be easy and efficient to use and that 

it supports and fulfills the personal development. It should also be practically applicable, 

improve the activities and enhance the workers work tasks on site. If the use of tablet 

computers fulfills the requirements for both usability and utility the user, which in this case 

could be the workers or the project manager, will feel that it supports their needs and demands 

(Löfgren, 2006a). The benefit of focusing on usefulness instead of only focusing on the 

technique will be that both the users and the business needs will be met (Smith and Tardif, 

2009). The processes were the technology could be used should therefore be studied 

thoroughly and the needs and the demands of the users has to be identified.  The tools have to 

be designed to fit the construction processes and the daily work tasks (Löfgren, 2006a). The 

BIM tools being used in a project should be evaluated and chosen by the typical end-users in a 

pre-evaluation discussion where the focus lies on the usefulness of the technique (Dawood et. 

al, 2005). The tools also have to be easy to use and not disrupt the daily work but enhance it 

(Löfgren, 2006a). The tools should also be analyzed through a cost/benefit perspective to 

examine if the use of it will result in an increased revenue and profit (Smith and Tardif, 2009).   

 

Moreover it is important to have a BIM coordinator that could function as a bridge between 

the users at site and the technical development team. The coordinator has to be involved in the 

processes at site and should listen to both the users and the technical development team in 

finding the right tools and technical support for the business activity. The BIM coordinator 

should be involved in the project from the start and should also counteract and solve the 
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identified problems and resistors that are mentioned in Table 3 (Hedvall, 2012). The BIM 

coordinator should also highlight the identified driving forces in Table 3 to get the users 

interested and engaged in using the tools. 

 

The implementation of tablet computers and other BIM tools is a process of trial-and-error 

and the quality, utility and value of it can only be shown when it is tested on a real project on 

site (Löfgren, 2006a). Furthermore the knowledge and lessons learned from using BIM should 

be stored in a knowledge database that could be used when a future project team and its users 

will start evaluating what BIM tools that could be useful in that project (Smith and Tardif, 

2009).   
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6. Conclusion 

This chapter deals with the authors conclusions of the analysis and discussion. The 

conclusion is structured after the results from the research questions. A final conclusion that 

derives from the research questions is also added. Further studies and topics of interest are 

proposed in the end of the chapter. 

 

6.1 Research question 

The research questions are; what driving forces and resistors are there with a use of BIM in 

the production phase of civil works and in what ways could BIM be used in the production 

phase of civil works. 

6.2 Driving forces and resistors  

The results after studying the driving forces and resistors are shown in Table 5 below. The 

resistors against a use of BIM that indicates that the implementation cost and design phase 

gets more expensive is counterbalanced by the driving forces that indicates that there are less 

errors, a shorter production phase and a lower total cost with a use of BIM. Additionally, if 

the academia and the industry could take the initiative to write a general agreement and 

standardization on how to use BIM it would solve many questions and uncertainties. The legal 

ownership and responsibility of the data should be decided in the general agreements and the 

academia and the industry should also agree on giving the models legal validity. If academia 

and the industry could take that initiative the evolvement towards a greater use of BIM would 

go fast. If the Swedish industry does not start to use BIM to a greater extent they could be left 

behind in the global construction industry. 
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Table 5: Summarized Driving forces & Resistors  

Driving forces Resistors 

 Enhances collaboration and 

communication  

 Visualization of project & scope  

 Accuracy of coordination’s  

 Effective work  

 Less errors  

 Shorter production phase  

 Predictable life cycle cost  

 Lower total cost  

 Negative attitudes  

 Uncertainty of the legal ownership  

 Uncertainty of responsibility over 

accuracy  

 Hard to measure profitability  

 Expensive implementation cost  

 Expensive design phase 
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6.3 Use for BIM in the production of civil works 

Based on the analysis my conclusion is that BIM would be usable in the production phase of 

civil works if the focus of using it lies on the usefulness and the process of working with it, 

which is further explained in the following text called Usefulness. I have found that 

visualization with 3D models, 4D scheduling and 4D animations could be beneficial to 

production meetings, construction meetings and work preparations. It could also be used at 

site. The analysis shows that quantity takeoffs and cost estimations are done in the design 

phase, not in the production phase. The quantities and cost estimations are only reconciled in 

the meetings of the production phase and should not be a tool to focus on in this phase. RFID 

tags, field verifications and tablet computers could be useful at site. RFID tags could be used 

for tracking deliveries and also for making 4D animations of the logistics of the project. 

Tablet computers could bring the 3D model, 4D schedule and 4D animations to the site 

making it easier for the workers to understand how to assemble complex constructions.  

 

The analysis also shows that it is important to have a BIM coordinator that takes 

responsibility of the 3D model, the 4D animations and works as a bridge between the users 

and the technical development team. The BIM coordinator should be involved in the project 

from the beginning and should solve the identified resistors that are mentioned in the text 

above. The BIM coordinator should also highlight the identified driving forces above behind a 

use of BIM. Table 6 below shows how BIM could be used in production meetings, 

construction meetings and work preparations. It also shows how BIM could be used on site. 
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Table 6: Use for BIM in the production phase of civil works  

 Prod. 

Meeting 

Constr. 

Meeting 

Work 

prep. 

At site Comment 

Visualization with 3D; 

Collision controls, co-review, 

work preparations, workplace 

outline in 3D 

X X X X  

4D scheduling and animations X X X X  

5D quantity takeoff and cost 

estimations  

    Not done in 

the prod. 

phase. 

RFID tags and field-

verifications 

   X  

Tablet computers    X  

6.4 Usefulness 

The study of tablet computers in the Licentiate thesis of Löfgren (2006) shows that a focus on 

usefulness when using BIM in a project, would mean that the technology would fit the users, 

the users would accept it and that the organization would support the adoption of it. The 

concept of focusing on usefulness is closely related to the concept of VDC. Both indicate that 

it is the process of making use of BIM that should be the focus when working with BIM not 

only the technique of it.  Hence it should also be the focus when deciding to work with 3D 

visualization in collision controls, co-reviews and work preparations, 4D scheduling, 4D 

animations, RFID tags and field verifications, and not only when working with tablet 

computers.  All these tools and the processes of working with them have to be studied to find 

what the needs and demands of the technique of the users are. Consequently, a specific BIM 

tool should be easy and efficient to use and fulfill the personal development when it is used in 

meetings and work preparations. It should also be applicable in the practice of the meetings, 

work preparations and the work process at site. Furthermore it has to improve the daily 

activity of the user and enhance the work tasks to be able to be useful. If these demands are 

met and the technique will fit for the specific project, the user will accept it and the 

organization will support the adoption of the technique, since the business needs are met. The 

BIM tools that are identified as being useful in a specific project should then be tested in a 

real project to investigate and evaluate the usefulness in the daily work processes in the 
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production phase. The knowledge from using the tools in a real project should be stored in a 

knowledge database to be used in future projects. 

6.5 Further research 

Further research should be made on how 3D visualization in collision controls, co-reviews 

and work preparations as well as 4D scheduling, 4D animations, RFID tags and field 

verifications could enhance the daily work of the user and how it could result in usefulness in 

the production phase of civil works. The research should specifically look into detail of the 

usefulness in the work processes at site. The BIM tools that are identified to be useful in the 

production phase should be tested on a real project. The aim should be to identify how the 

tools could be used in the production meeting, construction meeting and work preparation to 

enhance the daily work for the users. The tools should be evaluated continuously on how easy 

and efficient it is to use, if they fulfill the personal goals of using them, if the applications is 

applicable, if they improve the activity they were used for and how they enhance the work.  

 

Further research should also be made on how other countries use BIM in the production phase 

of civil works and how they make use of the technique of BIM. A recommendation would be 

to look at case studies in Finland, Norway and in United States where they use BIM at a larger 

extent than in Sweden.   
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Appendix 1- Interview guide 

Definition 

1. How would you describe or define BIM?  

 

Background 

2. What is your professional role and what do you work with? 

3. How do you use BIM in your daily work?  

4. What type of BIM program do you use?  

5. In what type of project do you use BIM? 

6. Is BIM used in both large and small projects?  

7. What type of projects is suitable?  

8. How could BIM be used in the production?  

 

Cost 

9. Is it costly or profitable to use BIM? How and why? 

10. Have it been costly or profitable to use BIM in the projects you worked with?  

11. Does it cost more or less than the programs that have been used before? 

 

Time 

12. Could the total time be minimized by using BIM? How? 

13. Have you saved or lost time by using BIM in the projects that you have worked with?  

14. Does it take more or less time to use BIM?  
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Driving forces and resistors 

15. What do you see as driving forces in the use of BIM?  

16. What are the opportunities with BIM?  

17. What are the resistors against BIM? 

18. What are the difficulties with BIM? 

19. How open have people that were going to start to work with BIM been?  

20. What is largest the benefits of BIM or the cost? How long do you think it is going to 

be like that?  

 

Usage of BIM in the production phase of civil works 

21. In what ways could BIM be used in the production phase of civil works? 

22. Are there any concrete examples that you could think of were BIM could be used in 

the production phase. 

 

 

 

 

 

 

 

 


