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Abstract  
 
 
Henry Ford, the founder of the Ford Motor Company shared the secret of success as, 
  
“Coming together is a beginning. Keeping together is progress and working together is a success.” 
 
Team building plays major role in the success of any organisation and if the team includes members 
from diverse group of locations, it brings diversity to the team which further brings innovation, 
improves working culture, and better product delivery. In the recent time, the new breed of virtual 
team has evolved in various organisations in the wake of globalisation. In the construction industry, 
the adoption of Information and Communication Technologies (ICTs) has brought various team 
players of a construction project from all over the globe together. However, managing such virtual 
team working in a construction project is still a challenging job. In this thesis, the various aspects 
of virtual team management have been discussed and the study of BIM is analysed to deal with 
such challenges. 
 
The thesis work is carried out with an objective to understand the challenges faced by a virtual 
team of a construction project and how the same can be tackled by using BIM technology. The 
results of master thesis consist of the compilation of findings from literature review, case study and 
interview study which provides the main framework of this thesis.  
 
The conclusion of the master thesis provides the challenges of virtual team management in terms 
of physical distance, communication, cultural difference, technical management. It also studies use 
of Building Information Modelling System (BIM) solution to deal with these challenges. The BIM 
solution has limitation in creating trust, dealing with the cultural issues in team building process. 
Hence it is pre-requisite for the organisation to develop a framework during forming, norming, and 
storming phase of team building to establish bonding among the team members, develop trust and 
provide training of BIM tools to be used during execution phase. The performing phase can utilise 
these benefits by implementing BIM process successfully.  
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1 Introduction 
 
1.1  Background  
 
The author was a part of the project management team working on an expansion and renovation 
program of Mumbai International Airport, India (MIAL) valued over 1 Billion USD from July 
2008 to September 2014. During the tenure of work, the author came across challenges of managing 
virtual teams of 89 Subcontractors from different countries. The project was delivered successfully 
with the limited use of Building Information Modelling (BIM) system. 
 
The idea of the master thesis topic was derived when, the author came across the new development 
in the technology of BIM system in last 10 years in the construction industry, where the BIM use 
is not only limited to only one or two phases of the project but from initiation to the handing over 
of the project.  
 
The master thesis is an attempt of the author to combine the challenges of the managing virtual 
construction team and how the use of the new development in BIM system can resolve it.  
 
The construction projects are dependant on virtual team structure due to the requirement of skilled 
workmanship, supply of construction material, and advanced construction technology. However, 
management of virtual team is very complex compared to other field of area i.e. team working in 
IT fields, corporate strategic management teams due to the static factor of project site. Also, the 
awareness about the new technology is a challenge for most of the construction projects especially 
in developing countries. In absence of the technology structure in the team, the projects are affected 
in terms of time and cost. 
 
1.2  Mumbai International Airport Project  
 
The new Integrated Terminal Building at Mumbai’s Chhatrapati Shivaji International Airport 
combines international and domestic operations at one of the busiest airports in India. The terminal 
building is of 410,000 m2 constructed at the site after demolition of the existing terminal to achieve 
a capacity of 40 million passengers per annum upon completion in 2014.  

The project was executed by Larsen & Toubro Limited, India’s leading construction company as 
the main contractor. The author is an ex- employee of this company and part of project management 
team. The project is described in depth in the chapter 4.1. 

1.3  Purpose 
 
The purpose of this master thesis is to study the challenges faced by the Virtual Team1 of 
construction project where the team has to rely on technology in order to collaborate and what will 
be the role of the Building Information Modelling system to deal with such Virtual Team 
management challenges. 
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1.4  Goal 
 
The goal of the master thesis is to identify the key elements which will be challenging for a 
construction project having virtual team structure and in which BIM can be used to tackle this 
challenges. 
 
1.5  Research Question 
 
What are the challenges of Virtual Team Management of construction project and how Building 
Information Modelling (BIM) can be implemented to deal with such challenges? 
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2 Research method  

 
This chapter describes the methods used for collection of data during the work on  this 
master thesis. Additionally, the chapter also includes a discussion regarding the choice of 
methods.  

 

2.1 Literature Study  
 
During the literature study, the author has reviewed the previously published research papers about 
the virtual team management challenges. For structuring the master thesis report, the author has 
also referred Karlsson (2014) on Building effective virtual project collaboration. The report was a 
very useful tool for understanding the BIM uses for collaboration technology carried out in AEC 
global program in Stanford University. 
 

  
2.2 Case Studies  

                                                                                                          
The case study of construction project of Mumbai International Airport, India was written by the 
author based on the experience and perception she gained as a part of a geographically distributed 
virtual team of this airport project. Also the author referred the learning documentations, media 
reports released by various stakeholders of the project after successful completion and handing 
over of project in January 2014. 

 
2.3 Interview Studies                                                                                                  
 
To gain further perspective about the virtual team challenges and for the value addition in the case 
study, the author has conducted interviews of the past team members of the project who worked 
with the author during the construction phase on the project. For the management view, the author 
referred the interviews published in media during and after completion of project. 
The interview study was carried out to answer questions on the following subjects:  

1. What are the challenges faced as part of virtual project team member of the Mumbai 
International Airport Project? 
 

2. What were the technical tools being available to deal with such challenges for virtual project 
work?  

The interviews were carried out through personal meetings between the author and the 
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interviewees. The same question template was used for all interviews and can be found in appendix 
A. The interview conducted from the three team members who worked in the department of 
procurement, planning and execution as a procurement manager, planning engineer and 
construction manager respectively.  

2.4 Selection  
 
The selection of interviewees did not follow any specific procedure and the interviewees were 
found through personal contacts of the author herself. The only criteria the author had for the 
interviewees was that the person had worked in a geographically distributed project team of a 
construction project during 2007-2014 to capture same duration of case study project.  

 
2.5  Theoretical framework   
 
The theoretical framework for the master thesis is based on the various theories of the literature 
study of the author. The author found the various definitions, characteristics and challenges and 
success factors of virtual project teams presented in the articles from scientific journals which 
creates the basis for the theoretical chapter. To connect the theoretical chapter with the case study 
and the interview study, a theoretical framework where some of the described benefits and 
challenges of virtual project teams was used when writing the case study and forming the interview 
questions.  

To describe the challenges of virtual team management the author referred the combined theories 
of Duarte & Snyder (1999), Lipnack & Stamps (2000), Gibson & Cohen (2003), Mankin & Cohen 
(2003), Nemiro (2004), Jones, Oyung, & Pace (2005), Garton & Wegryn (2006) and Karlsson 
(2014) as per which the challenges in managing virtual team are finalised as follows: 
 

1. Distance 
2. Time 
3. Technology 
4. Culture 
5. Trust 
6. Leadership 

Based on the the above, the theoretical framework includes the definition, characteristics, and 
challenges of virtual team management. It also provides information for  the uses of BIM in 
technologies these days.  

Discussion regarding choice of research method  
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The research methods are finalised to find the answer to the question through literature review, 
case study of a successfully completed construction project, interview questions analysis, 
discussion and conclusion part.  

 

The author has done research study, referred theories of writers from the well scientific published 
papers, hence the data is considered reliable and trustworthy.  

The theory was supported by the case study from the actual executed project, which has been 
written based on the experiences of the author, from the documentations and media report released 
by the project itself. It is notable to mention that, during the airport project execution, there was 
limited use of Building Information Modelling (BIM) system. Hence, the author can specify the 
challenges of any construction virtual team in absence of BIM system. 

The interviews taken by the author through phone are based on the personnel views of the 
employees which are based on their past experiences, hence can be the weakest part of the report. 
This lowers the scientific validity of the findings in the interview study. However, the author has 
compensated the part by collecting the interviews published by the project officially after project 
completion to include for backing up the analysis, discussion and conclusions.  

Based on the literature review, case studies and interviews study, a satisfactory conclusion has been 
made for answering the research question. The data and the method used for the study have been 
of sufficient quality to reach a result from which good conclusions could be drawn from.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 17 

 
 

3 Theoretical chapter  
 
The theoretical chapter is divided into four parts, definition of virtual project teams, characteristics 
of virtual project teams, challenges of virtual project teams and details about Building Information 
Modelling tool in construction industry. The four parts consist of a compilation of definition and 
views presented in literature on the subject of Building Information Modelling.  

 
3.1  Definition of virtual project team  
 
As per Bell & Kozlowski (2002) a virtual team is first and foremost a team, a group of individuals 
with a common purpose, shared accountabilities, and interdependent work activities and 
deliverables. Lee-Kelley (2008) described virtual team as ‘distributed’ and ‘dispersed’ team. 
Virtual teams are defined as groups that work "across space, time and organizational boundaries 
with links strengthened by webs of communication technologies. (Lipnack & Stamps, (1997)).   
 
 
For Powell (2004) virtual team is a group of geographically, organizationally and/or time dispersed 
workers brought together by information technologies to accomplish one or more organization 
tasks.”  
 
Various literature has described the virtual team with the geographical separation (Cascio & 
Shurygailo, (2003)). Gassmann & Zedtwitz (2003) defined “virtual team as a group of people and 
sub-teams who interact through interdependent tasks guided by common purpose and work across 
links strengthened by information, communication, and transport technologies. From the 
perspective of Leenders (2003) virtual teams are groups of individuals collaborating in the 
execution of a specific project while geographically and often temporally distributed, possibly 
anywhere within (and beyond) their parent organization. Lurey and Raisinghani (2001); defined 
virtual teams - groups of people who work together although they are often dispersed across space, 
time, and/or organizational boundaries. 
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3.2 Characteristics of virtual project team 
 
As per the paper published by Ludden, Ledwith & Lee-Kelley (2012) the characteristics of 
the virtual team are mentioned as: 
 
 
 

 
 

Fig: 1 Diagramic representation of Characteristics of Virtual Team 
References: Ludden, Ledwith & Lee-Kelley, (2012) 

 
 
The above fig. represents the nine areas to be focused as a characteristics of virtual team study.  
 
The virtual team is identified based on the nine areas of characteristics:  
 

1. Temporal: The team has a temporal structure 
2. Geographic: The team is separated geographically  
3. Social: The team has social boundaries with common goal and shared leadership. 
4. Culture: The culture characteristics is classified into national, organisational, functional, 

and team 
5. Historical: The historical boundary focuses on the type of task being performed by the team. 

Characteristics 
of 

Virtual Team

Temporal

Geographic

Social

Culture

HistoricalTechnology

Political

Team
Membership

Task
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6. Technology: All team requires to utilise the computerised technology. 
7. Political: It represent major role in the interaction of team members.   
8. Team membership: It highlights the skill sets required for the members to be part of virtual 

team. 
9. Task: This characteristic represents the classification of task which is interdependent, 

complex to be performed by the team member.  
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3.3 Challenges of the virtual project team 
 

The author has referred to various scientific published papers in line with the challenges specified 
for managing virtual teams and categorised the following challenges and view about them. 
 
 

3.3.1 Distance 
 
Distance is a major challenge for virtual team management. As per Gaudes et al., Hardin et al. 
(2007) the inability to have face to face communication is challenging for the team to build trust 
among them. The distance can provide the virtual team the freedom of time and place, which can 
affect the bonding between organisation and member of the team (Wiesenfeld et al. (1998)). As 
per Knoll (2001) distance can create hurdles in preparing and following the work protocols. 
 

3.3.2 Time difference 
 
A virtual team distributed geographically all around the world can have challenges of time 
difference. The time difference can impact the meeting time schedule, coordination. The interaction 
limitation can affect construction progress. The team disturbed in different continent can have this 
impact on larger perspective compared to the team distributed in same continent. As per Kimble, 
Li, & Barlow (2000) there are benefits of time difference of working faster pace due to time 
difference. 
 
 

3.3.3 Communication Technology 

 
Virtual team communication is a challenge according to Cramton & Orvis (2003) and Riopelle et 
al. (2003).  As per the research of Clear & MacDonell (2011) and Bryant et al. (2009) the adoption 
of communication technology in a virtual team environment is a challenging in absence of face to 
face communication. The effective communication is a key element to build trust and to have 
successful interactions (Beranek & Martz, 2005), (Dustdar 2004).  
 
 

3.3.4 Culture 
 
The difference in the culture can impact the interaction among team members’ working style of a 
different members in a same team. Hence it is essential for virtual team members to successfully 
overcome to cultural differences. Dafoulas & Macaulay (2002) and Dekker et al. (2008). 
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3.3.5 Trust 
 
Virtual teams face particular challenges involving trust (Malhotra et al. (2007), Bal &Teo (2001) 
and Paul et al. (2004) which is a key element to build successful interactions and to overcome 
selfish interests. In virtual team due to distance in working location, lack of social communication 
building trust among team members is a big challenge.  As per Creighton & Adams (1998), the 
lack of trust in virtual team affects the project success. 
 
 
3.4 Building Information Technology tool in construction industry 
 
A Building Information Modelling is a digital representation of physical and functional 
characteristics of a facility. As such it serves as a shared knowledge resource for information about 
a facility forming a reliable basis for decisions during its lifecycle from inception onwards.  
(National Institute of Building Science (NIBS)) 
 
The author studied the research done in investigating the benefits of BIM system in AEC industry. 
Building Information Model term was first time used by Van Nederveen et. Al, 1992. There have 
been rapid developments in Building Information Modelling (BIM) technology during the last 
couple of decades (Eastman et al. 2008). The study of impact of BIM on labour productivity found 
75% to 240% increase in labour productivity for modelled and prefabricated areas (Poirier 2015). 
BIM is one of the important tool to information management of complex structure. (Eastman, 
2009). BIM system is resulted into cost saving, high productivity, quality improvement and speedy 
completion (Laiserin, 2002).  It is mentioned in the paper by Rahmani Asl et. Al (2013) that the 
BIM system will provide value addition in terms of improved visualisation, productivity, 
coordination of construction documents, speedy delivery and reducing overall cost. 
 
3.5 AEC Global Teamwork- BIM Technology for virtual team management  
 
AEC Global Teamwork (Architecture – Engineering – Construction) is a student project organized 
by the PBL Lab at Stanford University annually since 1993. To teach a computer based 
collaborations for the geographically distributed team, Fruchter (1999) developed a 
multidisciplinary and geographically distributed learning environment and to foster team based 
learning experiences. The team assigned with the BIM authorising tools of Revit 2010, ArchiCAD 
13, Navisworks, Solibri Model Checker, Horizontal Glue, and Construction Operations Building 
Information Exchange (COBie). Teams also used the solutions of Vico, Synchro, Microsoft 
Project, Primavera, and Digital Project (Becerik-Gerber, B., Gerber, D. J., and Ku, K., 2011)) to 
mitigate the challenges of virtual team management.  
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3.5.1 Navisworks 
 
It is project review software for AEC professionals. Navisworks® project review software lets 
architecture, engineering, and construction professionals holistically review integrated models and 
data with stakeholders during preconstruction to better control project outcomes. (2) 

 
3.5.2 Solibri Model Checker 

 

 
 

Fig: 2 Screen shot of Solibri Model Checker 
 
It is a tool for quality checking and flexibility. By using this tool, different disciplines can be 
combined to visually identify problems.  It provides ease of automatic classification, modelled after 
industry standards (30).  
 

3.5.3 Horizontal Glue 
 
For timely and effective collaboration Horizontal Glue is an effective tool. It brings BIM to web. 
This service eliminates file exchange issues, sends notices and RFIs, manages clash detection and 
performs quantity take-off and budgeting on all models, with everyone involved. Project 
management and BIM systems can communicate directly and connect general contractors and 
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subcontractors through an online platform where changes can be recorded and all files can be stored 
for central reference. 

 
3.5.4 Construction Operations Building Information Exchange (COBie)  

 
COBie is related to BIM approaches to design, construction and management of built assets. It 
provides COBie helps capture and record important project data at the point of origin, including 
equipment lists, product data sheets, warranties, spare parts list, and preventive maintenance 
schedules. This information is essential to support operations, maintenance and asset management 
once the built asset is in service. 
 

3.5.5 GoToMeeting  
 

 
Fig: 3 Screen shot of GoToMeeting 

 
With the help of this tool, the visual conference and collaboration can be made easy. 
 
Some of the features of GotoMeeting are screen transfer which allows real-time collaboration. The 
virtual room can be used for meeting, share screen with others and collaborate on projects. During 
discussion, white board can provide different drawing tools to highlight details on screen. The 
keyboard control can be passed to any participant in the meeting.  
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3.5.6 3D ICC Terf: 
 

 
Fig: 4 Screenshot of 3D ICC Terf 

 
This is like-real location tool which can be operated by merely drag, drop, point, click and touch 
action. In the construction projects, the tool is used in sharing design files among team situated in 
different locations. The meeting person to person or with multipoint can be conducted 
simultaneously using this tool. PowerPoint, Word and Excel files can be created in a team with co-
author in this tool.  
 
The creative setting of this tool is providing “in-situation experiences” and provide sharing 
creativity, delivery and team building. It is a cost effective tool with increased productivity. 
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4 Empirical Chapter 
 
The empirical chapter includes a case study of the Mumbai International Airport Project and an 
interview study carried out by the author. The case study was written by the author based on the 
experience working on the case study project from 2008 to 2014. The case study is based on the 
author’s own understanding and documentation available about the project. The interview study 
is based on information collected by the author about virtual project work through with 
professionals that have had experience of working in geographically distributed teams. The focus 
of the interviews has been to collect information about the project that the interviewees have 
participated in by asking them questions based on the theoretical framework of the thesis. The 
interview questions can be found in Appendix A.  

 
4.1 Case Study of Mumbai International Airport project  
 
The construction of the new international terminal T2 began in November, 2007 and was completed 
in February 2014. In the case study the author has observed the challenges faced by this complex 
brownfield airport project without disturbing the ongoing operational work. 

The total project cost is an estimated €1.2 billion. The client for this project was the Mumbai 
International Airport Limited (MIAL). This 410,000 m2 terminal building has constructed at the 
location of the existing terminal with minimal disruption to its operations.  The new terminal 
building, constructed over the footprint of the existing international terminal building, on a built-
up area 4 times larger was made possible by demolishing several existing structures. On the Airside, 
there was a re- construction of two existing runways within the defined time windows to carry out 
the work.  

Its Engineering, Procurement, Construction (EPC) agreement between main contractor and client, 
which includes planning, design, engineering, procurement, construction, testing and 
commissioning of airport facilities encompassing airside works, terminal works and ancillary 
facilities.  

Some key features of the project include a long-span 11 acre long mega roof supported by only 30 
columns covering 70,000 square meters, making it one of the world's largest roofs without an 
expansion joint. Additional highlights include a 15m tall cable stayed glass wall, the largest and 
longest cable wall system in the world, a 3 km long multi-storey ‘Art Wall’ and India’s largest 
airport escalator measuring 11.6m in height. With a height of 83.8 meter, the Air Traffic Control 
Tower is India’s tallest ATC tower.  
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4.1.1 Organisational Structure of the Project: 
 
The project is developed on Public Private Partnership (PPP) Model in which Govt. of India entity 
Airport Authority of India (AAI) has contract with MIAL which is Joint Venture for operation, 
maintenance development of the Mumbai airport. As a part of the agreement, for the expansion 
and renovation of the airport, MIAL has finalised main contractor as Larsen and Toubro Limited 
(L&T) from India, principle architect as Skidmore, Owings & Merrill (SOM) from USA and 
CH2MHill as a project management consultant from USA. Based on the EPC contract between 
L&T and MIAL, the main contractor has finalised specialised vendors from all part of world as a 
subcontractor to main contractor and consultants.   

The organisational structure of the project was as follows: 

 

Fig: 5 The organisation structure of the Mumbai International Airport project based on interview 
study 

  

 
 

Airport Authority of 
India

MIAL        
(Client)  

SOM
(Principal Architect)

L&T           
(Main Contractor)

Subcontractors Consultants

CH2MHill 
(PM Consultant)
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4.1.2  Project Virtual Team: 

 
The primary design feature of the Terminal Building is a long-span roof covering the departures 
roadway, check-in hall, security, and passport control functions.  

The magnitude of the project was very huge. 15,000 workmen, 1,000 engineers, 200+ sub-
contractors and some 4000 of their staff turned up for the work. There were 250 engineers and 
architects forming the on-site design team while experts were mobilized from the world over for 
various functions. Simultaneously, the project team had to co-ordinate with airline industries across 
the world through NOTAM that gave no room for failure or slippage during construction work of 
runways.  

It was the aspirations of the client to create a world-class airport, which brought together all the 
best talent from the world. There were around 200 specialized national and international agencies 
working on the project. The project team was truly a virtual team which consisted of four types of 
professional groups from all over the world i.e.  principal architect, main contractor, subcontractors 
and consultants (Table 1.1).  

On April 25, 2005, MIAL appointed Skidmore, Owings & Merrill (SOM) as principle architect 
and CH2MHill from USA responsible as a project management consultant. One of the largest 
construction firms in India, Larsen & Toubro was chosen as a main contractor for the project. 
GYSPL from Singapore, Eversendai from Malaysia, Permasteelisa from Italy were the structural 
and façade vendors. The mechanical and IT Subcontractors were Schindler (Switzerland), 
Thyssenkrup (Germany) and SITA (Switzerland). Roofing Work was done by Tremco (UK) while 
the flooring work was done by Bramco (Baharein) and Rocks and Log (China). There were HOK 
architects from USA, Arup from UK, Ramböll from Denmark, joint venture of Linder (Germany) 
and Depa (UAE) for finishing work. The airport counter system was supplied by CCM airports 
Italy. Formglass (Canada) has done the Gypsum Fibre Reinforced Glass (GFRG) work. 
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Table 4.1 Four types of professional groups of the project 

 

Sl.No. Name of the Vendor Country Role 

1 MIAL India Client 

2 Larsen & Toubro India Main contractor 

3 Skidmore, Owings & Merrill USA Principal architect 

4 CH2MHill USA Consultant 

5 GYSPL Singapore Subcontractor 

6 Eversendai Malaysia Subcontractor 

7 Thyssenkrup Germany Subcontractor 

8 SITA Switzerland Subcontractor 

9 Permasteelisa Italy Subcontractor 

10 Schindler Switzerland Subcontractor 

11 Bramco Baharein Subcontractor 

12 Linder Depa UAE Subcontractor 

13 Arup UK Consultant 

14 Ramböll Denmark Consultant 

15 Formglass Canada Subcontractor 

16 Rocks and Log China Subcontractor 

17 HOK Architects USA Consultant 
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Fig 6: Map indicating the virtual team of Mumbai Airport locations 
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4.2 Challenges for virtual teams:  
 

4.2.1  Physical distances: 
  

The project team coordination from various part of the world was a major challenge.  
 
For the Architect SOM (Skidmore, Owings & Merrill) airport design was both art and science. 
There vision was to make the airport not only functional but also beautiful and awe-inspiring space.  
 
The principal architect based in the USA far away from the project location of Mumbai India, had 
a big challenge to convert the Indian client requirement into deliverables in the cost effective way. 
The Architect had to study the Indian aviation rules and regulations, tradition-cultural aspects, local 
art, availability of material, and manufacturing units suitable for the project location. For example, 
they studied that the local manufacturers were unable to produce steel girders in the size that the 
architect was planning, and so they had to change the construction and were able to involve local 
manufacturers to make it cost effective. The cultural aspect of India involves families to see off the 
passenger but since the Indian aviation regulations not allowing the visitors to enter the terminal 
building, the areas in front of Terminal was designed large with 50-foot-tall and one-kilometre-
long glass cable-stayed wall forming the front façade of the vast check-in hall.  
 
However, during this process, and designing the sequencing of work, the architect was unable to 
capture the opposition it could face during the relocation of politically sensitive memorial on the 
airport premises. Situated in the heart of the building, the delay in its relocation affected the 
scheduled completion date.  
 
To capture such spirit of Mumbai and regional symbolism of country in the building structure, the 
architect had to made extensive study during the early stage of the project. Since it was not possible 
remotely, the entire team had to travelled and stayed in India to understand the traditional art and 
architecture. (29)   
 
As per the interview with the procurement manager, the physical distance also became major 
challenge in the supply of material and services from various international vendors and necessary 
cost and time provision had to be in the schedule while finalising contract with them.  
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4.2.2 Time zone difference 

 
With the physical distance, the time zone difference is one of the major challenge during the project 
execution. The project management team had to incorporate these time zone differences in the 
schedule and agreement while providing the milestone of work.  
 
To schedule the meetings and discussion with the virtual team was a challenging part (interview 
study). Due to the time zone difference, there was always one party who had to compromise with 
the working time limit and had to attend the meeting beyond the working hours.  
 
During the payment to these virtual team in the particular currency, the rate of exchange of a 
particular day was affected due to the time zone difference (interview study).  
 
During upgradation of the main runways of the airport, the project team has executed some of the 
new airport technologies for the first time in India. Procurement and installation of invisible blast 
fence was one of them. It was supplied by the Canada based vendor Blastwall, which is the one to 
do so in the whole world. However, the new installed blast fence found damaged after one take off 
of a wide-bodied cargo aircraft due to a strong jet-blast. As it was not possible for the project team 
to find replacement of such new technology in India at that moment and the time difference made 
difficult to receive immediate response from the vendor in Canada (25). 
 
Since it was located near taking off point, the incident resulted into closing of the busy runway for 
two hours and the airport authority had to move the taking off point 300m inward to avoid further 
damages in absence of blast fence to nearby residential vicinity of Airport. It had grabbed media 
attention and also some financial claims to the client who was the airport operator from airlines. 
 
 

4.2.3 Communication system 
 

For mega projects like Mumbai International Airport, having wide scope of work, the establishment 
of communication system was a critical due to the involvement of entities i.e. client, contractor, 
subcontractors, other stakeholders at a different location.  
 
The scope of work was huge and it resulted into a number of documentation with a limitations of 
FTP sites, hard copies and email for project communications. 
 
Further the contractual obligations in terms of stringent response time duration specified in the 
agreement by client, failing which there were complications such as ‘deemed approved’ & ‘time 
barring’ came into play. Also there were protocols specifying media of communication, authorized 
signatory and establishment of a system to fulfil above obligation of contract as well the 
requirement of the mega project. This need gave rise to the communication system of the project.   
 
The scope of communication system covered the formation of communication protocol between 
client, contractors and vendors. The document control system, which cover the format, numbering 
control and distribution of all correspondence and communications between client, contractor and 
subcontractors. It helped in making the communication process simple, systematic and advanced. 
For example, discipline coding and subcoding division. 
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For the challenging task and need for timely communication, the contractor opted for in-house 
EDMS system similar to web based system called ACONEX (an online document management 
and collaboration system from Australia) for the document management which proved to be more 
cost efficient than ACONEX and effective in terms of its working. 
 
 
EDMS (ELECTRONIC DATA MANAGEMENT SYSTEM): 
 
The EDMS platform consists of following: 
 

q Microsoft 

ü Share Point Server 2007 

ü Share point Services 

q 64 bit Windows2003 Operating system 

q Rights Management Services Enabled 

q Authentication thru existing E-mail AD  

q Inter / Intra Net 

 

q Open Internet Browser 

ü Microsoft Internet Explorer 5.01 and above with the latest service pack 

ü Netscape Navigator 6.2 or Later. (Mac, Unix)  

q .Net used to develop ISO Repots 

q Sites / Sub sites 

q Categories & sub categories 

q Areas & subareas  

q Folders & sub folders  

q Documents / Lists / Photo Gallery   

 
  

 
• With the help of the system the team could manage more than 200,000 documents and 1 

million emails – up to 100,000 in a single month. 
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• The technology helped the virtual team to access and search the documents and 

communicate from the remote locations. 
 

• Project members received notification of new items and browsed tasks and actions in one 
place. 

 
• The system became cost effective and efficient. 

 
 
 

4.2.4 Diverse multicultural teams 
 

The airport project was built by a diverse multicultural team. Managing such team in a collaborative 
way was a major challenge.  
 
The main contractor had already completed three similar types of airport projects in India before 
starting the Mumbai airport project work. While working on these projects with the same client, 
the main contractor could establish a cultural bond with client as well as with some of the 
specialised vendors. It helped the Mumbai airport project team to built a cooperative relation in a 
short span of time with these team members. With this team member, work done could be possible 
based on trust factor and verbal communication. At the same time, the receipt of delay notices and 
other legal correspondence were not appreciated due to the tradition of repeated business 
partnership (interview study).   
 
However, there were other international vendors working in India for the first time with the 
contractor and the client. The language of instruction was very formal and in line with the terms of 
agreement. There was a language barrier for these international vendors in dealing with local labour 
force. 
 
The difference in the working culture also became challenging during coordination of interfacing 
work as the local subcontractors has commenced work based on the instruction of construction 
manager despite absence of complete handing over of area. While the international subcontractors 
insisted for necessary formal handing over of overall area as per agreement procedure. Such 
interactions could have lead to claim in later stage. Hence various strategies were needed to bring 
scope clarity, clear responsibility, efficiency, avoidance of rework due to damages and to ensure 
appropriate deliverables of responsibilities. 
 
Due to the difference in the culture, there is a deviation in the choices adopted for the 
communication medium, difference in the mode of interactions among team members, response 
behaviours, change of relations in time, trust, problem solving approaches, and conflict resolution 
on the performance of such a team. 
 
The difference in the closing business during week and holiday seasons in the different parts world 
had an impact on the schedule of work (interview study). There is a holiday season in China during 
Chinese new year in first week of February. While the subcontractors from USA, Canada and 
European continent had a closing of the business during the Christmas holidays in the December. 
The subcontractors from countries like UAE and Bahrain had to close the supply of material during 
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the Eid holidays. Hence it was challenging for the project management team to incorporate such 
differences in their schedule of work. Hence there was alternate arrangement done from the 
subcontractor side in the form of fabrication yard in different location, alternate supplier to the 
subcontractor to make sure the timely delivery of the material. 
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4.2.5 Team morale 

 
Keeping the team morale high from the kick off meeting till the handing of project was a 
challenging job. Due to the complexity of the scope of work, at a time 3-4 different teams were 
executing the construction work at one location. As the contract provisions made subcontractors to 
officially communicate only with the contractor, it became task for the contractor to coordinate 
with all these teams during the execution of work.  
 
Maintaining high team morale became challenging during delay in handing over of the area to each 
other, damages to the work of one vendor to the other, issues regarding use of space for construction 
and storage of material, theft etc.  
 
As there were few interactions between the subcontractors, it was the contractor who had to arrange 
monthly meetings with the senior members of the subcontractor teams to establish cooperation and 
hence the team morale. Various induction training programs had been organised by the contractor 
with a hand holding exercise. During the delay events in the critical path activities by the 
subcontractor, the contractor supplied additional resources to the subcontractor and executed the 
critical works to put the project back on track.  

 
4.2.6 Technical Management 

 
Converting the schematic design provided by the main architect into the reality was the main task 
for the contractor and subcontractors. Hence the role of technical management was extended 
beyond scheduling and monitoring into dividing the work into phasing plans, sequencing of work 
and staging of airside work. Since the airport was operational, the traffic movement near the airport 
created obstructions. 
  
Creation of master plan and sharing it with the all subcontractors was the part of technical 
management. 
 
It was challenging for the contractor to bring all subcontractors on a common platform and 
familiarize them all with the complete airport functional and operational requirements as a part of 
civil construction requirement. 

Review of more than 25000 documents from the subcontractor design team in a short span of 
time was a challenge for the contractor.  

Clash Analysis: 

During designing phase, the overall height of the structure remains fixed due to seismic, span and 
loading requirements. It created conflicts regarding the floor space and ceiling space for HVAC 
services. 

In this project, during finishing stage work, the BIM technology was made available for the design 
team to speed up the coordination issue. It helped the virtual team to understand the existing 
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services and plan their installation accordingly. The 3D modelling provided the clash resolution 
technique which was adopted for clash analysis of all mechanical, electrical, plumbing services 
and airport services inside the terminal building.  

Quality management in flooring work: 

The terminal had a scope requirement of 1,98,000 sqm. of natural stone for flooring work. There 
was a very specific requirement of shade of natural stone from the client. This is a tough task that 
becomes increasingly tougher when the stones are sourced from various locations across the globe.  

To avoid shade variations and to ensure avoidance of unsuitable shades in the stone works, it was 
decided to proceed with dry lay of stone before the final wet lay. Architects from contractor and 
client side had to travel frequently to these source locations of subcontractor in identifying the right 
shades of stones to avoid the use of unsuitable stones with different shades. This exercise was done 
in addition to source inspection by client and contractor during finalisation of material shade.  
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Change order management: 

Incorporating the frequent last minute changes based on the client requirement without delay in 
completion of work was one of the major challenges during the technical management.  

Based on the contractual requirement, a flowchart of change order procedure has been prepared as 
follows to segregate the changes initiated by client and contractor.  

 

Fig: 7 Change order procedure adopted in Mumbai International Airport project (ref. 
interview study) 

 
The changes were accordingly communicated with subcontractors for incorporation in their work. 
The flow chart guided the team in managing time and cost implication on the project and addressing 
to the all subcontractors affected by it. 
 
Mode of Payment 

  
This is a vital area from working capital management point of view. The mode of payment is a 
challenge for the virtual subcontractors, when the client is located in India.  
 
The mode of payment and currency plays a vital role in this term as it involved submission of 
various details of banks and documents to get registered with customer for effecting payment in 
time. It also provided the details of documents and the process of submission of invoice/claims for 
smooth processing of invoices.  
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Forex variation i.e. change in exchange rate of currency was challenging part while dealing with 
virtual team management. For the foreign vendors the major payment currency was in the US 
dollars. As per the term of contract, the payment release was based on the exchange rate on which 
certification of work is done by client. In 2008 due to sharp decrease in currency rate of US dollar 
in short span of time, the subcontractors had to suffer financial implications. 
 
4.3 Technical Tools used by the Mumbai International Airport project: 
 

4.3.1 Electronic Data Management System (EDMS): 
 
This is the communication system used by the project to handle the vast quantity of documentation 
of the project.  
 

4.3.2 Email communication 
 

Though the email communication is not the official communication media of the project, the 
contract provision made it clear about communication through email can be acceptable during the 
change management process. Hence this media has been accepted by the virtual project team. 
 

4.3.3 Skype for meeting 
 

The discussion meetings were conducted through skype for virtual teams located in different 
regions. However, for all the monthly review meetings, there was a representative from the teams 
located abroad available. 
 

4.3.4 AutoCAD 2D, 3D documentation 
 

Use of AutoCAD 2D documentation was utilised in the project for all design drawings, as built 
drawings while the 3D documentation was done to deal with the clash analysis process. 
 

4.3.5 File sharing tools 
 

For file sharing, drop box has been utilised. Accordingly, all folders were numbered to minimize 
the confusion while accessing the files. 
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5 Analysis  
 
This chapter includes a presentation of the findings from the literature study and the case 
study. The findings are presented according to the theoretical framework of the thesis. 

5.1 Challenges of virtual project teams  
 
The analysis shows the similarity between the challenges found from the literatures study and 
from the case study. The challenges are combined together as following: 
 

5.1.1 Physical Distance  
 

From the literature, case studies and interviews it is clear that managing physical distance 
among virtual team member is a major challenge. Due to the distance, there is a constraint in 
team development in terms of bonding during the team formation and trust issues among the 
team member in absence of face to face interactions. For the construction projects, the distance 
is considered between the functional area of the team members and the project site area also.  

If the technology can be used successfully, the physical distance can be mitigated in terms of 
response time to the project site. However, there are technological limitations in team building 
issues. 

5.1.2 Time Difference 
 

As per literature study and case study, the time difference phenomenon comes into picture, 
when the virtual teams are located in different continents. Based on the case study, the time 
difference can create restrictions in terms of response time to the emergency situation on the 
project site.  The team has to change the working hours to comply with another time zone for 
few members.  

Time difference phenomenon can be mitigated by having 24/7 response time for emergency 
issues. Also the rotation basis working hour changes can make it convenient for the team 
members.   

5.1.3 Communication System 
 

Both the literature and case studies show that, a communication system is a major challenge 
for the project where high number of stakeholders are involved and has large quantum of work. 
Having a well established communication system is essential for the success of project. The 
communication system development should be in line with the contractual requirement of the 
project. The communication between larger virtual teams can be controlled by having 
authorised signatories for each team. From the case study it is clear that, the amount of paper 
work can be reduced with the help of document control system. The system also helps in 
segregation of data, control in accessibility to the documentation to the selected member of the 
team, authorised communication among the members, management of schedule of reply time 
and record of data flows through system. The use of technology is cost effective solution to the 
management of communication system. Based on the quantum of work, a department dedicated 
solely for the communication system is requisite.  
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5.1.4 Cultural Difference  
 

From the earlier study of literature, it is clear that, cultural difference can be a major challenge 
in virtual team management. It is essential to study the cultural aspect of a region to which the 
team member belongs. For the construction projects, dealing with regional cultural difference 
is challenging in the form of schedule finalisation, team coordination on the project site, 
language barrier among workers, the difference in the working style of the team member. 

The initiatives during the team building process is important factor to deal with the challenges 
of culture and trust issues. A human interaction is important factor during the forming phase of 
team building. It also helps in building the trust among the team members. Hence the 
technology has to play minimum role in dealing with these challenges in the initial stage.   

 

5.1.5 Technical Management 
 

From all the studies it is clear that, technical management in a construction project having 
virtual team member is a challenging job. To deal with such challenges, it is essential to have 
a systematic flow of information to all virtual team members. Also the successful management 
of changes in the project is necessary.  

The clash analysis is important to avoid further reworks and claim from the team member. It 
becomes further complex due to the extensive scope of work, where more than two 
subcontractors are coordinating at the same location. 

The incorporation of change instruction from the client during the execution phase of the 
project is a critical task. To deal with such changes, it is important to have an analysis of impact 
of it on the scope of work, calculation of time and cost implication on all such packages and 
timely addressing this implication to client as per contracts provisions. The technology is useful 
in analysing such changes and further implications on the time and cost. It helps in establishing 
the framework of information flow to all the virtual team member. Hence it is possible to initiate 
necessary actions in line with the requirement of project.  

 

5.2 Building Information Management system as a solution 
 
From the literature study it is clear that, the virtual teams of construction projects are highly relying 
on the Building Information Modelling. By use of BIM solution, the challenges of virtual team 
management can be done effectively. BIM is useful in fulfilling the three needs of the project 
management- time, cost and quality. The technology is continuously improving and adding further 
benefits in terms of increase in labour productivity, visualisation, and coordination. 
 
To adopt BIM in the project, a mandatory phase is requisite during initial stage of project, where 
every team member gets trained on the tools they will be using.  
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By using technology of GoToMeeting and 3D ICC Terf the team can be brought visually closer 
irrespective of the distance and time difference.  
 
The BIM technology can replace the complete 2D document paperwork with further reduction in 
the submission delay and approval process of virtual team.  By using Solibri model checker a 
number of clashes and errors can be identified and managed. The clashes between elements of 
different disciplines could be coordinated among virtual team member easily in the 3D model.  
 
Horizontal Glue is an important solution in clash detection and quality check during technical 
management. The tool also provides support during change order process by easy calculation of 
revised quantities and necessary updation of drawings.  
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6 Discussion and Conclusion  
 
This section discusses the analysis from the previous section carried out in the thesis. Lastly, the 
author gives suggestions for framework required to be adopted to have successful BIM system 
implementation in a virtual team project.  
 
From this study it is clear that, managing virtual teams in any construction project is always 
challenging. However, with the help of BIM tools the major challenges faced by the project can be 
resolved. But there are limitations to resolve the cultural, political issues directly with the help of 
BIM tool. However, with effective collaboration between the virtual team members developing 
strong bond, trust and cooperation, such challenges can be mitigated.  
 
The implementation of BIM is challenging for the project involving complex scope of work and 
various stakeholders involved as a virtual team. The contract requirement among parties should be 
in line with the BIM requirement. While the construction sites are going sustainable these days, 
reducing the contractual communication and further paperwork with the help of BIM can provide 
better communication system for the project.  
 
In this study, the author has taken a case study of a project having virtual team and studied the 
challenges faced by it. However, the challenges can not be generalised for all projects and every 
infrastructure project issue can vary based on its magnitude, type, location, political and other 
factors.  
 
In order to answer the research question: “what are the challenges of virtual team management of 
construction project and how Building Information Modelling (BIM) can be implemented to deal 
with such challenges?” the author answers that the physical distance, time difference, 
communication system, cultural difference and technical management are the major challenges. 
It is also suggested by the author that, during the forming stage of the team building, workshops 
can be organised by the project where the virtual team members can connect to each other and learn 
about the BIM process they will be using. The norming, storming, performing stage of the team 
building should be successful implementation of BIM. 
 
The author also provides a list of recommendations for successful implementation of BIM system 
to deal with such challenges in a construction project  
 

• BIM requirement to be mentioned as contractual requirement in the agreements with all 
virtual team for its strict compliance. 

• There should be a dedicated team for the BIM implementation in a project.  
• The BIM execution plan needs to be adopted from design till completion of the project with 

final update of built drawings. 
• The quality requirement of project to be reflected in the BIM model content too.  
• BIM has a major utilisation in the operation and maintenance phase. The BIM execution 

plan provides the necessary inputs to the owner about the system from all virtual teams i.e. 
warranty about material, equipment etc. for better coordination. 
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• In absence of an “in house” system, the virtual team is required to hire a consultant for the 
adoption of BIM for the scope of work and take responsibility for its successful 
implementation. 

• There should be a BIM related completion criteria with percentage of completion work to 
ensure that the BIM implementation is paid in monthly payment. 

• Visual communication in execution of team meeting is necessary to have successful 
interaction. 

• Use of images and information to improve RFI communication. 
• It is important to choose appropriate BIM applications and systems based on the type of 

projects and business goals of an organization.  

For the future research the author recommends a more extensive research in the field of selection 
of the appropriate BIM applications based on the project type. 
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Interviews   
	

Interview, Procurement Manager, Mumbai International Airport Project 
Interview, Planning Engineer, Mumbai International Airport Project 
Interview, Construction Manager, Mumbai International Airport Project 
 
Figures: 
 
Fig. 1: Ludden, P., Ledwith, A., & Lee-Kelley, L. (2012). A typology framework for virtual teams. 
Paper presented at PMI® Research and Education Conference, Limerick, Munster, Ireland. 
Newtown Square, PA: Project Management Institute. 

 
Fig. 2,3,4: Screenshots taken by the author 

 
Fig. 5: Organisation structure based on interview study 

 
Fig.6:  Screenshot taken by the author 

 
Fig 7:  Flowchart drawn from interview study 
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Appendix A  

A.1 Interview questions  

What is your name and age? (Name, age, profession)  

What is your role, duration of work and designation in Mumbai International Airport project? 

As a virtual team member, what challenges do you face in this project?  

What technical tools did you use in your work?  

What benefits did you have in your way of working?  

What challenges/disadvantages did you have in your way of working?  
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