
1 INTRODUCTION 

The Architecture, Engineering and Construction 
(AEC) industry is usually described as highly frag-
mented. The conventional design and construction 
process of a building project involves  multiple in-
teractions among various domain experts responsible 
for the design as well as multiple sub-contractors 
and suppliers on site, arranged by a contractor on 
site. The project team of a construction project is 
usually a temporal network (Winch, 2002), which is 
believed to be responsible for fragmented infor-
mation flows between design and construction. Ac-
cordingly, the design and construction processes are 
clearly separated and the project information gener-
ated and shared across these two phases is often un-
reliable and difficult to access due to poor k coordi-
nation among the work of the various domain 
experts and the those responsible for the executing 
the work on site. This interface between design and 
construction is managed by project managers. With 
the advent of the digital technologies in AEC, and 
particularly of Building Information Modeling 
(BIM), the chasm between design and construction 
is deemed to be closer to being bridged.. 

In past decade, BIM has been considered a solu-
tion to that fragmentation, poor project coordination 
and information management problems (Eastman et 
al., 2008). The promise is that BIM and its associat-
ed technologies and processes, can facilitate simul-
taneous work by multiple design disciplines. How-
ever, the BIM collaboration process is often 

asynchronous under most circumstances (Cerovsek, 
2011). Also, despite the popular and utopic belief 
that BIM could enable a centrally controlled flow of 
information – and thus centralized collaboration – 
this is not possible due to computational limitations 
(Miettinen and Paavola, 2014). Howard and Björk 
(2008) claim that “the single BIM (model) has been 
a holy grail but it is doubtful whether there is the 
will to achieve it” and thus directly defying the 
claims for centrally controlled BIM. However, BIM 
sufficiently supports a centrally performed federa-
tion of multi-disciplinary information from the vari-
ous actors (Berlo et al., 2012). Accordingly, BIM 
challenges the traditional coordination mechanisms, 
roles and workflows in construction. On one hand, 
many BIM-specialized firms have emerged to offer 
all-inclusive BIM-related services to AEC firms and 
projects. These services sometimes encapsulate the 
traditional project management as well as technolo-
gy and information management-related services. 
On the other hand, various in-house roles pertinent 
to BIM have emerged within existing firms.  

Various coordination mechanisms could be appli-
cable for BIM implementation. To investigate the 
emerging BIM coordination mechanisms, this paper 
focuses on Design-Build (DB) procurement, within 
which according to Eastman et al. (2008) “the use of 
BIM (…) is clearly advisable”. This paper aims to 
showcase coordination structures from BIM imple-
mentation in two cases in the Netherlands. It would 
examine and compare the emerging project coordi-
nation from BIM implementation in DB projects, 
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and the various actor’s roles. It will also attempt to 
shed light on the impact that these mechanisms had 
and the challenges and the outcomes of the cases. 
Thereafter, the findings would attempt to inform and 
assist AEC practitioners to improve their BIM adop-
tion processes and reap its acclaimed benefits. 

2 BACKGROUND, RELATED PREVIOUS 
WORK AND GAP  

2.1 The interactions of project procurement and 
project coordination with BIM 

Building Information Modelling (BIM) has been de-
fined as tools, processes, and technologies that are 
facilitated by digital, machine-readable, documenta-
tion about a building, its performance, its planning, 
its construction, and later its operation’ (Eastman et 
al., 2008). BIM entails the use of many tools, pro-
cesses and technologies to produce a building infor-
mation model. In a BIM-based project delivery pro-
cess, input from the various design disciplines, 
contractor, suppliers and subcontractors can be 
sought early in the design process, be visualized and 
the potential disciplinary coordination problems 
could be detected and resolved. This process re-
quires close and ongoing collaboration among the 
project team members. Eastman et al. (2008) advice 
that DB procurement “may provide an excellent op-
portunity to exploit BIM technology, because a sin-
gle entity is responsible for design and construc-
tion”, as it is more cost-efficient and shorter than the 
Design-Bid-Build (DBB) approach. 

In general, the procurement methods, BIM tech-
nology and the distribution of responsibilities have a 
major impact on the coordination process and pro-
ject success. Whilst the procurement governs ‘de-
sign, construction and commissioning of projects’ 
(Holzer, 2015), the coordination is the underlying 
abstract pattern of decision-making and communica-
tion among the project team. The coordination plays 
a crucial role in every project procurement method 
and is needed for managing the tasks interdepend-
ences (Malone and Smith, 1988). Thus, the project 
procurement method would interact with project co-
ordination structure and thereafter influence the suc-
cess of BIM implementation. The DB procurement 
approach could support BIM coordination, by creat-
ing an environment that fosters concurrent interac-
tions among team members, and especially in the in-
terface of design and construction.  

2.2 Project procurement and BIM  

Procurement can be defined as ‘the organizational 
structure adopted by the client for the management 
of the design and construction of a building project” 
(Masterman, 1992). Uher and Davenport (2009) de-
scribe it as ‘the process by which the client seeks to 
satisfy his [or her] building requirement, character-

ized by a particular organizational form, distribution 
of responsibility, tasks and risk allocation’. Turner 
(1997) identified two essential decisions in pro-
curement (a) the organization for the overall project 
management, and (b) the organization for design and 
construction. The organization for the overall man-
agement of project involves client’s decisions for ei-
ther using an in-house project manager or an exter-
nal project management or a combination of the two.  

In the AEC industry, various procurement meth-
ods have been used before BIM. Turner (1997) clas-
sify them into (a) design-led (b) designer-led, and (c) 
management-led. Others include Public Private 
Partnerships (PPP), alliancing, and Integrated Pro-
ject Delivery (IPD). There is agreement in the litera-
ture that the Design-led procurement is not an arena 
for realizing the full benefit of BIM (Loke, 2012, 
Sebastian, 2011a). Holzer (2015) conducted an 
analysis of the opportunities and challenges of BIM 
under the contract procurement methods as applied 
in Australia and deduced that IPD is the closest fit, 
contractually speaking, for full BIM implementation, 
although it is not applicable to all local markets 
(Sebastian, 2011b, Holzer, 2015). In DB procure-
ment, some potential opportunities for BIM use and 
issues identified by Holzer’s (2015) analysis are:  
− BIM facilitates increased transparency in setting 

up and pricing tender packages, 
 The stakeholders can set up their models up with 

Construction BIM requirement in mind, 
 BIM increases the potential for interfacing infor-

mation between consultants and trade-contractors 
in construction documentation, 

 The risk lies with the contractor to maximize 
BIM knowledge transfer, 

 It requires skilled contractors who understand 
BIM workflows and 

 The input from client to help define operational 
requirements is not automatically guaranteed. 
Holzer’s (2015) work is theoretical. Sebastian 

(2011a) reaches to comparable conclusions as to the 
fit of DB for BIM when he compared various pro-
curement approaches using a single case study. 
Whereas, all procurement routes could support BIM, 
the DBB would add to the fragmentation of infor-
mation between design and construction, and on the 
other hand, the DB discourage a potential involve-
ment of the client in design and construction phases 
(Sebastian, 2011a). Therefore, there is always a 
trade-off between the project scope and the extent of 
the client’s involvement and the coordination of the 
information flow from design to construction. 

2.3 Project coordination structure and BIM 

The coordination structure is regarded as the pattern 
of decision-making and communication among a set 
of actors who complete tasks to achieve project 
goals (Malone and Smith, 1988). It is the underlying 



abstract decision-making that characterizes every 
project procurement method and is needed for man-
aging the tasks dependences. The task interdepend-
ences in a construction project require that: for each 
party to complete their task, they must receive in-
formation needed from another party. In order to ful-
fil the client’s needs, there is need for coordinated 
teams, dynamic information flow, and efficient 
communication and interaction among actors and 
tasks. The success of coordination would depend on 
interactions among parties and the communication 
paths that could enabled by digital technologies. 
Thus, coordination in BIM-based projects involves 
technology and human interactions. Dabbish et al. 
(2010) distinguish between formal and informal co-
ordination. For early organizational theorists, formal 
coordination is needed where uncertainties are low, 
e.g. where the tasks are clear and based on routine 
and involving ‘a priori definition of organizational 
structures and processes for managing dependences 
including supervision, rules, routines, standardiza-
tion, scheduling, pre-planning, and division of labor 
into minimally dependent units’ (March and Simon, 
1958). Informal coordination is interpersonal coor-
dination, better suited for managing highly interde-
pendent and complex tasks where the actors interact 
directly to exchange task information and negotiate 
the tasks’ dependences (Malone and Crowston, 
1994).  

In the context of product development in organi-
zations, Olson et al (1995) classified formal coordi-
nation structure into seven structures ranging from 
the most mechanistic, e.g. bureaucracy, to the most 
organic and participative structure, e.g. design cen-
ters. These are characterized by varying degrees of 
complexity (simple to complex), distribution of au-
thority (centralized to decentralized), formalization 
(formal to less formal), autonomy (low to high). 
Such mechanisms are also characterized by process-
es that affect decision-making/conflict resolution 
(hierarchical to participative) and information flow 

(formal to informal). Figure 1 illustrates Olson et 
al’s (1995) types of coordination mechanisms. 

According to Malone (1987), the costs of coordi-
nation structures include production cost, coordina-
tion cost and vulnerability cost. Production cost in-
clude the cost of delays in finishing tasks; 
coordination cost are the cost of the maintaining the 
communication links among the parties as well as 
cost of exchanging ‘messages’, e.g. information, 
whereas the vulnerability cost is the cost of failure of 
parties to perform their tasks or failure to make deci-
sions. Drawing on Williamson’s (1975) transaction 
cost economics concept, there are two means of co-
ordination for tasks: (a) internal coordination for 
tasks using in-house capacity and (b) market coordi-
nation for the same task, based on outsourcing. Ac-
cording to Williamson (1975), the choice between 
in-house and market coordination is that of differ-
ences in transaction costs of the two means of coor-
dination. Coordination of production in construction 
is often achieved by the use of the market. The over-
all cost of market coordination structure can vary 
according to two types of coordination namely – 
centralized and decentralized (Malone (1987). In 
centralized coordination, there is a centralized man-
ager who coordinates the activities of the various ac-
tors. The manager has a communication link to each 
actor and is responsible for ensuring that all the tasks 
are performed appropriately and on time and are 
brought together with other tasks to fulfil the goals 
(client needs), whereas, in decentralized coordina-
tion, the actors interact with each other and there are 
communication links among all actors. Thus, the 
communication links is denser than in centralized 
structure. According to Malone (1987) the coordina-
tion cost is proportional to the number of connec-
tions between the actors. In centralized coordination, 
the failure of the manager to act, make decision or 
perform can delay the overall production. However, 
in decentralized coordination, the failure of an actor 
to perform could result into termination of the con-

Figure 1:A Continuum of Interfunctional Coordination Mechanisms: Attributes and Processes (Adapted from Olson et al. 1995).



tract of the actor and selection of another actor of 
similar expertise. Thus, vulnerability cost is lower in 
decentralized structure than in centralized structure 
whereas coordination cost is higher in decentralized 
than centralized structures. Nevertheless, Stank et al. 
(1994) anticipated that the centralized firms would 
have better information support than decentralized 
firms, whereas there was no significant differences 
between the level of information support for the two 
structures. They also hypothesized that the sophisti-
cated information systems would handle information 
requirements regardless of the organizational struc-
ture.” (Stank et al., 1994).  

Project coordination in AEC is highly dynamic 
and entails complex interdependent tasks often tar-
geting new solutions and involving frequent chang-
es. Using design artefacts, such as BIM models and 
web platforms, such as Common Data Environment 
(CDE) to connect the actors and integrate design 
work is then crucial to support information ex-
change, and coordination. It can help the actors to 
understand each other’s view, negotiate and resolve 
conflicts in an ongoing basis. Based on the above 
theorizations, it would be useful to explore the 
emerging coordination mechanisms arising from 
BIM and the disturbances in the traditional project 
phases and roles dictated by BIM implementation. 
This study will highlight how these opportunities 
and issues play out in real world Design-Build (DB) 
projects. It will contribute to the discourse on BIM 
and its practical implementation by showcasing les-
sons learned from BIM implementation in two DB 
cases in the Netherlands by examining the project 
coordination mechanisms that emerged from BIM. 

3 RESEARCH APPROACH 
The paper used a case study methodology. The BIM-
based projects were analyzed as to the, (a) BIM 
management structure, i.e. distribution of roles, re-
sponsibilities and tasks, (b) BIM-related activities 
and processes, (c) outcomes. Two cases in the Neth-
erlands, cases A and B, were analyzed and com-
pared. The Dutch AEC was selected for this study, 
because BIM adoption in the Netherlands presents a 
balanced mix between policy-driven BIM roadmaps 
and emerging BIM practices (Kassem et al., 2015). 
Whereas, the BIM-related policies are not very ad-
vanced in the Netherlands, the construction firms 
have been quite proactive in adopting BIM technol-
ogies. Both cases had a DB procurement method, 
but used opposite approaches for managing and co-
ordinating the BIM implementation process. In case 
A, a specialist BIM consulting company was hired 
for BIM implementation, whereas in case B the var-
ious relevant BIM functions were performed by in-
house BIM-knowledgeable employees from the var-
ious firms. Case A was studied during early 2013 
and case B during late 2015. 

The case studies were exploratory cases. The ex-
ploration involved interviews with the project actors, 
analysis of project documentation, and live observa-
tions of BIM clash and engineering sessions. The in-
terviews were semi-structured and addressed to var-
ious actors, e.g. contractor, client, engineers and the 
BIM consultancy firm (only in case A). The first set 
of questions was about the firms’ BIM adoption his-
tory, challenges and outcome. The next set of ques-
tions were about BIM implementation at a project 
level, e.g. motivation for BIM, BIM workflow, con-
tractual strategies, BIM roles and responsibilities 
and technical challenges from BIM. The case de-
scription is presented in text, and the responses to 
the questions about BIM activities and roles are pre-
sented in tables, to facilitate the case comparison. 

4 COMPARATIVE CASE ANALYSIS  

4.1 Case description 

Case A (2013) is a housing project of 40 rental 
apartments with five apartments per floor for single 
and two-person households, using industrialized 
building systems. The client is a housing association 
in partnership with a property developer. For the 
project, BIM was not a contractual requirement. The 
use of BIM was part of the contractor’s tender pro-
posal to the client with the goal of using BIM to 
achieve ‘a better building delivered at the lowest 
possible cost’. It was envisioned that BIM and VDC 
methodology will be used for reducing design errors 
and clashes and deliver the project faster (time), 
cheaper (cost) and better (quality).  

In case B (2015), whereas the client did not re-
quire BIM, the contractor and his partners decided to 
use BIM to increase project quality. The project was 
a housing tower with 12 stories and 83 housing units 
of two to four bedroom apartments, to buy or rent. 
BIM also supported the technical challenges in the 
site logistics. It was a tower in a small plot, adjacent 
to a shopping center, whose operation could not be 
disturbed. This project also used industrialized 
building systems and dry construction, which is very 
common in the Netherlands. The architect stated that 
they did not dare to do this project without BIM. The 
motives for using BIM in case B was also strategic, 
because the contractor and their partners wished to 
deliver “as-built” drawings and potentially master 
the use of BIM for their future projects. 

4.2 Project procurement 

Figure 2a illustrates the project procurement struc-
tures of the two DB projects. In case A, the design-
ers were engaged by the client to define the client’s 
requirement and the scope of the project via devel-



opment of conceptual design (Level of Development 
(LOD100) to schematic design (LOD200). The con-
tractors tender was based on the LOD200 documents 
and model, then the contractor was selected and 
thereafter the architect was novated to the contrac-
tor. The contractor afterwards hired the BIM firm, 
whereas the designers worked under the BIM man-
ager’s leadership. Various suppliers and subcontrac-
tors were also selected by the BIM managers, after 
consulting with the contractor, on the basis of their 
experience with BIM. 

The procurement of case B was a less complex 
DB than that of case A. The client hired the contrac-
tor to deliver design and construction and gave them 
complete power over next actions. The contractor 
had long-term partnerships with the architects and 
the structural engineer (Str. Eng.). Also, the contrac-
tor had long-term partnerships with a MEP firm, 
sub-contractors and suppliers. Most firms involved 
in case B adopted BIM as a means to control the in-
formation flows in the project. The adoption of BIM 
was triggered from either internal or external rea-
sons. On one hand, for the architect, the structural 
engineer and the contractor, BIM adoption was a 
natural decision to improve their businesses. On the 
other hand, the concrete sub-contractor, the suppliers 
and the MEP engineering firm adopted BIM to com-
ply with customer demand and because it was re-
quested from the market. 

4.3 BIM implementation and coordination 

4.3.1 Overall management structure  
In case A, after the project award to the contractor, 
the BIM consulting firm i.e. BIM managers, was 
hired by the contractor. The BIM managers were re-
sponsible for not only the overall management of the 
project, as project managers, but also for the genera-
tion of the BIM models based on models produced 

by the designers and several subcontractors, as coor-
dinators. To ensure the success of BIM implementa-
tion, an initial project workshop was conducted i.e. a 
BIM “kick-off” meeting. The purpose was to ensure 
that all the parties understood the project and agreed 
about the way of working and BIM use. All parties 
had to sign the BIM execution document as a part of 
their contract. The BIM process was supported by 
BIM protocols and management plan from the early 
stage of the workshop and the project. 

In case B, BIM was applied from various roles 
within the involved firms. The main project man-
agement function was held by the contractor. The 
architect, structural engineer and MEP firms had at 
least one BIM-savvy engineer, alongside the project 
engineer. A “kick-off” session and a BIM protocol 
took place from the start, to coordinate the BIM 
scope. The BIM process was supported also from 
frequent collocations. The architect was the BIM 
coordinator until the pre-construction phase. There-
after, a site engineer from the contractor’s firm co-
ordinated the BIM process. Figure 2b illustrates the 
BIM coordination structures in case A and B. 

4.3.2 Processes and activities 
In case A, BIM was used from Definitive Design, 
with LOD200 until the Construction Preparation 
phase with LOD400. BIM was used for the follow-
ing activities: design coordination, clash detection, 
design visualization, quantities take-off, cost estima-
tion, preparation of working (shop) drawings and in-
formation exchange (Table 1). The project schedule 
was prepared in different software and was not 
linked to BIM tools. The authoring tools employed 
include: Revit Architecture, Revit MEP, Navis-
works, ArchiCAD, HiCAD , Tekla, and BIM-ID (for 
cost calculation). The BIM manager was responsible 
for modelling, cost calculation and clash detection. 

Figure 2: Project procurement structure (a) and project coordination structure (b) in cases A and B 



The federated model formed a basis for the subcon-
tractors. There were a lot of formal and informal co-
ordination activities with the various subcontractors 
to produce jointly a working model for construction. 
Interestingly, some of the suppliers were collocated 
in the same office building with the BIM managers. 
According the BIM managers, this greatly influ-
enced the team collaboration. A project website 
hosted on the servers of the BIM managers was used 
as a Common Data Environment (CDE) to share 
project information using Industry Foundation Clas-
ses (IFC). 

In case B, BIM was used from the Initiation 
phase, i.e. LOD100 until the Hand-over (as-built 
BIM). It was used for design exploration, visualiza-
tion, design coordination, cost estimation, clash de-
tection, quantity take-off, information exchange and 
site resource management. The authoring BIM tools 
used were primarily Revit and Tekla Structures and 
the BIM checking tool used was Solibri Model 
checker. Similar to case A, the information exchange 
took place in a CDE, where all parties uploaded their 
IFC files. Afterwards, the various reference models 
were federated to perform clash detections as de-
scribed in Berlo et al. (2012). The contractor used 
preliminary input from the architectural and struc-
tural models to perform the budget estimation, and 
early informal discussions with the suppliers. The 
suppliers were involved early in the process after the 
LOD300 phase and provided preliminary input. 

4.3.3 Outcomes of the cases 
Case A was delivered ahead of schedule. The client 
was satisfied with the quality. All parties had better 
understanding of the BIM process but some chal-
lenges included time pressure because of the con-
tractual obligations and late completion of tasks by 
some parties. The contractor’s expectations were too 
high because it was their first BIM project, which al-
so put work and time pressure on the other parties. 
The BIM managers had to work overtime to meet 
the BIM management function. Case B is an ongo-
ing project and so far no time delays have been re-
ported. Time pressure was reported by various pro-
ject actors, but according to them it was not due to 
the BIM implementation, but rather due to the stra-
tegic decisions of the contractor’s commercial man-
agers. However, some coordination issues surfaced 
regarding the role of the BIM coordinator. In the be-
ginning, the architect performed this function, but 
later, after request from the partners, a site engineer 
was trained to become a BIM coordinator, so as to 
combine technical expertise from the site to tech-
nical BIM expertise. Also, frequent collocations of 
the partners increased the understanding and 
knowledge about BIM process. Table 1 contains the 
case comparison across the processes and roles of 
BIM implementation. 

 
Table 1. BIM implementation, coordination structure and BIM 
roles in cases A and B. 
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Activity 

Responsible party 

Case A Case B 
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Transfer of documents 
to all parties All parties Contractor 

Presentation of BIM 
methodology BIM firm Architect 

Preparation of the 
online platform (CDE) BIM firm Contractor 

Providing the BIM ex-
ecution plan to all par-
ties

BIM firm Architect 

Verifying & agreeing 
on the execution plan All parties above All parties 

above

B
IM

 d
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g 
un

til
 L

O
D

30
0 

Set-up of the architec-
tural model BIM firm Architect 

Set-up of the structural 
model BIM firm Str. Eng. 

Clash detection: archi-
tectural and structural 
model

BIM firm, Con-
tractor Architect 

Revising the previous 
models BIM firm Architect, 

Str.Eng
Transferring the re-
vised models to MEP 
engineers

BIM firm Architect 

Preparation of MEP 
models MEP engineers MEP en-

gineers
Clash detection: archi-
tectural, structural and 
MEP model

BIM firm Architect 

Revising the models BIM firm, MEP 
engineers 

Architect, 
and engi-
neers

Sharing working mod-
el with the subcontrac-
tors/suppliers

N/A  Architect 

Verifying & agreeing 
on models All parties above All parties 

above
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IM
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til
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O
D

40
0 

Sharing LOD300 
model with the sub-
contractors/suppliers

BIM firm Architect 

Identifying key con-
straints based on sub-
contractors/suppliers 
input

Subcontrac-
tors/suppliers Contractor 

Preparation of subcon-
tractors/suppliers mod-
els

Subcontrac-
tors/suppliers Suppliers 

Clash detection of the 
models

BIM firm, Con-
tractor Architect 

Revising the models Subcontrac-
tors/suppliers 

Suppliers, 
engineers

Verifying & agreeing 
on models

Contractor and all 
parties above  

All parties 
above

B
IM
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Identifying required 
information for work-
ing drawings

Contractor Architect 

The list of required 
working drawings Contractor Contractor 

Clash detection and 
Processing design 
changes of models 
from the suppliers to

BIM firm Contractor 



LOD400 model 
Preparation working 
drawings out of 
LOD400 model 

BIM firm Suppliers, 
engineers 

Control of the working 
drawings 

Contractor, Archi-
tect Contractor 

Adjusting/revising the 
working drawings BIM firm Engineers, 

suppliers
Verifying & agreeing 
on technical drawings All parties above All parties 

above

G
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ll 

ph
as
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Consultation with the 
contractor  
Consultation with the 
client 

All parties 
Contractor 

N/A 
Contractor 

Process management BIM firm Contractor
Consultation with oth-
er parties e.g. authori-
ties  

Contractor Architect 

Specific explanation of 
methodologies BIM firm Architect 

Collocations N/A All parties
Maintenance of the 
CDE BIM firm Contractor 

Evaluation of the pro-
ject All parties All parties 

5 DISCUSSION AND IMPLICATIONS 

5.1 Structural attributes of coordination 

In Case A, the BIM coordination structure and the 
project management were highly centralized. The 
BIM managers were responsible for BIM modelling 
and coordination, project and cost management. This 
made the coordination structure more simple accord-
ing to Olson et al (1995), and more cost-efficient ac-
cording to Malone (1987). The BIM managers also 
exerted control over the MEP, sub-contractors’ and 
suppliers’ models. The BIM managers send their 
staff to support the other BIM users whenever issues 
arose. The BIM managers performed an ‘integrating 
manager’ role (Olson et al., 1995). They also exerted 
informal influence from their central position (see 
Figure 2b). However, this structure, whereas very 
controlled, would potentially have a greater vulnera-
bility cost (Malone, 1987), as the BIM implementa-
tion would solely depend on one actor in the chain. 

Whereas Case B was also DB procurement, had 
an opposite BIM coordination structure to case A, 
because of the multiple partnering relations among 
the firms. The contractor executed the project man-
agement activities. All engineers and suppliers were 
then responsible for their BIM input to the federated 
model. The paradox in case B was that although the 
project management was centralized, the BIM coor-
dination structure was decentralized and more com-
plex. Both the contractor and the architect were BIM 
coordinators and this lead to a decentralized BIM 
structure (see Figure 2b and Table 1), providing evi-
dence of highly autonomous and less formal coordi-
nation structures from Olson et al. (1995). Accord-
ing to Malone’s (1987) categorization, this BIM 

coordination structure would induce a highly costly 
BIM coordination, but also less vulnerable to failure. 

5.2 Attributes of the coordination process 

Surprisingly, whereas the control in case A was cen-
tralized, the decision-making was not strictly hierar-
chical. This was possible because the CDE ensured 
participative structure and a quasi-concurrent work-
flow. Most of the interactions were between the BIM 
managers and the suppliers and subcontractors, and 
were facilitated by the CDE. There were also a lot of 
informal interactions. The CDE was critical for the 
interaction of the BIM users. Case A also shows that 
the designer’s and contractor’s roles were less visi-
ble due to the power of the BIM management firm. 

In case B, the role of the BIM coordinator, in-
cluded the tasks of distributing the information about 
the BIM process among the partners, assigning 
tasks, model federation and model checking. The de-
sign process of the engineers and the suppliers was 
more participative and consensus-seeking than in 
case A, as they were responsible for creating and re-
vising of their own models, and also ensuring that 
their models were in the correct form for the federa-
tion. The engineers and suppliers were empowered 
to apply BIM and responsible for their work. Given 
that not all actors had the same BIM capabilities, 
frequent collocations, informal communication and 
shared learning took place. However, the decentrali-
zation of coordination in case B means that failure to 
maintain the density of communication would result 
in poor coordination among the engineers, and sup-
pliers, and thus higher production cost. Future re-
search would be useful to further investigate the 
vulnerability and coordination costs of various coor-
dination structures in BIM-based projects.   

5.3 Comparison of emerging BIM business models 

The cases carry implications for the business models 
in AEC firms. The BIM management firm of case A 
was originally cost managers, who reinvented them-
selves into an all-round BIM firm that provided in-
formation management, cost and project manage-
ment services. This could lead to rise in mergers, 
consortiums, and acquisitions of firms that previous-
ly provided auxiliary services. From case B, the con-
tractor seems to have incorporated the information 
management services. Also, in case B, there was an 
increase in the engineers’ and supplier’s empower-
ment and responsibilities to provide their services 
using BIM standards and agreements. This could be 
a sign that the future AEC business models AEC 
would offer integrated BIM and discipline-related 
services. Accordingly, it would be interesting to ex-
plore the clients’ preferred approach for reducing the 
risks of BIM adoption, i.e. choosing between spe-
cialized or integrated BIM and engineering firms. 



6 CONCLUSIONS  

Various procurement routes have been discussed as 
to their suitability to support BIM implementation. 
Given the promise of BIM for consistent information 
flows, it is considered as better combined with inte-
grated delivery processes, e.g. IPD. However, this 
paper provided evidence that even simpler procure-
ment routes, such as Design-Build could provide in-
tegrated processes for BIM implementation. To this 
end, it was revealed that not only the procurement, 
but also the selection of various involved tendered 
firms, affect the project coordination mechanisms 
and in particular the structures and processes. In par-
ticular the two cases presented two structures of 
BIM coordination: centralized and decentralized 
supported by hierarchical and participatory decision-
making processes respectively. These BIM coordi-
nation mechanisms subsequently carry carious im-
plications for future business models in AEC.  

Due to the increasing adoption of BIM, the vari-
ous firms would gain experience from BIM-projects 
and become increasingly aware of its potential. The 
two DB cases presented two opposite approaches to 
BIM implementation. The cases used either special-
ized BIM consulting firms or integrated BIM solu-
tions within existing firms, e.g. hiring BIM-savvy 
engineers or training their in-house personnel, to re-
duce the cost of outsourcing BIM. There are lessons 
to be learned from both cases, given that a central-
ized and inclusive approach towards BIM (from the 
BIM consulting firm) sets high-quality standards 
that challenge any ad-hoc BIM approaches. On the 
other hand, a decentralized approach to BIM coordi-
nation, might soon gain more traction, given that the 
use of BIM technology gradually becomes an indus-
try requirement, which could be partially or wholly 
supported by BIM-savvy professionals, thus making 
extra BIM consultants redundant. The engagement 
of firms in both ‘centralized’ and ‘decentralized’ 
BIM coordination structures could potentially con-
tribute to greater development of BIM knowledge 
and higher BIM maturity across AEC firms. 
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