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Abstract. The Construction is an industry that depends on interorganizational 
relationships to enable its product. Most of the projects are held from networks, 
especially those for large scale projects of infrastructure, with flexible 
relationships for cooperation, and the modus operandi of virtual enterprises. 
However, there is a lack of studies on the analytical approach of networks 
considered their life cycle and the operation and reconfiguration phases for 
these large projects. The paper aims at developing a Reference Model for the 
phases of operation and reconfiguration of a construction network, specifically 
a subway infrastructure project. The model used a development process and is 
represented with the EKD Methodology (Enterprise Knowledge Development). 
A Case Study was used as reference. The Model enables the coordination of 
network activities from the perspective of collaboration. Other research 
opportunities emerge aiming at obtaining advances in scope and scale, 
considering this Case Study as an initial effort.  
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1 Introduction 

Construction projects are inherently complex and dynamic, especially when 
considering the execution or operation phase in which a highly fragmented supply 
chain takes place [1], [2]. For large scale projects this complexity is also increased, 
demanding an extended network of people and resources within various functions and 
organizations. But the actual project management held by the construction industry is 
still traditional and leads to an environment with conflicts and wastes, the reason to 
consider the sector as inefficient [3]. 

Most of the managerial developments addressed to the construction industry are 
isolated initiatives. These initiatives are very relevant, but they do not have a 
systematic capacity to solve the managerial problems faced by the construction 
industry – most of the projects are unique with a great number of unpredictable events 
[4]. If we also consider the shortened time extensions and limited budgets [5] this 
capacity is even reduced, claiming to more systematic and integrative approaches. 

Collaborative Networks have emerged in a great variety of ways [6], [7] and these 
value added alliances are becoming key ingredients to success, with the construction 
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sector having a strong potential to benefit from the adoption of these new business 
modes of operation [8]. Also, adaptable and rapidly changing information and 
communication technologies (ICTs) support new patterns of work, focusing on cross-
disciplinary, collaborative work [5], [8]. Moreover, the support of ICTs encourages 
the use of virtual business modes of operation as a result of a desire to improve 
market position, gain competitive advantage, and the need to add value [9]. The 
Virtual Enterprise (VE) concept is as a form of Collaborative Network – briefly 
described as a temporary alliance of enterprises supported by computer networks [6].  

This temporary aspect is the main driver to make the association of a Construction 
Project with a Virtual Enterprise. It is important to emphasize that “in fact, the 
Construction industry has adopted the modus operandi of a VE for decades” [8]. The 
main insight gained from this association is to consider that both have a delimited 
Life Cycle, in which there are different phases that should be carefully considered 
when wishing to manage them effectively [5], [7]. For [7], the phases of a Network 
Life Cycle are: creation, operation, evolution and dissolution. 

In this context, this paper aims at developing a Reference Model for the phases of 
operation and reconfiguration of a construction network, specifically a subway 
infrastructure project. Through the next sessions the literature review, the 
development methodology, the Data Collection and the Reference Model developed 
are discussed, followed by the Conclusions. 

2 Literature Review 

To conduct this research some topics of interest are necessary to serve as conceptual 
discussion for the reference model of the construction network. 

Operation and Reconfiguration. The classic business phase “produce” in the 
construction case is “construct”. The operation phase is the one characterized by the 
value generation, the consolidation of the business project initialized.  

The reconfiguration or evolution happens because the initial deals are not 
maintained through the time (due to non predictable events), so they should 
continuously be revised. The initial partners will be reorganized, to maintain the 
relationships – the comprehension and proximity between these partners is of special 
importance [10]. The operation phase is considered the most important one in the 
network life cycle and the reconfiguration phase occurs in parallel with this stage [7]. 

Deeply analyzing, the knowledge areas considered to fit in the scope of activities 
held during operation and reconfiguration phases of construction projects are: 1) 
Performance Measurement; 2) Planning and Control; 3) Knowledge Management; 4) 
Resources Management; 5) Supply Chain Management (SCM), and; 6) Information 
and Communication Technologies (ICTs). But these activities are performed in a 
collaborative environment, with some discussion as follows. 

Collaborative Networks in Civil Construction. A Collaborative Network is a group 
of autonomous heterogeneous entities geographically distributed (organizations and 
people) that have different operation environments, culture, capital, and targets to 
achieve common or compatible goals, with the support of computer networks [6]. 
VEs are kinds of Collaborative Networks. 
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It is important to emphasize the difference between a Virtual Enterprise and a 
Virtual Organization. For the first one, the shared focus is the project at hand and the 
second one implies a conventional organization whose control is centralized [8]. The 
collaboration network approach of this paper is based on the temporary relations with 
focus on the project – construction project held as Virtual Enterprise. For the 
Performance Measurement of these VEs, the development of performance indicators 
based on the network benefits provides a tool to analyze the evolution of the 
collaborative processes and the individual performance of members [11]. The 
Management of Virtual Enterprises in terms of Planning and Control demands 
methods and models used for the coordination of the project activities. Initiatives as 
described in [5] and [12] can help at achieving collaborative planning strategies.  
Knowledge Management should provide effective sharing knowledge among 
operations with similar functions and geographically scattered [13], constitute ways 
and means of generating construction innovation [2] and improve communication and 
establish consistency among members, using a dedicated knowledge base [8]. But 
also very important is the capture and reuse of the project knowledge, that can be 
performed by post project reviews [13].  Human Resources are the main factor in 
Resource Management, dealing with the search for allocation of core competencies to 
achieve a culture for creation of knowledge value in which technological resources – 
team work, capital, intellectual capital and change management – are mixed up 
according to the business needs [14].  For Supply Chain Management the trust among 
participants of the chain, between leaders and their teams [8] and also in the 
intra/inter-organizational dimensions [15] are of special importance. The chain 
operates in a dynamic environment in which agents, tasks and materials in process are 
strongly related to each other [16]. 

Information and Communication Technology - ICT, together with Knowledge 
Management are the most discussed issues when referring to transactions in 
collaborative environments.  Several proposals, models, architectures have been 
developed to meet these requirements of Virtual Enterprises [6], [7], [17], [18], [5].    

 

 

Fig. 1. Concept Model for construction collaborative networks: activities held during the 
operation and reconfiguration phases 
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Fig. 1 shows how these discussed aspects are related, serving as a conceptual 
reference for the reference Model. It is emphasized that some papers were found 
giving references for the creation and dissolution phases for construction networks. 
Reference Models for the operation and reconfiguration phases of these networks 
were not found in literature. The study performed by [8] is a generic approach mostly 
based on knowledge management. 

3 Methodology 

As the main result desired by this research, a Reference Model is a standardized 
model recognized and approved by the interested parts and a model that can be used 
for the development or evaluation of other specific models [19]. For the elaboration of 
the Reference Model presented, the following steps were performed, based and 
adapted on [20] and [21], illustrated in Fig. 2. The first step is “Problem identification 
and planning”. It involves the diagnosis of the problem observed in the research 
object (the network for the subway construction), definition of the modeling goals and 
planning of the Data Collection as a support for the next steps. The second step is the 
“Model Elaboration”. Used for mapping the state of the art knowledge about the 
problem, delivering its reference framework (conceptual issues), then evaluated and 
refined. The third step is the “Reverse Analysis”. It suggests a model elaboration from 
the perspective of the actual reality, delivering the As-Is Model. The fourth step is the 
“Definition of change” with a descriptive analysis of the changing possibilities from 
the As-Is Model to achieve the To-Be Model. The fifth and last step is the “Model 
Documentation” that contains a description of the represented Entities from the To-Be 
Model, linked to the possibilities identified in the changing definition and the 
modeling goals, delivering the Reference Model to be implemented.  
 

 

Fig. 2. Elaboration Process of the Reference Model. 
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4 Data Collection 

This section contains the description of the Subway Construction characteristics, its 
current reality and the change definitions base for the Reference Model developed.  

The Subway Construction. The actor responsible for the subway construction is a 
Consortium of two big Brazilian Construction Companies. Both Companies have a 
wide know-how in infrastructure works. This Consortium is a strategic alliance that 
earned a concurrence process opened by the Government (state level). The 
concurrence stated the core competences desired, and only a few companies in Brazil 
were able to participate (all of them using the Consortium form). The final price was 
the criteria for the governmental choice. The Government is the main Consortium 
customer. The total construction will deliver twelve kilometers of subway in the most 
important metropolitan area in Brazil, with an initial budget of 10 billion dollars. It is 
a strategic construction due to integration possibilities with other public transportation 
options. The Consortium is responsible for the most expensive part of it.  

The main phases for the construction performed are: 1) installation of construction 
site and support facilities, 2) trenching for equipment entrance and exit, 3) 
manufacturing of pre-fabricated components, 4) equipment operation for the tunnel 
opening (Shield), 5) excavation of wells and stations construction, 6) installation of 
permanent way and systems, 7) finishing and demobilization of equipment. Each part 
of these phases is a set of stages to be completed, demanding a wide variety of 
services and competences, part of them contracted by the Consortium – no more than 
25% of the total budget. A current reality is described mostly discussing the processes 
and the actors and resources necessary to complete the stages.  

Current Reality. Considering a processes perspective, each construction stage 
demands a proper “production order” to be initialized. To give this order, there is a 
common decision process applied to each stage during the construction execution. 
This decision process is mainly a set of checking issues: first it is checked the 
project’s (design and specifications) completeness, second it is checked the 
availability of the actor/resource involved in that stage (including contracted partners) 
and third it is checked if the previous construction requirements are complete. For 
each decision loop, a contractual change can be necessary. The production order is 
given only if all checking issues have no problem and the contracts were changed 
(when necessary).  This necessity for checking is mainly due to the poor quality of the 
projects (details and specification) and the poor quality of the plans – this second 
basically consequence of the first. The projects and macro plans are supplied by the 
Government. Through the time, this checking process leads to many reconfigurations 
of activities, actors and resources, and in the majority of cases, the project is delayed. 
It is necessary a good coordination between the process and the actors and resources 
involved in each stage.  

The network was started by the Government, with the concurrence process. The 
two companies set the Consortium to construct with proper Resources (private 
capital) and Resources from the Government (public capital). The company 
responsible for the project was also contracted by the public entity. The Consortium 
subcontracts about another 50 companies for the most diverse services or supplying.  
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It is necessary to emphasize that the most important criteria for verifying the core 
competences desired for the construction was the experience of the Engineers and the 
Companies in the construction of subways. Consultants are generally also contracted. 

All actors are called Organizational Units (Government, Consortium, Companies, 
and Subcontracted Companies). Each Organizational Unit has at least one role to play 
inside the project. The Resources are also related to these Organizational Units.    

Definition of Change. The Definition of Change is basically an association between 
the current reality verified and the conceptual reference stated by the literature review. 

 To assist the performance measurement, it is necessary to consider the final user 
of the construction as the main customer – the perspective of the business strategy. 
The measured issues can be used for decision making. Partnering, collaboration and 
trust must be encouraged among actors, as a requisite for knowledge management. 
Also, for planning and control, the individual solutions used by each network actor 
can have interface with a common system to ensure the information, project, plans 
and knowledge sharing. A collaboration platform can be seen as an appropriate ICT 
functionality, influencing also the resource and supply chain management. 

5 The Reference Model 

The Reference Model is composed of two sub-models. The Process Model (Figure 3) 
represents the process for decision making within the operation and reconfiguration 
phases (having trust as the main background), and minimizing the necessity of 
checking and changing contracts. It can also be considered an activity model, 
considering the flow of activities performed during the construction. The important 
reference is the organization of construction phases, not the decision flow. As an 
actual reality was the main approach to be improved, the decision making process was 
the main focus. 

 

Fig. 3. Process Model for operation and reconfiguration of a network for subway construction 
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The Actors and Resources Model (Figure 4) represents a generalist framework 
reflecting the requirements discussed in the Definition of Change. It states clearly the 
consolidation of the Virtual Enterprise, the collaborative emphasis supported by the 
collaboration platform and the discussed issues for operation and reconfiguration of 
these networks. 

 

 

Fig. 4. Actors and resource model for operation and reconfiguration of a network for subway 
construction 
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The model can be adapted to other construction works of infrastructure (bridges, 
roads, stadiums, dams), considering its proper requirements for configuration, its own 
processes and the network characteristics.  This model presented has the limitation of 
being based only in one case study. As no previous reference models for operation and 
reconfiguration phases of construction networks were found in literature, it is also not 
possible to make any comparisons. This is the reason it is considered an initial effort. 
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