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Case Study

Conceptual Framework and Roadmap Approach for
Integrating BIM into Lifecycle Project Management

Xiaozhi Ma, S.M.ASCE1; Feng Xiong, A.M.ASCE2; Timothy O. Olawumi3; Na Dong4; and Albert P. C. Chan5

Abstract: As a disruptive information and communication technology (ICT) in the architecture, engineering, construction, and operation
(AECO) industry, building information modeling (BIM) enables project teams to manage a project via a model-based cooperative approach.
Although it has a widespread impact on the industry, the systematic implementation of BIM in projects faces challenges. This study integrated
BIM into the lifecycle of a building project with the introduction of a conceptual framework constituted by BIM Information Flow, BIM
Model Chain, BIM Workflow, BIM Institutional Environment, and BIM-based Project Management Information System (PMIS). This con-
ceptual framework identifies the key areas for integrating BIM into the project lifecycle and explains how BIMworks for project management
practice. Through an ethnographic action research approach, the study developed a BIM roadmap for the project lifecycle by systematically
implementing BIM in the building project. The major findings and pieces of evidence derived via the implementation support the conceptual
framework. The following discussions explain howBIM disrupts the project from the view of organization design and clarify the contributions
of this study in project management, as well as BIM adoption and integration. Finally, the conclusions focus on the development of this
research, the role of the conceptual framework to underlie the BIM roadmap, and the research limitations. Recommendations are provided to-
ward future research works.DOI: 10.1061/(ASCE)ME.1943-5479.0000647.© 2018 American Society of Civil Engineers.

Author keywords: Project management; Project lifecycle; Building information modeling (BIM); Conceptual framework; BIM-based pro-
ject management (BPM); BIM roadmap.

Introduction

Project management, which encompasses multifarious procedures,
disciplines, and teams, has been widely adopted in the architecture,
engineering, construction, and operation (AECO) industry to organ-
ize building production. The increasing complexity and scale of
projects in the industry require the integration of processes and
interfaces of multidisciplinary efforts to handle constant project
changes (Alshawi and Ingirige 2003; Egan 1998). The complicated
task of information handling in modern project management
demands constant decision making to update plans with continu-
ously renewed project information (Pich et al. 2002). In response to

this situation, various information and communication technologies
(ICTs) have been introduced to the industry to address information
management issues, promote communication and collaboration,
and achieve advanced practices (Ahuja et al. 2009; Lu et al. 2014).
Among various ICTs, building information modeling (BIM) ena-
bles teams to manage projects via a model-based cooperative
approach (Bryde et al. 2013; Froese 2010; Succar 2009).

Moreover, BIM has been widely applied in building projects to
improve practice. BIM provides a series of functions for building
projects, including handling building information and data (Goedert
and Meadati 2008; Isikdag et al. 2007), integrating project process
and delivery (Azhar 2011; Bryde et al. 2013), setting a collaborative
environment (Liu et al. 2017; Sackey et al. 2014), adopting lean and
sustainable construction (Inyim et al. 2014; Jin et al. 2017; Sacks
et al. 2010), and improving value management (Kim et al. 2017;
Park et al. 2017). However, the current implementation of BIM in
the industry still faces several challenges. One of the agendas to
advance BIM implementation into project management practice is
to integrate BIM into the managerial systems and procedures of
AECO projects (He et al. 2017; Mancini et al. 2017; Whyte and
Hartmann 2017). In addition, Gholizadeh et al. (2017) indicated
that the further application of BIM in practice requires a collabora-
tive approach to exploit the potential of BIM. The lifecycle and
multidisciplinary feature of the building project also requires a
mechanism that can link BIM to the entire project process (Beach
et al. 2017). Moreover, the key areas to managing BIM in projects
remain to be clarified.

Although the knowledge domains of project management spe-
cifically define the management of the integration, scope, schedule,
quality, resources, communications, risks, procurement, and stake-
holders of a project (PMI 2017), the adoption of project manage-
ment in the AECO project requires a tailored approach, particularly
when BIM is introduced. Certain updates on the scope of work need
to be clarified to implement BIM in project management. In the
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current study, the integration of BIM into the AECO project life-
cycle helps realize a new paradigm of project management, namely
BIM-based project management (BPM). BPM integrates manage-
ment requirements at distinct stages of a building project into the
functional applications of BIM and achieves efficient project man-
agement using BIM models (Ma et al. 2015). Thus, the research
questions of this study include:
• How does BIM work in lifecycle project management?
• What are the major focused areas to integrate BIM into the

AECO project?
• How can the integration of BIM into the project lifecycle help

realize BPM?
Focusing on these questions, this research proceeds in three

steps. First, the development of the conceptual framework through
literature review gives an overview of how BIM works in lifecycle
project management. Second, the following ethnographic action
research develops a BIM roadmap for the project lifecycle by sys-
tematically implementing BIM into the project. Third, pieces of evi-
dence and implications are derived to improve and support the con-
ceptual framework with the implementation of BIM into the
project. These steps are linked to one another and work together in
the present work to achieve system development and improvement.

Literature Review

Given the fragmented feature of the AECO industry (Egan 1998),
project information management enabled by construction ICTs can
change the conventional practice to achieve good performance and
competitiveness (Stewart 2007). With the organization of building
production as projects, the adoption of ICTs in building construc-
tion is inevitably associated with project management practices,
and managing information with ICTs is related to the different
aspects of the project. Therefore, an integrated approach is required
to optimize the value of ICTs in building project management
(Ahuja et al. 2009; Froese 2010). Furthermore, with regard to ICT
adoption in AECO projects, a few studies, such as Peansupap and
Walker (2006) and Jacobsson et al. (2017) introduce frameworks to
analyze and facilitate cooperation. BIM, as a widely used ICT in
AECO, prevails in this research domain.

Impact and Benefits of BIM in AECO

Among the construction ICTs, BIM is interpreted as a disruptive
technology that brings changes to the AECO project lifecycle
(Davies et al. 2017; Eastman et al. 2011; Gledson and Dawson
2017). The principal objective of BIM is to provide project teams
with visual aids and to improve the AECO project environment
with accurate data, simulation, and workflow analysis (Azhar 2011;
Sacks et al. 2010). In addition to building information management,
BIM can also provide a sociotechnical system to restructure the
AECO project environment (Gu and London 2010; Liu et al. 2017;
Sackey et al. 2014).

Several studies have clarified the benefits of BIM from the per-
spective of project management. Park and Lee (2017) compared
two units in the same building project with different degrees of BIM
involvement to demonstrate the substantial effect of BIM on build-
ing design coordination. Lu et al. (2015) quantified the impact of
BIM to improve the efficiency of the project endeavor by compar-
ing two cases with and without BIM. Bryde et al. (2013) reported
that the application of BIM to projects contributed to good control
of time, cost, and quality, along with enhanced communication and
collaboration. Additionally, Inyim et al. (2014) inferred that BIM
allowed project teams to manage comprehensive building data and

information, and thereby achieve effective decision making in the
design and construction process. Finally, Liu et al. (2017) con-
firmed the use of BIM to promote integrated project delivery
through collaborative work.

BIM Implementation in Building Projects

Implementing BIM into building projects faces barriers but gains
improvements. The most common barriers of BIM implementation
in building projects are the lack of vision, flexibility, and contextual
certainty; reluctance to change; poor technology handling; and
insufficient systematic support (Eadie et al. 2013; Fox and Hietanen
2007; Khosrowshahi andArayici 2012). Meanwhile, several studies
have focused on the achievements of projectwise BIM implementa-
tion. For example, Gu and London (2010) introduced a decision
framework for systematically implementing BIM. Taylor and
Bernstein (2009) highlighted the importance of organizational
efforts in BIM adoption by using a managerial approach. Moreover,
Hartmann et al. (2012) summarized the multiaspect views of BIM
and suggested the alignment of BIM applications with construction
processes. Interface techniques and tools, such as BIM servers
(Singh et al. 2011), web services and networks (Chen and Hou
2014), and BIM overlay (Beach et al. 2017), are continuously intro-
duced and adopted in AECO projects to enhance the effective col-
laboration of different project teams toward an integrated informa-
tion management approach.

The integration of BIM into the project management practice is
a systematic initiative. A minimal number of studies have aimed to
specify the scope of work to systematically introduce BIM into a
building project, particularly few from the lifecycle perspective of
an AECO project. Although different types of BIM execution plans
are developed and used to manage BIM in projects, a theoretical
foundation is required to analyze and justify the planning approach.

Conceptual Framework

The information management of a building project requires a cen-
tralized approach (Jaafari and Manivong 1998). Ideally, a global
BIM model for the building project, with all its details shared
among project teams, is in favor of collaboration and communica-
tion (Ahn et al. 2015). However, the information needed by each
team can be highly selective due to the different interests and needs
of project teams, which results in various preferences of modeling
information and data (MID) and different local BIM models to rep-
resent building parts. Hence, the association of global–local rela-
tions with BIM models can help connect and organize them in
building projects. The global model integrates building informa-
tion from various disciplines, whereas the local models address
the specific needs of different project teams. Therefore, the devel-
opment of an alternative approach to the idealistic situation is
imperative to serve the use of different BIM models in project
management.

Given that BIM encompasses a series of aspects and elements,
frameworks can accommodate the systematic implementation of
BIM in projects. Oraee et al. (2017) identified five aspects, namely,
actors, context, processes, tasks, and teams, to enable collaborative
efforts in BIM-based building projects. Jung and Joo (2011) revealed
that BIM frameworks accommodate different aspects and elements
of the BIM process, which is essential to effective BIM implementa-
tion due to its functions of integrating resources and facilitating col-
laborative efforts. Correspondingly, the present study applies a con-
ceptual framework to accommodate the systematic implementation
of BIM into building projects. The conceptual framework consists of

© ASCE 05018011-2 J. Manage. Eng.
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BIM Information Flow, BIM Model Chain, BIM Workflow, BIM
Institutional Environment, and BIM-based Project Management
Information System (PMIS).

BIM Information Flow

BIM Information Flow refers to structured information flow that is
enabled through technical means for BIM modeling or the applica-
tion of BIM to realize project management objectives. To effi-
ciently model building information, technical issues such as the
exchange of MID among different project teams are crucial as well
as the management of BIM Information Flow to enable efficient in-
formation sharing and exchange. Also, related organizational and
technical measures are necessary to ensure and facilitate BIM
Information Flow.

Drew from related works, BIM Information Flow in BIM-based
projects can be classified into two types. One type enables informa-
tion and data exchange that directly serves the modeling process.
Insights on this type of exchange focus on the interoperability issues
of different aspects, such as information and data (e.g., Froese
2003; Pazlar and Turk 2008), data path and information channel
(e.g., Lin et al. 2013), software (e.g., Gökçe et al. 2012), and build-
ing information modules (e.g., Eastman et al. 2009). In addition,
Alsafouri and Ayer (2018) found that BIM-related information flow
can be enhanced by other ICTs, such as radio frequency identifica-
tion and mobile computing. Meanwhile, the implementation of
BIM should be associated with project deliverables and objectives
(Ahn et al. 2015). To implement BIM in project management,
another type of BIM Information Flow exists to realize the purposes
of project management, such as planning for project resources and
deliverables (e.g., Ahn et al. 2015; Froese et al. 2002), decision
making (e.g., Gu and London 2010; Park et al. 2017), schedule and
cost control (e.g., Kim et al. 2017; Son et al. 2017), and collabora-
tive working (e.g., Isikdag et al. 2007; Nour 2009).

BIMModel Chain

BIM Model Chain represents a virtual chain of sequential evolu-
tions of BIM models through different stages and disciplines in the
integrated modeling process. The global BIM model becomes
increasingly complex as a project proceeds through its lifecycle.
For example, a construction BIM model can be developed with the
addition of construction-related building information into a design
BIM model. As Fig. 1 illustrates, the global model enables the
exchange of MID among different project teams throughout various
stages of the project lifecycle, which helps achieve integrated pro-
ject information management. In this study, MID can either be in-
formation and data in diverse formats that can be processed with
BIM or simply a local BIMmodel that encompasses the information
and data of a discipline or a part of a building, such as a structural
model or a foundation model. The interconnection of the global
model andMIDwith BIM Information Flowmakes the two clusters
of information and data connected to each other. This concept forms
the basis of the mapping of the relationship between the global
model andMID.

A few research findings have supported BIMModel Chain. The
BIMmodel, as a repository of building information and data, organ-
izes information flow throughout a system to coordinate project
efforts (Demian and Walters 2014). BIM promotes integration in
projects; however, a project involves multiple project organizations
with individual features and needs (Dossick and Neff 2009). The
implementation of BIM into projects should also satisfy the specific
requirements of different project teams. Correspondingly, Beach

et al. (2017) suggested a semifederated approach for the integration
and distribution ofMID.

BIMWorkflow

BIMWorkflow refers to the workflow of the BIM process run by
project teams with inputs and outputs for project management
purposes. It is a concept that illustrates how BIM works in project
management. Project teams rely on the global BIM model to
gather and share information throughout the project lifecycle.
BIM Information Flow enables the modeling process to satisfy
the demand for information processing, which shapes the work-
flow with the inflow and the outflow through the model (Fig. 2).
In general, the input of the modeling process is MID, while the
output is a functional application of BIM.

The content of BIM Workflow draws from some relevant stud-
ies. To manage BIM within the project context, Gu and London
(2010) proposed a series of procedures to associate BIM with the
requirements of different stages referring to the models, products,
and activities. Cerovsek (2011) illustrated a basic model flow from
3D to 5D with inputs and outputs and coupled model flow with pro-
ject properties, such as geometry, cost, and time. Porwal and
Hewage (2013) described the changes of BIM models in construc-
tion with the inflow and outflow of building information.

BIM Institutional Environment

BIM Institutional Environment refers to the regulatory system
formed by BIM-related standards, requirements, and rules to ensure
BIM implementation within the project context (Table 1). The term
institutional environment is defined as “characterized by the elabo-
ration of rules and requirements to which individual organizations
must conform if they are to receive support and legitimacy” (Scott
1995, p. 132). Institutional efforts in buildings include regulatory
governance, standardization of the body of knowledge and codes of
practice, and formation of organizational cultures and rules
(Kadefors 1995). In the AECO industry, the institutional environ-
ment serves as a context for BIM adoption (Cao 2016; Sackey et al.
2014). Additionally, BIM governance (Alreshidi et al. 2017;
Rezgui et al. 2013) applies to models and modeling-related proc-
esses for systematic and effective implementation of BIM into

Global Model
Stage n

Global Model
Stage n+1

Global Model
Stage 1

MID / Local Model(s)

MID / Local Model(s)

MID / Local Model(s)

BIF

BIF

BIF

BIF

Fig. 1. BIM model chain. MID=modeling information and data; and
BIF=BIM Information Flow.
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projects. An institutional environment within a BIM-based project
is required to facilitate BIM governance and ensure collaborative
working among project teams.

Several studies have discussed the requirements of regulation to
govern BIM-related project procedures and deliverables. Succar
(2009) used the term BIM policy to describe the regulatory adminis-
tration of BIM implementation. Moreover, the literature on BIM
implementation encompasses standardizations (e.g., Eastman et al.
2009; McCuen et al. 2011), technical requirements (e.g., Dossick
et al. 2014; Gu and London 2010; Singh et al. 2011), and organiza-
tional requirements (e.g., Ahn et al. 2015; Son et al. 2015; Taylor and
Bernstein 2009). These aspects are confirmed in the BIMgovernance
framework by Alreshidi et al. (2017). Table 1 provides the content of
BIM Institutional Environment along with detailed examples.

BIM-Based PMIS

BIM-based PMIS refers to an information system enabled by infor-
mation technologies to support BIM Information Flow and associ-
ate BIM with project management practices. BIM Information
Flow should be further enabled to serve its purpose in BIM Model
Chain and BIMWorkflow.

Different approaches have been adopted to enable BIM-based
PMIS, such as BIM server (Singh et al. 2011), cloud BIM (Redmond
et al. 2012), and P2P (peer-to-peer) technology (Chen and Hou
2014). The association of BIM with PMIS integrates miscellaneous
design information, which is crucial for building construction
(Whang et al. 2016). However, the implementation of BIM interface
systems involves technical, administrative, and legal issues (Singh
et al. 2011).

Concept Summary

Accordingly, the conceptual framework proposes five concepts,
BIM Information Flow, BIM Model Chain, BIM Workflow, BIM
Institutional Environment, and BIM-based PMIS, to accommodate
BIM in building projects. Succar (2009) identified the major efforts
for integrating BIM into projects, including: (1) enabling BIMmod-
eling, (2) realizing collaborative working based on the BIM model,
and (3) incorporating BIM into the project system. Based on these
procedures, Table 2 highlights the major purposes and definitions
of the key concepts in the conceptual framework.

Ethnographic Action Research: Case of a BIM-Based
Building Project

Project Description and Data Collection

In the present study, the project focused on refurbishing an old
office building owned by a local building research institute in
Chengdu, China. In this case, the demand for BIM application to
project management originated not only from the complexity of the
project which involved large-scale dismantlement, but also from
the fact that the owner, as a building research institute, is interested
in the implementation of BIM in the building project. Hence, the
implementation of BIM is a systematic endeavor toward the project
lifecycle but constrained to a specific budget.

Some of the authors served as BIM consultants to the owner
with access to the project. These authors were mainly responsible
for the development of a feasible project management approach that
relies on BIM. The development of the research approach was an
interactive process, during which the practitioners and researchers
collaborated on this project.

The authors participated as consultants in the design stage of the
project for approximately 6 months. Most of the evidence and
implications were obtained through participative observation. The
collection of data involved informal interviews, collective discus-
sions during project meetings, document analyses, and reflections
on practical situations.

Method Selection and Justification

This study uses an ethnographic action research approach to de-
velop the project management system. This approach involves com-
prehensive literature review to identify the scope and concepts of
the conceptual framework, action research in system development
to probe into details, and ethnographic analysis to obtain an over-
view. Thus, this is qualitative research because the qualitative
research method is well suited for process analysis and context
specification (Amaratunga et al. 2002). As part of the qualitative
research method, the ethnographic approach was used in construc-
tion research to establish theories and inductively collect data
through observation and interaction with peers (Phelps and Horman
2009).

The action research allows the exploration of new knowledge
and impels the progress of the project. According to Hult and
Lennung (1980), the purpose of action research was to address prac-
tical issues on a theoretical approach and frame a situation, thereby
analyzing the pragmatic problem with regard to multiple aspects
through observation and interference of the researchers. In the
research domain of construction management, action research can
be used to deal with practical issues and develop theories (Azhar
et al. 2009).

Although the ideal experimental situation is to have two parallel
projects to compare the results of the study, the chance is rare to
have such a case. Therefore, the ethnographic action research

Modeling
Information and 

Data

Functional 
Application

(e.g. clash 
detection, 4D 
simulation)

BIM 
Model

Inflow Outflow

Modeling Process

Fig. 2. BIMworkflow.

Table 1. Contents of BIM institutional environment

Contents Detailed examples

Standards and technical
requirements

Industry standards
Levels of development for BIM models
Information and data specifications

Organizational rules and
requirements

Roles and responsibilities
Hierarchy and work process

Policy and legal issues Ownership and authorization
Contractual agreements
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method was selected because it adopts the strategy to immerse in
the practical context and develop the research results through the
participation of problem-solving processes (Tacchi et al. 2003).

Research Approach and Procedures

Themajor work of this research includes the development of project
procedures and systems with BIM. The research design refers to
Tacchi et al. (2003) and Hartmann et al. (2009) to develop an ethno-
graphic action research cycle. The research cycle includes steps as
follows (Fig. 3):
• Reviewing the literature in related practical and academic

background and planning of BIM implementation according
to the objectives and requirements throughout the project
lifecycle;

• Coding of the main focused areas and work routines to develop
a BIM roadmap of the project lifecycle based on the conven-
tional practice of project management;

• Adapting the BIM roadmap to the project and identifying the
focused areas for exploration or improvement based on obser-
vations and reflections; and

• Starting the research cycle over with the literature review.
The conceptual framework has been developed through the

aforementioned steps. The authors iteratively ran the research cycle
by reviewing related studies to obtain new insights, analyzing evi-
dence obtained from the building project, and identifying the con-
cepts with the decoded focused areas. Consequently, the procedures
were highly interdependent and influenced one another. In this pa-
per, the conceptual framework is presented before the development
of the BIM roadmap as a knowledge background for system devel-
opment to maintain a simple logical flow in this study. The concep-
tual framework defines the scope of work for BIM-related issues
through the implementation of the BIM roadmap. Moreover, evi-
dence and implications have been derived via the process.

Findings of the Ethnographic Action Research:
Development and Implementation of BIM Roadmap
into the Project Lifecycle

This section documents the proceedings of the BIM-based building
project, in which some of the authors participated as consultants for
the BIM implementation and related project management affairs.

The idea is to work on the conventional project management
approach and apply the BIM roadmap to the lifecycle of the build-
ing project to achieve BPM.

Developing and Implementing the BIM Roadmap of the
Project Lifecycle and Planning of Further Procedures

Through the development process, the action researchers designed
a BIM roadmap for the project lifecycle and implemented it to-
gether with the practitioners. The problems identified to enable the
modeling process included: (1) how to exchange data and enhance
interoperability; (2) how to utilize the information and data model-
ing for project management purposes, such as cost, schedule, and
quality control; and (3) how to interface project teams and project
procedures with BIM. Accordingly, a major effort was to satisfy the
demand of different project teams for information sharing and com-
munication and couple BIM applications with the practice of project
management. In this project, the BIM roadmap (Fig. 4) includes dif-
ferent project stages through the project lifecycle.

As BIM consultants for the project, the action researchers repre-
sented the owner to be responsible for BIM implementation through
the project lifecycle. Administration of the global model and related

Table 2. Concept summary of the conceptual framework

Key concepts Major elements Main purposes

BIM Information Flow Information and data Enabling BIM in projects
Software

Interoperability
IDE path and channel

BIMModel Chain Global model Managing BIM throughout the project lifecycle
MID/local models

BIM Information Flow
BIMWorkflow MID Managing project work with BIM

BIMmodel
Modeling process

Functional application
BIM Institutional Environment Standards and technical requirements Contextualizing BIM in projects

Organizational rules and requirements
Policy and legal issues

BIM-based PMIS Information technologies and interface systems Incorporating BIM into the information system
Technical, administrative, and legal arrangements

Reviewing 
literature in 

related 
background

Coding the key 
areas and work 

routines

Developing the 
ethnographic 

action research

Identifying the 
focused areas to 

explore or 
improve

Fig. 3. The ethnographic action research cycle for the current study.
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affairs was one of the main tasks. The MID for the original model
came from the designer group who provided the basic building in-
formation, such as geometry and material information. After the
action researchers had developed a basic architectural model with
the designer, the model was enhanced with design information of
various disciplines to enable clash detection. Hence, the design
model of the building served as the original global model. As the
project progressed, the global model became increasingly compli-
cated in allowing functional applications of BIM to realize project
objectives. As Fig. 4 shows, the development of the global model at
different stages shapes a chain through the project lifecycle. From
left to right, the figure demonstrates the workflows of BIM at differ-
ent stages. The arrow represents BIM Information Flow. A model
chain is identified with the alternations of the global model through-
out the project lifecycle. The roadmap incorporated the workflows
of BIM into the project lifecycle, and technical codes and organiza-
tional rules were introduced to ensure the process.

One more demand that originated from the project was the inte-
gration and interface for the BIM-based collaboration, which
became phenomenal with the BIM roadmap identified. As proposed
by the owner, a BIM platform at the succeeding stages can enhance
the project cooperation. Hence, the need for a BIM-based PMIS
was identified to support multidisciplinary group endeavors, such
as approvals of project changes, documentation, and cost manage-
ment for the construction process. The platform is an ICT system,
which enables the sharing of the project information, including the
MID. However, the key principle was that the models should have
been modified directly upon the platform to mediate instant revi-
sions. As an interface initiative, the platform was operated by repre-
sentatives from different teams. Accordingly, the adoption of a cen-
tralized approach eased administration of the platform. Each team

had one account with access to information from the global model.
However, the BIM representative had to go through the BIM con-
sultant to modify the model. The platform was central to the system
because it integrated the efforts of different teams; however, it was
attached to regulation and specification to define organizational
requirements, such as the permission of access and behavior norms.
Moreover, detail specification of the technical requirements, includ-
ing the accuracy and reliability of the model, was undertaken.
Additionally, project teams used corresponding organizational and
technical measures to adapt to this way of working.

Evidence and Implications from the Implementation

During implementation, the owner and the BIM consultant encoun-
tered managerial, organizational, and technical issues. The first issue
that emerged at the beginning was the interoperability of data and
software. It required a major effort early in the project. Secondly, the
continual actions on model development, modification, and hand-
over ensured the proper development of the models to suit the pro-
ject and enable BIM Information Flow for the modeling process.
Thirdly, BIM implementation was attached to project objectives to
ensure that BIM worked for the project management purposes.
During this stage, an application-oriented approach was adopted to
ensure the implementation of BIM for project management purposes
with functional applications. Before construction, the key resort of
the owner to use BIM in project management was to realize func-
tional applications, including clash detection and quantity surveying.
Additionally, as a BIM-based PMIS, the platform addressed the
needs of interfacing collaborative efforts at the succeeding stage.
Also, through the entire process, a regulatory document specified as
Project BIM Standard was in place to govern the BIM-related pro-
cess, deliverables, requirements, and objectives.

Design ModelDesign Information

O&M Information

Material and 
Resource Information B&T Model

As-built BIM Model

O&M Model

Model under 
Construction 

Changes

As-built Building 
Information

MID Global Model

Bidding and 
Tendering

(B&T)

Operation and 
Maintenance

(O&M)

Building Information 
in Detail 

Cost Information

Specified Model 
for Construction

Design

Dynamic 
Modeling

Clash 
Detection

BIM Integrated 
Documentation

Quantity 
Surveying

Detail Process 
Simulation

Digital 
Information 

Tracking

BIM Functional 
Applications

4D Modeling

5D Modeling

4D Model

5D Model

Schedule Information

Updated Information 
of Instant Changes in 

Construction

Construction

Fig. 4. BIM roadmap of the project lifecycle. (Adapted fromMa et al. 2015.)
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Evidence showed that a BIM roadmap for the project lifecycle
was required to realize BPM and respond to the change in project
context brought by the implementation of BIM. The conceptual
framework formed from a set of BIM-related concepts, including
BIM Information Flow, BIM Model Chain, BIM Workflow, and
BIM Institutional Environment. It provided a theoretical foundation
for the systematic implementation of BIM into project management.
Moreover, BIM-based PMIS was in place to enable communica-
tion, integration, and collaboration. As Table 3 presents, the major
actions taken in the project and the findings of the action research
along with the evidence were in line with the key concepts.

Discussion

Although project management has wide applications in AECO
projects, the best practice of project management requires further
exploration due to the introduction of ICTs, notably BIM. Our work
establishes a conceptual framework to integrate BIM into the project
lifecycle to realize a BIM-based approach for project management.
The conceptual framework includes a set of correlated concepts to
incorporate BIM into the project lifecycle. BIM Information Flow
connects distinct parts of the model system. BIM Model Chain is a
virtual vehicle for BIM to function throughout the project lifecycle.
BIMWorkflow is the path in which BIM can work for project man-
agement purposes. BIM Institutional Environment provides a con-
text for BIM to be implemented and used by the project organiza-
tions. BIM-based PMIS enables project teams to collaborate for
work related to information management. Although existing studies
involve a few elements of the conceptual framework, the concepts
synthesize the elements and apply them in the context of an AECO
project regarding workflow, timeline, organizational behavior, and
information management. Thus, the conceptual framework accom-
modates all of these elements to facilitate BIM implementation into
project management and enable the BPM approach. Meanwhile, it is
difficult to separate the different parts of this research, including
framework conceptualization, system development, and system
implementation, from one another. The conceptual framework
serves as a guideline for the development of the BIM roadmap. The
implementation of the BIM roadmap also needs further measures
and continuous improvement to adopt a specific project. The proce-
dures are iterative and interdependent in working as a holistic mech-
anism to realize BPM.

Moreover, this study relates BIM to project management, which
can contribute to the understanding and implementation of BIM
in AECO projects. In the present study, BIM is an advanced
means to store and share building information against project
uncertainty. According to some classical works of organization
design (Galbraith 1974; Tushman and Nadler 1978), information

processing against task uncertainty can influence the structure of
an organization. As BIM is a means of information processing,
the introduction of BIM into a project requires an effort to offset
the disruptiveness. The implementation of BIM is a trade-off
between information management effort and project uncertainty.
This is one theoretical implication that the implementation of
BIM can disrupt an AECO project, and the conceptual framework
explains how BIM reshapes the information processing proce-
dures and related organizational structure.

However, the contribution of this research extends beyond the
discipline of project management to include BIM adoption and
integration. The conceptual framework identifies the focused
areas to implement BIM in projects systematically and provides
a theoretical basis to escalate the implementation of BIM from
disciplinary modeling level to integrated collaboration level.
Thus, the application of BIM helps promote collaborative work-
ing and enhance communication among different disciplines and
teams by integrating BIM efforts into the project procedures and
deliveries. Furthermore, the conceptual framework rationalizes
BIM adoption from the perspective of project management and
introduces new concepts to understand and plan BIM execution
in AECO projects. All of these accomplishments can inspire effi-
cient management of the AECO practice, and very few studies
elaborate the mechanism of systematic BIM implementation
with an approach orienting at the lifecycle practice of an AECO
project.

Lastly, since this study was conducted within the Chinese con-
struction industry, relevant recent works were investigated to
benchmark its contribution to international BIM research and
practice. Also, under the Chinese construction context, Liu et al.
(2017) identified the impact of BIM on the organizational, techni-
cal, and process aspects of the project, which is reflected in our
conceptual framework. Moreover, the necessity of BIM Institutional
Environment is coherent with one conclusion from Park and Lee
(2017) to emphasize the importance of BIM environment with
organizational and technical measures for building design in the
Korean context. Furthermore, the roadmap approach illustrated in
this study indicates that the adoption of BIM involves project
decisions, which is consistent with the findings of Davies and
Harty (2013) with a case from the UK. Based on data collected
from New Zealand and Australia, Davies et al. (2017) suggested
the implementation of BIM into projects relates to work culture,
in which a project-based framework is required to provide a con-
text for relevant efforts. Additionally, Poirier et al. (2017)
explored a Canadian project and demonstrated the influence of
BIM implementation on project teams, thereby reflecting how in-
formation is reorganized and refreshing the practice of informa-
tion management. This finding can partially confirm BIM
Information Flow and BIMWorkflow.

Table 3. Identifying and verifying the sources of the conceptual framework with the ethnographic action research

Key concepts Major actions/findings Evidence

BIM Information Flow Identifying demand for information sharing and communication
among project teams at different project stages

The major effort on the interoperability of data and software to
enable BIM

BIMModel Chain Mapping the model chain to satisfy the requirements of
information modeling throughout the project lifecycle

Continual actions on model development, modification, and
handover by different actors

BIMWorkflow Planning different functional applications that rely on BIM
models to realize the purposes of project management

Clash detection and quantity surveying as key resorts of the owner
to utilize BIM in project management before the construction

BIM Institutional
Environment

Need to govern the systematic implementation of BIM into the
project

Project BIM standards with organizational and technical require-
ments as a response to the change in the project context

BIM-based PMIS Demand for an ICT-based collaboration mechanism in which
BIM can be modified

Introduction of the platform to enable communication and
collaboration in the project
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Conclusions

BIM provides a series of functional applications to advance project
management practices. Among the various functions and benefits
of BIM, managing information, facilitating communication, and
interfacing multidisciplinary cooperative efforts are necessary for
implementing project management. Thus, linking BIM to project
management is of great importance. Through the ethnographic
action research, a conceptual framework is established and tested
with the exploration of BIM integration into the project lifecycle,
and a project BIM roadmap is exemplified.

The conceptual framework that underlies the BIM roadmap
has theoretical and practical implications for project manage-
ment. The conceptual framework analyzes how BIM works in
lifecycle project management and provides a theoretical founda-
tion to facilitate further research in the implementation of BIM in
project management practice, with the introduction of the five
BIM-related concepts, which are BIM Information Flow, BIM
Model Chain, BIM Workflow, BIM Institutional Environment,
and BIM-based PMIS. The conceptual framework can also be
applied to identify the major scope of work for BIM roadmap de-
velopment and diagnose problems in the project-wise implemen-
tation of BIM.

In implementing the conceptual framework in this research pro-
ject, BIM models and building information of different disciplines
are integrated, which further enhances the multidisciplinary collab-
oration. This study examines the integration of BIM into the life-
cycle of a building project but not without a few limitations. First,
the project involves complex dismantlement and refurbishment
work, which makes the accurate simulation of related building in-
formation difficult; hence, the use of BIM models in the construc-
tion stage is restricted. Second, the BIMmodels in this project serve
as references rather than official sources of information for prac-
tices due to the influence of work culture, which provides another
evidence for hybrid practice in BIM-based building projects, as
Davies et al. (2017) articulated. Third, the BIM roadmap is a case-
specific application of the conceptual framework to integrate BIM
into the project lifecycle; however, it sets an example to integrate
BIM into the lifecycle of an AECO project. Thus, the authors regard
this research as a pilot project for BPM.

Finally, this research mainly focuses on the conceptual
framework that identifies the areas for managing BIM in build-
ing projects and sets a theoretical foundation for BPM. Given
that this research is at a conceptual level, details on BIM imple-
mentation from other peer projects would generate further impli-
cations that may advance the exploration of BPM. Future
research can also focus on the organizational change of projects
with the systematic implementation of BIM or other aspects of
the BPM paradigm.
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