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Abstract. As the application of building information modeling (BIM) becomes more common, BIM model management
becomes necessary and important to enhance the effectiveness of BIM implementation for a general contractor (GC)
during the construction phase. Implementation of BIM models in the construction phase, which typically involves partic-
ipants from different fields, often has numerous BIM-related interfaces and problems. Therefore, feedback from the most
recent as-built model tracking and BIM model problems are essential for BIM process management (BIM PM) in the
construction field. BIM PM has become the most important aspect of a sound as-built BIM model management strategy.
Changes in as-built BIM models should be identified, updated, and tracked for BIM PM, such that version management
of as-built BIM models can be improved, while minimizing rework and reducing as-built BIM models development du-
ration. Systematic approaches and information on management platforms for enhancing BIM PM during the construction
phase are lacking. This study proposes a novel approach to the BIM model management which is to manage and track
all versions of as-built BIM models. The primary purpose of this study is to develop a web Construction BIM-based PM
(ConBIM-PM) system to enhance a General Contractor’s ability to share BIM PM information and track construction
projects more efficiently. The ConBIM-PM system provides users with a centralized storage of all versions of as-built
models during the construction phase of a project so that they are able to track and manage the current status of modi-
fied as-built models and BIM PM information effectively. Finally, the ConBIM-PM system is applied to a case study of
a building project in Taiwan to verify its efficacy and demonstrate its effectiveness. The case study results show that the
ConBIM-PM system is effective for BIM PM work by a GC during the construction phase of the BIM implementation.

Keywords: BIM, process management, building information modeling, information system, web-based system, BIM

management.

Introduction

Building information modeling (BIM) is a new industry
term that refers to parametric 3D computer-aided design
(CAD) technologies and processes in the architecture,
engineering and construction (AEC) industry (Taylor,
Bernstein 2009). During the construction phase, BIM
engineers and managers, typically from the general con-
tractor (GC), execute BIM-related work but rarely share
updated change information about as-built BIM mod-
els (abbreviated as as-built models in this paper) with
other project and BIM engineers. Tracking and manag-
ing version information for as-built models effectively
can improve BIM process management (BIM PM) in
construction, thereby eliminating mistakes. Effectively
sharing version information allows project engineers to
identify existing as-built models and to apply accurate
as-built models. Without BIM PM, poorly coordinated

and controlled boundary conditions among project en-
gineers can cause management problems, coordination
difficulties, and mismatched as-built models.

During the implementation of BIM management
in practice, as-built models usually undergo change and
update for various reasons. Change information is gen-
erally not shared effectively between service providers,
or BIM engineers and project engineers. Moreover, pro-
ject engineers frequently execute their own work rarely
reporting change information of the as-built models to
BIM engineers. In general, e-mail is the most practical
method used by engineers to communicate and respond
to changes in as-built models during the construction
phase. Despite the many studies and discussions in aca-
demic and practical literature, systematic approaches and
information platforms are lacking for managing changes
and problems in as-built models during the construction
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phase. BIM PM is currently a major problem in onsite
BIM implementation because no appropriate platforms
exist to assist project and BIM engineers in tracking and
managing change information of as-built models during
the construction phase.

Notably, change information of as-built models is
an information-intensive task in which extremely use-
ful information is made available to BIM managers,
BIM engineers, and project engineers. Conventional
BIM-related communication methods, such as e-mail,
may not effectively track and share BIM PM with oth-
ers. In order to assist BIM managers and engineers in
exchanging and sharing information on changes in as-
built models, the primary objective of this study is to
facilitate the sharing and management of changes and
updates of as-built models for the GC during the con-
struction phase. Furthermore, this study is to facilitate
an approach and platform for updating as-built mod-
els based on feedback from project engineers. In order
to assist the GC to effectively implement BIM work
onsite, this study develops the ConBIM-PM system for
engineers to enhance information for BIM model shar-
ing and tracking. The main function of the BIM PM
approach in this study is to enhance the tracking and
updating change information for as-built models. The
BIM PM approach retains changes to as-built models
information in a digital format and facilitates easy up-
dates and transfer of changes to information in the web
environment. By using the ConBIM-PM system, project
engineers and BIM engineers can obtain an overview
of past and current as-built model update information
for a given project. Furthermore, project engineers can
access and utilize the most recent updates of as-built
models during their construction phase. The changes
and problems with the as-built models can be available
to each project engineer via the markup-enabled as-built
models. This research is a pilot study that applies the
ConBIM-PM system for BIM PM work during a build-
ing project in Taiwan and analyzes and discusses the
entire BIM PM work.

1. Literature review

BIM is one of the most promising recent developments
in the AEC industry (Azhar 2011). BIM was introduced
nearly ten years ago to provide an environment where
any related information on 3D entity models could be
retrieved during the project life cycle (Tse et al. 2005;
Ding et al. 2012). BIM is a digital tool that supports
continual updating and sharing of project design informa-
tion (Gould, Joyce 2008), and contains precise geometry
and relevant data needed to support the design, procure-
ment, fabrication, and construction activities to describe
3D object-oriented CAD (Eastman et al. 2008). BIM-
based visualization can express information more intui-
tively (Ding ef al. 2012). It is believed to be essential in
AEC to manage, share, and exchange information among

project stakeholders, such as architects, engineers, con-
tractors, owners and subcontractors (Fu et al. 2006). BIM
assists construction planners in making crucial decisions
by enabling visualization of the details of the prospective
work (Chau et al. 2004). While several definitions of
BIM are proposed in prior research, the National Build-
ing Information Modeling Standard Committee defines
a building information model (BIM) as “a digital rep-
resentation of physical and functional characteristics
of a facility. As such, it serves as a shared knowledge
resource for information about a facility forming a reli-
able basis for decisions during its lifecycle from incep-
tion onward” (National Building Information Modeling
Standard 2007). BIM digitally contains precise geometry
and relevant data needed to support the design, procure-
ment, fabrication, and construction activities to describe
3D object-oriented CAD (Eastman et al. 2008). BIM is
an additional model for an engineering information data-
base, storing all the architectural designs with geometric
information and the corresponding technical information
of all the works (Ding et al. 2012). BIM supports the
automatic evaluation of a building design, rather than
the manual, iterative, and time-consuming evaluation of
CAD drawings (Lee ef al. 2012c). BIM modeling ena-
bles the users to generate and update project documents
automatically, and building information data are attached
to the elements (Eastman ez al. 2008).

BIM is a new technology in the field of CAD and
contains not only geometric data, but also a great amount
of engineering data collected throughout the lifecycle of
a building (Xudong, Jie 2007). It is a new industry term
referring to parametric 3D computer-aided design (CAD)
technologies and processes in the AEC industry (Taylor,
Bernstein 2009). BIM is a digital tool that supports con-
tinual updating and sharing of project design information
(Gould, Joyce 2008), and is a computable representation
of all of a building’s physical and functional characteris-
tics and related lifecycle information. It also serves as a
repository of information for building owners and opera-
tors and is used and maintained throughout the lifecycle
of a building (Manning, Messner 2008). BIM has three
main features. The first feature is that data and informa-
tion about models can be stored in databases to facilitate
collaboration. The second feature is that changes to these
databases can be managed, such that a change in a data-
base affects all other parts of models. The third feature is
that information from a particular model can be captured
and preserved for reuse by adding industry-specific ap-
plications (Vanlande ef al. 2008). A BIM system enables
users to integrate and reuse building information and do-
main knowledge throughout the lifecycle of a building
(Eddy, Bradley 2008).

Much previous research has examined BIM issues
in construction. There are many core benefits, barriers,
frameworks, and recommendations for usage of BIM in
supporting decisions and improving processes throughout
the lifecycle of a project (Tse et al. 2005; NBIMS 2007;
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Eastman ef al. 2008; Shen, Issa 2010; Manning, Messner
2008; Succar 2009; Becerik-Gerber, Kensek 2010;
Becerik-Gerber, Rice 2010; Jung, Joo 2011; Barlish,
Sullivan 2012). Related to the design phase of a project,
these topics include parametric modeling, BIM at differ-
ent Level of Development (LOD), identification of design
conflicts and analysis, green design, design simulation,
cost estimation, and accurate geometric representation
of all facilities (Li et al. 2006; Leite et al. 2011;
Eastman et al. 2008; Kaner et al. 2008; Shen, Issa 2010;
Staub-French, Khanzode 2007; Manning, Messner 2008;
Fox, Hietanen 2007; Schlueter, Thesseling 2009; Umit,
Jason 2010; Shen et al. 2012; Lee et al. 2012a, 2012b,
2012c; Redmond et al. 2012). During the construc-
tion phase, these benefits include less rework, reduced
requests for information and change orders, improved
customer satisfaction through visualization, improved
productivity in phasing and scheduling, faster and more
effective construction management with easier informa-
tion exchange, accurate cost estimation, and better visual-
ization for safety analysis (Eastman ez al. 2008; Goedert,
Meadati 2008; Hardin 2009; Matta, Kam 2010; Dossick,
Neff 2010; Elbeltagi, Dawood 2011; Azhar 2011; Zhou
et al. 2012; Ren et al. 2012; Hartmann ef al. 2012). Dur-
ing the operation phase, these benefits include control
of the facilities management process, integrated life-
cycle data, rapid and accurate information on update and
change activities, and more effective facility manage-
ment with easier information exchange (Eastman et al.
2008; Hardin 2009; Staub-French, Khanzode 2007; Man-
ning, Messner 2008; Jason, Umit 2010; CRC... 2010;
Klein et al. 2012).

The effective management of construction drawing
(e.g. traditional 2D drawing) is an important provision in
the design and construction process when the number of
drawings is hundreds or thousands (Shih 1994). Further-
more, the control and management of 2D drawings is an
important approach that enables organizations to securely
publish, store and deliver 2D drawings by the effective
communication platforms. Previously, many commerce
electronic drawing management systems or software
were developed and utilized widely by the A/E/C indus-
try. Those drawing management systems were utilized to
organize, distribute, standardize and control the process
of 2D drawings managed for the construction projects.
Furthermore, there are many 2D drawing control infor-
mation systems developed to capture, organize, extract
meaningful information, and store drawings efficiently
in a centralized repository.

Despite many articles and system developments in
academic and practice literature, there is a lack of system-
atic approaches and BIM PM platforms for tracking and
managing as-built models work and for solving updated
problems during the construction phase. To solve this
problem, this study proposes a novel mechanism for BIM
model management to manage all as-built BIM models
and to track communication of BIM work process.

2. Research method

According to survey results of a questionnaire on BIM
PM problems encountered during the construction phase
in Taiwan (Lin 2010), the primary BIM PM problems
encountered during the construction phase of a project
are: (1) insufficient platforms and functions for support-
ing BIM PM work for construction BIM management;
(2) failure to properly update changes and manage new
versions of as-built models; (3) an ineffective BIM PM
mechanism for tracking and managing as-built models
during the construction phase; (4) no official and com-
plete record of BIM PM work and communication among
BIM-related participants; (5) few suitable platforms to
assist project engineers in sharing BIM PM information
when needed; and (6) difficulty tracking BIM PM work
and obtaining information about BIM problems from
onsite project engineers. Therefore, the main purpose for
conducting this research is to develop the ConBIM-PM
system to provide users with centralized storage for all
versions of as-built models during the construction phase
of a project, so that users can track and manage up-to-
date statuses of modified as-built models and BIM PM
information effectively. Finally, the proposed ConBIM-
PM system is applied to a case study of a building project
in Taiwan to verify its efficacy and demonstrate its BIM
PM effectiveness.

Most concepts and contents of a non-BIM as-built
model (e.g. traditional 2D drawing) process management
and a BIM as-built model process management are the
same. For example, the version management of the non-
BIM as-built model and of the BIM as-built model is the
same. The version information regarding the non-BIM
and the BIM as-built model should be recorded and man-
aged effectively. Furthermore, the changed content and
information should be managed and shared with related
participants effectively. However, the main difference in
contents between the non-BIM and BIM as-built model
process management is that the communication of a BIM
as-built model is more difficult than that of a non-BIM
as-built model in reviewing process management. Usu-
ally, most non-BIM as-built model process management
can be done directly at the jobsite. However, the process
management of the BIM as-built model is especially nec-
essary when considering integration and communication
between BIM engineers in the main office and project
engineers at the jobsite. Otherwise, there would be prob-
lems with mismatch and inconsistencies in the as-built
models.

Although there are many existing tools for as-built
BIM model management (e.g. Autodesk Glue, Project-
Wise, and Ecodomus commerce software), the software
is mainly designed and developed for storing different
versions of as-built models. Furthermore, some BIM
software, such as Solibri, provides as-built model version
comparison functionalities. Few systems are developed
for communication and process management in creating
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and updating as-built models. The proposed system is
developed for communication and process management
of as-built models between the main office and the job-
site. This proposed management enhancement is different
from other existing BIM tools and software.

BIM change management is an organizational pro-
cess aimed at helping related participants to receive core
information of changes in the BIM work. Thru the ef-
fective change management of the as-built models, the
BIM PM work will minimize change impacts, such as re-
works and model inconsistency, affecting BIM engineers
and project engineers. In the BIM PM work, BIM change
management refers to a BIM work process wherein chang-
es to a project are formally introduced and approved.

Version management of the as-built model during
the construction phase is now recognized as the most
critical strategy for successful BIM management. Usual-
ly, project engineers need to check which as-built model
is the newest version when they utilize an as-built model.
However, in Taiwan, most BIM models are created and
managed at the main office. Also, project engineers uti-
lize as-built models directly at the jobsite. Therefore, the
versions management mechanism of the as-built models
is developed to enhance the performance of the as-built
models versions management between the main office
and the jobsite. The mechanism is developed based on in-
terview results from BIM managers, BIM engineers, and
project engineers. The mechanism of the as-built models
versions management includes as-built models change
management and as-built models feedback management.
The mechanism of as-built models change management
includes the as-built models published announcement
and processed record of different as-built models ver-
sions. Furthermore, the mechanism of the as-built models
feedback management includes the process record of the
as-built models problem feedback from project engineers
and process record of as-built models problem respond
feedback from BIM engineers. Both mechanisms are de-
signed and developed based on interviews and discussion
with BIM engineers and project engineers.

This study focuses on the practical implementation
of as-built models for the GC at a jobsite. In order to
enhance the version management of as-built models,
the proposed BIM PM procedure encompasses creating,
proofing, utilizing, modifying, and completing BIM mod-
els based on interviews with construction BIM profession-
als. Each phase is outlined briefly as follows (Table 1).

In this study, the proposed ConBIM-PM system
facilitates BIM PM work during the construction phase.
In order to let the BIM manager, BIM engineers, and
project engineers track the BIM PM work, the study
proposed five types of process statuses for tracking as-
built models work in the ConBIM-PM system. The five
types of process statuses include processing status, pend-
ing status, proofing status, utilizing status, and finalized
status. Table 2 shows the description of each BIM PM
process status.

Table 1. Description of each BIM PM phase during the
construction phase

Phase Description
Creating BIM Handles the initial and developing work
models of BIM models.

Confirms the accuracy of BIM model
before the completed BIM models
are ready to be published to project
engineers.

Proofing BIM
models

Utilizing BIM
models

Application of BIM to a construction
project.

Requesting BIM modification and BIM
updating processes if the BIM needs
changes or updates.

Modifying BIM
models

Final confirmation of a BIM model
without further modification or change.

Completing BIM
models

Table 2. Description of each process status of BIM PM

Light

Status
color

Description

Processing Green  Initial BIM model creation.

Indicates that a request has not been
responded to or processed in the
assigned time.

Pending Red

BIM model proofing and
confirmation by BIM manager.

Use of BIM model during
construction work.

Indicates that BIM model is finalized
and requires no further revision.

Proofing Yellow

Utilizing Blue

Finalized Black

Figure 1 shows the concept of the proposed
ConBIM-PM system. The main participants of the as-
built BIM process will include the BIM manager and
BIM engineers in the main office, and all project engi-
neers at the jobsite (Fig. 1). Through the ConBIM-PM
system, centralized management of all as-built models
and related information can be tracked, downloaded,
communicated, and managed among related participants
in the web environment. Furthermore, project engineers
may utilize the ConBIM-PM system to request as-built
model updating or report as-built model problem feed-
back to BIM engineers through the ConBIM-PM system.

Based on communication with BIM engineers and
BIM manager, the requirements of system design are as
follows: (1) allows BIM engineers to illustrate and share
updated or modified as-built models to project engineers;
(2) allows BIM engineers to update latest status of all
as-built models processes to related project engineers;
(3) allows BIM engineers involved in the BIM work
to be aware of the whole BIM PM process; (4) allows
BIM engineers to record maintained as-built model his-
tory and comments for all revisions; and (5) allows BIM
engineers to transmit the latest as-built model revisions
to project engineers.
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Fig. 1. The concept and framework of the proposed BIM PM
approach

Based on project engineers, the requirements for
system designs are as follows: (1) track as-built model
versions that are stored in the system; (2) assist project
engineers to edit related problems or requests associat-
ed with various as-built models; (3) provide automated
identification of recipients for notification of as-built
model revisions; (4) allow project engineers to access
and utilize the most recent as-built models for BIM
application in practice; and (5) provide project engineers
with the updated or feedback content of an as-built model
using markup-enable DWF file.

The system is developed based on all requirements
of BIM engineers, BIM manager, and project engi-
neers. The as-built model revision is quite common on
a project with BIM application and it is not un-common
for an as-built model to go through several revisions.
Therefore, it is important to have a central repository
that shows only the latest as-built model revision. The
as-built models register acts as a central repository for
all incoming as-built model revisions in the system.
The as-built model revisions are classified according to
projects and disciplines in the as-built model register.
The ConBIM-PM system is designed and developed to
automatically maintain only the latest as-built model
revisions in its master document register. It also makes
it easy to transmit the latest as-built model revisions
to related project engineers. Before any as-built model
can be issued for construction, it needs to go through a
process. Normally, the as-built model must be internal-
ly reviewed and confirmed before it can be distributed
for approval. When the revisions have been completed,
it is up to the BIM manager to decide whether to ap-
prove or reject the as-built model. If it is rejected, the
as-built model is sent back to the originator (BIM en-
gineer), who then has to revise it and re-submit it for
approval.

In order to enhance the performance of the BIM
PM work, there are six forms and sheets used in the

system which are: the PM sheet, PM checklist, iden-
tified problem form, an RFI (Request for Informa-
tion) form, an RFI Reply sheet, and a revisions sheet
(Fig. 2). Figure 2 illustrates the relationship concepts
between the BIM PM forms and the as-built models.
With the assistance of the BIM PM forms, the BIM
PM work will be managed and tracked effectively in
regards to each as-built model. The PM sheet edited
by BIM engineers describes the basic information of
the BIM model. The sheet includes the name of the
BIM model, the version of the as-built model, a brief
description of the as-built model, modeling time, and
the name of the BIM engineer. The PM checklist is a
form to be used by the BIM manager to handle as-built
models correctly during inspection. The checklist con-
tains the name of the as-built model, the version of the
as-built model, the validated description of the as-built
model, the validation time for the as-built model, and
an as-built model verifier. The Identified Problem Form
is used by the project engineer to respond to problems
identified in the as-built models. The form includes the
name of the as-built model, problem descriptions relat-
ed to the problems identified in the as-built model, the
proposed time, the name of the project engineer, and
the marked-up as-built model with identified problems.
The RFI form is used to confirm the interpretation of a
detail, specification, or note on the as-built model or to
secure from the BIM engineer a documented directive
or clarification that is needed to continue work. The
form includes the name of the as-built model, the RFI
contents, time, submitter’s name, and RFI attachments.
The RFI reply sheet is used by the BIM engineer to re-
ply to unclear as-built models. The sheet includes the
name of the marked-up as-built model, the description
of unclear elements in the as-built model or the model
supplemented modeling, RFI reply contents, RFI reply
time, the responder’s name, and BIM-related attach-
ments. The revisions sheet is used by BIM engineers to
record revisions on as-built models to illustrate major
change information. The major purpose of the sheet is
to view the differences between as-built models revi-
sions filed. The sheet includes the name of the revised
as-built model, a detailed description of the modified
as-built model, the updated time, the version of the re-
vised as-built model, the name of BIM modeller (BIM
engineer), and the BIM model verifier.

The BIMs Managing and Track Table is used to let
the BIM manager, BIM engineers, and onsite engineers
track and access the updated status of all as-built mod-
els, current versions of the as-built models, as well as
the updated time of all as-built models. The proposed
BIM management dashboard is designed for construc-
tion BIM PM. The BIM management dashboard can
be defined as a graphic representation of the BIM PM
work based on the BIM PM status. The BIM manage-
ment dashboard is designed to be easily integrated with
the BIM PM work and graphic representation. Integrated
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Fig. 2. Concept of BIM PM work for GC during the
construction phase

with the dashboard, BIM PM Information can be identi-
fied, tracked, and managed, and problems encountered
during construction projects can be resolved. The most
recent updated status and current versions of all as-built
models can be shared with the BIM manager, BIM en-
gineers, and project engineers for efficient management
and future reference.

Finally, a Design Web Format (DWF) file is selected
as the format of the BIM file for markup use. The DWF
is a secure file format developed by Autodesk for the
efficient distribution and communication of rich design
data for anyone who needs to view, review, or print
design files. As the size of BIM models become larger,
the BIM models slow down the system performance.
Therefore, it is better to decompose whole BIM mod-
els into small decomposed BIM models and be exported
as separate DWF file for system performance. The
ConBIM-PM system provides the original as-built mod-
el (editable) and DWF file (model read only) to project
engineers in order to utilize the as-built model applica-
tion directly. The project engineers can use the original
as-built model for advanced analysis, such as 4D appli-
cation or collision detection. The project engineers may
use the DWF file directly if they just want to review the
as-built model for 3D discussion or communication. The
following will describe the implementation of the system
description.

3. System implementation
3.1. System architecture

The following section describes the development of the
proposed ConBIM-PM system. The developed ConBIM-
PM system runs on Microsoft Windows 2003 software
with an Internet Information Server (IIS) as the web
server. The ConBIM-PM system is developed using Java
Server Pages (JSPs), which are easily incorporated with

HTML and JavaScript technologies. The ConBIM-PM
system server supports four distinct layers: interface, ac-
cess, application, and database layers (Fig. 3). Each layer
has its own responsibilities. The interface layer defines
administrative and end-user interfaces. Users can access
information via web browsers such as Microsoft Inter-
net Explorer or Google Chrome. Administrators control
and manage information via the web browser or using a
separate server interface. The access layer provides sys-
tem security and restricted access, firewall services, and
system administration functions. The application layer
defines various applications for analyzing and managing
information. The database layer consists of a primary Mi-
crosoft SQL Server 2003 database. A firewall and virus
scanning capability are used to protect the system data-
base against intrusion.

The ConBIM-PM system is designed for all project
BIM-related participants via a user-friendly portal, which
serves as a real-time, on-line communication channel for
project engineers. All data are stored and classified us-
ing the BIM management dashboard in the ConBIM-
PM system. Furthermore, the ConBIM-PM system is
a solution that uses a single, unified database linked to
the as-built models’ files (DWF files) with different lev-
els of access determined by user roles. Participants can
access the BIM model PM information entry and up-
dates, based on their responsibilities in the ConBIM-PM
system. When information is updated in the ConBIM-
PM system, the server automatically sends e-mails and
Really Simple Syndication (RSS) feeds to the project
manager, BIM engineer, and the BIM manager associ-
ated with the issue. One purpose in this study is to ex-
tend BIM to the construction phase and create a single
repository of interface data for all project engineers. The
as-built model is applied in the ConBIM-PM system to
capture and store as-built model information. The Au-
todesk Revit Architecture and Revit MEP were used

ConBIM-PM System

BIM Models Process
Monitoring Service

Interfacs L. ‘Web browser
nieriace Layer Firewall

Authority and Alert
Management Service

ConBIM-PM
System Jsp BIM Models Updated

1t Service

JavaScript

MS SQL Server
Database Layer 2003

Window 2003 BIM Models Problem

Response Service

BIM PM Report Service

BIM Management
Dashboard

BIMs Managing and
Tracking Table

Markup-enable BIM file

VB.Net | VB Net | Revit Architecture

Revit API | Revit API | Revit API

Autodesk Design

ODBC | ODBC |

Fig. 3. Development framework of ConBIM-PM system
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to model the BIM management dashboard and create
BIM files. The Autodesk Design Review was used to
read as-built model files from the BIM management
dashboard. Information integration with the BIM man-
agement dashboard was achieved using the Autodesk
Revit application programming interface (API) and
Microsoft Visual Basic.Net (VB.Net) programming lan-
guage. The ConBIM-PM system was developed by inte-
grating the BIM PM-related information using Autodesk
Revit Architecture and Revit MEP software. All applica-
tion programming interface (API) in the ConBIM-PM
system were programmed in VB.Net using Revit APIL
A program in C++ was written to integrate acquired data
from different software programs and all interface infor-
mation, such that as-built model files could be exported
to an ODBC database for connection with the ConBIM-
PM system.

In order to keep the system performance the infor-
mation derived by other applications should be stored in
an external location. Therefore, there are two databases
designed in the ConBIM-PM system: The BIM elements
database and the BIMPM database. The BIM elements
database only stores basic information (such as com-
ponents of BIM position, ID and name of issues, and
key parameter information of components), while the
BIMPM database stores BIM PM information. The two
databases are linked with element ID index thought data
mapping. Therefore, the information can be utilized for
data association by data mapping to retrieve complete
problem information based on element ID index between
two databases. In order to integrate system with the BIM
model, the system develops the following two API mod-
ules. The first API module provides for import of basic
information of selected BIM model into the editing form
automatically without manual data entry when the user
is ready to edit problems or comments and click BIM
components in the as-built models. Another API mod-
ule allows the user to save current viewing BIM model
information submitted by users (such as view position,
direction, elevation, and zoom information). When user
enter the system and click the problem issue and then can
quickly access the same 3D view position and direction
for a clear PM-relevant understanding to BIM compo-
nents in the as-built models.

3.2. System modules

This section demonstrates the implementation of ConBIM-
PM system modules.

3.2.1. Authority management module

The authority management module is an access control
mechanism preventing unauthorized users from entering
the system or retrieving sensitive as-built models infor-
mation. The ConBIM-PM system requires all project
engineers, project managers, BIM engineers, and BIM
managers to register. To register, users provide a unique
User ID and password for authentication. As BIM PM

information and reports required by different project
engineers and different BIM models vary, project engi-
neers, BIM engineers and BIM managers will have dif-
ferent access rights and authorities from others.

3.2.2. BIM processes monitoring module

The BIM process monitoring module tracks BIM PM
work. Additionally, project engineers and BIM engineers
can access BIM-related information regarding the current
process or versions of the as-built models. The process
monitoring module has an easy access option that allows
participants to track and record online the information
and status of BIM PM. Furthermore, BIM engineers and
project engineers can share the most recent revised as-
built model files and information and access all current
responses about problems with an as-built model from
onsite project engineers.

3.2.3. Alert Management module

The Alert Management module helps the BIM manager,
BIM engineers, and project engineers set up an alert ser-
vice for monitoring and managing interfaces via e-mail
and RSS feed. Dates related to notification of BIM ver-
sion information are recorded systematically; thus, the
BIM manager can determine who is responsible for spe-
cific BIM PM work. Furthermore, this module provides
convenient access and a push-based function to help the
BIM manager, BIM engineers, and project engineers re-
spond to situations before BIM PM work is tracked and
others respond.

3.2.4. BIM Models Update Management module

The BIM Models Update Management module lets us-
ers create and maintain the version information of as-
built models, which is stored with corresponding as-built
models in DWF files. Authorized records for modifying
as-built models version information can be extracted and
summarized for the BIM version summary. Furthermore,
all BIM version summaries can be presented on the web
or extracted using commercially available software such
as Adobe Acrobat.

3.2.5. BIM Models Problem Response module

The module centralizes storage of all versions of as-built
models in an online environment. This allows project en-
gineers, BIM engineers, and the BIM manager to respond
effectively from a central location to as-built models prob-
lems and provide a revised description of corresponding
modified as-built models (DWF files). This module also
allows BIM engineers to determine when and by whom
DWEF files have been accessed, downloaded, edited, or
uploaded. Usually, the onsite project engineer can sub-
mit the change information of as-built models or submit
the problem description of current as-built models to
a BIM engineer through the module. Furthermore, the
BIM-based RFI problems also communicate with each
other through the module.
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3.2.6. BIM PM Report module

The module lets users easily access the brief modified
history information of BIM PM regarding each modi-
fied as-built model. Authorized records for modifying
as-built models can be extracted and summarized for the
BIM version-related reports. Furthermore, all BIM PM
reports can be presented on the web or extracted using
commercially available software such as Microsoft Word
and Acrobat PDF.

4. Case study
4.1. Case description

The following case involves a GC with sixteen years of
experience in constructing office buildings in Taiwan.
The construction phase of this office-building project
also involves six subcontractors and seven suppliers.
Furthermore, the GC wanted to take full advantage of
using the BIM approach to enhance onsite construction
management (such as interface management, visual dis-
cussion, and so on). Based on the GC’s previous experi-
ence, there are serious problems with onsite updating of
as-built models when the as-built models change. There-
fore, the GC assigned project engineers, BIM engineers,
and a BIM manager to utilize the ConBIM-PM system to
solve the onsite updating problems during the construc-
tion phase. The ConBIM-PM system was utilized in the
office-building project to verify its efficacy and demon-
strate its BIM PM work effectiveness.

During the BIM Models Creation phase, all require-
ments and plans for the original as-built BIM model
development were identified by responsible BIM engi-
neers or the BIM manager during the construction phase.
BIM engineers used Autodesk Revit Architecture or Re-
vit MEP to create the as-built models. Furthermore, the
summary sheet of as-built models edited by a BIM engi-
neer included brief descriptions of the BIM model, and
basic information of as-built models. All initial as-built
models created by the BIM engineers were transferred
to a markup-enabled BIM DWF file for the project en-
gineer. Finally, this BIM engineer submitted the original
as-built model and markup-enabled BIM DWF file to the
ConBIM-PM system for approval. During the Proofing
BIM Models phase, all original as-built models were con-
firmed and proofed by BIM managers before the original
as-built models were published for related onsite pro-
ject engineers. When the original as-built models were
approved by the BIM manager, the system showed the
most recent status and result for each as-built model.
Furthermore, project engineers could access the related
as-built BIM model (DWF file) directly by clicking the
BIM DWEF file in the ConBIM-PM system. All as-built
models (DWF files) were stored in the central database
to avoid redundancy.

During the Modifying BIM Models phase, two
project engineers discussed interface problems by us-
ing as-built models through the ConBIM-PM system.
They identified the BIM problems and mistakes of the

original as built model and reported such to the BIM
engineer. After the BIM engineer received the feedback
through the ConBIM-PM system, the BIM engineer up-
dated the modified as-built models according to the ex-
planations and comments. Another BIM engineer used
the ConBIM-PM system to discuss changed BIM feed-
back with the BIM engineer based on the comments.
The onsite project engineer described the change in-
formation of the original as-built models and noted
the markup changes in the BIM DWF file (including
descriptions and documentation) provided by the me-
chanical and electrical engineers. Furthermore, all re-
cords of BIM work processes were saved and tracked
continually. Requests not responded to or processed in
the assigned time were tracked in red and pushed again
by the ConBIM-PM system. Furthermore, BIM manag-
ers, BIM engineers, and related project engineers could
track and manage all completed or processed BIM work
during the modifying BIM models phase. The two elec-
trical engineers began responding to the selected as-
built models with comments and requests for as-built
models modification needs. Furthermore, three me-
chanical engineers provided updated BIM comments
and feedback and offered descriptions for the original
as-built model. After the original as-built model was
modified, numerous modified as-built models were up-
dated and shared among all project engineers during the
phase. Additionally, the project engineer who initially
identified the numerous problems in the as-built mod-
els updated the feedback and comments for the original
as-built models. This BIM engineer received feedback
from the project engineer, modified the as-built models
to solve problems, and updated the modified as-built
models and information in the ConBIM-PM system.
After receiving the modified as-built models and as-
sistance from the BIM engineer or BIM manager, the
project engineer solved the interface problems by us-
ing the newest version of the modified as-built models.
Typically, the BIM manager used the ConBIM-PM sys-
tem to request problem replies from responsible BIM
engineers when the BIM manager found the related
BIM problems.

During the Completing BIM Models phase, the BIM
engineer submitted the modified as-built models. After
the project engineer identified the entire as-built models
process finished, the BIM engineer requested confirma-
tion of the final modified as-constructed models closure.
Finally, the project engineer confirmed the accuracy of
the final modified as-constructed models based on as-
constructed showing drawings. The BIM work status was
updated in black in the BIM management dashboard of
the ConBIM-PM system after the approval process was
complete. A notice and report were then transmitted to
the BIM manager, BIM engineers, and authorized pro-
ject engineers via e-mail and RSS. Figure 4 shows BIM
PM tracking and sharing in the ConBIM-PM system.
Figure 5 shows the flowchart of the process used in the
ConBIM-PM system.
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Fig. 4. BIM PM tracking and sharing in the ConBIM-PM
system
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Fig. 5. The flowchart of the process used in the ConBIM-PM
system

4.2. Field tests and results

The case study was a 5-month construction project with
approximately 680 scheduled activities. During the field
test, the BIM manager and three BIM engineers han-
dled all the BIM works. The BIM works included the

as-built models creation, modification, and revision. The
six onsite project engineers with the general contractor
handled the entire construction project through comple-
tion using the as-built models. The two mechanical, elec-
trical, and plumbing subcontractors worked on building
heating, cooling, and plumbing subprojects utilizing the
BIM software. The ConBIM-PM system was installed
on the general contractor’s main server during the test.
A user guide and two ConBIM-PM system workshops
were held to demonstrate how to use the ConBIM-PM
system integrated with BIM PM work. Furthermore, BIM
software (Autodesk Revit Architecture and Autodesk Re-
vit MEP) were selected to create and revise as-built mod-
els. A Design Web Format (DWF) file was selected as
the format of BIM file for markup use. All BIM files
were converted into DWF file for review and markup
in the ConBIM-PM system. During the case study field
testing, all researchers only assisted in the setup and us-
age of the ConBIM-PM system. All BIM work in the
case study involved participants at the main office and
jobsite, including a BIM manager, three BIM engineers,
and project engineers. Of all the main issues and prob-
lems resolved using the ConBIM-PM system in the case
project, 28 percent were issued with the as-built models
new publish, 9 percent were mistakes in as-built models,
22 percent were issued with change version of the as-
built models, 17 percent were issued with change feed-
back of the as-built models, and 24 percent were issued
with RFI of the as-built models.

During the field test, verification and validation tests
were performed to examine system function. The verifi-
cation test determined whether the system operated cor-
rectly according to its design, while the validation test
evaluated system utility. The verification test was per-
formed by assessing whether the ConBIM-PM system
performed tasks as specified in the system’s design. Dur-
ing the validation test, selected case participants were
asked to use the system; project teams then provided
feedback via a questionnaire. The case participants con-
sisted of three general contractor BIM engineers with
two years’ experience, one BIM manager with five years’
experience, two senior subcontractor engineers with 10
years’ experience, and six general contractor project en-
gineers with six years’ experience. Questionnaires were
distributed to evaluate system function and user satisfac-
tion with system capabilities. To verify the functional-
ity and effectiveness of the ConBIM-PM system, there
are three parts in the system evaluation. They are sys-
tem functionality, system usage, and system capability.
System users were asked to grade system functionality,
usage, and capability separately, based on a comparison
with the previous paper-based approach on a five-point
Likert scale, ranging from 1 for “not useful” to 5 for
“very useful.” Questionnaire results indicate that BIM
PM performance for GC during the construction phase
was significantly improved by using the proposed sys-
tem. Comments regarding possible improvements to the
ConBIM-PM system were also obtained from project
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participants. The ConBIM-PM system was demonstrated
to the respondents who were asked to express their opin-
ions towards the system by completing the questionnaire.
Table 3 shows the results of the system testing.

The following recommendations are based on user
feedback: (1) successful BIM PM adoption should be
supported by top management in a firm; (2) policy and
strategy must be considered to encourage use of the Con-
BIM-PM system during the construction phase; (3) fur-
ther effort is required to train project engineers using
BIM software to mark up and annotate comments, infor-
mation, and suggestions about revising as-built models;
(4) further effort and additional approaches are required
to overcome unwillingness to adopt BIM software at
construction jobsite; (5) most senior engineers could
not edit and mark up problems and comment on as-built
models without assistance while typing; (6) initial case
study results should be used to educate users about BIM
software adoption, and additional staff training is needed,;
and (7) further training and workshops on the ConBIM-
PM system and BIM software are needed for all users.

Questionnaire results demonstrate that the primary
advantages of the ConBIM-PM system are as follows:

Table 3. System evaluation result

System functionality Mean score
Ease of interface sharing 4.5
Reliability 44
Applicability to construction industry 4.8
System usage Mean score
Ease of use 4.6
User interface 4.5
Overall system usefulness 43
System capability Mean score
Reduces mistakes in as-built models 42
version :
Reduces rework percentage 43
Ease of finding as-built models 47
information .
Improves responses to as-built models 45
problems ’
Improves BIM-based RFI 44
communication :
Enhances updated as-built models 47
problems ’
Enhances as-built models version

. 4.5
tracking
Reduces the difference of as- 47

constructed models

Note: the mean score is calculated from respondents’
feedback on fivescale questionnaire: 1 (Strongly Disagree),
2,3, 4 and 5 (Strongly Agree).

(1) the BIM management dashboard provided clear vis-
ual representations facilitating identification of interface
information and events related to 3D objects (93 percent
agreed); (2) the BIM management dashboard clearly
identified available interface information and events rel-
evant to tasks (86 percent agreed); and (3) users tracked
interface information and events easily and effectively
with the BIM approach (94 percent agreed).

The ConBIM-PM system provided solutions to in-
terface-related problems and supported all interfaces and
changes during construction. The principal advantages
of the ConBIM-PM system, based on questionnaire re-
sults, are as follows: (1) the ConBIM-PM system allowed
BIM engineers and managers to track and manage BIM
PM information during construction (93 percent agreed);
(2) the ConBIM-PM system allowed project engineers
to provide feedback on the errors and problems with as-
built models through ConBIM-PM system (87 percent
agreed); (3) the ConBIM-PM system enabled project en-
gineers to track the newest version of as-built models
and briefly view changes when using the as-built mod-
els (88 percent agreed); and (4) the ConBIM-PM system
enhanced version and change management of as-built
models easily and effectively in the web environment
(90 percent agreed).

4.3. Limitations and barriers

User feedback indicated that the primary barriers to using
the ConBIM-PM system were as follows: (1) most us-
ers were unsatisfied with the high disconnection rate and
slow internet speed; (2) substantial amount of time and
assistance were needed for engineers and managers to
use BIM software to edit problems and update feedback
on changed as-built models; (3) unwillingness of a few
project engineers to update feedback on as-built models
information; and (4) the file size of DWF directly affects
the operation performance of the ConBIM-PM system.
The findings of this case study revealed several lim-
itations of the ConBIM-PM system. The following are
inherent problems recognized during the case study.

- It will be difficult for new users to operate the BIM
model in the ConBIM-PM system. In the beginning,
some project engineers were initially unfamiliar
with as-built models. It usually takes time to learn
the use of BIM models. In the case study, using the
ConBIM-PM system initially took longer than the
current approach to using as-built models. Project
engineers required time to utilize the corresponding
3D as-built BIM models in the ConBIM-PM system.
After the user was more skilled and familiar with uti-
lizing as-built models, the time of comparison for the
current approach and the proposed system in utiliz-
ing as-built models were almost the same.

- This study demonstrates that the ConBIM-PM sys-
tem is an effective platform in supporting BIM
PM work during the construction phase. However,
onsite project engineers did not have sufficient time
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and assistance to edit and provide feedback on the
change information of as-built models if they had
a pressing schedule. Another problem was that not
all involved project engineers had the same attitude
regarding using the ConBIM-PM system to update
as-built models. A few engineers were unwilling to
edit and provide feedback on the BIM model change
information to BIM engineers. The development
of systems that satisfy all involved parties and the
needs of the various project engineers depend on
the different viewpoints and attitudes. Future re-
search must address how a suitable mechanism can
be integrated in the implementation of BIM work
on jobsite.

The feedback on the BIM model submitted by
project engineers in the system lacked content and
was typically incomplete, especially if project en-
gineers were busy or had a tight schedule. Further-
more, the support of upper management is very
important in the implementation of BIM work,
especially in the jobsite. In the case study, overcom-
ing the resistance of the project engineer, BIM engi-
neers, and the BIM manager to using the BIM and
ConBIM-PM system during their work was impor-
tant. Overcoming this resistance has been regarded
as one of the major prerequisites for the successful
implementation of a ConBIM-PM system. Upper
management implemented an incentive/bonus re-
ward for using the ConBIM-PM system more con-
sistently during the case study. Future research must
address how a BIM work can be implemented onsite
effectively and directly (including BIM model crea-
tion, modification, updating) in practice.

Another problem is that the ConBIM-PM system can
be used only on the construction site directly. The
findings of the case study indicate that most project
engineers edited their interfaces when they returned
to the site office. However, based on the results of
the case study, most project engineers agreed that
editing problems and feedback on the as-built mod-
els at the jobsite using a smart phone or notebook
in a Wi-Fi or 3G environment was inconvenient.
Therefore, project engineers started to use tablet
computers, such as iPads, for convenience. Case
observations indicated that doing so improved the
willingness of project engineers to apply the Con-
BIM-PM system and edit the BIM model directly
at the jobsite.

Because of the limited storage capacity of the PC
and notebook, it is suggested that BIM engineers
create the DWF files in the database in advance for
referring to as-built models and handling the BIM
PM work. However, the DWF file size will affect the
operations performance of the ConBIM-PM system
directly. The impact includes the time spent reading
DWF files, the time spent searching for facilities,
and the smoothness of system operations. When the

DWEF file is too large (more than 100MB), it cannot
be opened and easily read. Therefore, the original
as-built models will be converted and separated into
numerous DWF files. When the BIM engineer ex-
ecutes the BIM PM work, the ConBIM-PM system
downloads only the DWF file and lets the project
engineer refer to the separated DWF files quickly.
The final limitation of the ConBIM-PM system is
that BIM-related problem topics cannot be commu-
nicated and managed effectively based on objects of
BIM models. Therefore, it is necessary and impor-
tant to developing advanced BIM-based communi-
cation management systems for construction BIM
work whose unit of management is objects rather
than files. Doing so will be the goal of future work
on ConBIM-PM system implementation.

- The top management support is very important for
the successful implantation and adoption of BIM at
the jobsite. Usually, most project engineers rely on
the traditional 2D drawings to handle their jobsite
work. To change project engineers’ habits, suitable
strategies and mechanisms need to be considered for
successful BIM adoption by the general contractor.
In this case study, the BIM work at the jobsite was
highly supported by the jobsite manager. Therefore,
most project engineers were encouraged to utilize
the as-built model and use the ConBIM-PM sys-
tem for construction management (such as interface
management and communication).

- It is necessary and important for project engineers
to trust the accuracy of the BIM model. Without the
as-built model updating, most project engineers will
prefer to refer to traditional 2D drawings and not
use the as-built model. If project engineers don’t
trust the accuracy of the BIM model, project engi-
neers will be unwilling to utilize the as-built model
at the construction jobsite. Consequently, the prac-
tice implementation of BIM will fail without gain-
ing the support from project engineers. Therefore,
further efforts and additional strategies should be
developed and executed for the successful imple-
mentation of BIM adoption at the jobsite.

Conclusions

The application of BIM integrated with the process man-
agement for building projects during the construction
phase is discussed in this work. This study develops the
novel ConBIM-PM system for all project participants as
a BIM PM platform. Through a web-based environment,
the ConBIM-PM system can provide project engineers
with feedback on the updated content of as-built mod-
els or request the correction of problems with the as-
built models through a markup-enabled DWF file. The
ConBIM-PM system facilitates an updating approach and
platform for as-built models based on project engineers’
feedback and questionnaire responses. In order to assist
the GC with implementing BIM work effectively, this
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study develops the ConBIM-PM system for engineers to
enhance change information through BIM model sharing
and tracking efficiency. By using the ConBIM-PM sys-
tem, project engineers, and BIM engineers can maintain
a clear audit trail by tracking version control and updates
to as-built models for a given project. Furthermore, pro-
ject participants can access and utilize the most recently
updated as-built models for BIM application in practice
during the construction phase. All as-built models can
be updated, and changes and problems are available to
each project engineer via the markup-enabled DWF file.
The ConBIM-PM system is especially developed for
the communication and process management of as-built
models between main office and jobsite. The proposed
enhancing management is different from the other exist-
ing BIM tools and software.

For the general contractor, most project engineers
utilize as-built models directly at jobsites. In order to
enhance performance of as-built models versions man-
agement between the main office and jobsite, this study
proposes as-built models change management mecha-
nism and as-built models feedback management mech-
anism for BIM PM work. The mechanism of as-built
models change management includes the as-built models
published announcement and process record of different
as-built models versions. Furthermore, the mechanism of
as-built models feedback management includes the pro-
cess record of as-built models problem feedback from
project engineers and process record of as-built models
problem respond feedback from BIM engineers. The pro-
posed ConBIM-PM system will be designed, developed,
and integrated with the two mechanisms.

According to case study, the top management sup-
port is very important for the successful implantation of
BIM at the jobsite. To change project engineers’ habits,
suitable strategies and mechanisms need to be consid-
ered for successful BIM adoption by the general con-
tractor. Furthermore, project engineers will be unwilling
to utilize the BIM model at the construction if project
engineers don’t trust the accuracy of the BIM model.
Consequently, the practice implementation of BIM will
fail without gaining the support from project engineers.
Therefore, further efforts and additional strategies should
be developed for the successful implementation of BIM
adoption at the jobsite during the construction phase.

Finally, the proposed ConBIM-PM system is ap-
plied to a case study of a building project in Taiwan
to verify its efficacy and demonstrate its BIM PM ef-
fectiveness. The case study results demonstrate that the
ConBIM-PM system provides users with centralized
storage of all versions of as-built models during the con-
struction phase of a project, such that the BIM manager,
BIM engineers, and project engineers can track and man-
age the status of modified as-built models and update as-
built models effectively. The case study also highlights
the need to improve onsite BIM PM work during the
construction phase. Integrating web-based technologies

and the BIM PM approach is promising for improving
the problems of onsite BIM adoption during the con-
struction phase. Overall, field test results indicate that
the proposed ConBIM-PM system is an effective and
user-friendly platform for GC to handle construction
BIM PM work.
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