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ABSTRACT

In the last 30 years, China’s real estate has developed very rapidly. According to the
market competition and demand, the owners and developers realize that the project
management, which applies the information of consulting, design, implementation,

and operations, should be more standardized.

With the maturity of construction technology and the continuous updating of digital
technology, e.g. Building Information Modelling (BIM), the trend to enter into a
digital world is becoming widely accepted by the AEC (Architecture, Engineering and
Construction) sectors. The perspective of owners and developers in project
management includes cost, schedule, quality and safety. Each element shall establish

corresponding goals at the initial stage of the project.

The aim of this research is to establish a revised workflow for a typical construction
project, which is combined with the BIM applications. In order to make all of
participants understand and apply these workflows, the corresponding specifications
of BIM application were established in this research, which is included the
employer’s information requirements, common data environment requirements,
model content, and standards. After initial investigation of the current BIM
application in China and the BIM standard of BSI by UK, these specifications are
considered to be very suitable for mix-used commercial project. At the same time,
the new workflow for the project management will be followed and the optimization
of the new workflow will be tracked in the processing of coming new project. This

will be the next research in the future.
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BIM Application to Enhance the Quality of Project

Management for Building Owners and Developers

Chapter 1 Introduction

1.1 Introduction
In the last 30 years, China’s real estate has developed very rapidly. This has mainly
occurred due to higher investment in real estate that has shown to be more
profitable over the years. According to the market competition and request, the
owners and developers realize that the project management, which applies the
information of consulting, design, implementation, and operations, should be
more reasonable and standardized. Hence, there is still a large demand for this

process of standardization in the industry.

Industries such as manufacturing and finance have been automated, driving
enormous gains in productivity worldwide. However, during the same period, the
conventional practice in architecture, engineering, and construction (AEC)
remain very much dependent on professional experiences of individual members,

especially in the construction phase.

With the maturity of construction technology and the continuous updating of IT
technology, building information modelling (BIM) is accepted by more scholars and
practitioners of the AEC industries (B7, W1), particularly through its information
visualization that is increasingly appreciated by associated industries. Migilinskas
had researched the benefits, obstacles and problems of practical BIM
implementation in 2013 [1]. It revealed that it was saved ~20% of time for plan and
view drawing with AutoCAD and time for redrawing with mistakes correction when
changes occur. CzmochMain demonstrated the difficulties during the
implementation of the BIM technology and how they were related to the potential
benefits [2]. Bargstadt, the professor for construction engineering and
management at Bauhaus-Universitat Weimar, had also illustrated the challenges of

BIM for construction site operations [3]. The development of BIM tools that allow
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to implement BIM-based design change management in an efficient way seems to
be both actual and challenging task. Such functionalities as quantifying, visualizing
and analyzing changes made to models would provide benefits for all participants of

the construction project [4].

This last decade has witnessed a rise in benefits that are brought by the application
of BIM, such as conflict between drawings that has been found before confirming
the drawings, as well as accurate quantities have been automatically calculated by
computers and computational modelling techniques. During the same era, many
countries have promoted BIM research and its application in AEC industries. The
research of Fazli revealed that BIM can help project managers in the task of
delivering successful projects in Iranian construction industry [5]. Ahmad explores
the role of BIM in optimizing building design for sustainability in his research [6].
Getuli demonstrates some case studies about the BIM-based code checking for
construction health and safety in Italy. He points out that the parametric rule-set
could be applied in various projects with a significant return of investment and
promoting workflow standardization for both the Public Client and the Design and
Construction teams [7]. In some countries, these are introduced earlier, such as in
the US, the UK, Singapore, Japan, and so on. Meanwhile in China, the Ministry of
Housing and Urban-Rural Development (MOHURD) of the People’s Republic of
China has issued guidance of promoting the application of BIM in AEC projects [8].
This guidance elaborates on the objective of different participants of the projects,
such as the project owner, geological survey consultant, design consultant, general

contractor, and so on.

In addition, there are many examples of how BIM has become increasingly
important in the AEC industries. Examples of these include: The designer reduces
design errors through modelling conflict. The construction enterprise reduced
construction material waste through modelling. The owner is the most pertinent
participant in the BIM process. The optimization results brought by BIM application
to project management will eventually be translated into the improvement of
management efficiency of developers, including effective cost control, schedule
optimization and so on. Furthermore, BIM as a collaborative process that facilitates

the sustained logistics of information is introduced as viable way of bridging the
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gap identified earlier [9]. Traditionally, three criterion of time, cost, and quality
have been major indicators of project success in the project management society.
Other factors such as profitability, technical performance, functionality, health and
safety, productivity, and environmental sustainability, are also important aspects
for evaluation in order to determine project success[10]. Therefore, the overall
project management processing is the significant factor for the success of project
completion and delivery. In this regard, the workflow, which includes all
participants and specifications, is the guidance for the project management. Thus,
it plays a major part in better delivery and optimization of the overall project

management (PM).

This study introduces the traditional workflow of project management for a typical
mix-used commercial project as a case study. This study aims to highlight problems
of current workflow supported by further assessment. Consequently, the study
also aims to optimize the project workflow by adapting to future digital project
management combined with BIM applications and development of specifications
for BIM application in this system. The proposed and revised workflow is then
expected to be used in the new mix-used commercial project, which will be trialed
as a real-life pilot project. This will be the next step of research in the future. The
findings from the study will have novel practical implications and recommendation
for the optimisation of the current project management practice. To further verify
the results, the prospective for application of BIM will be introduced as part of
enhancing the quality of project management in the future. According to the
literature, most researchers focus on the applications and the challenges of BIM.
In project management, the combination of workflow and BIM application and
how the corresponding specifications of modeling adapt to different workflows are
ignored. Therefore, this research aims to revise the traditional workflow of project

management combined with the BIM applications.

1.2 Point of departure
To better evaluate what is aimed to be studied here, it is important to first provide
some clarifications of concepts. The following sub-sections highlights these key

definitions of the study.
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Client
The study considers the client, which is the developer of a real-life mix-used
commercial project. The strategies of workflows and the specifications of

BIM applications are based on the viewpoint of the client.

Workflow

In the process of project management, workflow is the method and
requirement to guide all participants to work for the same objectives,
including but not limited to clients, contractors, consultants, etc. During
different period of project flow and for the different functions, we need to
develop the corresponding workflow. The workflow mentioned in this
research includes the main workflow of cost management, schedule

management, and quality management.

Specifications of BIM

Based on the research on the application of BIM in China market, the
requirements of project management process suitable for optimization,
including the standards of modelling delivery and BIM application results
report, are formulated on the basis of the BIM specification of BSI in the UK
and the specifications issued by the Chinese government. First of all, some
contents should be defined according to the specifications, such as the client,
contractor, consultant and so on. All the participants in the project should

apply the BIM applications based on the same concept.

Definition

a. Client
The person or organization pays money to another organization in
return for a project. | have also used the terms “owners”,
“stakeholders” and “developers” in this context. However, in many
current project management, the proxy construction company acts as
the consultant of the developer, playing the role of the project
manager. It can also be considered as the client. The only difference is
that consultants need to report regularly to the real owners about the

progress of the project, including cost and schedule. And some
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decisions need to be confirmed by the clients' board.

Contractor

A construction company that is responsible for the construction and
execution of the project according to the schedule, cost, quality and
safety requirements of the owner through legal means. In addition to
general contractor, there are usually some professional sub-contractor,
such as curtain wall, interior decoration, landscape, and so on, which

also belong to the contractors referred to in this context.

Consultant

Consultants refer to persons or organizations that have professional
ability to provide design, construction, quantity survey, inspection and
other services for owners during the construction period. For example,

architectural design, interior design, curtain wall and so on.

Mix-used commercial project

Mix-used commercial projects usually include office, commercial
(retail, food and beverages, entertainment functions), residential and
other forms of business. Generally, the number of project components,
degree of activeness within each component, degree of interactions
between project components, and interactions of the project with
entities outside of the project were frequently considered as the

attributes that create complexity of a project. [11]

Mix-used commercial projects usually involve more contractors,
suppliers and consultants. Therefore, appropriate workflow is the
basis of high-quality project management. It can coordinate and
organize the work of different units and personnel to achieve the

project objectives set by the client.

Main factors of project management
In mix-used commercial project, the client usually pay attention to 4

facets: cost, time, quality and safety. There are lots of risks in these
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facets. The budget is out of controlling. The time schedule delay. The
quality of the construction cannot conform to the mandatory
standards. The loss of profit and the wastage of the cost will come out

due to these problems.

1.3 Research Aims and Objectives
According to the working experience and the case study about the project
management, this research will investigate and reveal the traditional workflow for
the processing of the lifecycle in the mix-used project. The client usually focuses
on the cost, time and quality requirements of the project. But in reality, the
accuracy of drawings cannot match the standard due to the error of information
communication. In the process of using these workflows for project management,
there will be deviations. Consequently, it will bring about negative impacts on cost,
time and quality control. These are the common issues that need to be addressed

throughout the project management process.

On the other hand, because BIM applications are still at the initial stage, designers
and contractors pay more attention to the functions of design optimization and
simulation brought by the BIM applications, while the important applications such
as coordination and information sharing in project management have not been
paid attention to by the clients. Therefore, the BIM technology has not been
applied in the workflows to optimize the quality of project management. This is

identified as a remaining gap in practice of project management.

At the same time, after studying the literature of BIM application and the relevant
BIM standards, this research finds out that the applications of BIM are usually paid
more attention. Zhiliang Ma had researched the integrated application of BIM and
GIS.[12] Jiang Xu researched on application of BIM 5D Technology in a project.[13]
However, there is no clear definition of BIM application objectives, the
specifications and requirements of model making, and coordination method for

the project management at the initial stage of the project.

Therefore, the aim of this research project is to define the contents and standards

of BIM, optimize the workflows of project management for cost, time and quality
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1.4

control based on the analysis of traditional workflow and BIM application. As the
main objective, this research will create the specifications of modeling for different
majors. This leads to revision of the traditional workflow combined with BIM
applications. At last, the new workflow will be developed and then applied in a
preservation project for experiment and the study will focus on the result of testing

for enhancing the quality of project management.

Research Summary and Structure

This research begins with the literature review including a brief history and the
situation of the project management and BIM application. The literature review
highlights some of ongoing practice trends and paradigms, as well as highlighting
the gaps that will be addressed in this research project. Then, in Chapter 3, the
methodology of research will be introduced and provide a holistic view of this
research project from the methodological perspective, including methods
undertaken for this research and the case study of research. Further in to this
research project, Chapter 4 will establish the specification of BIM applications and
optimize the workflow of project management due to the case study of mix-used
commercial project. This chapter will benefit from the materials covered in
Chapters 2 and 3, and through the case study analysis undertaken in this research.
Finally, the prospective of the BIM application will be illustrated in Chapter>5.
These will include future directions in research, as well as highlighting the novelty
and contribution of this research to the AEC sector, and in particular for enhancing
the quality of project management through the BIM application in practice. This
will conclude on some of the key policy and practice implications in the field of

research.
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Chapter 2 Literature Review

2.1

2.2

A brief introduction

In order to establish the method to optimize the quality of project management,
this research study will investigate the main factors of traditional project
management, BIM specifications and the status of BIM application. Consequently,
It aims to find out the method of workflow optimization combined with BIM

application in the practice of project management.

First of all, this study focuses on the main tasks of traditional project management,
as well as the management methods. Secondly, it will provide a broader
understanding of the BIM applications in practice. Then, this study will lead in to
an overview of the current BIM specifications that are particularly important and
influential to the context of China. Finally, on the basis of these, the main

objectives of this study are summarized.

Project management

Project management is the management discipline that plans, organizes and
controls people, money and cash so that projects are completed successfully in
spite of all the risks. [B1] Every project is unique. Even if design is duplicated, the
construction process will be different due to complexity of external factors and
internal management. Although the projects are different in the process of
construction management, the principles and methods of project management
remain the same. Therefore, the need for project management optimization is

essential in the sectors of AEC.

2.2.1 The history of project management

Since ancient times and the beginning of human activity records, there has been
construction behavior. Figure 1 presents the history of construction and project

management. [B2]
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Before 1900 1900 - 1949

! Wonderful projects ! Emergence of management

! People cheap, even expendable science

! Urgency not driven by the rat-race ! People begin to study work and
| Management organization structures people at work

seen in the church and the military ! Henry Gantt introduces his famous
! No management scientists
! No project management profession

planning charts
! Early development of critical path

networks
1950 - 1969 1970 - 1979
! US defense projects exploit critical ! Project management has two
path network analysis meanings:
! Mainframe computers can run - industrial project management
project management software in - IT project management

batch mode

! Project management becomes a
recognized profession

! More concern for people at work

Creation of professional associations
More project management software
Legislation for health and safety
Anti-discrimination laws introduced

(=il =] = Shagh
=R = -
: _ \
\ | \ 1 L |
1980 - 1989 1990 - 2000+
! Desktop computers can run powerful ! PCs and notebooks can run all
project management software applications

! More interest in project risk
! IT and industrial project
management no longer considered

! Better graphics, with colour
! Managers less dependent on IT

experts so differently
! Computers cannot now run arrow ! Project management is a respected
networks and precedence becomes profession, with flourishing
the norm : associations
i :
! Wider acceptance of , - I Worldwide

project management as f_’__#_‘__ g:{;ml;ﬂ:;\%h:}hneby
a profession j - Internet

Fig. 1-The history of construction

Source: Dennis Lock, Project Management (tenth edition), Gower Publishing Limited, Page 2, 2013

Project management can be divided into several stages according to the figure.

a. Before 1900, there is no management scientists. Lots of wonderful
project usually take the form of the church and the military.

b. Beforethe 1980s, the concept of project management emerged, from the
initial emergency management to the project management developed
from industrial projects and IT projects, and gradually began to pay
attention to health and safety.

c. When computers become popular and can run more complex

management software, the content of project management becomes
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richer and more scientific.

2.2.2 Factors of Project Management
There are four types of projects, 1) civil engineering/construction/mining
and quarrying, 2) manufacturing, 3) IT projects, and 4) projects
associated with management or business change, scientific research. This
research focuses on the mix-used commercial project in civil engineering
field.
The perspective of the client in the project management includes cost,
time, quality and safety. Each element shall establish corresponding goals

at the initial stage of the project.

a. Cost objective.
Most projects are undertaken with the expectation of benefits, either
on completion or later in their life history. Therefore, strict attention
to cost budgets and financial management is usually vital for the
overall process of project management and project delivery. Cost
management should be considered as a significant facet for the
project management. Maruvanchery make use of the Decision Aids
for Tunneling (DAT) as an early construction cost and time predicting
tool for large-scale underground cavern construction projects and
focus on assessing the accuracy of the predicted cost and time for
feasibility studies [14]. However, a range of global standards and
guidelines have been developed for the project management
profession as a whole but there have not been any developments in
the field specifically for the project cost management. [15] Although
the first Standard Method of Measurement (SMM) of building works
had been created in 1922 and developed by the Royal Institution of
Chartered Surveyors (RICS)( Williams, Civil Engineering Standard
Method of Measurement,1976), the workflow of cost control is
gradually improved by the clients or the quantity surveyor
consultants based on their experience. And there is no major work

standard for mix-used commercial projects.

b. Performance objective

10
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Quality has often been used as an alternative name for the
performance project objective. The quality characteristics will
depend on the requirements of product, such as specification
(including the standard of material and the method of installation),
basic safety requirements (which should match the standards issued

by supervisor), low operating and maintenance costs.

There is some evaluation system for the Quality system assessment.
As Baiburin [16] pointed out in his research report, quality system
assessment of the construction participant is generally carried out in
an expert way with the use of methods introduced in the Fuzzy Sets
Theory. He also analyzed the quality assessment system, which is

based on the differentiated, integrated or combined indexes.

In this regard, quality control system is usually issued by the
government with a series of principles and requirements, according
to which the clients and contractors will compile their own
experience for the key performance indicator. In A.l. Romanova’s
research [17], self-regulation is a favorable environment for doing
business, which is characterized by a reduction of administrative
barriers for business, and increase the role of the public and
professional associations, while ensuring quality control of products
(e.g. works, and services). According to the literature, the workflow

for the quality control can be revised in this research for the mix-used

commercial project, which is based on the BIM application in practice.

Time objective

In a common sense, the project progress is required to match the
development schedule. And all of the significant stages cannot be
later than the proposed original schedule. The risk of the progress
usually comes from the abnormal fluctuation of material price, such
as steel bar, concrete and so on. On the other hand, the in some
occasions, climatic issues and natural disasters may influence the

project progress, such as typhoon, earthquake, poor weather

11
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conditions, and so on.

The influential causes of delay investigated are also identified as
issues of: corruption, unavailability of utilities at site, inflation/price
increases in materials, lack of quality materials, late design and
design documents, slow delivery of materials, late in approving and
receiving of complete project work, poor site management and
performance, late release budget/funds, and ineffective project
planning and scheduling successively [18]. Therefore, how to use and
optimize a reasonable workflow for schedule management under

such complex conditions is one of the purpose of this study.

2.2.3 The relationship between the factors

Cost, quality and time are three key factors in the project management
process. Hence, the aim of a project manager must be to achieve success
in all aspects of the project. However, the triangle of objectives always
appears as conflicting matters in the practice of project management.
Mashwama studied the critical success factor for the reduction of cost of
poor quality in construction project. It reveals the cost of poor
quality.[19]. If quality is prioritised in the project management flow, the
cost shall be considered to reserve extra provisional, provided the time
maybe last for a longer period. If the cost budget must be controlled
during the whole project progress, the quality and the time shall be
controlled in the reasonable scope. For example, delay may cost more
because of intervening rises in materials prices, salaries and other cost.
On the other hand, the financing cost inevitably increases by any

associated delay of the construction process.

Therefore, how to combine the three important factors in a unified way
and balance the relationship between them must be considered in to the
revised workflow for the mix-used commercial project. Hence, the use of
BIM application as a recommended method in practice is investigated,
adopted and developed further for the specific reason of enhancing the

guality of the project management process.

12
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2.3 A Brief of Building Information Modelling (BIM)
BIM was considered as the file that is created by the use of three-dimensional (3-
D) computer-aided design (CAD) software programs. [B3] In reality, the most
important value of application of BIM is information and how it operates in an
information-based approach in practice. It reveals the data that can be used to
analyze and predict outcomes throughout different phases of the building
lifecycle. For example, in the design stage, it can illustrate the whole picture of
the building’s information including the dimension and the space as well. If the
cost information is input into the model, the cost-sensitive factors can be analyzed

by adjusting the design model.

2.3.1 The history of BIM
In 1975, "father of BIM" - Professor Chuck Eastman of Georgia Science and
Technology University created the BIM concept that is continuously
developed to the current date (W3). The research of BIM technology has
gone through three stages: 1) the germination stage, 2) the generation
stage, and 3) the development stage. The sprouted of the concept of BIM
was affected by the global oil crisisin 1973 (www.bimcn.org) . At the time,
the whole industry of the United States needed to consider improving the

efficiency of the industry. In 1975, Professor Eastman proposed "a
computer-based description of-a building" in its research topic "Building
Description System", in order to facilitate the realization of construction
workers. Process visualization and quantitative analysis improve the

efficiency of engineering construction process.

The beginning of design documentation was based on a 2D communication
platform [B3]. The designer draws the drawings by hand. With the
continuous development of computer technology, CAD instead of man-
made drawings, not only improved the efficiency of drawings, but also
improved the accuracy of drawings. The 2-D drawings consist of plan and
elevation views of the building with details, sections, and specifications.
The construction technology is dramatic developed in the last 30 years and
major shift is seen in the use of drawings and other assisted tools and

techniques. The design of architecture and buildings have, over the years,

13
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progressed to become more innovative with irregular shapes and building
configurations, which seemed impossible decades ago. However, there
remained some major gaps in information of 2D drawings among the
different majors, which also effects the project cost and the detail of
construction. Conversely, BIM (3D) reveals the detail of the building
construction to the extend it was far too complicated in architectural
design. Moreover, it also demonstrates the conflict between the different
majors and provides an information-based platform for all. When BIM
started to show its obvious advantages, some countries began to promote

the application of this technology in their practice.

2.3.2 The BIM policies in different countries

a. In 2006, the US military issued a research plan for application of BIM.
Soon after in 2007, the Academy of Architectural Sciences of American
(AASA) published The National Building Information Model Standard
(NBIMS). Consequently, the Building Smart Alliance took charge of the
application research of BIM. At the end of 2008, BSA had the IFC
standard, the standards of NBIMS and National CAD, and so on. In the
following year, Wisconsin became the first state to require BIM to build
public buildings.[20]

b. In the UK, a number of design and construction companies have jointly
established the "AEC (UK) BIM standard" project committee and set up
"AEC (UK) BIM Standard" as a recommended industry standard (B8). A
series of BIM standards have been issued since 2007 as the Tablel

(included but not limited).

BS 1192:2007 Collaborative production of architectural, engineering, and

construction information - Code of practice

-- AEC BIM Technology Protocol - Practical implementation of BIM

for the Architectural, Engineering and Construction industry

PAS1192-2 Specification for information management for the

capital/delivery phase of construction project using building

information modelling

14
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PAS1192-3 Specification for information management for the operational
phase of assets using building information modelling

PAS1192-4 Collaborative production of information, fulfilling employer's
information exchange requirements using COBie

PAS1192-5 Specification for security-minded building information
modelling, digital built environments and smart asset
management

PAS1192-6 Specification for collaborative sharing and use of structured
health and safety information using BIM

ISO19650 Organization and digitization of information about buildings

and civil engineering works, including building information

modelling(BIM)

Tab.1 — BIM standard in UK (Source: adapted from www.bsigroup.com)

C.

These standards define the relevant processes and requirements of the
BIM applications, and make good explanations in information
requirements, exchange, use and other aspects in order to reduce
construction waste and improve construction efficiency. For example,
BS 1192:2007 promotes the avoidance of wasteful activities, such as
waiting and searching for information, over-production of information
with no defined use, over-processing information, simply because the
technology can, and defects, caused by poor co-ordination across the

graphical and non-graphical data set, which require rework [B4].

In 2010, Norway proposed the standard for 2010 Implementation of
support for IFD Library in an IFC model. The data based on IFC model
exchange had been given and the Information Delivery Manual-IDM
standard project had been carried out (B8). The research mainly solves
the information exchange requirement of various tasks in the project

management.

. The government of Singapore started the construction information

project CORENET (Construction and Real Estate NETwork) as early as

15



BIM Application to Enhance the Quality of Project Management
For Building Owners and Developers

1995, with the aim of linking up the trivial business of the building
industry to form a new building system to improve the quality and
productivity of the project. In 2000, the Singapore government actively
developed the e-Plan Check of the CORENET project on the basis of its
existing work to provide automatic checking of IFC drawings. In 2003,
the integrated building planning system IBP (Integrated Building Plan)
was developed. In 2004, the integrated building service system IBS
(Integrated Building Services) was completed. In 2005, the system was
successfully implemented by testing, organizing academic conferences,
encouraging the use of BIM design methods economically, providing

training for the new system, tracking and service in the BIM project.

. The standard of Japanese construction field information is CALS/EC
(Continuous Acquisition and Lifecycle Support/ Electronic Commerce)
standard. The main contents include network release of project
information, electronic bidding, electronic signing, electronic
submission of design and construction information, and reuse of
process information in the use and maintenance stage, the application

of the performance database of the projectB8.

. BIM in China (including Hong Kong) started relatively late, but
developed rapidly. From 1998 to 2000, there were some construction
accidents caused by non-standard, which caused public concern about
building quality. Taking this opportunity, the application of BIM and
information technology in Hong Kong construction industry has
gradually developed (B8).

The 2001 CIRC report revealed that IT can help improve the efficiency
of the construction industry by changing the behavior of the
engineering participants (B8), enhancing the design ability and
strengthening the information flow of the engineering logistics, and
recommends that the construction industry should give priority to the
establishment of general standards and study the common data base

so as to facilitate the seamless communication of electronic data.
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In June 2002, Hong Kong environmental transport and Engineering
Bureau issued an advisory report on the environmental sustainability
design ESD (Environmentally Sustainable Design), which aims to provide
services for the communication and information sharing of different
participants electronically in the implementation phase of the project
(B8). In 2005, the Hong Kong environmental transport and Engineering
Bureau arranged the implementation steps of the standards for public
engineering data, including a series of implementation steps, such as
funds, basic equipment, public engineering data standards, supporting
software, and service platform software, WPCP, which were produced
in accordance with the standards of public engineering data. In 2006,
the Housing Department of Hong Kong developed HOMES, an
enterprise's internal management system, and then applied BIM
technology in 2009 (B8). As the time pass by, there are some
specification issued by the government, such as BIM Project
Specification (HK Institute of Building Information Modelling,
revision3.0, June 2011), CIC Building Information Modelling Standards
(HK Construction Industry Council, September 2015 ) , Building
Information Modelling for Asset Management (BIM-AM) Standards and
Guidelines (Electrical and Mechanical Services Department, November

2017), and so on.

The application of BIM technology in China has been developing rapidly
in 2016. Influenced by the overall demand of the reform and
development of the developed countries and the construction industry,
BIM technology is gradually popularized in the field of construction
engineering (B8). Most of the provincial governments have also
introduced relevant BIM policies. Some provinces have already started
the marketing and popularization of BIM technology under the
promotion of the government, association and enterprises. The above

contents are shown in Table 2 below.
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Region Organization General Objective

Improve the informatization level of the construction
industry in an all-round way, and strive to enhance
Ministry of Housing and Urban- the BIM gnd .other |nformat|on technology |ntegr§tlon
- and application capabilities to reach the international

Rural Development . .
advanced level of construction enterprises and
construction information technology enterprises with
key independent intellectual property rights

Urban-rural Construction

Tian Jin Promotion the BIM technology in Tianjin

Committee
Promote scientific urban planning, orderly
construction, intensive development, efficient
. . operation and fine management, and strive to build a
Jiangsu Province Government

modern city full of vitality, beautiful and livable
environment, distinctive culture and social harmony
and civilization
For guiding and standardizing the application of
building information modelling technology in
Department of Housing and Urban- | construction projects, promoting the development of
Rural Development information technology in construction projects, the
quality and safety assurance, and improving the
return on investment
Establish the policies and standard system to
Department of Housing and Urban- |match the requirements of BIM technology., and the
Rural Development application for lifecylcle mangement of project
based on BIM Technology by the end of 2017
BIM technology will be fully applied in projects, and
BIM technology will be popularized in planning,
Department of Housing and Urban-| investigation, design, supervision, construction,
Rural Development general contractor of projects, real estate
development and other enterprises by the end of
2020
Improving the application policy and market
environment of BIM technology, enhancing the ability
and level of employee enterprises and personnel to
apply BIM technology in project, and becoming a
leader and world-class BIM technology
comprehensive application demonstration city in
China

Zhejiang Province

Shandong Province

Hu'nan Province

Urban-rural Construction

Shanghai Committee

Tab.2 — BIM policies in China (Source: adapted from http://www.mohurd.gov.cn/)

2.4 Current situation of BIM applications
2.4.1 Visualization
Visualization is the form of "what you see". A model can show the scheme
design. And it can also demonstrate the reality which will be constructed
in the site. For the construction industry, the application of visualization in
the AEC (Architecture, Engineering, and Construction) industry is widely
recognized and used. This includes on the basis that the information of
each component is expressed on the drawings with lines and other
visualization tools. But the reality of construction requires the participants'
imagination and their experience in mind. For the simple form of the

building, people can easily image. But in recent years, the architectural
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forms of the building are complex. Therefore, BIM provides a visual idea

to make the information in front of people.

Jupp has compared the traditional method with 4D BIM for schedule
management [21]. Similarly, Rolfsen explores how 4D BIM, as a new
method of visualization, compares to other pre-existing forms of
visualization like bar- and flowline-charts [22]. His research points out that
four-dimensional BIM was acknowledged as a powerful visualization tool.
And it was at the same time perceived as difficult to use because of the
practitioners cannot be succeed in increasing their IT capabilities.
Therefore, in this paper, we will try to revise the traditional project
management workflow and formulate corresponding BIM application
requirements, so that participants can understand the standards and
methods of BIM application, so as to improve the quality and efficiency of

project management.

Coordination

This aspect is the key content in AEC industry, including all of the
stakeholders such as the owners, the contractors, the consultants and so
on. In this regard, the project manager should coordinate the relevant
participants to solve the conflict. The BIM application can help deal with
this problem as a information-tool for coordination between multiple
stakeholders. Therefore, BIM can coordinate the major collision problems
at the early stage and create the coordinated data on those given basis.
However, the role of BIM is not only a solution to the collision problem
between the various contractor, but also can solve the design problems
such as the coordination of the fire zone and other design arrangements,

the underground drainage arrangement and the other design layout.

Simulation

The anticipation of project progress is not the only application of BIM
simulation. In all of the perspective of the project management, the
simulation can be used to the lifecycle of the project. In the period of

concept design, BIM can help to conduct a set of building simulation and
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assessments, including the environment and landscaping, and the building
form simulation. This can help the design team members and project
owners to make the decision of the development. Jupp explores how
environmental planning and management can be support by 4D
capabilities [21]. She points out that effective environmental planning and
management presents a range of process and informational challenges to
project participants. The facets, included communications, information
flows, difficulties in identifying and monitoring interdependences
between environmental management plans and so on, are the gaps. She
also establishes the 4D BIM workflow to support environmental planning
and management. This research will make a specification for identifying
the standard of application of 4D BIM for the view of the client in the initial

stage of construction.

When the concept design has been confirmed, the construction drawing
for the detail of construction would be simulation for the consultant of
guantity surveyor (QS), whom can provide a clearer and more
comprehensive overview for the unit of rate in the tender documents. The
more detail is revealed in the tender document, the less claim will happen
in the construction period. Therefore, in the construction stage, 4D
simulation (3D model plus project schedule) can be carried out based on
the construction organization, design and simulate the actual construction
situation, so that the reasonable construction progress can advise the
project management. In Peru, Murguia [23] held a workshop to assess the
improvement in understanding of the construction flow when 4D models
are used with undergraduate students. In this statistical analysis, students
improved their understanding of the construction flow significantly by
using 4D models, achieving results superior to those afforded by
traditional tools, such as drawings or spreadsheet schedules [24].
Therefore, from this study, we can imagine that the site construction
workers will have a more intuitive understanding of the construction
process and requirements through 4D BIM application, and will have a
significant improvement in the quality and efficiency of project

management.
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2.4.5

On the other hand, in recent years there are some 5D BIM application
cases. SOHO China has done some testing in Bund SOHO project (situated
in Shanghai, China). All the project team work together to share
information, and increase the cost because of information communication
is not timely, repetitive, errors brought about by rework and other losses,
so as to enhance the project's production efficiency, improve the quality
of construction projects, shorten the construction period, reduce
construction costs, to promote the quality and efficiency of work
improved significantly. [25] In Chapter 4, this will be discussed more
thoroughly on the common data environment (CDE) to match the
requirements of all participants in the same data environment for
information exchange and application, and to avoid erroneous decision-
making in project management due to gaps in communication and

information transmission.

Optimization

In each stage of the project, BIM application can optimize the design and
the construction processing of the construction through the visualization
and simulation. In the same case with SOHO China, the design has been
revised according to the clash detection. According to the visualization
modelling and the information of the price in each element, the project
manager can easily have the common sense of the cost controlling.
Therefore, the project manager can also adjust the processing of the
construction with efficient method so that the schedule can be under

control.

In this research, the foremost objective will be focused on methods that
are proposed to optimize the workflow of cost control, schedule

supervision and quality control with BIM application.

Parameterization
The most important fraction of the BIM is the use and availability of

information to multiple stakeholders of the project. From the practical
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experience of the researcher, the experience of project management can
be accumulated with the data of the BIM application. This means, the
same type of the project can be arranged with the similar method. The
basic data of the BIM can be classified in product family information. So
we call it parameterization. The element of modelling can be
parameterized so that the data base will be established and used more
and more friendly. In this regard, the data can be accumulated for the
company for further processing and application. Project manager would
collect the information and analysis the standard of modelling. Thereafter,
the company can establish the parameter resource database. When a new
development project is set up, the database can help the high efficient

collaboration in the process of the project management.

Consequently, in 2016, Housing construction department issued Outline
of Development of Construction Industry Information (2016-2020) (W4).
The document clearly pointed out that we should actively push the
"Internet +", the transformation and upgrading of the construction
industry, focusing on promoting BIM technology. In recent vyears,
government departments have issued a number of BIM-related promotion
policies, which include not only the policy requirements of BIM technology
promotion, but also the project promotion objectives and technical

guidance for the project lifecycle of BIM application.

2.5 Specific Guidance Issued by British Standards Institute (BSI)

The Publicly Available Specification (PAS) was sponsored by the Construction

Industry Council and its development was facilitated by the British Standards

Institute (BSI) Standards Limited and published under license from BSI (source:

https://www.bsigroup.com/). This research attains some guidance and concept

from BSI. The following sections highlight specific guidance issued by BSI.

2.5.1 PAS 1192-2(2013) [B4]
{ Specification for information management for the capital/delivery

phase of construction project using building information modelling)
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(Hereinafter referred to as PAS1192-2) [B4]. The main content of the

PAS1192-2 shows the conception of the anticipation of the BIM application.

PAS1192-2 provides specific guidance for the information management
requirements associated with projects delivered using BIM. And it
describes the BIM maturity levels and requirements of information

delivery.

a. BIM maturity levels
Figure 2 illustrates the main elements of the various stages of the BIM
technology development process, as well as the expected of the BIM.
From the earliest CAD two-dimensional drawings to reflect building
information and the current stage of 3D model, it is a qualitative leap.
After establishing the basic information data of BIM, the usage and
exchange of information began to have a standard definition and

requirements.
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Fig. 2 — BIM maturity levels
Source: adapted from PAS 1192-2:2013, Page VII

b. The information delivery cycle
Figure 3 shows the information delivery and project management
cycle. The BLUE cycle describes the generic process of identifying a
project need, procuring and awarding a contract, mobilizing a

supplier and generating production information and asset
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information relevant to the need. This cycle is followed for every

aspect of a project shown in GREEN.
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Fig.3 - Information delivery cycle
Source: adapted from PAS 1192-2:2013, Page VIII

¢. Fundamental principles of level 2 information modelling
The specification explains the details of modelling system. There shall
have provision of a clear definition of the EIR and key decision points.
Employer should evaluate the proposed approach, capability and
capacity of each supplier before the contract awarded. A BIM
execution plan shall be developed by the contractor. All of the
information should be stored and shared in one single environment.
Therefore, the asset data and information need to be produced, used,

and maintained in this system.

d. Contents of the employer’s information requirements (EIR)
Some contents from PAS1192-2 for the research are shown as the
followings. The target of specifications in Chapter 4 are brought out
to be consistent with these requirements, levels of detail (e.g.
requirements for information submissions at defined project stages).

This is needed to populate the Model Production and Delivery Table
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2.5.3

required under the protocol), training requirements, planning of
work and data segregation (requirements for bidder’s proposals for
the management of the modelling process), Co-ordination and clash
detection (requirements for bidders proposals for the management
of the co-ordination process), collaboration process (requirements
for bidders’ proposals for management of the collaboration process),
a schedule of any specific information to be either excluded or
included from information models, a schedule of any software
formats, including version numbers (that shall be used by the supply
chain to deliver the project), exchange of information (alignment of
information exchanges, work stages, purpose and required formats),

clients’ strategic purposes.

e. Common data environment
Figure4 shows the extending common data environment (CDE). In
Chapter 4, the requirements and workflow of CDE will be carried out

for the research.

PAS 1192-3 (2014) [B5]

{Specification for information management for the operational phase of
assets using building information modelling) (hereinafter referred to as
PAS1192-3). PAS1192-3 is a companion document of PAS1192-2. The

relationship between these two specifications can be seen from Figure 5.

PAS 1192-6 (2018)

{Specification for collaborative sharing and use of structured health and
safety information using BIM) (hereinafter referred to as PAS1192-6). The
safety management is one of the most important aspects. PAS1192-6
provides guidance on how H&S information is produced, slows and can be

used throughout the project and asset lifecycle [B6].

Risk can be identified earlier using information models, and controlled
better by using models. PAS1192-6 defines harm, hazard, risk, and so on.
One of the key content of PAS1192-6 is health and safety information
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management, which should be defined, used, shared and summarized
within wider community. In the lifecycle of project management, all of the
participants should share their experiences in the same CDE to improve

health and safety management.
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2.5.4 1S0O 19650 (2018)

{ Organization and digitization of information about buildings and civil
engineering works, including building information modelling(BIM) )
(hereinafter referred to as 1SO019650, W5) divides into two parts: Partl
Concepts and principles; Part2 Delivery phase of the assets. ISO19650 is
applicable to the life cycle of building asset.

The specification focus on the information management process of asset
delivery phase. First, the information receiver shall consider the
information requirement, schedule of delivery and the standard of
information among all of participants. At the same time, receiver shall
establish the common data environment. Then receiver shall confirm the
information requirement of asset, the implement plan and delivery plan.
Collaborative production of information and information model delivery is
the most important step for all of participants. After the project closeout,
the executor shall evaluate the implementation effect of the whole

process and capture lessons learned for future projects.

2.6 Guidance issued by MOHURD (China)

Influenced by the new technology innovation of the construction industry in
developed countries, BIM technology has been rapidly developed and used in
China's domestic construction field. First, Ministry of Housing and Urban-Rural
Development of the People’s Republic of China (MOHURD) issued the ‘Outline of
Construction Information Development 2016-2020’ (W4). In this document, it is
clearly pointed out that the five major information technologies, including BIM
technology, should be promoted. Subsequently, MOHURD issued another
document, a standard of BIM application, hereinafter referred to as GBT51212,
W4). GBT51212 identifies basic requirements of BIM, BIM model structure and

extension, data interoperability and BIM applications.

After that, MOHURD issued ‘Guidance on promoting the application of building
information modelling’. The guidance illustrates the principle of BIM application
for the project management. It also explains the role of the participants of

projects and the key point of works. According to the investigation, the number

28



BIM Application to Enhance the Quality of Project Management
For Building Owners and Developers

of projects which have used BIM technology reached the amount of 423 between
2015 and 2016 in Shanghai. And the Department of Urban-rural Construction
Committee of Shanghai had published a series specification for BIM applications
by the end of 2016. They include but not limited as the followings: “Application
standard of building information modelling, Technical standard for building
information modelling of urban rail transit, Delivery standard for building
information modelling of urban rail transit, Application standard for building

information modelling of road and bridge”. (Source: http://zjw.sh.gov.cn/)

With the experience’s accumulation of the application of BIM, the government of
Shanghai continued to launch the guidance and training for the professional
personnel. Figure 6 shows the number of project using BIM technology in 2016.

Figure 7 reveals the type of project using BIM technology.
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Fig.6- Type of project Fig.7- Type of project using BIM
Source: Architecture Science and Source: Architecture Science and
Technology’ (WeChat, 215 Sep, Technology’ (WeChat, 215t Sep, 2017)
2017)[W1] [W1]

Although the specifications in China have been issued by the government for
several years, the requirements and the objectives of BIM applications cannot be
described clearly for the participants. The details of modelling standards are still
not nominated and appointed. On the contrary, the objectives and requirements
are definitely described due to the standards published by BSI of UK. And the data
environment is also clearly defined in those standards. After comparing the
standards between China and UK, PAS shows more detail in specifications. But
both of them are the guiding principles. The specifications must be a guidance to
all participants and should be easily acceptable and implemented. So in this

research, the creation of the specifications for BIM applications will refer to BSI
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standard. And the Chinese policies will not be ignored.

Applications of BIM

Table 3 reveals the application contents of BIM in Shanghai. It is obvious that
visualization and aided design are still the main application points at the
contemporary. Factors, such as conflict detection, model building and virtual
roaming are the dominant applications. Table 4 shows the application of software
including the domestic and international productions in Shanghai. The above data
excerpt from ‘Application and development report of building information

modeling technology in Shanghai (2017)’. (Source: http://zjw.sh.gov.cn/)

Conflict detection and pipeline integration 65%
Setting up the modelling 65%
Plan/Elevation/Section inspection 61%
Virtual Roaming 56%
Shop drawing design 49%
Space optimization 46%
Quantities calculation 44%
Simulation of construction scheme 43%
Comparison of schedule 40%
Comparison of design scheme 37%
Quality and safety management 32%
Analysis of site 32%
Facilities management 27%
Completion modelling 19%
Operation system 6%

Asset management 5%

Tab.3- Applications of BIM in Shanghai
Source: Application and development report of building
information modeling technology in Shanghai (2017)

Revit 83.9% Project Wise 23.2%
Navisworks 67.9% Civil 3D 23.2%
Tekla 46.4% PKPM 21.4%




BIM Application to Enhance the Quality of Project Management
For Building Owners and Developers

3DS Max 44.6% Ecotect 17.9%
Autodesk 360 39.3% Catia 17.9%
Sketchup 37.5% Bently 12.5%
Luban (23F) 35.7% Archibus 8.9%
Rhino 30.4% iTwo 7.4%
Glodon (J BfIX) 28.6% Vico 5.4%
ArchiCAD 25% Micro Station 5.4%

Tab.4- Applications of software in Shanghai
Source: adapted from “Application and development report of building
information modeling technology in Shanghai” (2017)

2.8 Investigation of Contemporary Practice

In Chinese AEC industry, many enterprises are actively trying to apply BIM, and

some of them have achieved good results. This section will introduce the current

BIM application in Chinese AEC industry from the perspective of developers and

BIM application platform.

2.8.1 Example of ‘Wanda Group’
‘Wanda Group’ is a commercial property holding and management
company in the world. By the end of 2017, 235 Wanda Squares had
opened with a property area of 31.51 million square meters and an annual
passenger flow of 3.19 billion people. Wanda Group has begun to explore
and research the application of BIM since 2014. And Wanda Business
Planning Research Institute and University of Nottingham signed the BIM
cooperative R&D strategic agreement on 18" August, 2017. Through
resource sharing, the two sides intend to jointly promote BIM technology
application, BIM standard establishment, BIM manpower certification and

other international cooperation issues [W1].

2.8.2 Example of ‘SOHO China’
Founded in 1995 by Chairman Pan Shiyi and CEO Zhang Xin, SOHO China
focuses on developing and holding high-profile branded commercial
properties in Beijing and Shanghai. The Company rolled out high-quality,
innovative products in prime locations and translated the innovative

designs into iconic real estate which possesses strong appeal to property
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investors and the local businesses and customer bases [W2].

SOHO China began to use BIM for the construction from 2010. Many SOHO
projects are designed by Zaha Hadid, such as the Galaxy SOHO in Beijing
and the Sky SOHO in Shanghai. Zaha is famous for its curves. In the
construction process, the conventional measurement and design methods
have more difficulties for curved buildings, so the 3D modelling method

had been adopted.

The author of this research study has previously participated the projects
of SOHO in Shanghai. The role of author was the coordinator for BIM
application. The main responsibility was to coordinate the application of
BIM from the design point of view by the project participants under the
agreed principles. At the same time, in the Bund SOHO project, the
cooperation with Revolution Im Bauwesen (RIB) to carry out some
application tests. At the beginning of the test, the work involved detailed
communication with RIB to investigate the needs of various departments
in the project management process, including design department, cost
control department, PM department, etc. After the investigation of the

requirements, cooperative research was carried out to achieve the

requirements between the BIM consultant (RIB) and the quantity surveyor.

In the subsequent work, through further investigation and understanding

of the requirements the new software functions were developed.

In the requirement of calculating the building area, because the
calculation method of the software does not match the Chinese
specifications, the data calculated by the model during the test process is
different from the actual area. The requirement has not been perfectly
solved. The quantities measurement had been calculated by the software

based on the modelling. The test is for the concrete of the basement.

Example pf ‘BIM Building Data Technology Co., Ltd.
It was established in 2011. The company is focused on the R&D, sales and

life cycle BIM consulting services of construction software, the company
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has successfully implemented more than 100 projects in the commercial

fields, municipal bridges, rail transit, smart cities (parks).

Building data integration platform (BDIP) is one of the productions of this
company. The platform has accumulated rich experience in the application
of the modelling. The model can be light weight to facilitate quick
browsing and application. The advantage is that you don't need
professional modeling software to communicate and discuss the project
by reading the model in the browser of the platform. At the same time, it
can also meet the needs of roaming, and simulate walking in the modelling
to help design and determine the rationality of space size, including the
optimum use of various types of space. It can measure the size of the
model conveniently and quickly. Design conflict and collision detection are
also important functions of the platform, and design modifications can be
made more efficiently by sharing this kind of information to all of the

participants.

Through the application of knowledge, collaboration, project, schedule
and other modules, the platform integrates the unified management of
information in the project, the management of collaborative

communication, and the management of project tasks on the platform.

2.9 Unified Modeling
In this research, the user case diagram and class diagram is shown as the

followings:
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Fig.8- User case diagram (Source: Author’s own)

Figure 8 illustrates the relationship between all of users in the project. The
developer’s team should be the administrator and focus on the access authority

of participants. The information must be authorized by administrator and input

into CDE.
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Fig.9- Class diagram (Source: Author's own)

The class diagram shows the contents of project management and specifications
which would be established in this research. The information come out from CDE

will be combined with the revised workflows.
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2.10 Conclusions

Based on the study of traditional project management literature and the author's
construction experience in China's construction market, the research and
applications of BIM in Chinese construction market are investigated thoroughly in
line to identifying the gaps in both research and practice. It is evident that the
application of BIM in Chinese construction market is preliminarily understood.
Nevertheless, s optimistic and positive attitudes towards the application of
improving the level of project management in a green sign for the BIM application

in practice.

Specification will guide the application of BIM, and project participants can
gradually understand and accept these concepts, and use BIM as a tool to assist
project management in design, construction and other aspects. According to the
literature mentioned above, the researchers mainly focus on BIM applications,
but have not established or explained the application specifications and
requirements. At the same time, the research has not defined the depth of the
model for different majors. On the other hand, the researchers do not integrate
project management processes with BIM applications. Therefore, in order to
optimize the workflow of project management, this study will combine the
traditional project management workflow, according to the appropriate principle;

establish BIM application specifications and the level of detail (LOD) for models.

Following the research of the literature and standards, the methodology of this
dissertation will be introduced in Chapter 3. By researching and summarizing the
traditional workflow of project management, the research will define the
objectives and methods of BIM applications due to BSI standards, and optimize
the workflows. According to advantage of BIM and combined with the
applications, the client can improve the quality of project management, which is

also the aim of this study.
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Chapter 3 Methodology

3.1 Introduction
This chapter examines the methods taken to efficiently research the chosen
research topic and how the whole of the report is going to be conducted from the
beginning to completion. It is necessary to find out what is already known of BIM
applications and a clear outline of why we are interested in undertaking the study

on the revised workflow for the project management combined with BIM.

A detail description of the traditional method and workflow of project
management was obtained at the start of the research. Whilst, we try to establish
the specification of BIM applications based on the significant factors of project
management. Then, according to the basic information collected and the previous
research results, the traditional work flow of cost, schedule and quality in project

management is revised in order to improve the quality of project management.

The research method is to analyze the traditional management process of mixed
use commercial projects and find the useful applications of BIM. Then, according
to the BIM specification, the reasonable and executable BIM application
requirements are formulated, and the workflows of project management are
optimized. In order to have a successful method for the research, it is helpful to
make a flow chart that illustrates the step-by-step process for conducting the

report.
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3.2 Flow chart

Figure 10 demonstrates the methodology of this research.

3 Step 1 - . Step 2 p Step 2
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Case study

BIM appleations E> Data Collection |:C> _ .
Specications of
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C—

Fig.10- Methodology of research (Source: Author’s own)

il

The proposed flow chart is divided into three parts: 1) Traditional workflow
analysis, 2) specification of BIM applications, and 3) BIM+workflow for the project

management (Figure 11)

Although the name of aspects in project management remain the same as
traditional one, the contents of new workflow is optimized and illustrated in
Chapter 4.
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Fig.11- Flow chart of methodology (Source: Author's own)
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3.3 Research methodology

This section will illustrate the method of conducting the study from start to finish.

3.3.1

3.3.2

3.3.3

Conducting literature review

To begin the research an extensive literature review needs to take place
using journals, books, specifications issued by the governments and so on.
This could be useful to understand the current BIM applications and the
point views of developer in project management. The standards and
specifications cannot be ignored at the same time. The review will provide
a detailed analysis for key contents of project management and status of

BIM applications.

Data collection

In this research, 4 types of data would be collected for the study:

a. Main applications of BIM in AEC industry.

b. Traditional workflow of project management in construction period.

c. Specifications issued by BSI; the elements of different majors in
construction period for modeling.

d. The actual data of the case for testing the new workflow of project
management.

The establishment of specifications is based on the investigation of BIM

applications. The research could find out the limitations of traditional

workflows and combine the BIM applications with the workflow. The

testing of new workflow will illustrate the advantage of the research. At

the same time, the limitation of new workflow will be found for the future

research.

Data analysis and case study

According to the literature review and the questionnaire, BIM applications
in construction stage can be conducted. On the other hand, by analyzing
the key points of project management, the research try to find out the
main BIM applications for project management, which can be useful to
enhance the quality of project management.In case study, the traditional
workflow of project management in construction period would be

introduced. It is also linked to the key points of PM( cost, schedule, quality,
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safety). The research would reveals the concept of reducing cost, schedule

controlling and so on.

The literature review will illustrates the specifications issued by different
countries. The research will analyze the concept of BSI. At the same time,
the contents of different major’s elements for modeling can be carried out
from the case. The BIM applications will be introduced with the traditional
workflow after the analysis. The aim of this research will be carried out in
Chapter4. The new workflow of project management, combined with the
BIM applications, would be created for the key performance in project
management. The testing will be illustrated in case study. A tender
processing of general contractor for the preservation project will use the
new workflow. The research will analyze the result of the new workflow in
enhancing the quality of tender procedure. Advantage and limitation of
this research would be analyzed after the case study: finding out the
advantages of the new workflow for application in project management,
trying to think about the solution as the objectives of the future research

through the limitations.

Research techniques
The research techniques of this study are developed based on the provided
generic training and requirements of the project research. Figure 12 shows

the main techniques in this research.
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Main Appimhom of B}M _[ Questionnaira ]_l WeChat ‘

Data Collection = Tradifional workflow _[ Investigation ]—[ Microsofe-Visio J

| Wachat J
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( S
Ravit |
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| Microsoft-\isio
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Case study

Fig.12- Technique (Source: Author’s own)
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3.3.5

3.3.6

At first, the study utilises information obtained from the literature in the
initial stage of this research. It usually get the information from website
such as Scopus, JSTOR, ProQuest and so on.

A questionnaire was created in WeChat APP (a widely-used social media
platform in China) for collecting the BIM applications in middle 2018 in
Shanghai, China. Some interviews between researcher and the
interviewees are also based on this software.

The software Visio (2016) helps the workflow presentation. The modeling
was made by Revit, Recap, AutoCAD.

The traditional workflow of project management is conducted by the
working experience of the researcher, which is supported by in-depth

assessment of the case study research.

The traditional workflow of PM

As discussed in Chapter 2, the significant facets of project management
include cost, time, quality and safety. Pursuing profit is one of the
important objectives of developers. The cost and timetable are the core

components and the quality and safety cannot be ignored.

The detail of these four factors will be intensive studied in Chapter 4. The
matching workflow will be summarized and discussed according to a

completed mix-used commercial project.

Specification of BIM

According to combing the BSI specifications and Chinese local ones, three

practice manual will be formulated in Chapter 4 as following gist.

a. Employer’s Information Requirement (EIR)
In this research, the EIR will be identified according to the research of
BIM applications and the requirements of project management. At
present, some applications are still in the experimental stage, such as
the measurement of quantity based on FIDCI mode. Because of the
quality of the model cannot match the automatic measurement, so

the requirements should be identified more reasonably.
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3.3.7

b. Common Data Environment (CDE)
It is obvious that all project stakeholders must communicate based on
the same information, whichever the information is. So that the
discussion and decision would be efficient and timely. BIM
applications, especially models, should be based on a unified data
environment in which participants can obtain the same information in
time, even if the information of the project is changing with the
progress of the project. Therefore, appropriate workflow and uniform
data environment requirements are more important. This research
will follow this principle and try to create basic requirements and

workflow.

c. Contents of BIM specifications for main majors
Many researchers realize that the specification of models needs to be
defined at the initial stage of application, in order to facilitate the
participants to understand the application standards and
requirements. Manuele Cassano has describe the LOD standardization
for construction site elements. [26] The research reveals that the
development of a construction site information model during the
different phases of a building project expressed the need to model
also construction elements in different levels of detail according to the
phase in which the model is used. In the research, it will illustrate the
specification with scope of work, deliverables, quality assurance and

guality control for model, hardware and software requirements.

Revised workflow with BIM applications

Some researchers give the detail about the workflow of BIM application.
Julie Jupp illustrates the workflow of 4D BIM to support environmental
planning and management. [21] Fig 13 shows 8 steps for the workflow:
develop the model, study the budget of construction, develop the 4D
model, research the critical path of construction, clash detection,
represent the environment impact, 4D simulate and identify the

unforeseen impacts of construction, monitor on site.
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We can find out that the workflow of PM was ignored in Jupp’s research.
As introduced in section 3.1, we will combine the traditional workflow
conducting in Chapter 4 with the specifications illustrates above. This is

also one of the objectives in this research.
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Fig.13- 4D BIM workflow (Source: [21])

3.3.8 Information collection

To obtain the necessary information, a questionnaire consisting of 2 parts
was prepared. In the first part, the role of participants in construction was
asked, as well as the years of service. And the second part is to understand
the interviewee's views on BIM application. Finally, this questionnaire was
administered face to face to 5 project participants employed. According

this questionnaire, the research will understand the best combination
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point of BIM application and traditional project m