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Abstract

Construction Project Management (CPM) is a vast and complex discipline in Architecture, Engineering and
Construction industry. The virtue of complexity in construction projects demands extensive research and ef-
forts in formulate new organizational structures, techniques and other important methods towards the efficient
management of construction activities. Moreover, there is a pressing need to devise new ways to integrate the
construction management disciplines into Building Information Modeling (BIM) as BIM holds the key to the
future of seamless interaction of the various participants in a construction project. One such innovation comes
with the introduction of Integrated Project Delivery. This is geared towards integration of people, resources and
business practices that can translate into a more efficient version of the existing ones.

As a part of ongoing research, this Master thesis aims to integrate the Cost Schedule Information and Time
Schedule Information with BIM since these are deemed to be one of the most challenging and dynamic aspects
in construction project management. In an attempt to achieve successful integration, two methodologies were
designed to add Time Schedule Information and Cost Schedule Information separately to the generated open
BIM models. From the two methodologies adopted, no difficulties were recorded in the model generation phase
of 3D,4D and 5D data. However, there were limitations in 4D and 5D models in terms of exporting the model
data in the open BIM format. Ultimately, it was found that the Model Definition View and the software’s
compatibility in mapping MVD with the existing 4D or 5D data in software’s are crucial in successful generation
of 4D and 5D models in open BIM format.
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1 Introduction

In the beginning of 1950’s project management came into picture to use it on large defense projects at first
time[20]. Later on, small and large scale industries adopted the methodology project management. The com-
plexities of construction projects always demand new organizational structures, techniques and procurement
methods to manage the construction works.

The Architecture, Engineering, Construction/Facility Maintenance (AEC/FM) industry is fragmented due to the
many participants and stages involved in construction projects. Program Evaluation and Review Technique, the
Critical Path Method technique gave great control over construction projects to managers. Later the AEC/FM
industry started using traditional procurement methods and information technology in the construction process.
It increase the quality of work and reduced documentation errors. But these methods failed to increase labor
efficiency and decrease productivity problems. According to statistics, 70 percent of construction projects are
over budget and delivered late[21].

Recently, a new method called Integrated Project Delivery(IPD) is used to manage projects in the AEC/FM
industry. This method aims to integrate people, systems, business structures and practices into a process that
collaboratively harnesses the talents and insights of all participants to optimize project results, increase value
to the owner, reduce waste, and maximize efficiency through all phases of design, fabrication, and construction.
To achieve this goals, IPD is adopting another new process called Building Information Modeling.

Building Information Modeling (BIM) is process of identifying players, their requirements, deliverable’s with
the help of distinctive layers of analysis with interaction of policy and technology fields, generating the building
data which have ability to perform tasks and managing it in a usable digital format throughout the life cycle
of a built artefact. Therefore, this work explores current project management methods and BIM. It proposes
Open-BIM methodology for Construction Project Management (CPM).

The thesis is structured as follows:

The first chapter provides an introduction to project management, organizational structures and the different
stages involved in CPM according to standard and local protocols, project delivery methods and case studies.
The case studies and literature review on CPM are elaborated. In addition to this problem statement, possible
solution is proposed for thesis work. It further explains the thesis objectives and conclusion statements for each
chapter.

The second chapter gives a brief introduction to BIM and the Industry Foundation Classes(IFC) frame work. It
also explains Open-BIM data models.

The third chapter addresses information required to develop Open-BIM data model and explains logical rela-
tionships between them.

The fourth chapter describes the methodology to integrate project management parameters into BIM architec-
tural models and to implement this methodology using BIM tools.

The fifth chapter lists and describes the results of the thesis. Especially, it focuses on interoperability problems
between different BIM tools to share information between them.

The sixth chapter concludes the thesis work and summarizes the result.

1.1 Construction Project Management

The aim of this section is to present the main concepts related to Construction Project Management. First,
the definition of Construction Project Management is given. Life cycle of construction project management is
discussed. Moreover, the other sections are dedicated to the traditional project delivery methods and innovative
project delivery methods and its differences. Finally, the possibilities and challenges related to CPM with BIM
are presented.



1.1.1 Definition

The term project management or construction project management has various definitions depends on the nature
and type of project. Irrespectively, project management is management of a project from its inception stage to
demolition stage. Some well known definitions are listed as follows.

“The project management is the application of knowledge, skills, tools, and techniques to project activities to
meet project requirements”[11].

“The planning, co-ordination and control of a project from conception to completion (including commissioning)
on behalf of a client requiring the identification of the client’s objectives in terms of utility, function, quality, time
and cost, and the establishment of relationships between resources, integrating, monitoring and controlling the
contributors to the project and their output, and evaluating and selecting alternatives in pursuit of the client’s
satisfaction with the project outcome.”[27].

1.1.2 Life cycle of construction project management

The project considers specific activities for the completion of construction projects. The activities take or place
in the project will vary widely from project to project. So, every project needs fundamental structure to manage
the whole project irrespectively of specific work involved. This can be achieved by project life cycle methodologies.

A life cycle of construction project management is “a collection of generally sequential project phases whose
name and number are determined by the control needs of the organization or organizations involved in the
project. A life cycle can be documented with a methodology”[25].

The project life cycle is categorized into phases or stages. This depends upon project size, type, risk...etc. Stages
are sub divided into sub stages. The following section provides the information regarding the stages of project
life cycle.

1. Project Stage

For the purposes of developing a basis for subsequent definitions of roles, it is important to develop a termi-
nological structure for the names of distinctive stages through which a project typically progresses. This will
enable participants’ roles to be developed in relation to the output of each stage. Project stages are “a collection
of logically related project activities, usually culminating in the completion of a major deliverable”[25, 15]. The
completion of project stages are done sequentially and in some situations it can overlap. Phases can be sub di-
vided into sub phases and then into components. A project stage is a component of the project life cycle and it is
not a management process group of a project[15]. The RIBA plan of work 2013 project stages are shown in Fig. 1.

. Strategic definition

. Preparation and brief

. Concept design

. Developed design

. Technical design

. Construction

. Handover and close out
. Inuse

NO O~ WWNO

4 3

Figure 1: Project stages for RIBA plan of work 2013[22]



a) Standard life cycle stages:

Standards give world-class specifications for processes to ensure quality, safety and efficiency. They are instru-
mental in facilitating consistency in the process.

Life cycle stages should always be defined on a common basis. For the purpose of primary reference to identifying
life cycle stages in any project, ISO 22263 suggests the six principal life cycle stages as follows[25]:

e Inception
e Brief
e Design

Production

e Maintenance
e Demolition.

For the purposes of information delivery manual standards, the principal stages identified in ISO 22263 are
further divided. This set of stages will be used to develop the process maps and exchange requirements for the
building information modeling process. The decomposed stages are shown in table 1 with a cross reference to
ISO 22263 stage name.

Table 1: Standard life cycle stages[25]

Reference Number | International Standard Stages GPP Project Stages

1 Inception Portfolio requirements

Concept of need
2 Brief Outline feasibility
Substantive feasibility

Outline conceptual design

3 Design Full conceptual design

Coordinated design

Production Information

4 Production -
Construction

5 Maintenance Operation and maintenance

6 Demolition Disposal

b) Local life cycle stages:

Project life cycle stages differ from one place to another place. So, identification of life cycle stages will be done
according to local process protocols. These are called local life cycle stages. For example, project development
is often organized according to the RIBA Plan of Work within the UK and according to the HOAIT protocol in
Germany|[25].

Some of similar local life cycle stages practiced in United Kingdom and Germany are compared in the table 2.

Table 2: Local protocol stages|[8][13]

Reference CIC CIB PACE HOAI
Number
1 A & B Appraisal Getting started Stage 1 Programming
and Strategic
briefing




Reference CIC CIB PACE HOAI
Number
2 Defining the
project
3 C Outline Assembling the Planning for
proposals team preliminary design
4 D Detailed Stage 2 Planning for
proposal conceptual design
5 E Final proposals Planning for
submission and
permission
6 F1 Production Planning for
information execution
documents
7 F2 Production
information
8 G Tender Prepare tendering
documentation
9 H Tender action Stage 3
10 J,F2 & K
Mobilization, post
production
information and
construction
11 Designing and Stage 4 Participate
constructing contract agreement
12 Stage 5 Control assembly
13 Completion and Handover and
evaluation documentation

c) Mapping between standard project stages and local project stages:

To maintain consistency in the process, it is always recommended to modify a standard process to reflect local
process in a localized exchange requirement. That is, the standard life cycle stages can be replaced by a locally
defined stages. The exchange requirements in each stage between the participants can be defined according to
this local protocol. Where local protocols are used, the mapping between the stages in the local protocol and
those within this part of ISO 29481 should be maintained. Either — a single standard stage is decomposed into
multiple stages in the local protocol, or — multiple standard stages are composed into a single stage in the local
protocol.

Standard stages and local protocol stages should always conform to boundaries such that there is a one:one,
one:many or many:one relationship between them. Life cycle stages should not cross boundaries, such that a
stage in a local protocol starts part way through one standard stage and ends part way through another standard
stage[25].

For Example, mapping between the ISO 29481 standard stages and HOAI Germany local stages are shown in
the Fig. 2.
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GPP Project Stages German HOAI Protocol Stages

Figure 2: Mapping between standard project stages and local projec stages[13]

1.1.3 Construction project management organization structure

In order to execute construction projects successfully, it is imperative to have organizational structures. Over
the last three decades, there have been constant improvements and innovations. Some of which have quite
created a breakthrough in the development of new organizational structures. Currently, there are three project
management structures which have gained a wide acceptance by organizations which employ them at various
levels. These structures are namely :

e Functional
e Project related structures
e Matrix

Functional organizations are marked by a vertical structure with long lines of communication and a long chain
of command. The functional structure places the project to be managed inside one of the technical departments
of the company. So, the project responsible is the functional manager of this department. In the functional
organization, the scope of the project is limited to the boundaries of the function. The schematic representation
of functional organizations is shown in the Fig. 3.



Chief Project
Executive Coordination

Functional
Manager

Functional
Manager

— Staff

(Black boxes represent staff engaged in project activities.)

Figure 3: Functional Organization[15]

The projectized organization is that a unique role, the project manager (PM), keeps a complete authority over the
project as a whole and team members are often collimated. Besides that, organizational units called departments

will report to the PM or assist in the various projects. The typical organizational structure can be seen in the
Fig. 4.

Project
Coordination

!

Chief
Executive

Project
Manager

Project
Manager

EEE[
ono

(Black boxes represent staff engaged in project activities.)

Figure 4: Projectized organization[15]

The matrix structure combines the functional and the project based structure to create a hybrid structure with
characteristics of the two mother-structures. In parallel to the functional structure, under the responsibility of
the functional managers, project’s groups are created under the responsibility of the project managers. The
matrix structure could present itself in different formats: weak matrix structure, balanced matrix structure and
strong matrix structure. The pictorial illustration of the strong matrix organization is shown in Fig. 5.
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Figure 5: Strong matrix organization[15]

The projects are influenced by organizational structures and these are discussed in Fig. 6.

I 0 Matrix
Proje Functional Projectized
Weak Matrix Balanced Matrix Strong Matrix
Project Manager's Little or None Limited Low to Moderate High to
Authority Moderate to High Almost Total
Percent of Performing Virtually 0-25% 15-60% 50-95% 85-100%
Organization’'s None
Personnel Assigned
Full Time to Project Work
Project Manager’s Role Part-time Part-time Full-time Full-time Full-time
Common Titles for Project Project Project Project Project
Project Manager’s Role Coordinator/ Coordinator/ Manager/ Manager/ Manager/
Project Leader Project Leader Project Officer Program Manager | Program Manager
Project Management Part-time Part-time Part-time Full-time Full-time
Administrative Staff

Figure 6: Organizational structure influences on projects[15]




1.1.4 Typical construction organization chart

Over the recent years, it has been crucial to understand the development, design and implementation of the
construction information systems. However, areas pertaining to interactive management systems, resource alloca-
tion, advanced database management in the construction industry are still in the nascent stages of development.
Consequently, more resources and efforts are underway to address these areas as well as the definition, types and
utilities involved in the same. One such effort was made by Kwaku A Tenah where he interviewed the decision
makers and non-decision makers of some organizations to understand the hierarchical intricacies and developed
a hierarchical system with the aid of the matrix organization structure.

The figure below is the resultant of the proposed solution in the form of a flow chart representing the hierarchical
system as well as the flow of information among the various participating members.
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Figure 7: Typical construction organization chart[26].

1.1.5 Traditional Project delivery Methods for construction project management

The number of people involved and the information exchanged in large scale projects are nearly the same ac-
cording to statistics[6]. So it is not easy to manage such a large number of people and documents without proper
project delivery or contractual methods.

Some of the well known traditional contractual methods are listed below. Recently innovative procurement
methods are becoming popular to promote the collaboration among the stakeholders(owner, architect, project
manager, designer, general contractor and sub contractors...etc.) involved in the process. One of the famous
method in this one is Integrated project delivery/ Lean construction.



Design-Bid-Build:

In the DBB model, the owner has contracts separately with an architect and a contractor[14, 6, 2]. In the first
stage, the architecture develops a list of building requirements and establishes design objectives of project.The
architect proceeds through a series of phases and makes final documents which must fulfill the regulations. De-
sign is completed prior to bids from general contractors.

Stage two involves obtaining bids from general contractors. The owner and architect may play a role in deter-
mining which contractors can bid. Each contractor must sent a set of drawings and specifications which are then
used to compile an independent quantity survey. These quantities, together with the bids from subcontractors,
are then used to determine the cost estimation. Contractor is typically selected based on the bid price. The
typical structure of design-bid-build is shown in Fig. 8.

Design Subs Trade Subs

Contracts
---------- Contractual coordination requirements

GC General Contractor

Figure 8: Design Bid Build[6]

Advantages of DBB projects as per[6, 2]:
e Competitive bidding to achieve lowest possible price for an owner.
e Less political pressure to select a given contractor.
e Communication between client and designer is satisfactory.
Disadvantages of DBB projects as per[6, 2]
e Error prone and inconsistent drawings lead to time consuming conflicts in the field.

e Inaccurately and uncertainty in design lead to fabrication of building elements onsite and are not cost
effective.

o Ineffective communication between the stakeholders, low bidding than estimated cost leads to disputes and
delays. Changes in design are necessary.



Design-Build:

In the Design-Build (DB) method a contractor under a contract with an owner is responsible for the project’s
design and implementation as a whole.

In this method, first the owner gives contracts to a single contractor. Later, this contractor is responsible for
design and construction as a whole, possibly on performance-basis. Design delays or errors do not reduce the
contractor’s responsibility for impeccable completion of the project.

Secondly, the contractor establishes relationships with design consultants and subcontracts then on the con-
tractual relationship basis . A typical structure for a design build method is shown in Fig. 9.

Design
Builder

Design Subs Trade Subs

Contracts

---------- Contractual coordination requirements

Figure 9: Design Build[6]

Advantages:
e The owner has less risk.
e Possibility to make early changes will help to reduce cost and time in the project.
e Contractor experience will give positive contributions to project.
Disadvantages:
e Less detailed documents in the early design process will lead to disputes between contractor and owner.
e Difficult to compare alternative design offers.

e Unsuccessful tenders lead to more design cost compared to estimated cost.
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Construction Manager at Risk:

Construction management at risk (CM@R) is a procurement method in which a client hires a designer and
construction manager to manage design services and construction management services for a project throughout
all project stages.

Different parties are responsible for design and construction, but the CM organization participates in manage-
ment of both. These services may include preparation and coordination of bid packages, scheduling, cost control,
value engineering, and construction administration. The construction manager is usually a licensed general con-
tractor and guarantees the cost of the project.

The typical CM@R method is shown in Fig. 10.

Design Subs Trade Subs

Contracts
---------- Contractual coordination requirements

= = = = Communication

Figure 10: Construction Management at Risk[6]

Advantages|2, 6]:
e CMG@R brings the constructor into the design process at a stage where they can have definitive input.

e The value of the delivery method stems from the early involvement of the contractor and the reduced
liability of the owner for cost overruns.

Disadvantages[2, 6]:
e Even if the financial risk of the construction manager is small, the risk of loss of reputation is high.

e The client carries more risks than in DBB due to the additional risks coming from interfaces and coordi-
nation between multiple contracts and cost plus fee-type contracting.

e Design and construction functions are being performed by separate entities and the possibilities of coop-
eration are not fully utilized.
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1.1.6 Integrated Project Delivery for construction project management

IPD is a relatively new procurement process that is gaining popularity as the use of BIM expands and the AEC
facility management (AEC/FM) industry learns how to use this technology and to support integrated teams|6].
In traditional methods identification of how and who does a project is decided after design stage. However, in
IPD it will be decided in early stages of the project so that it promotes tight collaboration between the teams.

The essential principles of IPD are mutual respect, mutual benefit, early goal definition, enhanced communica-
tion, clearly defined open standards, adoption of appropriate technology, high performance and leadership taken
by persons most capable with regard to specific services[2, 18].

The American Institute of Architects (AIA) has developed a guide to give information on principles and tech-
niques of IPD and to explain how to adopt IPD methodologies in designing and constructing projects[2]. The
integrated design process using IPD and traditional design process is shown in the figurell.

A - Agency O - Owner D - Designer DC - Design consultants C - Constructors TC- Trade constructors

Integrated design process

Traditional design process

Stages

Procurement method
uoneziienidasuo)
ubisap euau)
uBisap pajielag
sjuawnoop uoneuswadw|
Buippigaiwiad Aouaby
uonoNIsu0)

Figure 11: Integrated design process vs traditional design processs[18]

The major differences between the traditional project delivery method and IPD are explained with respect to
the characteristics like teams, process, risk, compensation, communication and agreements in the table3.
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Table 3: Comparison between traditional project delivery and IPD[10]

Traditional Project Delivery \ Characteristic \ Integrated Project Delivery
Fragmented, assembled on teams An integrated team entity
“just-as-needed” or composed key project stakeholders,
“minimum-necessary” basis, assembled early in the process,
strongly hierarchical, controlled open, collaborative

Linear, distinct, segregated; process Concurrent and multi-level; early
knowledge gathered contributions of knowledge and
“just-as-needed”; information expertise; information openly
hoarded; silos of knowledge and shared; stakeholder trust and
expertise respect

Individually managed, transferred risk Collectively managed,

to the greatest extent possible

appropriately shared

Individually pursued; minimum
effort for maximum return;
(usually) first-cost based

compensation/ reward

Team success tied to project
success; value-based

Paper-based, 2 dimensional; analog communications/ Digitally based, virtual; Building
technology Information Modeling (3, 4 and 5
dimensional)
Encourage unilateral effort; allocate agreements Encourage, foster, promote and

and transfer risk; no sharing

support multi-lateral open sharing
and collaboration; risk sharing
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1.2 Case studies

Case study analysis is carried out by taking three research papers which are explained about the problems
of project management companies, current level of BIM adoption to the project management and how the

researchers/industry uses BIM in project management and the problems faced in the process.

1.2.1 Case Study 1

As a first step in the research process, literature review was undertaken to identify the project management
companies and then a questionnaire on project management service use was sent to construction companies.
The types of companies chosen were engineering consultancies, quantity surveyors, contractors and project man-
agement companies|28].

Problems

Number/23

%

Misunderstanding/lack of respect of other professionals

Comments
Project managers seen as...

Unreasonable people with unrealistic expectations
Lacking engineering understanding

Expensive parasites at times

A 'paper pusher" in the middle of a project

Unrealistic goal setters

Having insufficient technical understanding of the project and ending up as a highly paid post
box

Knowing very little about civil engineering work

Not appreciating costs of decisions

Too quick to disregard input from building contractors
Failing to identify (and verify) key deliverables
Lacking liability

Other relationship problems...

Contractor unable to talk to clients
Managing consultant/contractor performance
Controlling the design consultants
Intermittent communication breakdowns
Contractor on site management problems
Division of PM responsibilities

Delegation of work to inexperienced PMs

15

65

Client related problems
Comments

Obtaining a client's brief is very difficult

Client's politics

Understanding the client's brief

Poor brief definition/lack of clear brief from client
Managing client expectations

Failure by client to align scope and budget

11

48

Co-ordination/communication problems
Comments

Not bought early enough
Communication

Intermittent communication breakdowns
Timing of work on site

18

Being paid on time
Comments

Getting paid on time
Money

Other problems
Comments

Managing risk

Local authorities

Sub-contractors

Quality

Set fee tends to minimize workload

22

Figure 12: Problems faced by project management companies[28]
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The results reveal that majority of companies agreed (76% of companies) that a separate project management
service should be used to manage construction projects. The convenience of the client is one of the main reasons
to adopt for separate project management services. Other reasons are the client having one point of contact
with an independent expert and the client receiving advice independent from architect/engineer and consultants.
One comment received pointed out that a separate project management company, provides for the client clear
definition of roles of parties involved; ensures accurate and adequate supervision of consultants, reduces in-house
squabbles and fiddling, provides clear leadership[28].

The problems faced by project management companies are listed in Fig. 12.

To conclude, The problems are seen from the perspective of the project management company and these problems
appear to be relationship-based. Problems occur in relationships with the other professionals in the construction
team and with the client. As a final word, project management companies internationally need to develop better
collaboration strategies for dealing with the problems raised in the process.

1.2.2 Case study 2

In this paper the author examines the utilization of Building Information Modeling (BIM) as a Construction
Project Management tool from a theoretical and a practical standpoint. In the first instance, the author collects
information about the pursuing of different management approaches and traces the potential output of manag-
ing projects with BIM. Secondly, a collection of material from practice by analyzing the market of BIM-related
software used for management is compiled. This software is based on either built-in features of BIM authoring
tools, extensions or specialized software used aside BIM packages[19].

. Scope Mgmt*

Design 2. Sustainable Mgmt
Management 3. Knowledge Mgmt
4. Collaboration Mgmt
5. Data Mgmt
6. Stakeholder Mgmt

Information

Management
7. Interoperability Mgmt

8. Site Mgmt

9. Lean Mgmt
Construction

10. Supply Chain Mgmt

Management
11. Asset Mgmt

12. Facility Mgmt

13. Risk Mgmt
Performance 14. Quality Mgmt
Management 15. Time Mgmt

16. Cost Mgmt

0 10 20 30 40 50

*Management References in M literature, M software
Figure 13: Number of references for PM with BIM in literature and in software developments[19].

The results revealed that the distance between academia and practice confuses the practitioners because they
cannot experience all the proclaimed benefits of BIM for CPM. The management approaches currently employed

15



in conjunction to BIM are one-sided, because they focus only in the time-related, cost-related or data-related
aspects of the project life cycle, in a static manner. Often, several work-rounds from the practice attempt to
approach the CPM more globally. However, still they fail to include all the project stakeholders or aspects such
as sustainability or facility maintenance. All these aspects create confusion as how to manage a project with
BIM. The diverse nature of AEC projects requires the undertaking of customized management approaches per
project. Consequently, there is more than one way to manage a project, according to the project scope and
goals[19].

Overall, synthesis between theoretical research and tools development is critical to increase the utilization of
BIM as a CPM tool and it is important to develop methodologies in dynamic manner, so that it can adopted
globally.

1.2.3 Case study 3

In this paper the author presents the development and implementation of a 4D planning tool which is part of
a product model based project database. The proposed system is a web-based 4D planning tool. All project
information is kept at a central project database and parties can access the information through the database
as and when they want. The database keeps and manages the information as objects, which are created directly

from the IFC model[24].
p
3D . 4D .Schedule ' Cost '

[ Eresemtation ' < Java Compatible Web Browser
II Java Plugin I
>

Web Protocol

Business Logic 3 Web Server

Business Logic ' Web Server

Web Protocol

Object-Oriented Database (EDM)

II Java Compatible Web Browser

Java Plugin I
Presentation ' <

IFC | File CSV]File
IFC Certified Project Planning
\ CAD Package Package

Figure 14: Architecture of the proposed system[24]

In paper[24] the below listed problems are revealed:

e Traditional work practices.

Level of detail in project deliverable.
e The quality of the IFC file.
Size of the IFC file.
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e Lack of 3D modeling.
e Management of the data in single project database.

The single database approach provided the opportunity to improve the what-if questions as project parties could
check different dimensions at the same time. Although this is a great advantage for the project participants, the
case study has revealed that the single database approach has its own challenges during the implementation.

1.3 Problem statement

Tt is evident that traditional procurement methods are not enough to solve the current problems of the AEC/FM
industry. BIM gains popularity in AEC/FM industry to overcome the problems. The problems of construction
project management with BIM are categorized into 3 types:

Problem Categarization

Y
i v l
Problems of Project Problems of BIM as . .
Management in AEC Project Management Problems in managing the
H BIM Process
industry Methodology

Figure 15: Problem categorization

Firstly, The information generated in the construction process is huge and sharing this information using tra-
ditional work practices create many problems because of coordination lack. In the current methods sharing of
information is done by drawings and documents. The typical information flow between all the stake holders
involved in the construction process as sown in the figure.

©)

Influencing Factors

Input (1) Output (0)
Construction Project Life-Cycle Management

Traditional Project Delivery
Methods

Figure 16: Information sharing between different stack holders using traditional methods

Secondly, Many BIM process are undefined today[5], Because it is new approach and the process depends on
the people involved in the project. BIM implementation for project management includes social challenges and
obstacles. Some of them are shown in figurel7.
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Client Interest

Resources Leadership

Training .
Attitudes

Project
availability

Skills

Burn-out

Role models,
Mentors and
coaches

Manpower

The economy

Figure 17: Multiple forces potentially impact the successful outcome of BIM implementation[5]

Thirdly, There are 12 major problems[5] included in the BIM process. Figure 18 shows all the twelve obstacles
in BIM adoption.

Cost Interoperability

Working in

Responsibility
Teams

Trust Workflow

Technological
Challenges

Firm Culture

Communication Number of Models

Education Autonomy

Figure 18: Twelve obstacles to successful adoption of and collaboration in BIM and integrated design|[5]

Overall, it is evident that there is a need to generate, optimize and manage the flow of activities across the life
cycle in conjunction to BIM. This makes me to focus on effective communication and collaboration techniques,
Open-BIM data models, optimization and frame work of CPM work flow activities.
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1.4 Possible solution

It has been keenly noted that information sharing between stakeholders, social challenges and obstacles for using
integrated design are major problems. To overcome these problems, there is a necessity to modify organizational
structures, process optimization using advancements in information technology.

Building Information Modeling is a process change[6] with the help of advancements in information technology.
It aims to alter key procedures involved in completing construction projects. In research work, BIM is used to

propose new methods to manage projects in an effective way.

One of the major possible solutions to solve the communication and collaboration problems using building

information models is shown in Fig.19.
(©) ‘
m Input (1) Output (0)
Construction Project Life-Cycle Management

(M) ‘

[ « BIM- Building Information Model ]

Influencing Factors

Integrated Project Delivery

Figure 19: Information sharing between different stack holders using Integrated project delivery with BIM

1.5 Aim and Objective
1.5.1 Aim
The thesis work aims of:

e To investigate the current IFC meta data model and to implement an IFC based logical meta model for
Construction Project Management information.

e To propose a method to integrate CPM parameters to the object based model in a flexible way.

1.5.2 Objective
The main objectives of this thesis work is to

e Conduct research on IFC modeling methods and develop an overview of IFC modeling methods.

Analyze the Construction Project Management Information sharing between multiple organizational units.

Implement a logical meta data model for Construction Project Management data based on IFC models.

e To propose improvements in method to integrate Construction Project Management data into a BIM model
and manage the data in IFC format.
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1.6 Conclusion

Management of construction projects has been done using traditional procurement methods still. With signif-
icant advancements in the Information and Communication Technologies(ICT) the AEC industry changed the
way of managing construction projects. Even though there are greater improvements in the technology, still
construction industry is facing the problems like over-budget and late delivery of projects. The labor efficiency
and productivity of projects has decreased over the past years. The industry is fragmented.

It is important to redesign the traditional management approaches for managing construction projects, the
information sharing, collaboration between the stake holders involved in the project. To overcome the problems
of the AEC/FM industry, recently innovative procurement method called integrated project delivery with BIM
became a popular emerging method. Taking this as advantage, Building Information modeling is explained
briefly in the next chapter.
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2 Building Information Modeling and Open Standards

The aim of this chapter is to present the main concepts related to the Building Information Modeling (BIM).
First section discusses about BIM definition and process, level of development for information models and
interoperability between the software applications. Second part explains about universal data model and its
schema structure.

2.1 Building Information Modeling

The National Building Information Modeling Standard (NBIMS) defines BIM is “an improved planning, design,
construction, operation, and maintenance process using a standardized machine-readable information model for
each facility, new or old, which contains all appropriate information created or gathered about that facility in a
format usable by all throughout its life cycle”[17, 6].

“Building Information Modeling as a process—as opposed to software, technology, or tool—of generating and
managing building data during its complete life cycle, from conceptual design though maintenance and operation
of the building.” [5]

In the book BIM and construction Management -proven tools, methods and work flow, Brad Hardin defines
“BIM is not just software—rather, it is a process and software”. Taking that one step further, we now see that
successful BIM use requires three key factors: Processes ,Technologies, Behaviors|7].

“Building Information Modeling (BIM) is a set of interacting policies, processes and technologies generating a
methodology to manage the essential building design and project data in digital format throughout the building’s
life-cycle”[23].

From all the definitions it is observed that BIM is process of identifying players, their requirements, deliverable’s
with the help of distinctive layers of analysis with interaction of policy and technology fields, generating the
building data which have basic ability to perform task and managing it in a usable digital format throughout
its life cycle.

Some another meanings of BIM is shown in the Fig. 20.

to virtualy construct a
to extend the analysis of a
to explore the possibilities of

_ ) to study what-if scenarios for a .
Modelling Information | t, detect possible collisions within a | Building

shaping an organised a structure, an

forming set of data: tO caICUIate ConStruction COStS Of enclosed space,
presenting, meaningful. to analyse constructability Of a a constructed
scoping actionable environn_\ent

to plan the deconstruction of a
to manage and maintain a

Figure 20: Some common connotations of multiple BIM terms[23]

The model which is generated from BIM process is also called as Building Information Model. It is defined as
“a data-rich, object-oriented, intelligent and parametric digital representation of the facility, from which views
and data appropriate to various users’ needs can be extracted and analyzed to generate information that can be
used to make decisions and improve the process of delivering the facility”[11].

2.1.1 Overview of BIM

The BIM knowledge domain mainly involves three concepts, which are BIM fields, BIM stages and BIM Lenses.
The ontology diagram of BIM knowledge area can be seen in the figure 21.
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Figure 21: Knowledge view using Concept Maps and BIM Ontology

With the aid of conceptual clustering of knowledge objects available in the Architecture, Engineering, Con-
struction and Operation (AECO) industry, the BIM Fields identified are observed to interact within the AECO
industry leading to the inception of new products, services and roles. BIM has three interact fields called tech-
nology field, process field and policy field. These three BIM fields are explained in the following three paragraphs.

“The BIM Technology Field Technology is the application of scientific knowledge for practical purposes”[23].
The underlying principle of the Technology Field is grouping of players who specialize in developing software,
hardware, equipment and networking systems necessary to expedite efficiency, productivity and inflate the prof-
itability of AECO sectors.

“The BIM Process Field Process is a specific ordering of work activities across time and place, with a beginning,
an end, and clearly identified inputs and outputs: a structure for action”[23]. The Process Field essentially
gathers a cluster of stakeholders who are involved in the procurement, design, construction, manufacture, use,
management and maintenance of the structures.

“The BIM Policy Field Policies are written principles or rules to guide decision-making” [23]. The Policy Field
brings together the participants who predominantly focus on conducting research, distribution of benefits, risk
allocation and minimization of conflicts within the AECO industry.

BIM Stages explains the Building Information Model capability to perform a task, deliver a service or generate
a product which is the core principle of BIM. The process flow in a BIM model is fundamentally comprised
of 3 different stages, they are object based modeling, model based modeling and network based modeling. For
example an organization to be recognized as object based modeling stage , it is necessary that an object based
modeling software tool is deployed . Similarly to consider under model based modeling stage, it is absolutely
necessary for an organization to be a part of or share a multidisciplinary model-based collaborative project. To
fall under network based modeling stage, it is crucial for an organization that it makes use of network-based
solution (like a model server) to share object-based models with at least two other disciplines[23].
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BIM Lenses form the third dimension of the Framework with its characteristic function being, to be able to gen-
erate results at deep levels of inquiry. BIM Lenses, in essence are distinctive layers of analysis that are applied
to Fields and Stages to generate ‘Knowledge views’. They (BIM Lenses) ‘abstract’ the BIM domain and regulate
its complexity by discarding inconsequential details. Lenses permit the domain researcher to selectively focus on
a chosen aspect of the AECO industry and generate knowledge views that either (a) highlight observable which
are in coherence with the research criteria or (b) filter out those that do not comply with. In effect, all knowledge
views are nothing but abstractions derived from the applications of one or more lenses and/or filters[23].

Differences between BIM Lenses and Filters:

Lenses and Filters are both analytical tools of inquiry and domain analysis which are oriented towards the
discovery of concepts and relations. The difference between Lenses and Filters can be summarized as follows:
Lenses are additive and are deployed from the ‘investigator’s side’ of BIM Field observation while Filters are
subtractive and are deployed from the ‘data side’[23]. Lenses highlight observable that are in part with research
criteria and identify their relations. Whereas Filters discard observable that do not meet the research criteria.

2.1.2 Model Development Specification

The primary goal of Model Development Specification (MDS) is to define “the amount, type, and precision of
information that is to be included in Building Information Models (BIMs) for specific project milestones and
deliverable’s as the project progresses from concept to closeout”[12]. It underlies the fundamental processes that
clearly inform the project team regarding the content and timing of information that are required vs available
to them, increasing the efficiency and reliability and doing away with the unnecessary or redundant work. Thus
MDS significantly helps in reducing the cost and increasing the benefit of the BIM process.

The advantages of Level of Details’s are[12] :

e The assurance to the owner in getting the models needed to support the necessary processes.

e A significant reduction in the modeling cost by way of accurately scoping to include only the necessary
detail.

e The characteristic of the modeling effort being scoped and priced fairly.
e The planning and tracking of the design process so that the necessary information is available when needed.

e Specific definition and regulation of the reliance of the downstream users on the models, making the models
much more useful when compared with the common “for reference only” models. Thus making it extremely
effective in eliminating coordination errors and avoiding rework.

e The ability of concise definition of Builders’ needs in the models thereby allowing design models to be
passed on to the builder. This phases out the need for the builder to re-create models consequently leading
to huge savings.

The MDS defines the models with the help of widely accepted language — the Level of Development, Level of
Detail...etc. The history of MDS can be observed in the appendix A.

The variations of the MDS as illustrated in the Fig .68 have resulted in a great deal of confusion. Below are a
few examples[3]:

e The original ‘Level of Detail’ index was intended to measure the reliability of both geometric and non-
geometric data. However, it now focuses primarily on the geometric attributes;

e The ‘LOD’ acronym is interchangeably used when describing Level of Detail and Level of Development;

e Identical concepts are occasionally referred using different terms. This can be seen when referring to ‘Level
of Information’ and ‘Associate Attribute Information’.

e The Level of Development, while intended to be associated with Model Components is sometimes inad-
vertently associated with BIM models.

e Many BIM documents that these classifications are based on are obsolete.
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2.1.3 Role of Interoperability in BIM

It is important that the information models generated or modeled in the BIM process should be shared between
the different software applications. Software interoperability is necessary to ensure a seamless sharing of infor-
mation models.

Interoperability is achieved by mapping parts of each participating application’s internal data structure to a
universal data model and vice versa. If the employed universal data model is open, any application can partic-
ipate in the mapping process and thus become interoperable with any other application that also participated
in the mapping. Interoperability eliminates the costly practice of integrating every application with every other
application[17].

The National Building Information Modeling Standard (NBIMS) stipulates that for a successful software in-
teroperability in the capital facilities industry, it is essential to accept an open data model of facilities and a
corresponding interface to that data model for each participating application. If the adopted data model is
industry-wide (i.e. represents the entire facilities life cycle) in its characteristics then the software application of
each industry can be made interoperable.

2.2 Industry Foundation Classes

Industry Foundation Classes (IFC) is an open specification, supported by an international, non-for-profit orga-
nization called buildingSMART with the goal of defining, promoting and publishing a specification to ensure
data sharing throughout the project life cycle, globally, across disciplines and between software applications. It
is registered with ISO as ISO16739.

The primary function of IFC is to exchange information about a building, which may include geometry, but
is by no means limited to this. Another important feature of IFC is to facilitate linking of alphanumeric in-
formation (properties, quantities, classification, etc.) to the building objects and maintaining the relationships
among the building objects. It is important note that the content of the IFC exchange is determined by the
IFC view definition. So strictly speaking there is no IFC implementation, but several IFC view implementations.

To ensure a better understanding of IFC architecture and its implementation, the IFC specification is forked
into 2 divisions. In the first division, the schema or product data model explains how the IFC is structured and
specified. The second division attempts to explain the populated data model which essentially bears data about
mode of information sharing between the software applications.

2.2.1 IFC Schema

A schema is “a collection of entities (or classes), attributes, and relationships between entities”. A schema defines
the patterns or templates by which populations of these entities and relationship shall be represented unlike a
populated data model[16].

IFC Schema Definition layers:

The data structure of the IFC schema is defined in four layers which fundamentally consists of classes, attributes,
rules, functions property sets and quantity sets. These four layers are explained as follows:

e Resource layer : This is the lowest layer which includes all individual schema containing resource definitions.
These definitions do not include an globally unique identifier and shall not be used independently of a
definition declared at a higher layer[25].

e Core layer : This next layer includes the kernel schema and the core extension schema which contains
the most general entity definitions.However all entities defined at the core layer or above, carry a globally
unique id with an option of also storing the owner and history information[25].

e Interoperability layer : This layer includes schema containing entity definitions that are specific to a general
product, process or resource specialization which find applications across several disciplines. The entity
definitions are typically applicable in inter-domain exchange and sharing of construction information[25].
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e Domain layer : This layer which is at the highest level which includes schema containing entity definitions
that are specializations of products, processes or resources specific to a certain discipline. The definitions
are typically utilized for intra-domain exchange and sharing of information[25].

The diagrammatic representation of IFC schema layer is shown in the Fig.22.
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Figure 22: IFC Schema conceptual layers[25]

The IFC schema operates on a ladder principle. In other words, the Resource classes can refer only other
Resource classes in the same layer. The ladder principle is applicable within the Core layer wherein the Kernel
classes can be referenced by the classes in the Core extension. The ladder principle also applies when the Core
classes can interact with the neighboring Core classes within and also while referring within the Resource classes.
However, referencing of Core classes with Interoperability or Domain Layer is not applicable. A similar scenario
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follows with the upper Interoperability layer where the classes in this layer can refer within themselves and also
with the Resource and Core layers. Finally, the Domain/Application layer can refer any class in the Resource,
Core and Interoperability layer without any limitations[9]. The same can be seen in the Fig. 23.
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Figure 23: Layering concept of IFC architecture[29]
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EXPRESS for IFC Development:

The IFC schema is denoted using EXPRESS. EXPRESS is a data definition standard developed to enable a
formal definition of industrial data. It helps in validating a population of data types (the entities and attributes).
EXPRESS-G is a notation to denote graphical modeling notation. It is developed within STEP and used for
IFC definition. It is used to identify classes, the data attributes of classes and the relationships that exist be-
tween classes. EXPRESS-G has direct relationship with the EXPRESS data definition language. That is to say
that, everything that is drawn in EXPRESS-G can be defined in EXPRESS. However, the converse is not true.
EXPRESS-G notations and the relationships are illustrated in the Fig. 24. Greater details of the EXPRESS
language and notations can be found in ISO 10303-11.

Class %O Mandatory relation
(exactly 1)
i ____relation___ Optional relation zero or
STRING . Simple data type O ont

; . o '
i Enumeration! | Enumeration data type MM—O Set relation (one or
[ R many)
T e T _relation S[1:7] _ _ Set relation (zero, one
Lo ?(fl_e(_:t _____ . Select data type O o many)
P T H relation
' ) )
, Area ! Defined data type —W) sotation—CO INVERSE relation
i ) ) )
page#,ref# (#,#,.....) (O Reference onto this page &O aR:;l)Titelzn to which domain rule

1 Exclusive supertype/subtype
page#,ref# name | Reference onto another page 4‘:8 relation
' '
'
Schema.def ) Definition REFERENCE'd from Inclusive supertype/subtype
' ' another schema relation

Schema.def Definition USE'd from another ,
schema Select relation
rename

Figure 24: EXPRESS G notation symbols[1]

[

Fundamental classes in the IFC schema:
This section deals with the brief explanation of the main classes of IFC schema and their purpose.

IfcRoot is the most abstract and also the root class for all entity definitions in the kernel or in subsequent layers
of the IFC specification. It is therefore the common super type of all IFC entities, apart from those defined in
an IFC resource schema. It is possible to use all entities that are sub types of IfcRoot independently. However
it is not possible to attribute those resource schema entities as independent that are not sub types of IfcRoot[25].

Three fundamental sub types of IfcRoot are IfcObjectDefinition, IfcPropertyDefinition and IfcRelationship.

An IfcObjectDefinition is the generalization of any semantically treated thing or process, which can be either
a type or an occurrence. Object definitions can be named by means of the inherited Name attribute, which
should be a user recognizable label for the object occurrence. The principle sub types of IfcObjectDefinition are
IfcContext, IfcObject and IfcTypeObject[25].

IfcPropertyDefinition defines the generalization of all characteristics (i.e. grouping of individual properties), that

may be assigned to objects. At present, sub types of IfcPropertyDefinition include property set occurrences,
property set templates, and property templates. IfcPropertySetDefinition and IfcPropertyTemplateDefinition
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are sub types of IfcPropertyDefinition[25].

IfcRelationship is essentially the abstract generalization of all objectified relationships in IFC. Objectified rela-
tionships has the priority when it comes to handling relationships among objects. This allows to keep relationship
specific properties directly at the relationship and opens the possibility to later handle relationship specific behav-
ior. IfcRelAssigns, IfcRelAssociates, IfcRelConnects, IfcRelDeclares, IfcRelDecomposes and IfcRelDefines[25].
Explanation of IFC schema entities and their attributes can be found in ISO 16739.
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Figure 25: EXPRESS G notation for IFC root entity with its fundamental sub types[25]

2.3 IFC Data Model

A model is a population of a schema, following the patterns, templates and constraints stipulated by the schema.
It contains the actual instances of the entities (or classes). Such a model is often called a populated data model, a
project data model, a building information model (if content is construction industry specific. An IFC exchange
file represents a building (information) model[16].

4 == A

Concept 1
QVD - Model View Definition ER - Exchange Requirement FP - Functional Part j

Figure 26: Hierarchy diagram of IFC data model[13]
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The hierarchical makeup of the Data model is as follows :

The data model is comprised of Model Definition View (MVD) which in turn comprises of Exchange Requirement
(ER) . The ER contains Functional Part (FP) and finally the Concept forms the integral part of the FP. The
same can be seen in the Fig. 26.

2.3.1 Model View Definition

A model view definition (MVD) is in principle a set of information from the information model that can be
supported by a type of software application[13].

The IDM-MVD approach is derived from the building process point of view to select and specify the appropriate
entities from a schema that carry information, attributes of the entities, and rules for selected exchange use-cases.
IDMs are defined by domain experts to provide references in the human-readable format which finds relevance
in use-case scopes, business processes and Exchange Requirements (ERs) of particular exchange scenarios in
use-cases. Hence it follows that, an IFC-based model view is a model subset of the IFC schema with respect to
requirements from end users for the IFC implementation purpose. In general, MVD is represented in mvd XML
format. Further on ,mvdXML can be denoted 1) in a text file editor using codes 2) using software such as
IFCDOC.

The schematic representation mvdXML in the appendix Fig.69 illustrates the scope of the mvdXML document.
The representation includes zero-to-many mvd:ModelView and zero-to-many mvd:ConceptTemplate. It is ad-
vised to include all concept templates that are referenced 