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Abstract
The popularity of Building Information Modelling (BIM) has grown rapidly within the construction
industry, motivated by its potential advantages for improving construction processes. A majority of
the world’s leading firms have adopted BIM solutions by moving from 2D or even 3D CAD to BIM
techniques. However, for companies in South Africa this transition has not been the same as for firms
in Europe and the USA.
Besides the improvements which can be achieved by viewing a computer model of the designed
facility, BIM provides a multi-disciplinary tool, to be used for collaboration of all project parties in a
real-time simulated model of construction process. Due to this remarkable feature, the way of
constructing a designed facility can be viewed and analysed from the conceptual stages and can
improve design and construction processes.
As this object-oriented approach has been developed in the industry, handbooks and standards have
been released to support BIM utilization. A considerable amount of research has been conducted to
establish the advantages and barriers in applying BIM. A large number of investigations have also
been performed for reporting quantified achievement of construction projects executed in BIM
environment.
As such, a new knowledge field has been added to the industry requirements. BIM knowledge has
become more demanding and BIM-specialist requirements have been enhanced. As a result, academia
have been stimulated to raise BIM awareness among engineers, architects and construction managers
to train sufficiently qualified professionals for applying BIM tools. Universities started offering
different courses and programmes to fulfil this need while a variety of strategies have been developed
for introducing BIM to the students at different levels.
This research studied the current industry situation in South Africa regarding application of BIM and
the role of universities to achieve a suitable level of BIM capability. The industrial and educational
situations from some pioneering countries are reviewed as lessons for the South African adoption of
BIM. Comparing these facts, proposals for introducing BIM through university courses are provided
to satisfy industry requirements for the application of BIM in projects.
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Opsomming
Die gewildheid van Bou Inligtingsmodelle (Building Information Modelling (BIM)) het vinnig
gegroei in die konstruksie bedryf as gevolg van die voordele wat dit vir die verbetering van
konstruksieprosesse inhou. ŉ Groot aantal van die wêreld se voorste konstruksie maatskappye het al
die oorgang vanaf 2D en selfs 3D RGT (Rekenaar Gesteunde Tekenstelsels) na BIM gemaak.
Ongelukkig is hierdie oorgang na BIM metodes nog nie so doeltreffend vir maatskappye in SuidAfrika soos in die geval van Europese en Amerikaanse maatskappye nie.
Daar is al bewys dat die vermoë om na ŉ rekenaarmodel van ŉ ontwerpte fasiliteit te kan kyk baie
voordelig is. Daarbenewens bied BIM ŉ multidissiplinêre grondslag wat vir die samewerking van alle
betrokke partye van die projek gebruik kan word en die projek kan simuleer as ŉ funksie van tyd.
Hierdie tyd-afhanklike simulasie stel die bestuur in staat om die manier waarop ŉ ontwerpte fasiliteit
gebou word, reeds vanaf die konsepsuele fase, te beskou en te ontleed. Hierdie vermoë kan die
ontwerp en konstruksieproses asook die fasiliteitsbestuur proses merkwaardig verbeter.
As gevolg van die ontwikkeling van hierdie objek georiënteerde benadering deur die bedryf, is
handboeke en standaarde vrygestel om die gebruik van BIM te ondersteun. ‘n Merkwaardige
hoeveelheid navorsing is al gedoen om die voordele en struikelblokke in die toepassing van BIM te
identifiseer. ‘n Groot aantal ondersoeke is ook al geloots om verslag te doen op die prestasie van
konstruksie projekte wat deur middel van BIM uitgevoer was.
Vanuit die bogenoemde ondersoeke en navorsing is 'n nuwe kennisveld gevoeg by die vereistes van
die bedryf. Die kennis van BIM het al hoe meer veeleisend geword en die vereistes vir ŉ BIMspesialis het verhoog. As gevolg hiervan is akademici aangemoedig om ingenieurs, argitekte en
konstruksie bestuurders meer bewus te maak van BIM sodat daar genoeg professionele werkers
opgelei kan word wat BIM kan implementeer. Universiteite het begin om kursusse en programme aan
te bied om hierdie behoefte te bevredig, terwyl 'n verskeidenheid metodes om studente bloot te stel
aan BIM op verskillende vlakke ontwikkel is.
In hierdie navorsingsprojek is die huidige stand van Suid-Afrikaanse konstruksiemaatskappye ten
opsigte van die toepassing van BIM ondersoek. Daarbenewens is die rol wat universiteite speel om 'n
voldoende vlak van BIM vaardigheid te bereik ook ondersoek. Die industriële en opvoedkundige
omgewings van 'n paar vooraanstaande lande word gebruik as lesse vir die Suid-Afrikaanse
aanvaarding van BIM. Deur hierdie feite te vergelyk, is voorstelle gemaak vir die bekendstelling van
BIM in universiteitskursusse om aan industrievereistes te voldoen vir die toepassing van BIM op
projekte.
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Chapter 1 – Research Overview
1.1 Introduction
This opening chapter provides a background to Building Information Modelling (BIM). A brief
description of BIM technology and its rapid growth is provided which leads to the formulation of the
research problem statement. The research goals are explained as well as the scope and limitation of
the study. The development plan of the research is discussed, followed by a summary of the thesis
document. Figure 1.1 shows an outline of the subjects discussed in this chapter.

Chapter 1

1.1 Chapter Introduction

1.2 Research Background

1.3 research problem statement

1.4 Research goal
1.5 Scope of the study

1.6 Research design and development

1.7 Thesis overview

Figure 1.1: Chapter 1 diagram
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1.2 Ressearch back
kground
Informattion sharing plays an impportant role in
i a construcction process. From the design
d
phase up to the
construcction and pro
oject close out
o phases, innformation sharing
s
and management
m
t amongst thhe project
participaants is cruciial. Informattion on consstruction proj
ojects can bee processed and shared either as
paper fiiles or as electronic
e
filles. Dependiing on the level of coommunicationn, collaboraation and
interprettation, inform
mation on construction
c
projects is always subjject to channges, correcttions and
updates regardless of the project phase or thee file format.
und that the productivityy of the consstruction induustry has deeclined durinng the 45
Teicholzz (2004) fou
year perriod betweenn 1964 and 20009 as depiccted in figuree 1.2 Teichollz attributed the decline primarily
p
to subdiivided respoonsibilities inn the traditiional construuction contraact models of Design-B
Bid-Build
(DBB), lack of suffficient collabboration amoongst projecct team mem
mbers, lack of
o top organnizational
directorss’ support annd the lack off investmentt in and adopption of new technologiess (Eastman, Teicholz,
T
Sacks & Liston, 2011:10).

Figure 1.2: Labour
L
producctivity index foor US construcction industry and
a all non-farrm industries
(Teicholz,
(
20044)

Proper flow
f
of inforrmation on a construction project is considered to
t cut projecct cost by as much as
25% (B
Baldwin, Thoorpe & Cartter, 1999:6551). The Am
merican Natiional Instituute of Standards and
Technollogy (NIST
T) report shhows (GCR
R, 2004) thhat inadequuate interopperability annd poor
communnication cost the capital facility
f
indusstry approxim
mately USD 15.8 billion in 2002. Haalf of this
cost (alm
most USD 9.1 billion) iss generated at
a the operatiion and mainntenance phaase of projeccts and is
associateed with issuees of informaation exchannge and reliabbility of ‘As--Built’ data.

M Tabeshh
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In this regard, Information Technology (IT) is growing and developing rapidly and is being applied in
different aspects of construction works. It is believed that the use of IT facilitates better management
of projects as information is more accurate and reliable when IT tools are applied. Therefore, the
project management role and responsibility is affected by development in IT which in turn would
influence the practice of construction management (Yalcinkaya & Arditi, 2013:619).
For many years, 2D models and paper-based file formats have been in use. It is however, apparent
that paper-based file formats for communication on construction projects has the disadvantage of not
being able to apply required changes as soon as they are identified. Also a paper-based file format has
not been practical to achieve lower project budgets or to provide reliable ‘As-built’ drawings and data.
The connection between dimensional factors and other information of designed objects is of great
interest to project stakeholders. Also the data exchange during the construction and transferring of
project information to the facility manager at project closing phase is another demand which needs to
be fulfilled. Jung and Gibson (1999:217) state that the foundation for the efficient management of
construction projects through centralization of project information was established in the mid -1990s.
This was tried by the application of Computer Integrated Construction (CIC) tools for the integration
of graphical and informatics data on construction project in the 1990s. However, 2D drawings still
used to be the most reliable project documentation tools. Presently, the previous notion of drawings as
the main reference for project information is no longer valid as they are just an automated report on
design information (Sacks & Barak, 2008:439; Goedert & Meadati, 2008:509; Jung & Joo, 2011:126).
As a result, a variety of tools have been applied to facilitate collaboration and communication on
construction projects and one of the most recent tools is Building Information Modelling technology.
Woo et.al (2010:538) define BIM as “an intelligent 3D virtual building model that can be constructed
digitally by containing all aspects of building information into an intelligent format that can be used to
develop optimized building solutions with reduced risk and with increased value before committing to
a design proposal”. This definition focuses on the design aspect of the construction process.
BIM also has been defined as “the process of creating and using digital models for design,
construction and/or operations of projects” (McGraw Hill report, 2009). However, this definition is
more from a contractor’s prospective and focuses on technical features of BIM as a model and its
documentation function (Barlish & Sullivan, 2012:149).
Zuppa et al. (2009:503) - defined BIM as “a tool for visualizing and coordinating Architecture,
Engineering and Construction (AEC) work and avoiding errors and omissions”. However, this
definition does not cover all aspects of this tool.
BuildingSmart Alliance Council of NIBS (National Institute of Building Sciences) defines BIM as
“the act of creating an electronic model of a facility for the purpose of visualization, engineering
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analysis, conflict analysis, code criteria checking, cost engineering, as-built product, budgeting and
many other purposes” (NIBS, 2007).
Similarly, the National Building Information Modelling Standard (NBIMS) committee of the NIBS
Facility Information Council (FIC), defined BIM as “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 lifecycle.” (NIBS, 2008a; Eastman, Teicholz, Sacks & Liston,
2011:16)
Referring to the NBIMS definition which is the preferred definition for the purpose of this study, BIM
is a process and may be referred to as an activity (as building information modelling) rather than an
object (as building information model) (Eastman, Teicholz, Sacks & Liston, 2011:vii). This activity
starts with the very first step of the project and keeps updating while the process of developing the
project continues.
Furthermore, it includes all the required information at the heart of facility design, procurement or
construction, and is not limited by dimension and size. In other words, it is a giant database where all
the initial information and later changes can be stored and accessed.
Additionally, BIM covers the entire lifecycle of the project and is not confined to the design phase
where 3D models are often used. These special features of BIM allow it to be applied right from the
conceptual phase of a project all through the design, construction and commissioning phases as well
as the facility management phase. BIM also provides a web-based multidisciplinary collaborated
model which enhances the interoperability and communicating amongst project teams by allowing
information to be added on a unique model by all the parties and disciplines involved with the project.
The application of BIM which was previously restricted to its 3D geometric feature is now extended
to utilize it as a 5D model adding time and cost as fourth and fifth dimensions. This allows BIM to be
an understandable model for all the project participants based on their needs and skill level. BIM is
also expanding into other organizational and business purposes (Mahalingam, Kashyap & Mahajan,
2010: 148). For example, project management can derive considerable benefits through utilizing 4D
and 5D BIM models which would results in improved project performance (Yalcinkaya & Arditi,
2013:619; Jung & Joo, 2011:126) It is also reported that half of companies who had started using BIM
and offered new services to the clients, achieved remarkable benefits in their business (McGraw-Hill
Construction, 2009). Thus, BIM is presently helping organizations to extend their businesses by
improving their competitive advantage.

M Tabesh

4

Stellenbosch University https://scholar.sun.ac.za

1.3 Research problem Statement
During the past seven years, “Building Information Modelling” (BIM) dramatically affected the AEC
(Architecture, Engineering and Construction) industry in various aspects, consisting of design,
construction and operation (Eastman, Teicholz, Sacks & Liston, 2011). A majority of the world’s
leading firms could not resist adapting to BIM solutions by getting a well-defined way to move from
2D or even 3D CAD to BIM techniques.
Besides the improvements which can be achieved by the visualization feature that provides a
comprehensive concept of design steps, BIM enables a multi-disciplinary model, which is based on
collaboration of all project parties in a real-time simulated model. Due to this remarkable feature, the
way of constructing a designed facility can be viewed and analysed at the very first stages and
therefore it can improve design and construction processes.
To fulfil the requirements of industry, a large number of universities worldwide have already started
exposing their students to BIM and made considerable effort to teach construction issues through BIM
application. In other words, as a BIM approach is developed in industry, BIM knowledge has become
more demanding and BIM specialist requirements have been enhanced; therefore, academia have been
stimulated to raise BIM awareness amongst engineers and architects and to train sufficiently qualified
graduates for applying BIM tools.
Although adopting BIM technology for companies in South Africa has not been as fast as for firms in
Europe and the USA, its utilization is nevertheless influencing the South African industry. To
accelerate the BIM adoption amongst the local industry and catching up to the world’s fast growth in
this regard, qualified specialists and engineers are required who are enabled to make use of the tools
and who have obtained fundamental knowledge in this regard. Therefore, South African academia
should consider introducing the application of BIM to the students to prepare them for the industry.

1.4 Research goals
The main research aim is to investigate teaching Building Information Modelling to the civil
engineering students at undergraduate level to provide them with an understanding of making use of
the relevant tools to improve construction processes.
The outcome of the research will contribute to integrate BIM to the undergraduate civil engineering
programme while fulfilling the local industry requirements in this regard. The following explicit goals
are obtained through this research:


Understanding the extent to which BIM can improve construction processes, exploring its
advantages and the main obstacles while implementing it
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Studying BIM application within industry worldwide as well as teaching strategies in
universities around the world



Investigating the level of awareness in terms of this innovative technology amongst local
students



Investigating the extent to which BIM is used in South African firms and their expectations
from graduated students in this regard



Investigating the possibility of adding BIM concepts to the undergraduate civil engineering
curricula from lecturers’ prospective



Considering all abovementioned items, providing conclusions and suggestions on how BIM
can be introduced to the students during their undergraduate civil engineering studies

1.5 Scope of the study and limitations
BIM can affect design, analysis, construction and implementation of the facilities at different levels;
however, in this research not all these aspects will to be addressed. The research aim has been
narrowed down to focus on the advantage of BIM tools regarding construction processes in general
which includes collaboration and coordination as well as design and construction management. Based
on the PMBOK (Project Management Institute., 2013) a construction project, like any other project,
can be broken down either based on the project management process, which is the focus of this
research, or product-oriented process which is out of the scope of this study.
Besides, although BIM can be taught for a variety of objectives which is beneficial for the students, in
this research BIM application for teaching knowledge of construction processes by using the
collaboration and management capabilities is considered. The research, however, is not focusing on a
specific university for investigating the students’ level of awareness and for recommending course
content. Furthermore, a majority of BIM courses are offered through institutes and organizations
which are not necessarily via an academic degree, such as online or short courses. An investigation of
these courses is not part of this study.
The organization infrastructure requirement for applying BIM, such as internet facilities and high
speed web access availability is not discussed in this research. Also, the cost of implementing BIM
technologies within an organization is not a part of this study. There are different tools and software
that can be utilized for BIM application which are not discussed within this research.
Organization should be prepared for adopting BIM through training their employees and it affects
organizational culture in many aspects; however in this research the training target group is limited to
civil engineers in particular.
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Although value management is under the umbrella of construction management and there are different
methods for measuring the value versus cost for value management via BIM falls outside the scope of
this research.

1.6 Research design and development
To address the problem statement of the research, a development plan was structured through which
the following steps were defined for the study:
1. A preliminary literature review to understand the nature of BIM and construction processes
and exploring the main advantages and benefits of using BIM while understanding its
drawbacks and also difficulties
2. A comprehensive study to gain a broad view of BIM application in industry and the teaching
methods which are used in pioneer countries
3. Identifying some problems and concepts that should be addressed through literature review,
which formed the preliminary problem statement
4. Surveying local universities to identify the level of awareness amongst students regarding
BIM concepts
5. Investigating local industry to define the extent to which BIM is applied as well as their needs
in terms of BIM that can be satisfied through degree programmes
6. Receiving the results of the surveys and analysing them to refine the areas where student
knowledge should be enhanced
7. Investigating the lecturers’ opinion and comments for adding BIM concepts to the
undergraduate civil engineering curricula
8. Providing a comprehensive conclusion based on the identified needs together with the
lecturers’ concerns and formulating a suggestion to enrich the civil engineering curricula by
integrating BIM concept into it
The methodology which is applied to achieve the requirements of this developed plan is detailed in
chapter 5.
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1.7 Thesis overview
Chapter 1- Introduction
This chapter provides a general view to the study and its background, as well as a comprehensive
definition of BIM. The research problem statement and aims are defined in this chapter in addition to
the research scope and limitation. A road map to response to the problem statement is provided and a
summary of the thesis chapters is presented.
Chapter 2- BIM: Definition and applications
This chapter provides a background to BIM utilization in construction projects; the areas of
application of BIM on construction projects are discussed in line with the various construction phases
itemized in the Construction extension to the Project Management Body of Knowledge (PMBOK)
guide published by the Project Management Institute (PMI). The advantages of implementing BIM at
the various construction phases are also discussed as well as barriers and difficulties to its utilisation.
Chapter 3- BIM application in industry
This chapter provides an overview about BIM application in the industry. The worldwide business
achievement of BIM is discussed briefly and the trend of BIM adoption in some pioneer countries is
provided. The current situation of BIM and guidelines and standards in these countries are discussed
as well as a summary of the possible future of BIM. The utilization of BIM in South Africa is
provided and its limitation and maturity is discussed.
Chapter 4- BIM education
This chapter provides an overview about BIM education. A brief history of BIM teaching is discussed
and the current situation is provided of BIM programs in some pioneering countries. The strategies in
BIM training are discussed as well as different methods of introducing BIM including variety of
collaboration in the courses. The main challenges of teaching BIM are also mentioned. Furthermore,
an overview is provided of BIM teaching in South Africa
Chapter 5- Methodology
To address the problem statement, formulated in chapter 1 together with the research development
plan, led to the research methodology which is presented in this chapter.
Chapter 6- Findings, results and analysis
This chapter provides the result of the three surveys. The result of the survey amongst students is
provided in four sections. Finally an overall outcome of the survey is presented. The questionnaire
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amongst industry practitioners is discussed in the same three main parts as the survey questions, while
the last section is provided separately based on the application of BIM in the companies. An overall
conclusion of the results from the survey amongst companies is then provided. The results of
interviews with lecturers are also provided.
Chapter 7- Discussing of the results and suggestions
This chapter provides the overall discussion on the three surveys which are explained in chapter 6.
Also, the suggestion is discussed for making use of the results in teaching BIM to the students. As
such, further study that might be carried out considering this research topic is suggested.
Chapter 8- Conclusions
The comprehensive conclusion of the study, findings and result analysis are provided in this final
chapter.

M Tabesh

9

Stellenbosch University https://scholar.sun.ac.za

Chapter 2 - Building Information Modelling (BIM): Definition and applications
2.1 Chapter Introduction
This chapter provides a background to BIM utilization in construction projects. The areas of
application of BIM in construction projects are discussed in line with the various construction phases
itemized in the Construction extension to the Project Management Body of Knowledge (PMBOK)
guide, published by the Project Management Institute (PMI). The advantages of implementing BIM at
the various construction phases are also discussed as the barriers and difficulties to its utilisation.
Figure 2.1 shows an outline of the subjects discussed in this chapter and the section contents.
Chapter 2

2.1 Chapter Introduction

2.2 Background

2.3 BIM application in different construction phases

2.3.1 Concept Phase

2.3.2 Planning Phase

General Expectation
of the concept phase

The role of BIM in the
concept phase

2.3.3 Design Phase

2.3.4 Construction Phase

2.3.5 Startup and turnover Phase

General Expectation of
the planning phase

General Expectation of
the design phase

General Expectation of
the construction phase

General Expectation of the
startup and turnover phase

The role of BIM in the
planning phase

The role of BIM in the
design phase

The role of BIM in the
construction phase

The role of BIM in the
startup and turnover phase

Project delivery method

2.4 Advantages and risks
in applying BIM

2.4.1 Most important advantages
of BIM application in general
Visualization and
simulated model
Information Database

2.5 Chapter synthesis

2.4.2 Most important advantages of
BIM application for different parties

2.4.3 Major risks and barriers in
BIM application

BIM applications for
Architects and engineers
BIM applications for owners
and facility managers
BIM applications for contractors,
subcontractor and fabricators

Human factors
Compatibility
Legal concerns
Value of BIM: Cost vs. quality

Figure 2.1: Chapter 2 diagram
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2.2 BIM application in different construction phases
Construction projects can be broken down into five main phases (Project Management Institute,
2008), namely:


Concept- including project feasibility study



Planning- including project planning and pre-design, basic/schematic design, schedule and
budget baselines and work plan



Design- including detailed design, design development, implementation documents and
construction documentation based on the planning phase criteria



Construction- it can be done either after finalizing all the design processes and bidding the
contract (Design-Bid-Build), or almost simultaneously with design process packages (Design
-Build)



Start up and handover- including commissioning and contractual completion followed by
operation and maintenance

These phases also clarify the main milestones in a construction project, which include following:


Confirming the main concept of the project with a feasibility study



Approving the work plan of the project by configuring the criteria and baselines of the project



Being prepared for start-up and commissioning by the end of construction



Contract completion of the project by handover to the owner

It is claimed that BIM supports the main part of the project management role and therefore it can
affect every single phase of the construction process (Yalcinkaya & Arditi, 2013:619).
2.2.1 Concept Phase
General expectation of the concept phase:

The initial step in making decisions about a proposed project is to evaluate and investigate its
potential of being implemented within the targeted cost and time towards a business benefit, while
assigning resources as it is planned. This is the purpose of carrying out a feasibility study at the
conceptual phase of the project. In this stage the project will be analysed and examined to identify its
strengths as well as weaknesses, in order to assist the owner making a decision on whether to proceed
with the project or not. If the project is found feasible for implementation, the project manager would
have an overview of different factors which may affect it during its life cycle. An estimate of the
project cost is usually arrived at during the conceptual stage of the project which needs to get more
accurate within the design and bid process. Identifying the stakeholders is the other output of the
concept phase.
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The role of BIM in the concept phase:

BIM has the ability to estimate project cost which makes it a powerful tool for use when carrying out
feasibility studies for a construction project. The feature enables the client to make project decision
based on some level of certainty about project cost and schedule. According to the BIM guide
published by the Indiana University, BIM tools are useful at the conceptual stage of a project because
of their ability to integrate information of landscaping, topography, energy consumption optimization
and other basic information required to implement the project, thereby helping project planners make
more accurate decisions about project cost, schedule and feasibility (Indiana University, 2012).
Besides, due to the integrated features of BIM, there is the possibility of continuity in information
sharing as information can be stored and transmitted for use beyond the feasibility stage to other
stages of the project. This means that by providing reliable early project estimates, BIM can save
considerable time and cost associated with reproducing information. According to Eastman and
Laiserin (2005) BIM should be considered as a tool to be employed throughout the project life cycle
for collecting and reusing information and should be introduced at the start of the project (Ham, Min,
Kim, Lee & Kim, 2008:42).
A study of 32 major projects conducted at the Stanford University Centre for Integrated Facilities
Engineering (CIFE) showed that having project information early on in 3D/4D models had the
advantage of a long-term positive impact on the facility during its operation time as well as design and
construction phases of the project (Gao & Fischer, 2008).
Azhar and Brawn (2011) were of the opinion that sustainable designs should be the target at the early
stages of a project. BIM can help achieve this because it fosters multidisciplinary information sharing
and covers the whole project life cycle (Azhar, Carlton, Olsen & Ahmad, 2011:217; Schlueter &
Thesseling, 2009:153; Autodesk, 2008).
Cheung et al. (2012:67) suggest a method which includes cost estimation as the very first steps of the
design for a BIM model (Azhar, Carlton, Olsen & Ahmad, 2011:217).
2.2.2 Planning Phase
General expectation of the planning phase:

As Ham and et al. (Ham, Min, Kim, Lee & Kim, 2008:42) observe, there are a variety of definitions
for the planning phase of a project based on the aim of the researchers for the study. This forms a
range of definitions from information gathering and analysing to solving design problems. The
Construction extension to the PMBOK guide defines the planning phase of a project to include better
clarification of the project concept as well as defining the project criteria in addition to producing the
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basic drawings and baselines for the project time and budget. This would be the project work plan
which usually needs to be approved by the owner to be used as a guideline for the next steps of the
project (Project Management Institute, 2008). In addition, initial project risks can be extracted at this
phase and some treatment measures can be considered to mitigate, avoid, accept or transfer them.
Pre-design can affect the whole project life cycle as it is the principal of the design and construction
phase; therefore the way of performing pre/schematic design is significantly important.
The role of BIM in the planning phase:

Based on Indiana University BIM Guideline (2012), applying BIM at the planning phase has the
advantage of being able to estimate the cost for each square meter of the project, as well as all the
requirements for enhancing energy performance. It is also possible to identify clashes in design from
the various professionals on the project through the use of BIM tools which may prevent errors in
detail design and in construction. This allows the project manager to be proactive regarding the
project risks and to find a suitable solution to overcome such issues. The initial space planning can be
another output of applying BIM tools in pre-design (Ham, Min, Kim, Lee & Kim, 2008:42) The
continued data gathering in BIM model, from project concept and data updating until completion,
optimize risk management and may lead to optimized safety in the construction work (Lew & Lentz,
2010:37).
There is a variety of software packages which can ease the scheduling and budgeting process of a
project. Adding the schematic design to the time schedule and predicting the cost of drawings
issuance besides constructing them, makes BIM one of the most useful tools for project managers. As
such, linking BIM to the Enterprise Resource Planning (ERP) systems has proved to be beneficial as it
makes it significantly easier for clients to keep track of status of progress on a project (Babič,
Podbreznik & Rebolj, 2010:539).
BIM can provide a virtual simulated model for the construction project based on the same limitation
and goals which are required by real construction processes. However, the role and responsibility of
parties should be clear enough within the planning stage. The type of contract would is important in
defining such roles and responsibilities.
Project delivery methods:
Choosing a procurement method for a project is dependent on the owners’ criteria, such as: flexibility,
level of involvement, previous experience, technical knowledge and risk toleration. Project
specifications are also important considerations for the choice of procurement method and can vary
based on the project size, type, duration and cost restrictions. There are also some external factors
which affect the decision of the contract method to be used, for example, the availability of the
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information about the site conditions or experienced contractors (Stauffer, 2006:17). The business
model is also highly effective in determining the project management approach, as the responsibilities
of the parties would vary in different models.
Two methods of procurement are most popular on construction projects, namely: Design-Bid-Build
(DBB) and Design- Build (DB). The DB procurement method has many variants that include BuildOperate-Transfer (BOT) or Design- Build-Operate-Maintenance (DBOM). Construction management
at Risk (CM@R) is the other popular project delivery method, particularly used in the USA.
In Design-Bid-Build (DBB) procurement model, the designer provides the framework of the project
by defining the objectives, basic design and also detail design, as it is more common in South Africa.
The general contractor, who wins the bid usually at the lowest price and probably with less
responsibility, should do the shop-drawing, fabrication and construction. As the responsibilities and
work process are fragmented, any changes, omissions or modifications would be time and/or cost
consuming. For this reason, DBB is not regarded as an efficient contract type.
Watermeyer (2014) believes that if integration in the design process is achieved before completing
25% of the design, delays and cost overruns can be avoided, while the use of project resources would
be optimized. Watermeyer also observes that integration can be gained by sharing the design
responsibility between the designer and contractor and by bringing in the contractor in the early stage
of the design.
These issues can be handled properly in a Design-Build (DB) model, as design and construction
responsibilities have been integrated. In other words, in DB model, the owner delegates both design
and construction responsibility to a single main contractor who should provide an estimate for the
project time and cost. This estimate can be modified based on the owner’s preferences or
requirements at the earlier stage of the project life cycle. This would save a considerable amount of
cost and time which could be raised due to the changes and corrections.
Under the CM@R contract type, the owner secures not only a designer but also a construction
manager. The construction manager’s role is that of a consultant at the design phase and as a general
contractor at the construction phase. Moreover there is a Guaranteed Maximum Price (GMP) that the
construction manager should control the project cost to not exceed. In this contract type, the owner is
involved in the design process while the contractor is involved from the early stage of design which is
the main advantage of this contract type.
The Integrated Project Delivery (IPD) is one of the most recent types of the contracts and is likely to
become more popular especially on projects where BIM is used. The main distinguishing feature of
IPD is that it engenders effective collaboration among all the project parties, including the owner,
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designers, contractors and sub-contractors. Therefore, applying a collaborative tool, such as BIM, is
required to support an IPD contract throughout the project lifecycle. The responsibilities and tasks,
however, need to be clearly defined in order to address any legal issue that may occur (Eastman,
Teicholz, Sacks & Liston, 2011:648; Hardin, 2009).
The more integrated the contract type is, the more suitable it is to apply BIM. So, except under the
DBB procurement method, all the other procurement models already discussed can implement the use
of BIM tools on construction projects. However, if the DBB contract model is applied, tender related
documentation should be included in the BIM model to decrease the fragmentation in the process.
The first contract type that emphasized the use of BIM is the Consensus DOCS 300 ‘Tri-Party
Collaborative Agreement’, which included a Building Information Modelling addendum document as
Consensus DOCS 301. It was published by the Associated General Contractors of America in 2007
(Yalcinkaya & Arditi, 2013:619). This followed by The American Institute of Architects (AIA) who
also developed a new type of contract called the A195™-2008 for standardizing the agreement
between the owner and contractor for Integrated Project Delivery. Later, A295™-2008 was published
by AIA stipulating that all the parties should employ Building Information Modelling for the IPD
method (AIA, 2008).
The University of Colorado-Denver Health Sciences Centre is one of the projects where BIM was
applied in most of the project phases from planning to construction and commissioning. Developing
the model was very time-consuming for the project team but the developed construction model helped
them to save considerable time afterwards (McGraw-Hill Construction, 2009).
2.2.3 Design Phase
General expectation of the design phase:

According to the Construction Extension to the PMBOK, detail design drawings and specifications
are developed during the design phase (Project Management Institute, 2008). This may vary based on
the project contract. For example, in a DBB type of contract, the design process would be finalized
first and construction would start when the all the design documents have been approved before
construction by a contractor who has been chosen through a bid. Despite, in DB and other contract
types discussed in 2.3.2, the design and construction processes go on concurrently. Each drawing that
is completed and confirmed can be implemented on site by the contractor as long as it is not strictly
dependent on the detailed design of other parts of the project. The layout of the construction site and
Take-Over Points (TOP) would be developed simultaneously in the design phase.
Collaboration and integration of the different disciplines and making appropriate decision for
controversial issues, is part of the design process that is mostly handled by the project manager. It is
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worth mentioning that the cost for constructing or fabricating can be estimated more accurately during
this step.
The role of BIM in the design phase:

Eastman et al. (2011:648) state that using parametric objects makes BIM different from other CAD
applications. This specific feature which makes BIM application more desirable to designers given
that, in spite of the objects with fixed specification and size, parametric objects can be defined and
updated based on variable parameters.
This eases providing architectural details such as site plans as well as structural details including
foundation and civil engineering details consisting of topography and landscaping. Besides all the
information regarding different systems such as HVAC, electrical, plumbing, fire detection and
fighting, more precise optimized energy consumption can be included in the model (Indiana
University, 2012). Thus, integration and collaboration amongst all disciplines is straightforward when
all these details are gathered into one single Building Information Model. This helps the project
manager to facilitate the cooperation between specialists and keep them informed of the updated
model within the design process.
BIM models have already been utilized to enhance site layout development as well as its logistics and
work space assignment (Akinci, Fischer, Kunz & Levitt, 2002:296; Yalcinkaya & Arditi, 2013:619;
Zhang, Anson & Wang, 2000:15). As such, BIM models allow the designer to evaluate the different
options available to enhance creativity in the construction process (Zarzycki, 2009).
The equipment specifications, fabrication and lead-time should also be considered while the design
work is going on. These have to be detailed enough to make it smooth/seamless to supply or fabricate
them. Also, the installation procedure and the guarantee or warranty on the equipment should be
deliberated during the design phase. Providing detailed and accurate shop-drawing as well as efficient
drawing review process, are some of the benefits of using BIM model for the fabrication phase (Luth,
Schorer & Turkan, 2013:103).
In this stage of the project, constructability issues can be identified and corrected within the model
and before starting construction. Scheduling and cost estimation are more accurately done at this
stage. Thus, BIM becomes a helpful tool for controlling the project to ensure it is completed on
schedule and within budget.
A BIM model can be used to provide a Bill of Quantity (BOQ) which would be updated by changes
on the model, so it is helpful for obtaining a more precise estimation of project cost. In a time
schedule which is linked to the BIM model, the activities are clarified and the cost for each individual
task can be defined. Therefore, the project manager can understand the coast of each activity in
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addition to the cost associated with each work package and the project as whole (Yalcinkaya & Arditi,
2013:619).
BIM can also improve the design-ability, constructability and contractibility. This is because it allows
the design to be based on the project specification and on material availability. Conflicts and clashes
can also be avoided by modelling all the details and the responsibilities and work procedures can be
defined clearly by applying BIM. Since value management is also a way of optimizing these three
elements of design-ability, constructability and contractibility, it can be derived that BIM has the
advantage of improving the value management process (Hartmann, Gao & Fischer, 2008:776;
Yalcinkaya & Arditi, 2013:619).
Azhar and Brawn (2009:276) through an analysis of case studies identified the advantages of
introducing BIM at the pre-construction phase of a project to provide more accurate estimation of cost
and time schedules, improved site coordination and constructability. The use of BIM for sustainability
analysis during the design phase as well as the whole project life cycle has been evaluated effectively
through a theoretical framework developed by Azhar and Brawn (Azhar, Khalfan & Maqsood,
2012:15).
2.2.4 Construction Phase
General expectation of the construction phase:

As discussed earlier, construction can be carried out either after the detail design has been completed
or concurrently with the design process. During the construction processes, the availability of
resources and funds is crucial for enabling the project manager to control the progress of the work.
The equipment which requires time to be fabricated by a supplier will need to be ordered well in time
to prevent delays in the construction process and also imposition significant storage cost to the project
due to the early arrival. Proper management of material and equipment on a project can have a
remarkable impact on productivity (Navon & Berkovich, 2005:1328).
The Critical Path Method (CPM) is usually employed by planners in managing time schedules on
projects and providing required reports and information to the project manager (Yalcinkaya & Arditi,
2013:619). The cost estimates for the project arrived at during the planning and design phase of the
project are also relied upon for determining cash flow requirements during the project. A
responsibility of project managers is to balance the project budget with project expenses to ensure that
the project does not over run on cost and that no payments are outstanding.
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The role of BIM in the construction phase

The application of BIM tools at the design phase of a project has the advantage of capturing cost and
time schedules associated with the fabrication and assembly steps. This enables a retrospective look at
how these components of the project affect and/or contribute to overall project duration and cost
(Navon & Berkovich, 2005:1328; Popov, Juocevicius, Migilinskas, Ustinovichius & Mikalauskas,
2010:357). Simulating the equipment handling and movement for assembly through a 4D model (a 3D
model which also includes time as the 4th dimension) can help to find a more suitable material for
construction and inspect the safety condition for movement of the equipment (Mahalingam, Kashyap
& Mahajan, 2010:148) (Yalcinkaya & Arditi, 2013:619).
The process of applying changes on a project requires that the reason for the change and the party or
team to effect the change be first identified. Also, the cost and time associated with effecting the
change needs to be evaluated. Typically, a Request for Information (RFI) would be issued, which
should be transferred to the designers to process consequences of applying the change. If the change is
confirmed, the process would be finalized by issuing of a Change Order (CO) with its own procedure
to complete. Then all related parties would be informed of their role in implementing the change
order. Although this is a time-consuming procedure, it may have some influences on the project,
which may only be noticed in later stage. Having a simulated and integrated BIM model makes it a
simpler and faster process while the probable conflicts or effects would also be noticed in the model
(Eastman, Teicholz, Sacks & Liston, 2011:648).
BIM also allows both the owner and the contractor to save considerable cost of reconstructing and
modifying. As Dawood et al. (2005) state, the application of BIM for reducing errors and for
enhancing the performance of the project team is getting more common (Dawood, Scott, Sriprasert &
Mallasi, 2005).
Another benefit of using BIM is its ability to link the time schedule and project cash flow which
provides the project manager with efficiently control. Having this connection between the model and
time schedule helps the planner to practically identify issues which may affect the construction work
and the interpretation of the time schedule activities is easier.
In conventional way of scheduling and planning, planners work on an abstract schedule and their
perceptions may vary. The limitations in traditional scheduling method and tools, makes it difficult to
accurately include updated availability of the required man-hours, machinery or budget for
completing a planned task (Feng, Chen & Huang, 2010:347; Koo & Fischer, 2000:251). Thus,
defining the cost of construction activities in the time schedule is difficult; the budget would be
assigned to a work package which is a collection of tasks while scheduled activities are single tasks
and more detailed (Yalcinkaya & Arditi, 2013:619). This issue can also be addressed by using a
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model where the time and cost are integrated based on the construction process. Adding the time to a
3D model and extending it to a 4D model, allows the planner to determine the construction period for
any specific element of BIM model.
As discussed by Yalcinkaya and Arditi (Yalcinkaya & Arditi, 2013:619), visualization is a convenient
tool to have a better understanding of the work and to provide a holistic view of the work. This tool is
available through utilizing a BIM model (Russell, Chiu & Korde, 2009:1045).
Safety is another issue, which can be improved by applying BIM as it enables the designers to identify
the risks and dangers while designing and mitigating them through passing useful information to the
contractor (Lew & Lentz, 2010:37). The information provided allows the contractor to improve his
safety plan to prevent hazards more efficiently. In this regard, an integrated procedure has been
developed and examined by Hu et al. (2008:266) to analyse the safety benefits of utilizing a BIM
model between the designer and constructors. Hu et al. find that this solution is more efficient than
other methods which have been applied so far. Furthermore, linking the safety issue to the project
planning can result in managing safety of work more effectively, as discussed by Sulankivi et al.
(2010:117).
The role of BIM in enhancing the communication and improving site work efficiency as well as its
usefulness in prefabrication and preassembly, has been stated by Kennedy, founder of the
Birmingham, Alabama, firm BE&K (McGraw-Hill Construction, 2009). Additionally, Azhar et al
(2012:15) identify the main benefits of implementing BIM at the construction phase of a projects to
include checking the project status and progress, meetings and communication planning and uniting
BIM model by RFIs, COs and punch list information.
2.2.5 Start-up and turnover phase
General expectation of the start-up and turnover phase:

Final testing of the project before commissioning and eventually handover of the completed facility to
the owner is the last part of the project life cycle from the contractor’s perspective. This is the step
where each project part which may run independently, would be tested on the same sequence as the
facility performance work flow. If each part can perform its role properly, the project will run as it has
been designed.
The project lifecycle however does not end when a final facility is handed over to the client by the
contractor, but continues beyond the handover phase. The client will be responsible for managing the
post-handover phases of the project lifecycle when they arise. During this phase documentation
importance would be more apparent. Project documentation should be considered at the onset of the
project all through to project completion by the contractor. It is necessary that project records be kept
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and updated and made accessible by the project owner. It is also critical that the latest updates be
available to the owner for using in operation, maintenance and facility management.
The role of BIM in the start-up and turnover phase

The simulated model, developed all through the design process using BIM tools, is a valuable
opportunity for checking if there might be any problem while commissioning the project. The model
helps to test the whole concept and design as it is constructed. This ability is gained through the
information flow in the backstage of the model which is modified, completed and updated during the
project life cycle.
BIM is ideal with regard to project documentation because of its integrated features. It is often
described as a united information backbone (Underwood, Isikdag & Global, 2010). The project lifecycle approach of BIM makes it powerful enough to handle this issue. The information gathered by
the project team from the conceptual phase up to construction is of great value to the owner to enable
efficient operation and maintenance as well as management of the facility. The availability and
reliability of the information is not comparable with the traditional paper-based communication. The
as-built drawings derived from BIM are accurate enough to be used for commissioning as they
include all the changes that applied to the model. Any warranty or guarantee on the equipment is also
included in this database to be made available to the owner for later use.

2.3 Advantages and risks in applying BIM
2.3.1 Most important advantages of BIM application in general
There are two general views on the relevance of BIM for the construction industry. Some industry
stakeholders are of the view that BIM is complicated and does not possess the resilience to survive
and help the industry through the complexities of the construction processes. The other view is the
direct opposite of the first as some stakeholders consider BIM to be a cure-all to address all the
challenges encountered by the industry.
The benefits of applying BIM on a construction project have been discussed from different
perspectives. A large number of case studies and surveys have been carried out to investigate the
benefits and advantages of BIM on construction projects. In 2009, a wide survey was conducted by
Becerik-Gerber and Rice (210:185) within the construction industries in the USA. The survey showed
considerable benefits of applying BIM amongst the respondents in which visualization, clash
detection, building design and as-built model have been ranked the first top four. A similar study was
carried out by Arayici et al (2011:7) which showed the competitive outcomes of using BIM through a
case study. There are also researches confirming the benefits of BIM such as more accurate designs,
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earlier correction of the conflicts and improvement of project management within the project life
cycle (Staub-French & Khanzode, 2007:38, Yan & Damian, 2008).
In the early stages of BIM technology application, the achievements of utilizing 3D and 4D modelling
has been discussed by Staub-French and Khanzode (2007:381). Eastman et al. (2011:648) enumerate
the BIM advantages in preconstruction, design process, construction and fabrication and postconstruction, which are pointed out in section 2.2.
The significant benefit of BIM application is its truthful geometrical demonstration of different
components of a building in a united data set (CRCC Innovation, 2007). In other words, it can be
grouped mainly in simulated features and life-time information database, and other related advantages
can be allocated to one of these main titles (Azhar, 2011:241).
Visualization and simulated model



Providing a simulated model within the conceptual phase, can be a good evaluation tool for
the owner to understand if the project is feasible within the allocated time and budget
(Eastman, Teicholz, Sacks & Liston, 2011:648).



Developing a virtual model before construction makes it tangible to see if the project is in an
acceptable level of quality and sustainability. The ability of BIM models to connect to the
energy analysing tools for optimizing the energy consumption and providing a sustainable
design, can make it a preferred option for building companies.



It also helps to better understand the design process as well as the construction work. This in
turn can reduce errors in design and rework in construction. In other words, it is helpful for
clash detection and identifying constructability issues. Also it improves individuals’ creativity
in design work by having the opportunity to check what-if questions which can be responded
virtually.



Fabrication and installation procedures are cleared through the simulated model. Therefore,
supply and fabrication of the equipment can be well managed to decrease the storage and
inventories as well as the lead-time (Sacks, 2004:301).



Having a 4/5D model provides a comfortable situation for all the stakeholders to review and
comment on the project, even if they are not able to spend much time investigating the project
details (Eastman, Teicholz, Sacks & Liston, 2011:648). Studying 32 important projects which
utilized BIM by Stanford University Centre for Integrated Facilities Engineering (CIFE), Gao
& Fischer (2008) found that one of the main benefits of 3D models is its simplicity for
communicating with nonprofessional stakeholders.
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Information Database



Gathering all the information about the project under the BIM umbrella, from the early steps
of the project life cycle, facilitates the early and efficient collaboration among the project
team members.



Using parametric objects helps decreasing the human errors in calculation. As parametric
objects are defined by parameters linked to the other related objects, BIM also expedites
applying effects of any change on other objects which might be under its influence.



Updated and accurate drawings of any section, part or view are extractable at any time. All
these possibilities are achievable through a more productive design with less labour hours
(Sacks, 2004:301).



Providing a precise Bills of Quantity (BOQ) and Bills of Material (BOM) in a shorter time
frame is another achievement of having all the data on a single model. This also allows easier
cost estimation while design and construction are progressing. Meanwhile, all the related
parties can be informed of the requirements of the specific construction stage (Shen & Issa,
2010; Staub-French & Khanzode, 2007:381).



The information database of BIM tools is rich enough to be connected to energy analysis tools
for assessing the sustainability and energy consumption of the constructed unit (Arayici,
Coates, Koskela, Kagioglou, Usher & O'Reilly, 2011:7).



In spite of conventional scheduling method where activities of the time schedule are defined
based on abstract tasks, BIM allows the time to be allocated to the construction objects rather
than a single project activity and task. This makes the time schedule more tangible and
controllable (Staub-French & Khanzode, 2007:38).



As the information is synchronized and updated regularly, the model would include the
necessary information to provide an evaluation of the facility performance before it actually
starts running (Staub-French & Khanzode, 2007:381).



It also provides accurate as-built drawings of the project, which is of great value to the facility
owner during the operation and maintenance phase (Becerik-Gerber & Rice, 2010:185).



Allowing to put aside all the documents with unstructured formats, such as PDF,
spreadsheets, emails and letters and keeping all the information in an integrated model which
is accessible for all the project team members, is another benefit of such tools. This feature
has been considered as the principle for developing a knowledge management database (Gao
& Fischer, 2008).



Chuang et al. (2011:144) enhanced BIM visualization and operation by designing a Graphical
User Interface (GUI), which allows the users to obtain valid information via web. This new
technology called Cloud-BIM provides access to the information and project status anytime
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and anywhere as the users may need it. In turn, this eases the communication and data
distribution for project team members when compared to normal BIM.
2.3.2 Advantages of BIM application for different parties
As different stakeholders in the project have various roles and responsibilities, there are some aspects
of applying such a tool which sounds more attractive to them. The main achievements and gains of
stakeholders can be extracted through some case studies, as described below.
BIM applications for Architects and engineers

The flexibility of the model developed with BIM, is one of the main fascinating features which attract
architects and engineers. Using parametric objects makes it easier to apply changes on the model
while different parties and disciplines have access to it. This makes BIM to be a highly demanded
technology amongst the designers. It is mentioned as one of the main achievements of applying BIM
in Aviva Stadium in the USA (Eastman, Teicholz, Sacks & Liston, 2011:648).
Another case study on a building in the University of Nebraska showed that Life Cycle Analysis
(LCA) and evaluating the energy consumption during the building life cycle can be straightforward by
linking BIM model to sustainable design analysis software. Owing to the parametric objects used in
BIM model, the sensitivity analysis for LCA is much easier and BIM provides a useful platform for
identifying required design changes to improve energy consumption performance (Wang, Shen &
Barryman, 2011).
Decision making in design work is highly influenced by energy analysis which can be gained through
an effective BIM tool. This was one of the advantages of early adoption of BIM by all the project
parties in Helsinki Music Center project in Finland. The collaboration between the electrical engineers
and HVAC engineers on the unique model, made it possible to prevent any clashes of services during
the installation (Eastman, Teicholz, Sacks & Liston, 2011:648).
BIM applications for owners and facility managers

There is evidence of projects where the owner has been participating in the BIM implementation and
gaining considerable benefits through it. For instance, the Sutter medical centre in California, USA,
was constructed with a collaborative approach within all the project entities from the conceptual
phase. Construction was started six month earlier than its original plan and completed under the target
estimated cost. It is claimed that in this project which was delivered by the IPD method, no milestone
was missed and all the team members were satisfied by the effective cooperation (Eastman, Teicholz,
Sacks & Liston, 2011:648).
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Decreasing the life cycle cost of the facility is an owner’s main objective and includes the cost of the
operation phase. The ability to connect early design information to the facility management
documents makes BIM a desired tool for the owners and for facility management. It is also possible to
see the travelling path through the designed BIM model and to identify any hazard which may occur
later. Thus BIM is helpful for reducing the safety related issues (Wang, Wang, Wang, Yung & Jun,
2013). The same benefits in saving time and money were experienced in the One Island East project
in Hong Kong due to early error correction and clash detection where all the stakeholders participated
in BIM application from the first design steps (Eastman, Teicholz, Sacks & Liston, 2011:648).
In the Maryland general hospital project in the USA, despite utilizing BIM very late, it still helped to
reduce the solid waste of the hospital in facilities management phase, improve the equipment lifetime, enhance the preventive maintenance as well as to produce precise as-built drawings (Eastman,
Teicholz, Sacks & Liston, 2011:648).
As described in Contructech magazine, in 2010, the USA General Services Administration was
applying BIM in early stages of more than 70 capital projects for evaluating the possibility of
rehabilitation of the buildings. In other words, the cost of renovation was calculated using BIM along
with other software to provide a comparable analysis and evaluating the feasibility of the projects
before it started. The cost calculation included pricing, energy and pro forma analysis as well as the
4D visualization (Constructech, 2010).
BIM applications for contractors, subcontractor and fabricators

It is important for the contractor to save time and cost while satisfying the owner and delivering the
work at expected quality level. Designing the Blackfoot Crossing Historical Park in Alberta Canada
was one of the BIM projects with perhaps no error. The contractor did not encounter changes or
clashes during the construction phase. In this project, the contractor experienced improvement in the
productivity by spending less labour hours with less errors and rework (Kaner, Sacks, Kassian &
Quitt, 2008).
Enhancing the communication and interoperability is another feature which results in improving the
quality of work as well as saving time and cost during the project. This is more important on the
construction site and in the fabrication workshop as the shop-drawing and detailed design drawings
should be interpreted correctly. The University Of Southern California School Of Cinematic Art was
built utilizing a BIM model, where both the contractor and the fabricator found it quite helpful as they
saved a considerable number of work days and man-hours (Luth, Schorer & Turkan, 2013:103).
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2.3.3 Major risks and barriers in BIM application
In spite of identified advantages of utilizing BIM technology within a project, there would be also
some risks involved in implementing it, which stop some organizations from adopting the BIM
technology.
Human factors

Implementing a software based technology always needs acceptance by the users. Utilizing BIM
needs both willingness and support of the project team members owing the comprehensive
collaboration required for its successful implementation. So, if there is any party or group members
who use traditional methods, it would be necessary to have the model on paper form and with
sufficient information and data for planning, design or construction use.
Responses to a survey conducted by Yan and Damian in the UK and USA show that the time and
human resource required for training is one of the obstacles for the companies (Yan & Damian, 2008).
Wax (1997) argues that achieving business profit is the most important objectives of company
owners. As such, they need some evidence to ascertain the future of such an investment. Results from
a variety of case studies today provide sufficient proof and motivation for the owners in the AEC
(Architecture, Engineering and Construction) industries. There is however, resistance to change and
new technology which may explain why some of the key team members adhere to the old-style
routines and ignore any benefits which can be gained by applying new technologies.
The other factor that is a key to BIM implementation criteria is accessibility of the information and
the model to all team members for fulfilling their own part of the work process. This may need some
change in the organizational culture as well as in the infrastructure. Compared to the traditional work
flow, design and construction information are integrated into a shared model and at an early stage of a
project. This requires more collaboration amongst all the stakeholders. Even in individual companies,
a multidisciplinary approach is needed, thus, time and education would be required (Eastman,
Teicholz, Sacks & Liston, 2011:648).
A lack of specialists either within the organization or project team is a difficulty for adopting BIM in
some firms (Kashiwagi & Sullivan, 2012; Ku & Taiebat, 2011:175; Mayo, Giel & Issa, 2012:349,
Johnson & Gunderson, 2010). The required cultural change in the organization may also present
another stumbling block, which results in not having enough requests from the owners and investors
for such a change (Birkeland, 2009:1; Brewer & Gajendran, 2010; Dawood & Iqbal, 2010; Denzer &
Hedges, 2008).
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Compatibility

Another challenge concerns the compatibility of data format when other project participants work
with tools with data formats different from that of BIM. Industry Foundation Classes (IFC) has
however, developed a data model to address this problem. The IFC data model provides a mechanism
for interoperability between applications with different data formats (Eastman, Teicholz, Sacks &
Liston, 2011:648, Johnson & Gunderson, 2010).
Legal Concerns

Regarding the responsibilities and division of labour, the conditions would differ when BIM is
implemented in a project due to its integrated nature. This may affect the responsibilities and rules of
the project team members. Although attempts have been made to resolve ambiguity by some
professional groups, such as AIA and Associated General Contractors of America (AGC), there might
still be some concern for companies to execute a project using BIM (Eastman, Teicholz, Sacks &
Liston, 2011:648; Oluwole Alfred, 2011).
The copyright and possession of the database can be a controversial issue when using a shared model
with an integrated database (Christensen, McNamara & O'Shea, 2007:191; Briggs & Brumpton,
2001:25, Johnson & Gunderson, 2010). Eadie et al. (2013:145) find that Intellectual Property (IP) and
Professional Indemnity (PI) insurance are subjects to uncertainty and their ambiguity is an area of
concern when applying BIM.
Value of BIM: Cost versus quality

Implementing any new tool is costly (Azhar, 2011:241), especially if there are not enough extra
budgets for the new required infrastructure and for supporting its implementation (Bazjanac,
2004:58). Barlish and Sullivan suggested a methodology to measure BIM advantages and concluded
that project size, the level of proficiency amongst project team members, the nature of team
communication and other external factors influencing the organization, can affect the level of
implementation of BIM (Barlish & Sullivan, 2012:149).
AIA and Autodesk define the Level of Development (LOD) specification as “a reference that enables
practitioners in the AEC industry to specify and articulate with a high level of clarity, the content and
reliability of Building Information Models (BIMs) at various stages in the design and construction
process”. The LOD system can vary from 100 for the conceptual phase to 500 for the as-built stage
(see Table 2.1). There are some methods to control the LOD for the drawings, but Luth et al. (2013) is
of the opinion that the LOD system is not measuring the quality of the drawing and therefore it cannot
evaluate the effect of the drawings on constructability or time and cost saving (Luth, Schorer &
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Turkan, 2013:103). The cost of implementing BIM is a function of project complexity and Level of
Development (LOD) of the model (Hergunsel, 2011a).
In general, the cost of providing resources as well as training the project team is one of the major
obstacles for implementing BIM in construction industries, especially because the benefits of applying
BIM are not achievable immediately and take time to be noticed (Azhar, Carlton, Olsen & Ahmad,
2011:217; Crotty, 2011; Eadie, Browne, Odeyinka, McKeown & McNiff, 2013:145; Sebastian,
2010:166; Thompson & Miner, 2006; UK cabinet Office, 2011; Yan & Damian, 2008).
Table 2-1: Fundamental LOD
(AIA/AGC, Aug. 22, 2013)

The Model Element may be graphically represented in the Model with a symbol or
LOD 100

other generic representation, but does not satisfy the requirements for LOD 200.
Information related to the Model Element (i.e. cost per square foot, tonnage of HVAC,
etc.) can be derived from other Model Elements
The Model Element is graphically represented within the Model as a generic system,

LOD 200

object, or assembly with approximate quantities, size, shape, location, and orientation.
Non-graphic information may also be attached to the Model Element.
The Model Element is graphically represented within the Model as a specific system,

LOD 300

object or assembly in terms of quantity, size, shape, location, and orientation. Nongraphic information may also be attached to the Model Element.
The Model Element is graphically represented within the Model as a specific system,

LOD 350

object, or assembly in terms of quantity, size, shape, orientation, and interfaces with
other building systems. Non-graphic information may also be attached to the Model
Element.
The Model Element is graphically represented within the Model as a specific system,

LOD 400

object or assembly in terms of size, shape, location, quantity, and orientation with
detailing, fabrication, assembly, and installation information. Non-graphic information
may also be attached to the Model Element.
The Model Element is a field verified representation in terms of size, shape, location,

LOD 500

quantity, and orientation. Non-graphic information may also be attached to the Model
Elements.
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2.4 Chapter synthesis
BIM started to be used within AEC industries for addressing disintegration of the information and for
unifying data and dimensions for construction components. There are considerable advantages for
applying BIM through the project life cycle, which include but are not limited to the following:
o

Using the centralized information during project life cycle

o

Saving considerable time and cost associated with reproducing the information as
well as reconstructing and modifying

o

Improving sustainable design

o

Helping with proactive project risk management

o

Early cost estimation in conceptual phase

o

Linking schematic design to the time schedule and predicting the cost of drawings
issuance and each square meter of the project in planning phase

o

Providing integration and collaboration amongst all disciplines in design phase

o

Identifying constructability issues and correcting them before starting construction in
design phase

o

Capturing cost and time schedules associated with the fabrication and assembly steps
in construction phase

o

Improving construction safety

o

Optimizing the facility management process

There are also some barriers in implementing BIM that relate to human factors, compatibility, legal
issues and cost of implementation.
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Chapter 3 – BIM application in Industry
3.1 Chapter Introduction
Chapter 2 provided a background to BIM. This chapter gives an overview about BIM application in
the industry. The worldwide business achievements of BIM as well as the trend of BIM adoption in
some pioneer countries are provided. The current situation of BIM usage and guidelines and standards
in these countries are discussed as well as a summary of the possible future of BIM. Also discussed in
the chapter is the utilization of BIM in South Africa and maturity and the limitation in applying it. An
outline of the topics covered in this chapter and section contents is illustrated in figure 3.1.

Figure 3.1: Chapter 3 Diagram
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3.2 Woorldwide usse and accep
ptance of BIM
B
3.2.1 Bu
usiness achieevements off BIM
The MccGraw-Hill construction
c
report (200
09) showed that
t
the app
plication of BIM has beeen quite
impressiive and withh some meassure of succeess. Two-thirrds of BIM users in Norrth America reported
positive Return on Investments (ROI) on thheir overall investment in BIM whiile one-fifth of them
achievedd more thann 50% returrns. In the same
s
report,, reducing rework
r
was ranked as the
t most
importannt benefit off using BIM. The other to
op rated featture in the reeport is decreeasing designn clashes
and channges during construction
c
.
Fifty fivve percent of
o respondennts who partticipated in the McGraw
w Hill surveey acknowledged the
impact oof BIM in cuutting projecct cost. Of thhis number, 39%
3
believeed that BIM could reducee cost by
up to 25% (McGraw
w-Hill Constrruction, 2009
9).
a
ly 40% of unndesired chaanges, for
A surveyy of 32 majoor projects inn the USA shhowed that approximatel
which no cost was allocated
a
in thhe project caash flow, werre eliminatedd by applyinng BIM. Furtthermore,
the respoondents had experiencedd about 80% time reductiion for generrating the cost estimationn and 3%
claimed more precission in the coost estimatioon. Those suurveyed belieeved that theey saved arouund 10%
he entire pro
oject durationn (Azhar,
of the coontract valuee for early cllash detection and up to 7% cut on th
2011:2441).

Figure 3.2: Saving through collaboration
(J.C. Cannistraro, 2009)
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l
mechannical constru
uction firm in
i the USA that providees plumbing,, HVAC,
J.C. Cannnistraro, a large
fire prottection and facilities
f
servvices for com
mmercial andd institutionaal projects, analyzed
a
4088 projects
they hadd executed. They
T
concludded that the more
m
BIM was
w applied on
o a project, the more savving was
achievedd on Changee Orders (CO
O). Figure 3.2 shows thaat 18.24% of the entire project cost for COs
was decrreased to 2.668% by utilizzing BIM (J.C
C. Cannistraaro, 2009).

Figure 3.3: BIIM Implementa
ation Level in 2012 and foreccasted for 20144
(McGraw--Hill Constructtion, 2014b)

Anotherr report of McGraw
M
Hill Construction
n (2014b) foorecasted a remarkable sh
hift in applyying BIM
in Northh America an
nd South Koorea in 2 years from 2012 as well as
a in Australlia and New Zealand
from 2013 (See Figu
ure 3.3).
A more recent inveestigation off the construuction industtry in 10 couuntries in 20013 showedd that the
i
even
n more by thhe year 2015 with the
uptake oof BIM utilizzation by conntractors will double or increase
exceptioon of Japan. Figure
F
3.4 shhows the couuntries studieed and the prresent and prrojected leveel of BIM
utilizatioon by contracctors (McGraaw-Hill Connstruction, 20014a).
The channges and pacce of adoptioon of BIM by
y contractorss can be regaarded as a siggn of comingg changes
in other project partiies. Contractors adopting
g BIM, regarddless of whether clients demand
d
its utilization
u
hances the contractor’s capacity
c
to deploy
d
BIM,, thus improv
ving the conntractor’s
on their project, enh
a
this
performance on a prroject. The sppin off effecct could be thhat the cliennt may be connvinced to apply
m shift in his/her
h
organnization as well.
w
Howevver, if this movement
m
sttarts from thhe public
paradigm
sector, it can even reesult in a fasster adoptionn and commiitment to BIM. The role of the privaate sector
cannot be
b ignored, seeing
s
that R&D
R
works are
a mainly pushed
p
by thhe public sector and suppported by
private sector and therefore
t
havve a strong influence onn awareness and readineess for acceppting the
requiredd changes (W
Wong, Wong & Nadeem, 2009).
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Figu
ure 3.4: Forecaasting the percentage of contractors at high
h/Very high BIIM Implementtation Level in 2015
comparred to the oness in 2013
(McGraw--Hill Constructtion, 2014a)

Conclussions from thhese reports provide
p
evideence which suggest
s
that rate
r of uptak
ke of BIM tecchnology
is differrent for each
h country as some counttries are adoopting BIM at a faster rate
r
than othhers. The
experiennce of some countries
c
witth regard to the
t level of B
BIM utilizatiion is discusssed below.
USA

About 71%
7
of firmss in the AEC
C industry in North Amerrica had ado
opted BIM ass of 2012. There was
an astronnomical rise consideringg that only 177% and 49%
% of firms hadd adopted BIIM in 2007 aand 2009
respectivvely. It is worth
w
mentionning that thee rate of BIM
M adoption amongst conntractors waas around
74%, w
which was 4% more thaan architectss and 7% more
m
than engineers.
e
Thhe General Services
Adminisstration, thatt runs all thhe state builddings in thee USA, requuires that all public builldings be
integrateed to a 3D–44D BIM proggram (McGraaw-Hill Consstruction, 2012).
There arre quite a larrge number of guidelines and standaards to suppoort BIM appplication proccedure in
the USA
A. Some of th
hem are pubblished by a government
g
related body
y or public sector while some are
issued thhrough the private
p
sectoor. There aree also a num
mber of acaddemic instituutions who distribute
d
their pubblications onn BIM utilizaation (Broquuetas, 2013; McGraw-Hiill Constructiion, 2009). T
The most
famous standard, whhich is quite popular in th
he USA, is National
N
BIM
M Standard (N
NBIMS) whhose third
b
of NBIM
MS is IFC foormat for
version was published by BuildiingSMART Alliance in 2013. The base
sharing information (McGraw-H
Hill Construcction, 2014aa; NIBS, 200
08b; Broquettas, 2013). T
Table 3.1
presentss a number off BIM guidellines or standdards develooped in the USA.
U
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Table 3-1: BIM standards and guidelines in the USA, Adopted from CAD Addict forum (Adopted from Broquetas,
2013)

Institution

Published by

Document

Date

GSA (General Service Administration)

Government

BIM Guide Series

2012

Department of VA (Veterans Affair)

Government

The VA BIM Guide

2010

Air Force

Public sector

BIM Requirements

2011

Tricare

Public sector

DoD MHS Minimum BIM Requirements

2011

USACE (U.S. Army Corps of Engineers)

Public sector

BIM Requirements

2011

Public sector

GSFIC BIM Guide

2011

Federal Aviation Administration

Public sector

Minimum BIM Requirements

2012

New York School Construction Authority

Public sector

BIM Guidelines and Standards

2013

Public sector

DDC BIM Guidelines

2012

Public sector

EAD BIM Standard Manual

2012

Public sector

CoSA BIM Standards

2011

Public sector

Ohio BIM Protocol

2010

Public sector

Guidelines - Standards (pp 48-72)

2008

Public sector

BIM Guidelines and Standards

2012

Private Sector

NBIMS-US™ V2

2012

Private Sector

BIM Protocol Exhibit

2008

Private Sector

Contractor's Guide to BIM 2nd Ed ($75)

2009

Private Sector

Contractor's Guide to BIM 1st Ed

2006

SDCCD ( San Diego Community College

Higher Education

BIM Standards for Architecture,

District)

Institute

Engineering & Construction

GSFIC (Georgia State Financing and
Investment Commission)

New York City Department of Design
and Construction
Port Authority of New York Engineering
Department
City of San Antonio
Ohio DAS (Department of Administrative
Services)
Texas Facilities Commission
Wisconsin DOA (Department of
Administration)
NIBS (National Institute of Building
Sciences)
AIA (American Institute of Architects)
AGC (The Associated of General
Contractors)
AGC (The Associated of General
Contractors)
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Institution
Georgia Tech

MIT Department of Facilities

Los Angeles Community College

Los Angeles Community College

Los Angeles Community College

Pennsylvania State University

Pennsylvania State University

University of Southern California

Indiana University

Published by

Document

Higher Education

GT BIM Requirements for Arch. Eng. &

Institute

Contr.

Higher Education
Institute
Higher Education
Institute
Higher Education
Institute
Higher Education
Institute

2012

BIM Standards

2009

DB BIM Standards

2010

DBB BIM Standards

2011

BIM Project Execution Planning Guide

Institute

v2.1

Institute
Higher Education
Institute
Higher Education
Institute

2011

MIT CAD and BIM Guidelines

Higher Education

Higher Education

Date

2010

BIM Planning Guide for Facility Owners

2012

BIM Guidelines 1.6

2012

IU BIM Guidelines and Standards

2012

UK

As reported in the 2014 edition of the UK National Building Specification (NBS), the level of BIM
awareness and usage has jumped in UK industries as only 13% of the industries were practicing BIM
in 2010 and this has increased to 54% in 2013. Furthermore, about 45% of the firms were neither
aware nor using BIM in 2010; this has reduced to only 5% of them in 2013 (NBS, 2014).
Using BIM on refurbishment projects in the UK has been practiced and reported to be very beneficial
for optimizing the design, enhancing information management and sustainability improvement (Kim
& Park, 2013:765). In 2011, the UK Government Construction Client Group forced all public sector
building projects to utilize BIM. Following this strategy, all the suppliers are required to have BIM
technology to qualify for projects by 2016 (Baxter, 2013; UK cabinet Office, 2011). To support
government in achieving this target, the business standards company of BSI (British Standards
Institution) in the UK published PAS (Publicly Available Specification) 1192-2 for information
management of the capital/delivery phase for construction projects in 2013. An earlier standard,
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which is also to be applied in the UK, was launched by AEC (UK) committee in 2012 and is called
AEC (UK) BIM Protocol v2.0 (BSI, 2013; Broquetas, 2013).
Finland

The Finnegan state property services agency, Senate Properties, tried some pilot projects adopting
BIM since 2001 and providing IFC compatible models for its project has been mandatory since 2007
(Wong, Wong & Nadeem, 2009; McGraw-Hill Construction, 2014a; Baxter, 2013).

This was

extended to other public sectors so that 20-30% of the clients required and used BIM by 2012. The
growth was not at the same pace in the private sector as less than 10% of private clients had adopted
BIM by the same year. This difference was also seen between large and small construction firms, as
the larger companies were more open to move towards this new technology and used it in around 50%
of their works. Comparably, smaller companies’ adoption was barely up to 10% (Koppinen &
Henttinen et al, 2012).
To define the steps of modelling in depth, a guideline has been developed in Finnish language which
needs additional expansion to cover data exchange conditions (Wong, Wong & Nadeem, 2009). There
are also several centres for research on BIM development or promoting its utilization and the
government supports them by subsidizing the R&D projects (Juhola, 2011). For instance, Skanska Oy
is carrying out research on the feasibility of integrating BIM models into an industrial construction
procedure (Wong, Wong & Nadeem, 2009). VTT Technical Research Centre of Finland is
investigating BIM solutions for sustainability and application in the built environment while also
working on the research about cloud storage and real-time information access for BIM program
(Permala, Kiviniemi, Sirkiä, Hiljanen, Granqvist & Lehtinen, 2008:66).
Norway

Almost 22% of Norwegian AEC/FM companies have already practiced or implemented BIM (Wong,
Wong & Nadeem, 2009). The civil state client (Statsbygg) in Norway started using BIM in 2005 and
by 2010, it had successfully implemented BIM for all its projects across the entire project lifecycle
(Juhola, 2011, Baxter, 2013, McGraw-Hill Construction, 2014a). BIM got more popular among
contractors because it is reputed to be a powerful way of integrated construction for habitations
(Wong, Wong & Nadeem, 2009). There is also research being conducted in Norway focusing on BIM
subjects, particularly focusing on optimizing design sustainability (Wong, Wong & Nadeem, 2009).
Also, a Norwegian BIM guideline has been published which resonates with the NBIMS standard of
the USA. Although this guideline, which is called BIM manual, was written for Statsbygg’s project
initially, it was subsequently adopted for use by other companies (Lê, Mohus, Kvarsvik & Lie,
2006:191; Wong, Wong & Nadeem, 2009). Furthermore, the Norwegian International Alliance for
Interoperability (IAI) forum tried to classify the information exchange necessities which can optimize
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the information interchange for improving the business within a construction firm (Wong, Wong &
Nadeem, 2009).
Denmark

The implementation of BIM in government projects has been mandated by the Danish government
since 2007 (McGraw-Hill Construction, 2014a; Wong, Wong & Nadeem, 2009; Kiviniemi, 2008).
However, one year before the mandate was issued, BIM was found to be utilized by approximately
50% of the architects, 29% of the owners and 40% of the engineers. The Palaces and Properties

Agency, The Danish University and Property Agency and Defense Construction Service are some
of examples of public sector BIM users (Wong, Wong & Nadeem, 2009). Although some of the
rules, which should be considered while applying BIM, are part of the construction laws, there is no
guideline specific to BIM utilization. However, Byggherrekravene laws, set by the Danish
government, cover the main necessities of implementing BIM. Besides, ‘Det Digitale Byggeri’ (the

Digital Construction) prescribes some methods and routines while working with digital tools. As
of 2009, this guideline was still under experimentation and modified based on the specifications
and condition of the projects. Guidelines for 3D CAD modelling have also been developed,
consisting of: 3D CAD Manual 2006, 3D Working Method, 3D Working Methods and Layer and
Object Structures 2006 (Hermund, 2009; Wong, Wong & Nadeem, 2009).
There are also some organizations which are leading or supporting R&D work in BIM. ‘bips’ is one
of these organizations, which is leading IT practice in construction industry (Wong, Wong & Nadeem,
2009). The other organization is Rambøll which is mainly focusing on research in BIM (Wong, Wong
& Nadeem, 2009).
Sweden

The demand for BIM in Sweden is similar to the trend observed in Finland and Norway. Its
applications have been mainly in design and construction processes of major complicated
infrastructure projects such as the Stockholm Bypass and the City Line in Stockholm (WSP Group,
2013a; McGraw-Hill Construction, 2014a). The application of BIM by clients has encouraged more
designers and consultants to adopt BIM tools in their practice (Hooper & Ekholm, 2010). The
Bygghandlingar 90 guideline is developed based on other Swedish standards for addressing
administrative features of applying BIM. This guideline can satisfy standards and rules for utilizing
BIM together with buildingSMART alliance's BIM Guide, which is published by BIM Project
Execution Planning buildingSMART alliance™ Project (Hooper & Ekholm, 2010).
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Some other European countries

From the year 2012, the Dutch Ministry of Interior “RGD” stipulated the use of BIM for large
building maintenance projects to cover all the projects which were worth more than €10 Million. The
RGD BIM Norm, the standard mostly applied in the Netherlands, was published by Ministry of
Interior in 2011 and updated in 2012 (Baxter, 2013; BIM Journal, 2011).
The rate of adopting BIM in Germany and France was reported to be 36% and 38% respectively as of
2010. However, there was no public policy in France to mandate BIM adoption until 2013. A BIM
guide was released in Germany by OBERMEYER Planen and Beraten & AEC3, which provides the
main steps in BIM utilization as well as its requirements (Baxter, 2013; McGraw-Hill Construction,
2010; AEC3, 2013).
Singapore

3D Models, and later on BIM, have been applied in Singapore since 1997, mainly for building plan
approval and fire safety procedures and certificates. Singapore pioneered the first BIM based
permitting system for constructing a building through e-submission. More than 200 projects
acceptance had been authorized until 2011 by submitting the BIM model electronically (McGraw-

Hill Construction, 2014a; Wong, Wong & Nadeem, 2009). The use of BIM and IFC is one of the
requirements of e-submission procedure and a variety of approvals such as construction plan and fire
safety certificates would be issued by providing a BIM model only (Khemlani, 2005). The company
in the forefront of providing this service, CORENET, has published Singapore’s BIM guide, the

first version of which was released in 2012. The BIM Guideline used in Singapore is called
“Integrated plan checking” which is developed based on the IAI standards (Wong, Wong &
Nadeem, 2009).
Japan

According to McGraw-Hill 2014, 23% of Japanese contractors were benefitting from BIM application
in 2013 and this is expected to increase to 43% by 2015 (McGraw-Hill Construction, 2014a). The
Ministry of Land, Infrastructure and Transport in Japan started adopting BIM on Building and
maintenance pilot projects since 2010. Two years later, in 2012, the BIM guideline was published by
Japan Institute of Architects (JIA), which discussed the achievements that can be expected from
utilizing BIM by architects. Some research has also begun, commissioned by MLIT Government
Building Department to look into BIM and its rules for Japanese construction firms (Shiokawa, 2013).
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Australia and New Zealand

Although the governments of Australia and New Zealand are yet to mandate BIM application within
industries, adopting BIM is growing fast in these countries. According to McGraw Hill Report (2014),
51% of companies started adopting BIM for about 30% of their projects, and this is predicted to reach
to 74% in the next two years (McGraw-Hill Construction, 2014b).
Australian National BIM Guide was published in 2011 by NATSPEC, a non-profit organization. The
main focus of this guide was to identifying BIM requirements at early stages of planning to avoid
clashes and conflicts. As technical issues are not included in this guide, the standard of BIM-MEPAUS
(Minimum Energy Performance) is released by the Air Conditioning and Mechanical Contractors’
Association (AMCA), which is more prescriptive to cover in detail aspects of the designing process
(McGraw-Hill Construction, 2014b).
3.2.2 The future of BIM
BIM has influenced and changed the construction process and is positioned to be the preferred
alternative to CAD systems. It has effectively changed/modified the way of design, construction,
operation and management of the facility. The successful implementation of BIM can reduce the risks
for all project stakeholders while enhancing their profitability and productivity. However, these may
not be the only benefits that can be achieved by applying BIM as it is yet to develop by supporting
new coming technologies.
Advancements in the development of mobile IT devices such as smartphones and tablets will provide
the opportunity for online reporting and updating, which in turn results in more efficient decision
making as well as communication. The cloud technology is developing rapidly providing the
opportunities for sharing information over a network accessible to public or private bodies. These
technologies can support BIM model accessibility and updating significantly (Azhar, Khalfan &
Maqsood, 2012:15; Hardin, 2009).
The other complimentary application for BIM is 3D scanning which can be very helpful in
maintenance and building repair, in particular. The current facility can precisely be scanned and
compared to the last updated BIM model in order to identify the renovation and repair requirements.
A semi-automated method for calculating the progress has been developed based on importing site
digital photos to the BIM model, which can be helpful for the project manager (Zhang, Bakis, Lukins,
et al., 2009:294). It also can help in equipment installation by importing the accurate scan of the
equipment to the model to check any conflict or clash (Azhar, Khalfan & Maqsood, 2012:15).
Furthermore, 3D printers, which are very helpful for making prototypes of buildings for further study
and investigation before actual construction of the building, are developing fast. This is going to
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replace the 3D model of the project which used to be made for providing a comprehensive view of the
structure. This technology has improved the 3D visualization feature of BIM to a tangible and more
practical model (Arayici, Coates, Koskela, Kagioglou, Usher & O'Reilly, 2011:7; Arayici, Egbu &
Coates, 2012:75;Cesaretti, Dini, De Kestelier, Colla & Pambaguian, 2014:430). Thus, there is still the
opportunity for BIM to grow and develop, which suggests that companies should consider taking the
advantage of utilizing it as soon as they can.
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3.3 BIM in South Africa
3.3.1 BIM application in South Africa: now and beyond
South Africa started adopting BIM applications since 2003, when A3 Architects used BIM for a $5.45
million project of the Glynnwood hospital. The design for this project was completed in three weeks
by a 3D model including plans, sections and several elevations. A variety of residential projects, from
a holiday house to a multi-unit complex, have also been designed by smaller firms using Building
Information Modelling since 2004 (Rundell, Jul. 15, 2004).
The company Royal HaskoningDHV is utilizing Virtual Design and Construction (VDC). VDC is
defined by Stanford University (s.a.) as “use of multi-disciplinary performance models of designconstruction projects, including the Product, Work Processes and Organization of the design construction - operation team in order to support business objectives”. According to this definition,
BIM is one of the tools for applying VDC. This technology has brought Royal HaskoningDHV
significant savings in time and cost compared to the traditional methods which vary between 10 and
25%, depending on project size and complexity. The UNISA campus in Florida is one of the latest
projects which have been constructed by this company, in which they have reduced the clashes to less
than 50. They are also benefiting from this new technology in applying SANS standards (Charlton,
2014).
Besides the competitive feature of construction and the need to catch up with the world’s fast pace in
using new technology, there are also other motivations for South African firms to consider
implementing BIM solution. From 2004, the Department of Minerals and Energy in South Africa
aimed to save energy in buildings as a goal in its strategic plan. To achieving this target, two sets of
standards were developed:


Energy Efficiency in Naturally Ventilated Buildings – SANS 283



Energy Efficiency in Artificially Controlled Buildings – SANS 204

These standards will be mandatory for incorporation into the South African National Building
Regulations. This would lead BIM application to grow faster in South African industries as it allows
them to fulfil the requirements of the Department of Energy for sustainable design while benefitting
from other advantages that BIM can bring to their business (Department of Minerals and Energy,
2005).
One of the consultant companies who applied BIM for a project within South Africa is WSP. This
company was the consultant for the Van Reenen’s Pass project, which is a part of the N3 National
route across the Drakensberg Mountains between Gauteng and Durban. WSP had been asked to plan
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and design the alternate route in 2007 and it is believed that transferring the design to BIM tools saved
them significant time (WSP Group, 2013b; South African National Department of Transport, 2005).
Civil and structural engineering consultants of BSM Baker, is another evidence of approaching 3D
model technology and BIM on massive projects (CADEX, 2014).
In 2013, a significant BIM adoption growth was noted by Autodesk Gold Partner, CAD Corporation
in the Gauteng province. It seemed that developing considerable amount of BIM-utilized projects by
consultants provided the infrastructure for the construction firms to step towards BIM adoption
(Kotze, Jun. 14, 2013).
Generally, it can be concluded that the movement towards utilizing BIM has started in South Africa.
It is mainly adopted by consultant companies who experience the advantages of implementing BIM.
3.3.2 The reasons for limited BIM application in South Africa
There are some indicators showing that South African industries are not fully matured with regard to
BIM application and BIM are yet to be adopted broadly. Strauss, the owner of Graphisoft South
Africa, identified that there are several companies in South Africa who are applying BIM successfully
from the design phase all through to the project delivery and facility management. He believes that the
Southern African Development Community (SADC) already knows about BIM and its benefits for the
first world countries. Strauss concludes that, the only reasons which may stop firms from turning to
BIM application can be the lack of confidence in applying BIM project wide, and the lack of industry
support from local suppliers to provide specifications of energy ratings on BIM models instead of 2D
drawings (Strauss, 2012).
Booyens et al. (2013) in their study of BIM application in South Africa found that not a large number
of contractor firms have the capacity to make use of BIM tools as it is quite costly for them to prepare
the framework to utilize it. This also includes the cost of training as there are not enough BIM
specialists for implementing BIM within a company. Larger South African construction companies
such as WBHO, Murray & Roberts, Basil Read and Group Five have moved towards BIM adoption
(Booyens, Bouwman & Burger, 2013). However, BIM is applied in a company on specific projects
only and the usage is limited.
Referring to the study by Booyens et al. (2013), there are some local companies who are utilizing
BIM in their international offices. However, despite experiencing its benefits, they still have doubt of
using it for South African projects. The culture of sharing knowledge and information may need to be
more widespread to prepare the background for accepting an integrated model (Booyens, Bouwman &
Burger, 2013; Kotze, Jun. 14, 2013).
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Moreover, clients are not convinced of paying or rather investing extra funds on BIM utilization and
therefore engineers and contractors also avoid taking the risk of pioneering a new technology. There
are some perceptions that BIM is not feasible in a country such as South Africa where the likelihood
of strikes in the transport industry is high or where supply and demand of materials such as steel is not
balanced (Booyens, Bouwman & Burger, 2013). However, this view is concluded from a limited
number of interviews and might not be generalized. The assumption here is that, BIM is more
applicable to first world countries where these issues are limited (Booyens, Bouwman & Burger,
2013). Thus, South African industries can be said to be in the early stages of BIM adoption, and
training is a necessity to expedite this process (Booyens, Bouwman & Burger, 2013).

3.4 Chapter synthesis
The business impacts of BIM shows enhanced productivity in construction processes through cost
cutting and time saving through efficient collaboration. There are many countries where companies in
the AEC industry are exposed or even mandated by their governments to utilize BIM and report
significant business achievements. South Africa has started applying BIM in some projects through a
few companies. There are several BIM standards and guidelines published in different countries
which are customized for their specific requirements in implementing BIM. The fast growth of IT, in
terms of information and database management and cloud technology, will enhance and support BIM
applications in the near future.
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Chapter 4 - BIM Education
4.1 Chapter Introduction
This chapter provides an overview about BIM education. A brief history of BIM teaching is discussed
and the current situation is provided of BIM programs in some pioneering countries. The strategies in
BIM training are discussed as well as different methods of introducing BIM, including the variety of
collaboration in the courses. The main challenges of teaching BIM are also highlighted. An overview
of BIM teaching in South Africa is also provided. An outline of the topics provided in this chapter is
illustrated in figure 4.1.
Chapter 4

4.1 Chapter Introduction

4.2 BIM training worldwide

4.2.1 A brief history of BIM education

Department which offers the program

4.2.2 Current situation of BIM training worldwide

Educational level

4.2.3 Current situation of BIM training in South Africa

Sole BIM course versus partial BIM courses

4.2.4 BIM training strategies
Course content and teaching methodology

Compulsory or elective courses
4.3 Challenges in offering a BIM program
Collaboration types
4.4 Chapter Synthesis

Figure 4.1: Chapter 4 Diagram
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4.2 BIM training worldwide
4.2.1 A brief history of BIM education
Currently, a large number of universities and institutes around the world are exposing their students to
BIM technology, with different methods, approaches and scopes. According to Barison & Santos
(2010a), this process started quite a while back, as Georgia Institute of Technology is one of the
pioneering institutes that considered BIM subject in their researches since the 90s. There were also
some early bird programmes in some educational institutes in the USA that introduced BIM software
to enhance students’ technical skill, such as the college of Architecture at Texas A&M University.
Other institutions in the USA however, only started exposing students to BIM within their
programmes after 2003. The University of Minnesota, Madison Area Technical College and
Worcester Polytechnic Institute are some examples of those who added some BIM subjects in their
undergraduate or graduate programmes (Autodesk, 2007; Salazar, Mokbel & Aboulezz, 2006).
The California State University of Chico started their BIM teaching in 2004. One year later, Nevada
University started to integrate teaching BIM in its curricula. According to the survey on 90
universities in the USA, only 19% of them had engineering graphics or graphical communication in
their curricula in 2005 and 73% were demanding graphic communication and/ or surveying. The study
showed that there was not much place for developing 3D models as a medium for communication
(Russell & Stouffer, 2005:118). However, in 2006, Pennsylvania State University exposed students to
an Integrated Design Studio by applying BIM while the University of Utah, Montana State
University, Brigham Young University and New Jersey Technical Institute also started some changes
in their curricula for their architecture schools. In 2007, after implementing a collaborative project
amongst students, the Auburn University started requiring a BIM model to be handed in by
undergraduate students in their culminating thesis project. Students at Wyoming University also had
the opportunity to develop a collaborative model during their undergraduate studies (Barison &
Santos, 2010a; Berwald, 2008:1; Deborah & Ryan, 2008; Hedges, 2008:311; Hu, 2007; Kymmell,
2008; Scheer, 2006:2006; Taylor, Liu & Hein, 2008:2; Önür, 2009).
The rate of BIM courses in universities grew rapidly. For example, at Texas Tech University a course
on BIM required students to first pass a combined course of building technology and representation.
The Oklahoma University offered a multidisciplinary course to teach the process and the use of the
software. Also, a multidisciplinary course was introduced at Stanford University to enable students to
be qualified for modelling and analysing (AIA, 2008; Barison & Santos, 2010a; Rex, Park and Kox,
2008).
While BIM was integrated as part of different courses in the University of Wisconsin- Milwaukie, the
California Polytechnic State University introduced a single BIM course for architecture, engineering
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and construction management students (Barison & Santos, 2010a; Dong, 2009; Dong, Doerfler &
Montoya, 2009:1). Barison & Santos (2010a) report that Pennsylvania State University, Georgia
Tech, University of Southern California, Montana State University and University of Wyoming were
the first to apply BIM teaching.
The Chinese Tongji University started offering a BIM program in 2005 by providing a collaborative
environment for civil engineering students (Barison & Santos, 2010a). Also in 2008, BIM replaced
2D modelling in architectural science and technology course for architecture students at the
Queensland University of Technology. The focus of this course was on enhancing students’
knowledge about BIM processes and collaboration rather than on using the software (Nielsen,
Fleming & Kumarasuriyar, 2009). Technion-Israel Institute of Technology also mandated the course
of Communicating Engineering Information for all the civil engineering students, since 2008 (Sacks
& Barak, 2009:30). The Norwegian University of Science and Technology (NTNU) considered
providing BIM courses in their curricula since 2010. A variety of research topics were investigated on
this subject (Wong, Wong & Nadeem, 2009).
4.2.2 Current situation of BIM training worldwide
While industries are considering adopting new technologies and tools, university graduates are
expected to be knowledgeable in terms of the latest information technology and project delivery
methods in addition to the latest aspects of construction such as sustainability and energy
consumption (Johnson & Gunderson, 2010; Smit, Wall & Betts, 2005). It is common to assume that
universities should motivate the industry for adopting changes and for updating the communication
and integration methods (Becerik-Gerber, Gerber & Ku, 2011:411).
A survey carried out in the USA in 2011 on 101 programmes showed that almost 50% of them
included BIM courses while a majority were planning to integrate BIM in their curriculum, even as
one single course,

within two years. The programmes in this survey consisted of architecture,

architectural engineering, civil engineering, civil engineering technology, architectural engineering
technology, construction engineering, construction engineering technology and construction
management (Becerik-Gerber, Gerber & Ku, 2011:411).
Currently, there are quite a large number of academic courses or professional workshops on BIM
provided by universities or institutes (Becerik-Gerber, Gerber & Ku, 2011:411). In some countries,
BIM education is provided through universities during a degree programme while in others it is
provided through short courses and workshops to enhance BIM awareness for the individuals. Some
companies prefer in-house training for their employees in order to improve their BIM knowledge and
productivity (Taylor, Liu & Hein, 2008:2; Poerschke, Holland, Messner & Pihlak, 2010:575). Tables
4.1 and 4.2 show some of the universities around the world that are facilitating BIM courses for their
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students, for postgraduate and undergraduate programmes respectively (Barison & Santos, 2010b:1;
Becerik-Gerber, Gerber & Ku, 2011:411;

Georgia Tech, s.a.;

Montana State University, s.a.;

Pennsylvania State University, 2008; Poerschke, Holland, Messner & Pihlak, 2010:575; Sacks &
Barak, 2009:30;

Sacks & Pikas, 2013;

California, 2013a;

Taylor, Liu & Hein, 2008:2;

University of Southern California, 2013b;

University of Southern

University of Stanford, 2014a;

University of Stanford, 2014b; University of Wyoming, s.a.; George Mason University, s.a.; Luleå
University of Technology, s.a.; Milwaukee School of Engineering, s.a.; MIT, s.a.; NYC Polytechnic
School of Engineering, s.a.(a) ; NYC Polytechnic School of Engineering, s.a.(b) ; Purdue
University,s.a ; Technion, 2014a; Technion, 2014b; University of New South Wales, 2013; University
of Washington, 2014).
These universities are either ranked as pioneer universities in BIM education in Barison & Santos
(2010b:1), or the universities have published their work in appropriate journals (Sacks & Pikas, 2013)
or are mentioned in Sacks and Barak’s paper (Sacks & Barak, 2009:30).

Table 4-1: Sample of universities offering BIM courses for postgraduate programme

University

Pennsylvania State
University (USA)

Course
AE 597G: Building
Information Modelling
Execution Planning

Course Definition by the department

Department

“The application of BIM on AEC projects

Architectural

and within AEC companies”

Engineering

“BIM, from a technology and design and

Georgia Tech (USA)

COA 8901: Building

building practice perspective, by reviewing

Information Modelling:

some case studies to understand better the

Case Studies

impact of BIM and developing new case

Architecture

studies to add to the current literature”
“Principles of building information
capturing parametric, object-oriented

Technion (Israel)

019627: Advanced BIM

modelling, capturing design intent,
visualization, engineering analyses,
fabrication detailing and automation,

Architecture,
Engineering,
Construction

interoperability and model servers, IPD”

NYC Polytechnic
School of Engineering
(USA)

CE 8243: Construction

“Development of 2D and 3D design

Civil

Modelling Techniques

documents, BIM and their associated

Engineering

databases, using state-of-the-art design and
management systems”
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University

Course

Course Definition by the department

Department

“Information management over the life of a
project by applying 3D BIM model and 4D

NYC Polytechnic

CE 8303: Information

and fully integrated and automated-project

School of Engineering

Systems in Project

processes (FIAPP) that integrate 3D

(USA)

Management

computer models, simulation, cost

Civil
Engineering

estimating, scheduling, procurement and
information technology”
“Examination of innovative techniques for

University of
Washington (USA)

CM 515: Advanced
Project Management
Concepts

planning and managing construction
projects including use of time-phased, 3D
BIM Models; sustainable construction
techniques; and web-based project
management tools”
“Implement model based quantity take-off

Luleå University of

ITC Euromaster: Virtual

from a BIM model and deliver a net cost

Technology (Sweden)

Construction

estimate of the construction project to plan
the construction project”

Built
Environments
Construction
Management

Civil and
Environmenta
l Engineering

Table 4-2: Sample of universities offering BIM courses in an undergraduate programme

University

Course

Course Goal as defined by the
department

Department

“Coordination of design and construction;

University of Southern

CE 470: BIM and

information management throughout

Civil

California (USA)

Integrated Practices

building lifecycle; project delivery systems

Engineering

and technologies for integrated practice”

CE 570: BIM for
University of Southern

Collaborative

California (USA)

Construction
Management

Montana State University

DDSN166: REVIT 1,

(USA)

DDSN266: REVIT 2
014008: Graphic

Technion (Israel)

Engineering
Information

M Tabesh

“Multidisciplinary and geographically
distributed virtual project teams used to
simulate engineering and construction
problems for projects selected in

Civil
Engineering

collaboration with industry partner”

“Introducing Parametric Design and BIM”

“Develop understanding and capability in
representation and communication of
engineering information in order to
establish civil engineering projects.”

Civil
Engineering
Civil and
Environmental
Engineering
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University

Course

Course Goal as defined by the
department

Department

“An advanced building design course
integrating architectural and engineering

University of Wyoming

5600: Collaborative

skills, using BIM software and simulating a

Architectural

(USA)

BIM Design

professional IPD experience by

Engineering

collaborating with a practicing architect on
a real-world project”
“Creation, management, and application of
BIM, Process and tools available for 2D and

University of Stanford
(USA)

CEE 110/210:
Building Information
Modelling

3D representations of building components
and geometries. Organizing and operating
on models to produce architectural views
and construction documents, renderings and

Civil &
Environmental
Engineering

animations, and interface with analysis
tools”

014008: Graphic
Technion (Israel)

Engineering
Information

University of New South
Wales (Australia)

BENV7151:
Parametric Design
Using BIM

“Develop understanding and capability in
representation and communication of
engineering information in order to
establish civil engineering projects.”

Civil and
Environmental
Engineering

“Developing a deeper understanding of the

Built

technology of BIM with particular emphasis

Environment

on modelling parametric building

(Architecture

components”

Programme)

“Investigating the use of computers in
architectural design and construction,

MIT (USA)

4.501: Architectural

beginning with a pre-prepared design

Construction and

computer model, which is used for testing

Computation

and process investigation in construction;

Architecture

Exploring the process of construction from
all sides of the practice.”

CGT 460: Building
Information
Purdue University (USA)

Modelling for

“The study of commercial jobsite planning
and coordination, emphasizing on trade
coordination, visualization, and

Commercial

communication and including collision

Construction

detection reports, construction animations,

Computer
Graphics
Technology

and professional presentations.”
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University

Course

Course Goal as defined by the
department

Department

“Introducing civil engineering design
process, including methods, technologies

George Mason University
(USA)

290: Engineering

for spatial data acquisition, emphasizing

Civil and

Computation and

land measurements, mapping, and

Infrastructure

Design;

surveying, 2D and 3D computer-aided

Engineering

design techniques and application of digital
computation”
“The basics of CAD drafting and BIM

AE-1312:

including basic drawing and editing of

Milwaukee School of

Introduction to

details in AutoCAD, 3D building

Engineering (USA)

Building Information

modelling, and an introduction to the

Modelling I

concept of utilizing REVIT Building to
produce estimates”

Architectural
Engineering
and
Construction
Management

4.2.3 Current situation of BIM training in South Africa
In South Africa, there are some efforts from universities to introduce BIM to students of architecture,
civil engineering and construction management. Often, this appears to be ad hoc and on an informal
basis (ICE-SA, 2014; University of Pretoria, 2014). The University of Witwatersrand has recently
considered including BIM in their degree programmes including BSc in Construction Studies, BSc
Honours in Quantity Surveying and BSc Honours in Construction Management (University of the
Witwatersrand, 2014).
Universities are yet to provide graduated engineers with a capability of applying BIM. Very often
companies that apply BIM provide in-house training for their employees. For instance, Royal
HaskoningDHV train their staff through modules offered by Stanford University for applying VDC
solution, which includes using BIM as one of its tools (Charlton, 2014). However, if the BIM
utilization of the company is not highly matured or broad enough, individuals will use some online
courses or videos to learn more about it (Niemandt, 2014).
4.2.4 BIM training strategies
The benefits and advantages of a technology can be achieved only if specialists are available to apply
it. The rapid spreading of Building Information Modelling has meaningfully increased the demand for
skilful BIM users around the world. Therefore, the facility to train experts in BIM application is
important in professional education (Barison & Santos, 2010a; Nejat, Darwish & Ghebrab, 2012;
Sacks & Barak, 2009:30; Salazar, Mokbel & Aboulezz, 2006; Fox & Hietanen, 2007:289; Hartmann
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& Fischer, 2008; Young, Jones & Bernstein, 2008). A number of researches (e.g. Becerik-Gerber,
Gerber & Ku, 2011:411; Johnson & Gunderson, 2010; Lang, Cruse, McVey & McMasters, 1999:43)
have reported that students’ readiness for carrying professional responsibilities is dependent on the
following three major factors:


Collaboration capability and efficient communication skills for working as a team member



Holistic awareness about their work including social, environmental and economic aspects of
their career



Practical skills for using appropriate technologies

Tatum (2010) is of the opinion that there are four attributes that any construction engineering
programme offered by universities should encompass, namely (i) technical fundamentals, (ii)
materials of construction, (iii) construction-applied resources, and (iv) field operations. These
elements in structured programmes would result in a reasonable coverage of construction
management topics in construction engineering courses (Tatum, 2010). Bearing in mind that
sufficiently-matured BIM tools can be an alternative to current construction management tools (Moon
et al., 2012:67), these key features should be covered in any of the eight methods that introduce BIM.
Two of these features focus on technical aspects while the other two are more practical (Tatum,
2010). Introducing BIM while exposing students to the construction processes can satisfy all these
attributes. In addition, teaching students about the software and how to apply the acquired knowledge
into a virtual model is significant for such a programme.
Since BIM provides a collaborative environment that influences the whole project team, training is
needed in the company or university (Lang, Cruse, McVey & McMasters, 1999:43). Hietanen et al.
(2008) are of the opinion that learning the concept of BIM comes prior to becoming proficient in its
application. Kymmell identifies collaboration as the most vital part of learning BIM concepts
(Hietanen & Drogemuller, 2008:24; Kymmell, 2008). Civil engineering students in particular need to
be prepared through undergraduate curricula in order to show their knowledge when communicating
and collaborating via 3D models (Sacks & Barak, 2009:30).
According to a study by Dean (2007), teaching BIM is mandatory for construction management
students considering that around 70% of the companies who participated in his survey were either
adopting or planning to apply BIM. 75% of the surveyed companies preferred employing individuals
with BIM expertise (Dean, 2007). Woo (2006:12) states that ability and knowledge of the students
regarding BIM and its application is necessary for their future profession. Currently, almost 45% of
contractors in the USA are investing in BIM training while 41% of them spend money for the
software to apply BIM. Furthermore, BIM training was ranked second for investment by contractors

M Tabesh

50

Stellenbosch University https://scholar.sun.ac.za

into BIM development plans. This shows the high level of demand for BIM specialists (McGraw-Hill
Construction, 2014a).
Becerik-Gerber et al. (2011:411) investigation of 101 programmes in the USA found that around 52%
of respondents in engineering schools have a specific BIM course while nearly 76% of respondents
were learning using BIM on projects in classes.
There are 20 educational principles verified by the BIM education working group of the Australian
Institute of Architects and Consult Australia (2012), as listed in table 4.3.
Table 4-3: educational principles verified by the BIM education working group of the Australian Institute of
Architects and Consult Australia (2012)

No.

Educational Principles

EP1

BIM Education is the shared responsibility of academia and industry.

EP2

EP3

EP4

BIM Education addresses the requirements of current professionals (irrespective of
formal qualification), future professionals (students) and their teachers/trainers.
BIM Education encompasses all modes of BIM Learning (tertiary courses, industry
workshops, online media and on-the-job training).
BIM Education ranges from spreading awareness to developing highly specialised
skills.
BIM Education should be made available to all those who need it in formats which

EP5

are mindful of their respective disciplines, specialties, roles, education and experience
levels.

EP6
EP7

Collaborative BIM Education should be developed and delivered collaboratively.
Every individual within the construction industry is a potential BIM Learner, and
every BIM Learner is a potential BIM Learning Provider.
BIM adoption within industry and academia is a significant change process

EP8

(technical, procedural, cultural) which requires a significant investment in systems
and people.
Accreditation and professional associations should engage with universities to

EP9

develop new collaborative BIM courses or to integrate the principles and
technologies of multidisciplinary collaboration into their existing curricula.
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No.

Educational Principles
Tradespeople and para-professionals stand to benefit and contribute to BIM and its

EP10

wide-ranging effect on project lifecycle phases and construction supply chains. The
VET sector should incorporate data-rich models and multi-party collaborative
workflows into educational curricula and delivery strategies.
There is need to de-mystify the BIM process and develop integrated, coordinated and

EP11

viable BIM training modules delivered via professional associations. These training
modules should align with university/TAFE curricular and tightly complement their
educational deliverables.
There is a need for BIM-ready graduates. Availability of adequately prepared

EP12

graduates will minimize (or at least refocus) the training delivered by AEC
organisations.

EP13

EP14

EP15

EP16

EP17

EP18

There is a need for regular BIM Learning opportunities and non-technical BIM
learning materials, specifically tailored for senior and executive staff.
There is a need to consider how to assess and improve the BIM knowledge, skill and
experience of current professionals, para-professionals and tradespeople.
There are many BIM competencies which need to be learned by individuals involved
in the design, construction and operation of facilities
A collaborative CPD programme is an integral part of the Collaborative BIM
Education Framework.
A web-hosted, socially connected BIM Learning Hub at the core of the Collaborative
BIM Education Framework is needed.
A BIM Learning Module is a collection of BIM topics, customised for a target
audience, and delivered at a defined level of difficulty.
An academic framework informed by research, discipline professionals and other

EP19

industry stakeholders is a pre-requisite for delivering Collaborative BIM Education
within tertiary institutions.
The establishment of a well-structured and well-funded BIM institution is essential to

EP20

facilitate the development and delivery of Collaborative BIM Education across the
construction industry.
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The main principles for teaching BIM can be summarized as i) the necessity of involving the
professional community into the courses and bringing industries practical experiments and needs to
the curricula,; and ii) clarifying the ambiguities within the BIM process to introduce the integrated
and collaborative features of it by engaging professional associations (NATSPEC , 2014).
According to Barison & Santos (2010a), there are eight main ways for teaching BIM through which
students will be exposed to its application, namely: Digital Graphic Representation (DGR), Workshop
(short duration courses), Design Studio, a BIM course, Building technology, Construction
management, Thesis projects and internships. Sometimes the programme might be a mixture of these
means. According to Barsin’s survey (Barison & Santos, 2010a), Design Studio was the most popular
course for introducing BIM to architects, followed by DGR and a BIM course while a particular BIM
course was the most common way of exposing civil engineering, architectural engineering and
construction management students to BIM. Design Studio and DGR were ranked second and third
options for engineering students.
The programmes may vary considerably in that some of these features can be combined to provide a
better structured programme. Kymmell (2008) offered to improve modelling and analysing skills of
the students in the first two years by focusing more on technical aspects, while in the next years the
emphasis would be more on developing team work and multidisciplinary skill by considering a
collaborative approach. In the final year, students should have the opportunity to work on a real
construction project while collaborating with a company (Barison et al.; 2010b).
The main differences in the programmes would be related to issues such as the department which is
facilitating the programme, education level of the students, offering a single BIM course or some
limited focus BIM courses, being an elective or mandatory course, and the methods of collaboration.
A discussion of these features is presented in the sections that follow.
Department which offers the module

The department which is promoting BIM-enabled courses can be architecture, engineering or
construction management. Note that collaboration may be arranged amongst different disciplines and
departments. In this study, the main focus is on civil engineering and construction management
departments. The course focus can be either on modelling aspects or on the construction phase, which
is likely to be dependent on the department providing the programme (Nejat, Darwish & Ghebrab,
2012). The objective of the programme for undergraduate civil engineering students, as provided for
some of the universities in table 4.2, include: better understanding of design process and construction
through the project life cycle; managing the information in a multidisciplinary environment;
practicing integrated and collaborated team work; and, developing verbal, graphical and online
communication capabilities of the students. Enhancing the technical skills by introducing parametric
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models and the use of software for creating models are other aspects of some of these courses. In
general, students should learn how to use a BIM model for understanding, analysing and improving
construction processes (Mutai et al., 2010; Barison & Santos, 2010b:1).
Enhancing students’ opportunity to communicate with industry and for working on a real-world
model in collaboration with companies should also be considered (Kymmell, 2008; Barison & Santos,
2010b:1).
Education Level

The academic levels of the students who benefit from the course would be varied from undergraduate
level to Master of Engineering/Science or even Ph.D. Also, there are some specific programmes for
professionals from industry called Continuing Professional Development/ Education (CPD/CPE) for
enhancing the BIM knowledge of experienced engineers or architects. According to a survey by
Johnson et al. (2010) on 43 programmes of the Associated Schools of Construction (ASC), more than
30 programmes were offered at undergraduate level. The goal of a graduate programme may vary due
to different undergraduate backgrounds.
Stand-alone BIM course modules versus BIM integrated into other course modules

The module can be offered as a dedicated BIM or as course with a BIM core unit, which collaborates
effectively and gradually provides a comprehensive attitude towards BIM (Techel & Nassar, 2007;
Hietanen & Drogemuller, 2008:24; Barison & Santos, 2010b:1). Camps states that all the disciplines
should try adding BIM in their courses and integrating it with other disciplines courses (NIBS,
2008c). Johnson et al. (2010) in a study of 43 programmes of ASC associates finds that, three
different approaches can be considered for adding BIM into a programme, namely stand- alone BIM
courses, partial focus on BIM courses by integrating into other courses or a combination of both in a
single programme. 22 of 43 programmes studied by Johnson offered courses with limited focus on
BIM.
Course content and teaching methodology

As discussed by Sacks and Barak (2010) teaching BIM should be started early in civil engineering
teaching to provide students an understanding of the information used for designing. Therefore,
regardless of the tool which is applied, BIM should be applied in any design course. Sacks and Barak
find that, implementing such a foundation for students would provide them with some fundamental
knowledge in the field.
It is logical to start with the main concepts of BIM and then using case studies while the students are
part of a team to have the opportunity for collaborating and interacting as suggested by BecerikM Tabesh
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Gerber (2008). Hietanen & Drogemuller (2008) observe that working on a real-world model would
make better sense and would enrich the understanding of the students (Barison & Santos, 2010b:1).
Table 4-4: Main topics and concepts in some of the BIM courses

drawings

Engineering graphics and

Category

Main Topic
 Visualization skill

5600: Collaborative BIM Design

 Practical working with 3D CAD tools

CEE 110/210: Building Information Modelling

 Providing isometric and sectional views

290: Engineering Computation and Design;

 Understanding the background of physical

AE-1312: Introduction to Building Information

component of the model

 Understanding geometry and spatial
relationships

 Understanding parametric model and object
modelling

Basic concepts of BIM

Offered course code and name

 Understanding graphical user interface
technology

 Understanding relational database technology
and database processing techniques

 Understanding the analytical mode
 Basic building and structural objects and
quantity take-off

Modelling I
CEE 110/210: Building Information Modelling
014008: Graphic Engineering Information
DDSN166: REVIT 1, DDSN266: REVIT 2
CEE 110/210: Building Information Modelling
014008: Graphic Engineering Information
BENV7151: Parametric Design Using BIM
4.501:

Architectural

Construction

and

Computation
AE-1312: Introduction to Building Information
Modelling I

Engineering management

CE 470: BIM and Integrated Practices

 Understanding the properties linked to the

014008: Graphic Engineering Information

building components and information

CEE 110/210: Building Information Modelling

management

014008: Graphic Engineering Information

 Coordinating design and construction

4.501:

 Quality control of the model and updating it

Computation

throughout project life cycle

Architectural

Construction

and

CGT 460: Building Information Modelling for
Commercial Construction
CE 470: BIM and Integrated Practices

Collaboration

 Understanding other disciplines requirements

CE 570: BIM for Collaborative Construction

while Mechanical, Electrical and plumbing

Management

information are added to the model

014008: Graphic Engineering Information

 Managing to avoid the clashes and overlaps

CEE 110/210: Building Information Modelling

 Understanding project delivery system and

5600: Collaborative BIM Design

techniques for integrated practice

CGT 460: Building Information Modelling for
Commercial Construction
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There are common concepts which some universities aim to convey to students with the 12 courses
shown in table 4.2. These concepts can be categorized into four main groups as shown in table 4.4.
Each of these categories satisfies specific requirements and goals of a BIM course in at least half of
the courses listed in table 4.2. Some courses are more focused on engineering graphics and drawings
to introduce BIM as a tool, while some of them concentrate on enhancing knowledge of construction
processes by applying BIM. There are courses with specific topics on basic concepts of BIM, while
other courses convey these concepts through collaboration or management topics.
As stated in table 4.5, there are some schools where case studies are the main core of the course while
others are based on lectures and laboratory activities. The project or case study in some universities is
done in a group to enhance collaboration ability, although, some prefer individual assignments at least
for the first part of the programme (Georgia Tech, s.a.;
University of Southern California, s.a. (a);

Pennsylvania State University, 2010;

University of Southern California, s.a. (b);

Luleå

University of Technology, s.a.; Milwaukee School of Engineering, 2013; MIT, s.a.; Technion, 2014c;
Technion, 2014d; University of New South Wales, 2013).

Table 4-5: Teaching Methodology in some of the pioneer universities

University

Module Code/ Name

Methodology of Teaching
 Lectures, demonstrations, in class discussion,
project presentations
 Individual assignment to explore a specific use

Pennsylvania State
University (USA)

AE 597G: Building
Information Modelling
Execution Planning

of BIM
 Group assignment to investigate in detail the
implementation of BIM on a particular project
 Final group project to implement the BIM
Execution Planning Guide on a specific project
or explore a BIM implementation strategy
within a company
 Reading and discussion

COA 8901: Building
Georgia Tech (USA)

Information Modelling:
Case Studies
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 Group case study on BIM effects on design
processes, construction, or building
procurement and commissioning; collaboration
with engineering consultants, and others
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University

Module Code/ Name

Technion (Israel)

019627: Advanced BIM

Technion (Israel)

014008: Graphic
Engineering Information

Luleå University of

ITC Euromaster: Virtual

Technology (Sweden)

Construction

Methodology of Teaching


Formal lectures



Hands-on group projects



Theoretical content



Discussions



Class exercises



Theoretical lectures



Individual practical exercises in a
computer environment



Group project to apply knowledge from
the first part in a project

University of
Southern California
(USA)

University of
Southern California
(USA)

University of New
South Wales
(Australia)

MIT (USA)

Milwaukee School of
Engineering (USA)

M Tabesh



A combination of lectures

CE 470: BIM and

hands on software training

Integrated Practices

experiments with new technologies and
discussions

CE 570: BIM for



A combination of software tutorials,

Collaborative

lectures, case studies, peer-to-peer

Construction

learning and

Management

discussions


Lectures

BENV7151: Parametric



Computer lab classes

Design Using BIM



Practical exercises using a range of BIM
tools

4.501: Architectural



Lectures

Construction and



Group Assignments

Computation



Group Final Presentation

AE-1312: Introduction to



Lecture

Building Information



A laboratory exercise to reinforce the

Modelling I

principles presented in lecture
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Compulsory or elective courses

Another option to be considered is whether the course should be made mandatory or elective for the
students. As reported by Johnson et al. (2010), for almost half of 43 programmes (N=21) of ASC
members, BIM courses were mandatory while the other half were elective courses.
Collaboration types

Collaboration options for the programme may vary from single discipline to multidisciplinary
approach which is discussed in more detail in the following section.
Barison & Santos (2010a) investigation of 103 universities found that the introductory BIM course
was offered as an interdisciplinary course amongst 90% of them while a multidisciplinary course was
yet to be developed. The course was taught either to architecture, engineering or construction
management students, exclusively. For instance, Tongji University implemented such a facility for
construction management undergraduate students and Queensland University of Technology had a
programme for graduate architecture students. In both of these examples, students developed a
simulated model, and collaborated with other students from the same discipline (Hu, 2007, Nielsen,
Fleming & Kumarasuriyar, 2009).
Programmes offered in some universities such as Pennsylvania State University, Oklahoma
University, Auburn University, California Polytechnic State University, Texas A&M University,
Georgia Tech and University of Maryland, were based on a multidisciplinary approach. Thus, they
provided an opportunity for the students to develop models through real collaboration with at least
one student from another field (Hietanen & Drogemuller, 2008:24). A different approach of a
multidisciplinary course was pioneered by University of New South Wales in Australia where
students developed a shared model from some courses using the IFC standard model (Barison &
Santos, 2010a; Plume & Mitchell, 2007:28).
Another practical innovative way of teaching students to build a collaborative model is through
distance collaboration. This happened amongst University of Nebraska-Lincoln, Montana State
University and the University of Wiyoming. Through this programme, architecture and engineering
students collaborated effectively to address an architectural problem.(Hedges, 2008:311) Also, the
Ferris State University and Oklahoma University were aiming to have a distance collaboration BIM
programme as a cross university course (Dilg, 2010).
As discussed by Heitanen et al. (2008:24), it is more practical to introduce BIM concepts and
principles first, and then extend it to interdisciplinary application and collaboration. Undergraduate
students can thus master the tools, in first and second year, and get to know more about practical
teamwork and collaboration in last two years (Kymmell, 2008). This also has been experienced in the
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Pennsylvania State University where assignments are defined for students from different disciplines
(architecture, landscape architecture, construction, structural, mechanical and electrical department) to
modify the design of a school building through a unique BIM model. This task, which was defined to
get done through Design Studio, resulted in a centralized collaboration at both undergraduate and
postgraduate levels. It also helped the faculty to observe the concept of BIM and its likely benefits
(Poerschke, Holland, Messner & Pihlak, 2010:575).

4.3 Challenges in offering a BIM programme or module
Due to the holistic approach of BIM, it can be introduced through a variety of courses rather than
through a single course. The decision making for adding BIM to a current curriculum can thus be
complicated and one of the most challenging trends for construction management programmes
(Johnson & Gunderson, 2010). According to the participants’ discussion in III BIM workshop in 2007
(Bronet, Cheng, Eastman, et al., 2007, Barison & Santos, 2010a), there are some challenges regarding
teaching BIM due to the method, software and organizing content of the lessons (Barison & Santos,
2010a; Taylor, Liu & Hein, 2008:2). Kymmell (2008) identifies the root of these challenges to be
three main issues relating to software usage, BIM process understanding or the circumstances of the
academic environment (Barison & Santos, 2010a; Bronet, Cheng, Eastman, et al., 2007).
Guidera (2007) through a survey of 22 institutions in the USA reports that in 2007, the development
of BIM courses in their curriculum was not widespread (Barison & Santos, 2010a). Although there are
universities that have yet to adopt interdisciplinary BIM courses, Scheer (2006) is of the opinion that
having such a programme in the academia would be imperative soon. However, the lack of
collaborative courses for programmes which need this interdisciplinary communication is another
barrier that needs to be addressed before integrating BIM into degree programmes (Johnson et al.,
2010).
The BIM education working group of the Australian Institute of Architects and Consult Australia
finds that adding BIM to the curricula in the universities is not a simple matter and requires significant
changes which are likely to be resisted ((NATSPEC) Rooney, 2014). The main challenges identified
by this group include:


Adding a new subject in a curriculum which is already full and compressed



Not having instructors with enough BIM knowledge and experience



Changing instructors’ curricula while some of them prefer to keep their traditional way of
teaching or are reluctant to being trained for new subjects



Being incapable of linking the old-style teaching method to collaborative courses
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The second barrier, in addition to the shortage of educational resources, funding and administration
support are the main obstacles in BIM integration into curricula (Becerick-Geber et al., 2011:411,
Johnson et al., 2010). Becerick-Geber et al. (2011:411) also find that not having a formal and
accredited BIM course, made it more difficult to adopt BIM in curricula.
The difficulty and complexity of software and tools can be another reason for academia to avoid
offering courses in BIM (Johnson et al., 2010).

4.4 Chapter synthesis
As the demand for BIM specialists has increased significantly, there are a large number of universities
and institutes around the world that are exposing their students to BIM. BIM training was started in
Georgia Institute of Technology since 90s, which is one of the pioneering institutes that considered
BIM subject in their researches.
Programmes are offered in different academic levels and departments based on several
methodologies. Some of the courses are more focused on technical concepts of BIM, while others
consider a practical construction approach. As BIM implementation is going to spread more in the
AEC industry, there will be more demand to train students in its application.
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Chapter 5 - Methodology of the research
5.1 Chapter Introduction
This chapter provides the methodology employed in executing this study. An outline of the topics
provided in this chapter is provided in figure 5.1.

Figure 5.1: Chapter 5 diagram
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5.2 Methodology development plan
For the purpose of this study, four consecutive approaches were required. First an extensive review of
the literature was done to identify the main advantages which can be brought to the construction
process by implementing BIM, and to identify barriers in adopting this innovative technology. A wide
range of resources were studied on BIM integration in university courses and programmes to define
strategies and principles of teaching BIM.
A review of literature gave pointers to the current BIM status in practice as well as the role
universities have played in training BIM professions. To understand how construction processes can
be improved by teaching BIM to the students, an understanding of the current situation of BIM usage
in South Africa was required. It was necessary to establish the current status of teaching at academic
institutions in order to address industry needs. Also, the attitude of academic staff was one of the
principle concerns for integrating BIM into the current curricula. These issues formed the foundation
for developing the survey data to collect three different sets of data. The questionnaire and data
collection procedures are discussed in sections 5.1, 5.2 and 5.3 for each of these three surveys.
Finally, the survey results are discussed after which proposals are made toward enhancing students’
awareness of improving the construction processes by applying BIM.

5.3 Students’ BIM knowledge
To evaluate the level of awareness and application of BIM amongst South African students, an online
survey instrument was used. Considering the fact that the questions were not very detailed and only
general knowledge of the students was targeted, the questionnaire was deemed to be more appropriate
than interviews or other surveying tools. The questionnaire consisted of four sections:


The university name and field of study (2 questions)



The students’ knowledge of Computer Aided Design (CAD) tools in general and BIM in
particular (11 questions)



The students’ ability for interpretation of the software output and understanding of the
interfaces (8 questions)



The students’ general knowledge regarding BIM (7 questions)

The questions were formulated based on the output of BIM courses and defined goals of BIM
software programs as showed in tables 4.1 and 4.2, in addition to the course descriptions by Sacks and
Barak (2009:30). A cover letter and invitation to distribute the survey amongst the 4th year students
was sent via email to the heads of departments for civil engineering, construction management and
quantity surveying from six universities in South Africa, including: Nelson Mandela Metropolitan
University, University of Cape Town, University of Pretoria, University of the Witwatersrand,
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University of Johannesburg and Stellenbosch University. It is worth mentioning that the quantity
surveying department of the University of Cape Town did not contribute in the survey. Nelson
Mandela Metropolitan University has only a department of construction and management.
The cover letter included a link to the online survey administrated through a web based service
(CheckBox). The invitation and subsequent reminder email were sent to the heads of departments
within a four week period and a total of 195 responses were received. 28 responses were incomplete
and skipped one or two sections, which were excluded from the analysis. Besides, 4 responses were
from architecture and/or urban planning departments which were not targeted in the survey. The
questions allowed respondents (except the first section) to make appropriate choices and, respondents
could choose their responses from four potential options: “I am fully aware of it”, “I am familiar with
the concept”, “I have heard about it; but have not personally experienced it”, and “I have not heard
about it”. There were 2 responses where only “I have not heard about it” option was chosen for all the
questions, which were ignored in the calculation, as it seems not to be a reliable response. Finally, 161
responses were considered in the survey analysis.
Data from the survey was downloaded, and exported to Microsoft Excel for further analysis. Due to
the nature of the questionnaire, descriptive statistics were mostly used for analysing the survey data.
As the responses were anonymous, it was checked through Response Guide of the online tool, to
make sure there were no duplicate respondents.

5.4 BIM application in industry
To evaluate the gap between the requirement of industry and academic programmes, it was necessary
to understand the extent to which South African industries are adopting BIM or the reasons for not
taking this step towards this new technology. As there were specific questions that had to be
answered, and because a large population would provide a better result than a small sample through
interviews, an online questionnaire was chosen for this survey. The questions were grouped into three
categories, namely:


Company background (7 questions)



Respondents background (in 3 brief questions)



Company's BIM experience and expectations (two sets of questions, 4 and 6 questions
respectively)

Under company background, beside some question to identify the nature of the work and size of the
company, it was important to determine if the company was applying BIM technology or not. The last
category (Company's BIM experience and expectations) was different for companies with BIM
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experience and those that were not exposed to BIM. The interviewee background was for validating
the respondent and to verify if he/she was qualified to respond to the questionnaire.
The questionnaire was structured based on similar surveys (Nejat, Darwish & Ghebrab, 2012; Taiebat
& Ku, 2010) and was tailored for the specific needs of this research. A cover letter and invitation to
participate was electronically sent to a list of individuals in almost 30 companies who attended short
courses at Stellenbosch University. A link was provided to the survey in the cover letter. The survey
was managed by an electronic survey provider (CheckBox). After sending a reminder after four
weeks, only 11 responses had been received. For extending the population, another approach was
followed. The main idea behind the survey was to identify the gap between industry needs and
academic outputs. Thus companies that applied BIM and experienced barriers in implementing BIM
could be a qualified target group for the questionnaire. A cover letter was thus sent via email to the
main South African distributers of BIM software including Tekla, Revit, ArchiCAD and Graphisoft.
These companies were requested to distribute the e-survey amongst their clients. The Tekla reseller in
South Africa, CADEX, helped with this request, which increased the number of responses to 93
within 3 weeks. However, only 74 responses were complete and the other 19 participants withdrew
before finalizing the questionnaire and were therefore omitted from the analysis. Survey data was
collected from the electronic instrument and transferred to Microsoft Excel for analysis. A field for
the company name was provided in the company background section to identify duplicate responses
from a single company. This field was completed by 45 respondents as it was not mandatory. This
field also helped to identify three companies with multiple responses, and the response of the most
qualified participants, based on their role in the company and personal experience, were then
considered from each company for data analysis. For the remaining 29 participants, the Response
Guide field of the online instrument was used to avoid duplicate responses as far as possible. 67
responses were validated for analysis.

5.5 University lecturers’ approach for integrating BIM in their course
The results of the first two surveys were merged to help define the supplementary areas that can be
added to the current academic curricula to extend scholars’ awareness of applying BIM. As already
discussed in section 4.3 on the difficulties in offering BIM courses, the main challenges were related
to adding a new subject to the current full and compressed curricula as well as the lecturers’
preference for keeping their traditional approach. It was thus important to determine the willingness of
lecturers to include such aspects in their courses. For this reason, another survey was conducted
among lecturers at Stellenbosch University, as a sample. Therefore, the detail of the courses and
modules of the civil engineering undergraduate degree was studied to determine the relevance of the
course to any of the identified areas of concern from the first two surveys. A short questionnaire
comprising five main questions was used to evaluate the personal awareness and experience of the
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lecturers regarding BIM as well as their enthusiasm for integrating BIM into their courses. As it was
important to know their specific preferences, comments and attitude for including a new subject in
their courses, interviews were preferred for collecting the data. Thus, 6 lecturers were interviewed and
the results were recorded and their transcript is presented in Appendix E.
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Chapter 6 – Findings, results and analysis
6.1 Chapter Introduction
This chapter provides the result of the three surveys. The results of the survey amongst students are
provided in four sections after which an overall outcome of the survey is presented. The questionnaire
amongst industry practitioners is discussed in the same three main parts as the survey questions while
the last section is provided separately based on the application of BIM in the companies. An overall
conclusion of the results from the survey amongst companies is provided. The results of interviews
with lecturers are also provided. An outline of the topics provided in this chapter is shown in figure
6.1.
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Figure 6.1: Chapter 6 diagram
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6.2 Evaaluating BIIM knowled
dge of students
6.2.1 Seection 1: Uniiversities an
nd fields of study
The first section of the questionns was to ideentify the unniversity contribution as well as the students’
field of study to classsify the respponses. As sh
hown in figuure 6.2, the leeast contribuution was 5 responses
r
from thee University of Cape Town and the University
U
o the Witwaatersrand, whhile the Univversity of
of
Pretoria had the mosst respondentts.

Figure 6.2: Universities contributioon in the onlinee survey

mber of respponses differred greatly from
f
the six universitiess and the Staandard Deviiation for
The num
these saamples woulld be aroundd 31, as calculated usinng equation 1. A larger sample sizee from a
universitty could defiine the generral level of awareness
a
reggarding BIM
M amongst the university students.
But in thhe small sizee sample, thee responses could
c
be assuumed to be thhe knowledgge of individuuals only
and cannnot be necessarily relatedd to the univversity curricuula. This meeans that analysis and com
mparison
of the sttudents’ kno
owledge is not
n necessariily due to thhe impact off universities curricula foor all the
universitties that conntributed in the surveyy. However, in the casee of the Un
niversity of Pretoria,
Universiity of Johannnesburg and Stellenboschh University, the results can show thhe effect of university
u
program
mmes on the students’ aw
wareness, du
ue to the larrger sample size. For thiis reason, onnly these
three unniversities with
w larger saample size are
a discussedd under the topic of “annalysis based on the
universitty” in the secctions that foollow.
∑

,

(Equ
uation 1)

Where:
,

,
,

,

∑

As show
wn in figure 6.3, approxim
mately 62% of the respoondents weree civil engineeering (CE) students,
followedd by 32% quantity
q
surrveying (QS
S). A few students
s
from
m constructiion engineerring and
managem
ment (CM) also
a respondeed to the queestionnaire.
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Figgure 6.3: Studyy field of the su
urvey respondeents

6.2.2 Seection 2: Stu
udents’ general knowled
dge for makiing use of CAD tools
Overall aanalysis

The firsst 11 questioons were struuctured to ev
valuate studeents’ knowleedge of Com
mputer Aidedd Design
(CAD) ttools in gen
neral and of BIM in parrticular. As shown in figgure 6.4, theere were onnly a few
studentss, (8%), whoo reported thhey have a comprehensi
c
ive understannding about setting up a 2D/3D
model or
o working with
w CAD toools and abo
out half of tthem had noot used it inn person. 14%
% of the
studentss had never been
b
exposeed to the app
plications off CAD tools stated and discussed
d
inn the first
section of
o the questioonnaire.

Figurre 6.4: Studentts’ cumulative responses for the
t first series of questions regarding makiing use of CAD
D tools
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Detailed analysis

Reviewiing the detaiils of the ressponses, as illustrated inn figure 6.5, students wiith experiencce in 2D
models were more than doublee the ones with
w
experieence in 3D models
m
(Question 2 com
mpare to
m that not en
nough opporttunity is given to the stuudents to praactice 3D
Questionn 3). The ressults confirm
modellinng at the univversity.
Three arreas, which were
w complettely unfamiliiar to the stuudents, were defined
d
as:


Practical appplication of CAD tools in
i preparing sectional views and cut sheets for providing
p
information such as quaantity, sizes, lengths, andd shapes of thhe reinforcinng bar (Quesstion No.
8)



s
or annalysing geog
graphical infformation off building co
omponents (Question
Capturing, storing
No. 5)



Defining geeometry andd spatial relaationships suuch as identtifying overllaps or wheether one
component contains
c
or crosses
c
the otthers (Questiion No. 4)

Only a ffew students had enoughh knowledge and experiennce about ussing CAD tools for 3D modelling
m
(Questioon No. 3), an
nalysing connceptual design and extennding it to thhe detail dessign plans, which
w
can
also incllude calculatting stresses on the compponents (Queestion No.7) and depictin
ng profiles too display
an existiing ground section view (Question No. 10).

Figure 6.5: Students’
S
detaailed responsess to the first sett of questions regarding
r
use of
o CAD tools
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Analysis based on the field of studyy

The perccentage of ciivil engineerring studentss who were ffully aware of
o CAD tools and its appplications
were moore than the same
s
group of
o the studen
nts in CM, which
w
in its tuurn was doubble the numbber of the
QS students, as displlayed in figuure 6.6. The proportion
p
off CE studentts who were not familiar with this
C (18%) and
a QS students (17%) who had alm
most no bacckground
concept (13%) was less than CM
regardinng this subjeect. Considerring the rem
markable diffference betw
ween proporttions of CE students
who werre familiar with
w the conccept (31%), in
i comparisoon with CM (11%) and QS
Q students (23%), it
is concluuded that CE
E programmees may expo
ose students more to the basic applications of CA
AD tools.
CM studdents who weere theoretically familiarr with CAD tools
t
were sliightly more than
t
QS studdents.

Fiigure 6.6: Stud
dents’ responsees to the first set of questionss regarding usee of CAD tools as per discipliine

Analysis based on the university

As show
wn in figure 6.7, 67% off the studentss at Stellenboosch Universsity reportedd they are eitther fully
or fairlyy aware of CAD
C
tools and
a their appplication. Toop ranking ratios
r
of thee students with
w more
theoreticcal knowledgge and almoost no practiical experiennce, were in the Universsity of Johannnesburg
(52%) annd the Univeersity of Prettoria (54%). As it is expllained in the first sectionn of the surveey results
(6.1.1), for
f these two
o universitiess and Stellennbosch Univeersity, it can be concludeed that the maain focus
developmennt whilst thee practical skill for
of theirr programmees are on theoretical
t
k
knowledge
introduccing CAD too
ols to the stuudents may be a second priority.
p
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Figgure 6.7: Students’ responsees to the first seet of questions regarding usee of CAD tools as per Universsity

udents’ interroperability in terms of CAD tools
6.2.3 Seection 3: Stu
Overall aanalysis

Questionns 12 to 19 of
o the questioonnaire focussed on the exxtent to whicch students can understannd the set
models and interpret information in terms of
o constructioon processess and the ability to comm
municate
with othher project diisciplines. As
A figure 6.8 illustrates, aalmost a quarrter of the sttudents reporrted their
lack of awareness regarding
r
intteroperabilityy and understanding thee tools whilee 13% of them were
fully knoowledgeablee and able to understand the
t outputs of
o the softwarre.

Figu
ure 6.8: Studen
nts’ cumulativee responses forr the second seeries of questio
ons regarding tools
t
interpretaation
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Detailed analysis

The connclusion draw
wn from theese results, as
a shown in figure 6.9, is
i that a connsiderable paart of the
studentss were eitheer expert or rather skilfful in reading three orrthogonal vieews and deeveloping
isometriic views (34%
% and 25% respectivelyy). Comparedd to the propportion of th
he students w
who were
able to iimplement 2D
D (16%) andd 3D (7%) models
m
in thee first sectionn (question 2 and 3 in figgure 6.5),
it is appparent that in
n question 12 and 13 off section twoo, students are
a mainly reporting
r
theeir paperbased abbility for devveloping the drawings.
d
While 116% of the students arre completeely aware abbout the sy
ymbols of different
d
enggineering
disciplinnes and 43%
% are moderaately familiaar with them
m, there is a lack of know
wledge in foour other
areas, inn terms of mu
ulti-dimensioonal models:


Allocating tiime to the coonstruction components aand the projeect tasks



Being awaree of the possiibility and th
he ways of deetecting clashhes between the componeents



Providing ass-built inform
mation for the facility



Defining cosst for the prooject elementts

F
Figure 6.9: Stu
udents’ detailed responses to the second sett of questions regarding
r
toolss interpretation

In other words, theirr ability to innterpret CAD
D tools as a media
m
for thhe project infformation is very low
and therre are potential areas in which
w
their knowledge
k
a ability sh
and
hould be enh
hanced. Foccusing on
the first three discussed issues, managing
m
tim
me and cost as
a well as cheecking the coonstructabilitty, which
also resuults in savingg time and coost, are vital for an efficiient project management
m
t. The last tw
wo issues,
M Tabeshh

73

Stellenbosch University https://scholar.sun.ac.za

nerating reliaable as-builtt drawing and fulfilling design
d
requirrements via a 2D/3D
which consist of gen
a more techhnical and prractical skillss which also need to be im
mproved.
model, are
Analysis based on the field of studyy

A remarrkable part of
o the studennts, who were completelly knowledggeable in undderstanding the tools
output aand analysis,, were studyying CE (16%). The num
mber of studdents with similar abilityy in CM
(3%) annd QS (5%) were considderably less than CE stuudents, as caan be observved from figuure 6.10.
Howeveer, there wass no such a gap
g in studeents from diffferent discip
plines, who were fairly aware of
interprettation of the tools; 24% of CE studeents were quite familiar with
w this conncept while 19% and
18% froom QS and CM studentts respectiveely, were caategorized in
n the same situation.
s
Thhe higher
percentaage of the students witth lack of knowledge in terms off understand
ding the ouutput and
interpretting it were amongst CM
M students (30%),
(
follow
wed by the QS
Q students (24%) (as shown
s
in
figure 6..10). However, it is only marginally more
m
than CE
E students.

Figurre 6.10: Studen
nts’ responses to the second set
s of questions regarding too
ols interpretattion as per disccipline

Analysis based on the university

As illusstrated in figure
f
6.11, the proporrtion of studdents know
wledgeable inn interpretattion and
communnication with
h other discipplines via too
ols, was highher at Stellennbosch Univ
versity (24%)) and the
Universiity of Johannnesburg (15%). The lack of knowleedge regardinng tools inteerpretation was
w more
amongstt the studentts of the Unniversity of Pretoria
P
(23%
%) which was
w slightly higher
h
than the
t same
group of students att University of Johannessburg (21%)). However,, only 13% of the studeents from
e
inform
mation in thiis regard. Allso, the perceentage of thee students
Stellenbbosch Univerrsity lacked enough
who werre familiar with
w the conccept with noo practical exxperience waas very closee in the Univversity of
Pretoria (48%) and the
t Universitty of Johannnesburg (44%
%). This gap was even less amongst the
t fairly
aware sttudents of theese two univversities (21%
% and 20% reespectively)..
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Figurre 6.11: Studen
nts’ responses to
t the second set
s of questionss regarding too
ols interpretatiion as per univversity

udents’ general knowled
dge regardin
ng BIM
6.2.4 Seection 4: Stu
Overall aanalysis

The last 7 questions of the questtionnaire focuused on the main
m
benefitts which cann be achievedd through
implemeenting BIM, to evaluate students’ fu
undamental awareness regarding BIM
M in particuular. The
first thrree questionns aimed at establishingg if studentts knew thee advantagess of this innnovative
technoloogy, as discuussed in sections 2.3.1 and 2.3.2 of thiis study. Resspondents weere then askeed if they
were aw
ware of any tools
t
for achhieving thesee advantagess. In the last question, sttudents were asked if
they hadd an idea of what
w BIM is..

Figu
ure 6.12: Studeents’ cumulativve responses too the third set of questions reegarding BIM general knowlledge
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% of the studdents were coompletely aw
ware of the main
m
subjectss that can
As displlayed in figuure 6.12, 11%
be supported througgh applying BIM with 32%
3
also haaving experienced these features adeequately.
While 17% of the students
s
did not have anny idea abouut the advanntages that iss achievable by BIM
utilizatioon, around 40% had beenn informed but did not haave the opporrtunity to expperience it.
Detailed analysis

Around 22% of thee students sttated that thhey were quuite knowled
dgeable abouut collaborattion in a
construcction projectt, as illustratted in figuree 6.13. How
wever, a smaaller percenttage was coompletely
aware abbout other arreas of conceerns in a projject which caan be also ad
ddressed by BIM
B tools, consisting
of savinng, updating and
a also inteegrating project informattion. Only 3%
% of the studdents mentiooned they
i
aboout the mainn issues relatiing to integrrating the
knew BIIM well. So,, even if theyy had been informed
informattion and mod
dels as well as collaborattion and a multidisciplin
m
ary approachh, a large num
mber did
not recoognize that BIM
B
is a tool for addressiing these issuues, as they have not beeen exposed to
t it. The
concept of BIM was completely unfamiliar too about 33%
% of the studeents, as show
wn in figure 6.13.
6
% of the studdents were just
j
aware of
o the existeence of toolss which cann support
Betweenn 42 to 43%
interdiscciplinary inteegration, infoormation cenntralization and
a managing
g data and in
nformation as
a well as
communnication in thhe projects (qquestions no..23 to 25), ass illustrated in
i figure 6.133.

Figu
ure 6.13: Studeents’ detailed responses
r
to the third set of th
he questions reegarding BIM general know ledge
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Analysis based on the field of studyy

Again, the
t proportio
on of the fullly informedd respondentts in the CE departments was more than the
studentss in CM and QS fields, which
w
is show
wn in figure 6.14. The peercentage off the studentss with no
awareneess was slighhtly less in CE
E group in comparison too CM and QS departmen
nts. The resullt did not
show a significant difference
d
b
between
CM and QS stuudents who are theoreticcally aware of some
solutions for addressing integrattion and colllaboration. A
Almost a quuarter of QS students weere fairly
knowleddgeable regaarding tools and techniqu
ues which arre helpful fo
or informatioon centralizaation and
managem
ment. This percentage
p
was very closee to the samee group of CE
C students (28%) and marginally
m
more thaan CM studeents (19%).

Figuree 6.14: Studentts’ responses too the third set of
o questions reegarding BIM general knowlledge as per disscipline

Analysis based on the university

As show
wn in figure 6.15, the levvel of awarenness in termss of BIM geeneral knowledge was repported to
be high for 20% of the
t students at Stellenbo
osch University. The next top ranked were the stuudents of
the Univversity of Johhannesburg at 12%. Thee proportion of
o the studen
nts who weree adequatelyy familiar
with thee basic conceept and technniques of the integration aand efficientt collaboratioon tools was higher at
the Stelllenbosch Un
niversity (32%
%). The perccentage of thhe students who
w were noot familiar with
w these
conceptss was very close in the universities
u
of
o Pretoria (18%) and Johhannesburg (19%)
(
while only 9%
of the sstudents from
m Stellenbosch Universsity were caategorized in
n this groupp. The perceentage of
studentss with only thheoretic undeerstanding of BIM with no
n practical experience was
w very closse in two
universitties of Pretooria and Johaannesburg (448 and 44% respectively
y). The univeersity of Prettoria and
universitty of Johannnesburg also had very siimilar result for the fairlly-familiar sttudents (26 aand 25%
respectivvely)
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Figure 6.15: Studentss’ responses too the third set of
o questions reegarding BIM general
g
knowledge as per un
niversity

6.2.5 Ovverall evaluaation

Figure 6.16: Overall students’
s
respoonses as per diiscipline

The surrvey conduccted among 161 studen
nts in civil engineering,, constructioon managem
ment and
quantityy surveying showed thatt a consideraable percentage of studeents in thesee discipliness need to
extend ttheir knowleedge regardinng BIM tech
hnology and its applicatiion. As show
wn in figure 6.16, an
overall vview of the students’
s
leveel of awarenness as per diiscipline defiined that, thee ratio of thee students
who havve a comprehhensive undeerstanding off BIM in adddition to those who are fairly
f
familiaar, is less
than 50%
% in each discipline. 42%
% of CE studdents did nott practice woorking with relevant
r
softw
ware and
need to learn it in their prograammes. 17%
% were not exposed to the fundameental and thheoretical
knowleddge regarding BIM, whiich should be
b included in
i their proggramme. Thee same requuirements
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b applied to CM and QS
Q students in a larger scale as theey have largger proportioon of the
should be
studentss in these cateegories.
There arre some areaas that requireed more focu
us when developing a course contentt to enhance students’
awareneess about BIM
M. These incclude:


Practical wo
orking with 3D
3 CAD toools especiallyy in preparinng sectional views and cut
c sheets
for providing
g informatioon such as quuantity, sizes,, lengths, and
d shapes of thhe reinforcinng bar



Capturing, storing
s
or anaalysing geographical infoormation of building
b
com
mponents



Defining geeometry andd spatial relaationships suuch as identtifying overllaps or wheether one
component contains
c
or crosses
c
the otthers



Allocating tiime to the coonstruction components aand the projeect tasks



Detecting clashes betweeen the compoonents



mation for the facility
Providing ass-built inform



Defining cosst for the prooject elementts



Integrating the
t informatiion and modeels



Collaboratioon and multiddisciplinary approach
a
in cconstructionn process

As show
wn in figures 6.17 to 6.199, these areass were also unfamiliar
u
to
o CE studentss. In other words,
w
the
same arreas needed more focuus while prooviding couurse content for CE stuudents in particular.

Figgure 6.17: CE Students’
S
detaailed responses to the second set of question
ns regarding toools interpretattion
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Figgure 6.18: CE Students’
S
detaailed responses to the second set of question
ns regarding toools interpretattion

Figuree 6.19: CE Stud
dents’ detailed
d responses to the
t third set off the questionss regarding BIM
M general knoowledge

This is aalso confirm
med through calculating
c
the
t arithmetiic mean and Standard Deeviation (SD
D) for the
level of awareness amongst
a
CE students, as shown in tabble 6.1. It is found that, the lowest arrithmetic
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mean is for the “fully aware” group and the highest is for the group of students who have not
experience about BIM application in person.
Table 6-1: Arithmetic mean and SD for the level of awareness amongst CE students

Level Of awareness amongst CE students

Arithmetic mean

SD

Fully aware

13.3

12.0

Familiar with the concept

28.2

11.9

Just heard about it, with no personal experience

41.0

12.6

Not heard about it

17.5

12.9
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6.3 Evaaluating BIIM application in ind
dustry and their expecctation from
m young grraduate
studentts
6.3.1 Coompany bacckground
The firstt section of the
t questionnnaire comprise of 6 questtions on the background of the comppany. The
companyy’s contractu
ual role was the first infoormation to obtain.
o
This could be gen
neral contracctor, subcontractor, constructtion managerr, consultant//engineer, Design-Build company, client/ owner and
a there
was alsoo an open-ennd field of “oothers” to bee completed w
where the co
ompany role was not listted in the
options.

Figurre 6.20: Diversiities of compan
nies' contractu
ual role

As illusttrated in figuure 6.20, a coonsiderable number
n
of thhe respondennts worked in
n consultant//engineer
companiies (40). Theere were onlly 2 client companies
c
am
mong the resspondents annd 5 compannies with
general contractor ro
ole. There were
w
8 sub-ccontractors thhat took partt in the surv
vey and 5 coompanies
who weere mostly doing Designn-Build contrracts. There was an opeen-field for the
t respondeents who
chose “O
Others” for the
t companiees’ role. Non
ne of the 7 reespondents in
i “Others” group
g
explained their
companiies’ specific role in the open-end
o
fielld, which couuld be becauuse of havingg different coontractual
roles in vvarious situaations.
The com
mpanies weree asked to categorize theemselves based on the project
p
type they
t
are involved in.
Responddents had muultiple choicees and the ressults are show
wn in figure 6.21.
It follow
wed from thee results that most of the respondentss were repressentatives off companies involved
in structural projectts with alm
most a half also
a
specialiizing in civ
vil projects. 20 compannies were
implemeenting projecct managemeent while 20 others weree multidiscipllinary. A con
nsiderable nuumber of
the respoondents definned their com
mpanies’ work as buildinng services.
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Figure 6.21: Distrib
bution of comp
pany specializaations

mpany, the nuumber of
To obtaiin informatioon on the sizze and the appproximate annnual revenuue of the com
employeees and the geographical
g
distributionn of the comppany were reequired. Thee results are shown
s
in
figure 6..22 to 6.24.
While thhe annual reevenue of 199 companiess were not provided,
p
52% of the remaining 48 (N= 25)
reportedd theirs to bee less than 500 million Raand. As show
wn in figure 6.22, 31% of
o the compaanies (N=
15) werre in the seccond categorry of betweeen 50 millioon to 1 billioon Rand, whhile the rem
maining 8
companiies (17% of the
t respondeents) had reveenues of morre than 1 billlion Rand peer year.

Figure 6.22:: Diversity of companies
c
baseed on their ann
nual revenue
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F
Figure
6.23: Diiversity of com
mpanies based on
o their numb
ber of employeees

t 46% of the
t respondeents were reppresentative of
o small com
mpanies with less than
The resuults showed that
50 emplloyees while 33% were from
f
large co
ompanies wiith more thann 200 emplo
oyees. A totaal of 21%
medium
m size compaanies with m
more than 500 employees and less thaan 200 contrributed in thhe survey
(See figuure 6.23).
As show
wn in figure 6.24,
6
43% off the compannies had officces in less thaan three South African prrovinces,
28% were working internationallly and 19% had
h projects in other Afriican countriees.

Figu
ure 6.24: Geographical spreaad of the companies

mpanies thatt contributedd to the surveey was quitee extensive and
a made
In generral, the varieety of the com
the surveey to be reprresentative off the South African
A
indusstry.
The lastt question in this sectionn was to idenntify whetherr the compan
ny was mak
king use of BIM.
B
The
responsee affected the subsequennt questions. The numberr of companiies that weree making usee of BIM
was 38 ((almost 57% of the respoondents).
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Figure 6.25: The raate of BIM app
plication based
d on the compaany contractuaal role

M was applieed or not.
Figure 66.25 presentss the diversityy of the conttractual role of companiees where BIM
While none
n
of the client firmss that particiipated in thee survey waas using BIM
M, 88% of the subcontractors were making
m
use of
o it. A rem
markable paart of the co
ompanies thhat categorizzed their
contractuual role as others statedd that BIM is implemennted in theirr company. As discusseed at the
beginninng of this chaapter, these companies
c
m
might
choosee the categoryy of “others”” for their coontractual
role, duee to differing contractuaal roles in vaarious projeccts. 60% of the
t Design-B
Build compaanies and
53% off the consulttant firms reeported that they have utilized BIM
M. After thee client, thee general
contractor had the leeast ratio of BIM
B applicattion at 40%.
6.3.2 Reespondent background
Validation of the responses brouught the neeed to determiine whether the right person was coompleting
p
their highest acad
demic degreee as well
the survvey. For this reason, resppondents werre asked to provide
as their rrole in the coompany. Resspondents were also askeed to providee their personnal involvem
ment with
BIM froom a list thatt comprised ““No or limiteed exposure””, “Basic undderstanding of BIM”, “A
Advanced
knowleddge about BIM
M”, and “Suupervise/leadd/manage BIM
M implemen
ntation”.
The disttribution of the responddents on thesse three aspeects is summ
marized in table
t
6.2 andd 6.3 for
companiies where BIM
B
was alrready applieed and com
mpanies whicch were nott implementiing BIM
respectivvely. The result showed that the majjority of resppondents cann be consideered reliable for their
responsees. The respoondents werre mostly fro
om an academ
mic backgro
ound that woould understaand BIM
conceptss. Furthermo
ore, their possitions in theeir respectivee companiess allowed theem to undersstand the
extent too which thiss technologyy was implemented. Theeir personal level of invvolvement with
w BIM
applicatiion, in particcular for the companies where
w
BIM iss utilized, waas reliable fo
or respondingg to such
a questioonnaire. It iss worth menttioning that amongst
a
the companies that
t
were usiing BIM, onlly one of
the respoondents had limited know
wledge and experience
e
off BIM.
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Table 6-2: Respondents diversity in companies where BIM was implemented
In companies where BIM was implemented (38 respondents)
Highest academic degree

Interviewees’ position

Distribution of the personal level

distribution

distribution

of involvement with BIM

PhD

9

Associate Engineer

MSc Eng.

8

MBA

5

Director

6

Advanced knowledge about BIM

7

MSc

4

Owner

4

No or limited exposure

1

BSc. (Hons)

3

Detailer

3

BSc. Eng.

3

Partner

2

BSc

2

Draftsman

2

B Tech

1

Technician

1

Higher National Diploma

1

M Dip Tech

1

Graduate Diploma

1

Function/ Project/
Executive Manager

12
8

Basic understanding of BIM
Supervise/ lead/ manage BIM
implementation

19
11

Table 6-3: Respondents diversity in companies where BIM was not implemented
In companies where BIM was not implemented (29 respondents)
Highest academic degree
distribution

M Tabesh

Interviewees’ position
distribution

Distribution of the personal level
of involvement with BIM

PhD

1

Associate Engineer

15

Advanced knowledge about BIM

1

MSc Eng.

10

Director

7

Basic understanding of BIM

12

MBA

1

Administration

1

No or limited exposure

16

MSc

1

Partner

1

BSc. (Hons)

3

Technician

1

BSc. Eng.

1

Draftsman

1

BSc

5

Detailer

1

M Dip Tech

1

Assistant Quantity

1

Matric

3

Surveyor
Owner

1

National Diploma

2

National Certificate

1
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B
Experieence and Exxpectations
6.3.3 Coompanies’ BIM
As menttioned in thee methodologgy chapter, thhis section was
w differentt for compannies that weree making
use of B
BIM from thoose that did not.
n 6 questioons were form
mulated for former
f
group
p and 4 for laatter.
The resuults of the su
urveys are prresented in graphs
g
whichh contain 3 or
o 4 differentt features whhich need
to be considered toggether. For thhis reason, a simple scattter plot is sellected for preesenting disttributions
of the feeatures whicch are discusssed in each section. Forr ease of inteerpretation, related
r
tabless of each
scatter pplot is also prrovided whicch are either in the contennt or in the appendices
a
o the document, as in
of
each casse stated.
Compan
nies which weere making usse of BIM toools

The com
mpanies who replied ‘yess’ to the quesstion on appllying BIM inn their comppany were required to
respond to six quesstions whichh included the
t duration of BIM im
mplementation in their company,
c
number of BIM speccialists eitherr in-house orr outsourced, the main fu
unctions of BIM
B
from whhich they
are beneefitting, theiir company’s main achiievement thrrough BIM application, the difficulties they
experiennced while implementingg BIM and the method of training for their em
mployees focusing on
BIM.

Figure 6.26: Diversity of th
he companies where
w
BIM is implemented
i

As show
wn in figure 6.26, a signnificant numbber of comppanies who have
h
started BIM application are
workingg internationaally. They arre also definned as large companies
c
w considerrable annual revenue,
with
as the bbubble size shows
s
(the larger
l
the buubble size, the
t higher thhe annual reevenue.). Theere are a
considerrable numberr of small firrms in this grroup as well (smaller bubbble in the figgure 6.26), w
which are
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located mostly in only one South African province and with lower annual revenue. For ease of
interpretation, this information is also presented in tables 6.4 and 6.5.
Table 6-4: Diversity of the companies where BIM is implemented based on number of employees and geographical
spread
Number of companies that have
Number of
employees

International
Offices in less Offices in three to Offices in six to
Offices in other
offices (beyond
nine South
than three South six South African
African countries
African continent)
African provinces
provinces
African provinces

Total

Less than 50

11

0

0

3

2

16

50-100

1

0

0

0

0

1

100-150

0

1

0

1

0

2

150-200

2

1

0

0

1

4

More than 200

2

0

0

1

12

15

Total

16

2

0

5

15

38

Table 6-5: Diversity of the companies where BIM is implemented based on number of employees and annual revenue
Number of
employees

Less than 10
Million Rand

Number of companies that have approximate annual revenue of
10 to 50 Million 50 to 100 Million 100 Million to 1
1 to 10 Billion
Rand
Rand
Billion Rand
Rand

More than 10
Billion Rand

Total

Less than 50

13

3

0

0

0

0

16

50-100

0

0

1

0

0

0

1

100-150

0

1

1

0

0

0

2

150-200

0

0

1

2

1

0

4

More than 200

5

1

0

3

3

3

15

Total

18

5

3

5

4

3

38

Question 1

The first question in this section was about the time the company started using BIM. The responses
showed that among 38 companies where BIM tools are applied, close to half (N=16) started making
use of BIM technology less than two years ago. As shown in figure 6.27, a considerable proportion of
the respondents (N=11) stated that their companies had implemented BIM more than six years ago. It
is worth mentioning that 8 of these 11 companies were working internationally, while 3 others have
offices only in Gauteng or Western Cape Province.
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Figure 66.27: Duration of BIM appliccation in the coompanies

Figure 6.28: Numberr of BIM speciaalists in the com
mpanies

Question
n2

In orderr to identify how
h
the com
mpany was saatisfying their BIM needds, the number of BIM sppecialists
employeed either in-hhouse or on an outsourceed basis needded to be deefined. The majority
m
of responses
r
have lesss than 5 in--house BIM specialists (N=18), andd a remarkabble number of them (N=
=8) were
benefitinng from 5 to 10 specialissts in the com
mpany. A tottal of 6 comp
panies had more
m
than 20 in-house
BIM proofessionals employed. Thhere were 2 companies
c
w did not have
who
h
any speccial trained employee
e
for theirr BIM appliication and 1 of the resspondents sttated that th
hey were ouutsourcing thheir BIM
requirem
ments, implyying that therre was no inn-house skilled person in
n terms of BIM
B
in this ccompany.
M Tabeshh

89

Stellenbosch University https://scholar.sun.ac.za

t companiies had BIM
M specialistss in additionn to the
The ploot in figure 6.28 showss whether the
approxim
mate numberr of them.
Question
n3

To undeerstand the prrinciple appllication of BIIM in the Soouth African industry, resspondents weere asked
to selectt the main BIM
B
functionns that their company appplied. This would also provide infformation
about thhe academic areas
a
where student know
wledge may need
n
to be ennhanced. A total
t
of 20 beenefits of
BIM toools, based on the related literature
l
as discussed
d
in section 2.4.22, were listed
d to be markeed by the
respondeents.

Figure 6.29:
6
Popularitty of BIM funcctions in the coompanies

The resuult showed that
t
the visualization andd clash detecction was the top two raanked featurees for 31
and 30 ccompanies reespectively. The
T third poppular functioon of BIM was collaborattion and coorrdination
which was
w experiencced by 22 coompanies outt of 38. The next
n four useeful features were estimaation, site
planningg, database innformation management,
m
, and structurral analysis.
The resuult is summaarized in figuure 6.29, whhich shows that
t
some fuunctions were practiced only
o
in a
few com
mpanies, suchh as online cloud
c
collabo
oration, susttainability annd energy annalysis. Thesse are the
features which may need more teechnical suppport and alsoo more demaands from cllients to be aapplied in
projects,, which may explain whyy few compaanies apply thhese features.
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Question 4

In order to understand the principle achievements of BIM, company representatives were requested to
identify the extent to which BIM has been effective in their company. Six main areas which can be
optimized by utilizing BIM (see table 6.6), based on the advantages of BIM discussed in section 2.3,
were listed in the survey and the respondents defined the level of effectiveness for each. As shown in
table 6.6, amongst the advantages which were strongly effective in the company, creativity was
identified as the area that was most influenced by BIM application in 13 companies. This was
followed by quality improvement for 11 respondents and shortening of the project time by 8. BIM
was also seen to be very effective in cost cutting (for 18 companies), sustainable design (within 13
firms) and construction and quality enhancement (by 12 respondents).
Table 6-6: Number of companies that reported BIM level of effectiveness in each area
Area of influence

Not Effective

Fairly
Effective

Effective

Very Effective

Strongly
Effective

Creativity in the project

1

3

11

10

13

Sustainability in project design

2

3

14

13

6

Quality improvement in project

0

3

12

12

11

Decreasing human resource in project

4

11

8

11

4

Decreasing the cost of project

1

10

5

18

4

Decreasing the time of project

2

8

9

11

8

Average

2

6

10

13

8

Decreasing human resources was one of the fields which were moderately affected by BIM. The
number of the companies for which it has a significant effect and those with little effect were similar.
Generally, as the last row in table 6.6 shows, the average influence of improving these items was
defined ‘effective’ and ‘very effective’.
The six graphs in figures 6.30 to 6.35 show BIM level of effectiveness on six areas that can be
improved by using BIM. These graphs also reflect the company contractual role to give an idea how
different parties experienced BIM effectiveness. Looking at the diversity of the company contractual
role, shown in figures 6.30 to 6.35, it was obvious that a majority of the consultants and Design-Built
firms found BIM to be quite effective in their staff creativity, sustainability and quality improvement.
However, only two general contractors were amongst the respondents who experienced BIM
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o found quuality improvement to be
b relevant and
a the otherr ranked thee level of
effectiveeness. The one
effectiveeness as modderate or aboove in all the areas. Sub-ccontractors mostly
m
seemeed to be satisfied with
BIM inffluence regarrding creativvity, sustainaability and quuality impro
ovement. Cosst cutting, shhortening
the projject duration
n, and decrreasing the human resoource were not influencced highly for subcontractors.
u
BIM is also shown in tables
BIM levvel of effectivveness on six areas whicch can be enhanced by using
F.1 to F.6 in appenddix F. The taables show thhe number of companies that experieenced differeent levels
of effecttiveness throough applyingg BIM based
d on the contrractual role of
o the compaany.
Generallly, it can be concludedd from the results
r
in fiigures 6.30 to 6.35 thatt, optimizingg human
resourcees, cost and time have yet
y to be donne through application
a
o BIM. Diffferent colouurs of the
of
bubbles represent th
he contractuual role of the companny. The raree use of 4D
D and 5D m
models in
compariison with 3D
D models, to link time annd cost to thee simulated model,
m
can explain
e
the reeason for
not beinng mature ennough in gaaining the addvantages off BIM in thhese areas. The
T duration of BIM
applicatiion in the coompany is another factor which can afffect cost efffectiveness. This
T is becauuse in the
first yeaar of implemeentation, the expenses wo
ould be highh and it takess some years to compensaate for it.
It also w
would be thee area of requuirements too be satisfiedd through acaademic progrrammes; as the
t more
studentss can practicee 4D and 5D
D models and
d its related features, thee better theyy can apply iit in realworld thhrough their career.
c

Figure 6.330: BIM effecttiveness on perrsonnel creativvity based on coompany contraactual role
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F
Figure
6.31: BIIM effectiveness on sustainab
bility of projecct design based
d on company contractual
c
role

F
Figure 6.32: BIIM effectivenesss on quality im
mprovement in
n project based
d on company contractual roole
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Figure 6.33: BIM
B
effectiven
ness on decreassing human ressources based on
o company co
ontractual rolee

Figure 6.34: BIM
B
effectiveneess on decreasiing the cost of project based on company contractual
c
rolee
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F
Figure
6.35: BIM effectiveneess on decreasiing the time off project based on company contractual
c
rolle

Figure 6.36: BIM effeectiveness on cost
c of project based on comp
pany contractu
ual role and yeears of BIM utiilization
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In figure 6.36, the size of the bubbles represent the approximate years of implementing BIM in the
company. In other words, the longer BIM has been utilized in the company, the larger the bubble.
There are more small bubbles in the “not effective” or “fairly effective” categories. In other words,
the companies that were implementing BIM for shorter time, experienced less impact on their cost;
only 4 companies with longer BIM experience were among them.
BIM effectiveness on decreasing the cost of project, based on contractual role of company and the
years of implementing in company, is detailed and shown in table 6.7 and 6.8.
Table 6-7: BIM effectiveness on cost of project based on company contractual role

Contractual role of company

BIM effectiveness
on decreasing the
cost of project

General
Contractor

Consultant/
Engineer

Not effective

1

0

0

0

0

1

Fairly effective

0

8

1

0

1

10

Effective

0

4

1

0

0

5

Very effective

1

7

4

3

3

18

Strongly effective

0

2

1

0

1

4

Total

2

21

7

3

5

38

Total
Sub-contractor Design-Build

Others

Table 6-8: BIM effectiveness on cost of project based on years of BIM utilization in company

Number of years that company implemented BIM

BIM effectiveness
on decreasing the
cost of project

Less than 2
years

4 to 6 years

more than 6
years

Total

2 to 4 years

Not effective

1

0

0

0

1

Fairly effective

5

1

0

4

10

Effective

2

1

1

1

5

Very effective

7

4

3

4

18

Strongly effective

1

0

1

2

4

Total

16

6

5

11

38

The human resources also showed to be less influenced by BIM, which can be due to a lack of skilled
and well-trained personnel. If the company is not employing professionals, learning new technology
and utilizing it would be time-consuming by employees who are trained for traditional methods. It is
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therefore not possible to do the work in a shorter time and to release some of the project team
members for assigning them to other projects. It would take time for the companies to reach that stage
where skilled employees, who spend less hours on the works, will allow the saving of human
resources.
Question 5

Getting to know the benefits of BIM application for companies, it is vital to understand the difficulties
and barriers they may face during its implementation. Understanding these problems may help to
identify the contents that students need to know.
For this reason, the next question comprised a list of likely obstacles, as described in the major risks
and barriers of implementing BIM in section 2.4.3. The respondents were asked to rank the level of
difficulty in some of the challenges which may occur during BIM implementation. As it has been
summarized in table 6.9, the majority of participants agreed that all listed obstacles can be treated
(solvable problems). Furthermore, a considerable number of the respondents (12) were of the opinion
that a lack of well-trained employees or their resistance and also the cost of software licenses and
training are the major problems. Some responses (7) stated that there are difficulties in getting other
parties to cooperate and to contribute, lack of collaborative processes and modelling standards as well
as compatibility issues between different software systems.
Table 6-9: Number of companies that reported difficulties in each area
No.

Problem

Not a barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible to
get done

1

Lack of skilled personnel/ Employees' reluctance for
learning a new technology

4

4

18

12

0

2

Other parties' reluctance (Client, engineer, architects,
contractors,...)

4

6

21

7

0

3

Sharing the information/ Model with other parties

6

9

17

6

0

4

Integrating company's system with BIM

7

6

20

4

1

5

Lack of collaborative process and modelling standards

3

6

21

7

1

6

Lack of contractual / legal agreements

2

5

24

5

2

7

Waste of time

12

7

17

1

1

8

Cost of software licence and training

4

1

19

12

2

9

Compatibility issues between different software systems

6

4

20

7

1

5

5

20

7

1

Average

A remarkable number of participants (12) have the conception that it is not a waste of time to spend
time for implementing this new technology before starting to make use of it. While 17 companies
considered that sharing the information is a problem that can be addressed easily, for 9 of them it was
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a probleem that can be ignored. There werre also somee respondentts (6) who felt that infformation
sharing ccan be a reall challenge foor their comp
panies.
Integratiing company
y systems wiith BIM wass a serious obstacle
o
for only
o
1 respo
ondent and a concern
for 4 othhers. While lack
l
of standdards for colllaboration process
p
and compatibility
c
y issue was raised
r
by
one of the compannies, it was experienced
d with majorr difficulty in 7 others. Lack of legal and
contractuual agreement as well ass cost of soft
ftware licensee and trainin
ng was the arreas of concern for 2
respondeents.
In total, the main diffficulties durring BIM impplementationn were reportted to be the legal and coontractual
issues, llack of guideelines and sttandard for collaborationn, compatibiility and alsoo integratingg BIM in
current systems
s
of thhe company.
The scattter of the problems,
p
based on the company
c
conntractual rolee is illustrated in figuress 6.37 to
6.45. Diifferent colou
urs of the buubbles represent the conntractual rolee of the com
mpany. The four
fo main
difficulties for the consultant companies comprised of a lack of professiional and employee
e
d standards, cost of haviing the softw
ware license and also
willingnness to learn,, lack of proocedures and
compatibbility issues..
The genneral contractors who parrticipated in the survey were
w
not strruggling with
h any probleems apart
from thee license costt. The main concern of th
he sub-contrractors was with
w regard to qualified personnel
p
and a few
w problems with
w legal annd contractuaal aspects.
The levvel of difficu
ulty for the problems liisted in table 6.9, basedd on the con
ntractual rolle of the
companyy is shown inn tables G.1 to G.9 in app
pendix G.

Figure 6.37: BIM imp
plementation problem
p
1 (lack
k of skilled perrsonnel/ Emplooyees’ reluctan
nce for learnin
ng a new
tecchnology) baseed on companyy contractual role
r
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Figu
ure 6.38: BIM implementatioon problem 2 (other parties’ reluctance) baased on company contractuall role

Figure 6.39:
6
BIM impllementation prroblem 3 (sharring the inform
mation/ model with
w other partties) based on company
c
contractual
rolle

Figure 66.40: BIM imp
plementation problem 4 (inteegrating the sysstem of the com
mpany with BIIM) based on company
c
c
contractual
rolle
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Figurre 6.41: BIM im
mplementation
n problem 5 (laack of collaborrative process and
a modelling standards) based on
comp
pany contractual role

Figure 6.42: BIM imp
plementation problem
p
6 (lack
k of contractuaal agreements)) based on com
mpany contracttual role

Figure 6.43: BIM implemeentation probleem 7 (waste off time) based on
n company con
ntractual role
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Figure 6.44: BIM imp
plementation problem
p
8 (costt of software liicense and training) based on
n company con
ntractual
role

mplementation
n problem 9 (co
ompatibility isssue between diifferent softwaare systems) baased on
Figure 6.45: BIM im
comp
pany contractual role
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F
Figure
6.46: Laack of skilled personnel based
d on company size and numb
ber of in-housee BIM specialissts

Figure 66.46 shows a lack of well-trained
w
e
employees
b
based
on com
mpany size and numberr of BIM
specialissts which is reflected
r
in the
t size of buubbles; the more
m
BIM sppecialist, the bigger the bubble.
b
It
seems thhat larger coompanies witth more BIM
M professionnals are expeeriencing diff
fficulties in employee
e
knowleddge using neew technologgies. Smallerr companies were adoptting to new technology with
w less
difficultyy.
The leveel of difficullty reading laack of well-ttrained emplloyees basedd on company
y size and nuumber of
BIM speecialists is also shown in table 6.10 annd 6.11.
Table 6-110: Lack of skillled personnel based on num
mber of employyees of compan
ny

Numberr of employees

l
of skilled peersonnel/ Employ
yees' reluctance for learning a
Level of diffiiculty due to the lack
new tecchnology
Not a barrie r

Ignorable prroblem Solvablee problem

D
Difficult

Im
mpossible to get
done

Total

Less than 50

3

3

7

3

0

16

50-100

0

0

1

0

0

1

1
100-150

0

1

1

0

0

2

1
150-200

0

0

2

2

0

4

Morre than 200

1

0

7

7

0

15

Total

4

4

1
18

12

0

38
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Table 6-11: Lack of skilled personnel based on number of in-house BIM specialists

Number of employees

Level of difficulty due to the lack of skilled personnel/ Employees' reluctance for learning a
new technology
Not a barrier

Ignorable problem Solvable problem

Difficult

Impossible to get
done

Total

Less than 5 specialists

2

2

9

5

0

18

5 to 10 specialists

1

1

5

1

0

8

10 to 15 specialists

0

0

1

1

0

2

15 to 20 specialists

0

1

0

0

0

1

More than 20 specialists

1

0

2

3

0

6

No in-house specialists, as the
BIM needs are outsourcing.

0

0

0

1

0

1

Neither in-house specialists
nor outsourcing.

0

0

1

1

0

2

More than 200

0

0

0

0

0

0

Total

4

4

18

12

0

38

Question 6

The last question in this section was about training and the way that works best for each company.
Respondents were requested to choose the best method from four options: self-learning, academic
learning, Seminar/Workshop or Conferences and in-house training. The participants could choose
more than one option in this question. The results, presented in figure 6.47, showed that almost 79%
of the respondents agreed that in-house training work best for their requirements. Self-training was
ranked second as it was chosen by 28 participants and was very close to in-house training option.
Workshops and seminars were almost in the same ranking as academic training; 13 respondents found
workshops and conferences to be helpful and 11 participants preferred academic education. This low
ratio for appointing skilled staff from academic environments can be due to the gap between the
company requirements and the subjects which are taught at the universities. A remarkable number of
companies prefer to do it through trial and error by self-training rather than by relying on the
academic background of employees.
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Figure 6.477: BIM learnin
ng method prefference for thee companies

ng that amonng the 11 parrticipants whho chose acaddemic traininng, there werre only 2
It is worrth mentionin
that beliieved this kin
nd of learninng is fulfillinng their needds on its ownn and the restt stated that it should
be accom
mpanied by other
o
methodds.
Compan
nies which weere not makin
ng use of BIM
M tools

As menttioned in the last part of 6.2.1,
6
29 outt of 67 companies stated that they were not applyiing BIM.
The queestionnaire guided these groups to a set of four questions
q
reggarding the main reasonns for not
applyingg it, whetherr their comppany will appproach implementing BIIM in the fu
uture, the maain skills
they willl consider for
f employinng a fresh graduated
g
enngineer and the
t method they prefer for their
employeee training.
As show
wn in figure 6.48 and tabble 6.12 and 6.13, only a few of com
mpanies who were not ussing BIM
were woorking intern
nationally. Most
M
of them
m had officess either in leess than three provinces in South
Africa or
o working in other Affrican counttries, but noot beyond thhe African continent. Itt is also
demonsttrated that thhe majority of companies in this groupp were smalll with less thhan 50 emplooyees and
only a feew large com
mpanies weree amongst them.
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Figure 6.48: D
Diversity of thee companies wh
here BIM is no
ot implemented
d
Table 6-112: Diversity off the companiees where BIM is
i not implemeented based on
n geographical spread of com
mpany
Numb
ber of companies th
hat have
Numbeer of
employ
yees

T
Total

Officess in less than
three South
S
African
prrovinces

ffices in three to
Off
six
x South African
provinces

Offices in six to
n
nine South African
provinces

her
Offices in oth
African counttries

International offices
A
(beyond African
continent)

Less thaan 50

10

1

1

3

0

15

50-100

1

1

0

0

1

3

100-1
150

0

1

0

1

1

3

150-2
200

1

0

0

0

0

1

More thaan 200

1

0

0

4

2

7

Tottal

13

3

1

8

4

29

Table 6-113: Diversity off the companiees where BIM is
i not implemeented based on
n annual revenu
ue of companyy
Numberr of
employeees

Number of compannies that have approxximate annual revenuue of
Total

Less than 10
1 Million
Rannd

10 to 500 Million
Rand

50 to 100
1 Million
R
Rand

M
to 1
100 Million
Billlion Rand

1 to 10
1 Billion Rand

Morre than 10 Billion
Rand

Less thann 50

5

6

4

0

0

0

15

50-100

2

0

1

0

0

0

3

100-1550

1

0

1

0

1

0

3

150-2000

0

0

0

1

0

0

1

More thann 200

4

0

0

0

1

2

7

Totall

122

6

6

1

2

2

29
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Question 1

To understand the reason for not applying BIM in the company, a list of possible reasons, based on
major risks and barriers as discussed in section 2.4.3, were provided and respondents were asked to
prioritize them based on their company situation and experience. The overall conclusion on ranking
the obstacles is summarized in table 6.14. Almost half the respondents (13) agreed that implementing
BIM would be time consuming and it was ranked as the first reason for not being interested in this
new technology.
The second priority was assigned to the lack of contractual agreements and legal issues by 11
respondents. Compatibility was the third concern, as 8 respondents considered it the main barrier for
utilizing BIM.
Another highlight of the results was about having enough knowledge regarding BIM and its benefits.
25% of the respondents agreed that this would be the last problem they might deliberate in the process
of applying BIM, while for almost the same percentage of respondents it was the first problem that
should be addressed. So, there are some companies that are aware of the advantages BIM can bring,
but they are avoiding it due to other difficulties. There are also companies that do not have enough
knowledge about BIM and its features.
Table 6-14: Reason for not applying BIM

Priority
1
2
3
4
5
6
7
8
9
10

Reason for not approaching BIM implementation
Waste of time
Lack of contractual / legal agreements
Compatibility issues between different software systems
Lack of collaborative process and modelling standards
Sharing the information/ Model with other parties
Other parties' reluctance (Client, engineer, architects, contractors,...)
Lack of skilled personnel/ Employees' reluctance for learning a new technology
Cost of software license and training
Integrating company's system with BIM
Not enough awareness about BIM and its advantages

Question 2

For having a perspective of BIM in future, the participants were asked if they were of the opinion that
their company would apply BIM in future. The result showed that about half of these companies were
considering approaching BIM technology within less than 5 years, as demonstrated in figure 6.49.

M Tabesh

106

Stellenbosch University https://scholar.sun.ac.za

Figure 6.49:
6
Perspectiive of future BIIM usage in co
ompanies

i
g BIM, 3 off them were convinced that
t
there
While 11 respondennts were not sure about implementin
n be any chance of working
w
withh BIM techhnology in th
heir compan
ny. Only onne of the
would not
participaants reportedd that the likkelihood of utilizing
u
BIM
M in his/her company would
w
be incrreased in
future. A
As shown in figure 6.50 and table 6.1
15 and 6.16, studying thee company responses,
r
inn addition
to consiidering theirr size and geeographical spread show
wed that the three comp
panies whichh are not
willing tto apply BIM
M technologyy, were smaall companiess and only one
o of them was workingg outside
South A
Africa and witthin African countries.
There w
was a wide divversity, from
m small firmss with a few local
l
offices to large inteernational companies,
among the
t companiees who were of the opinion that they may use BIM
M in the neaar future. Thee number
of comppanies that were
w
doubtfull about usingg BIM in futture was verry similar to the number of firms
who werre considerinng BIM appliication in thee near future.
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Figure 6.50:
6
BIM futu
ure of the comp
panies based on
o their size an
nd geographicaal spread
Table 6-115: BIM futuree of the compan
nies based on their
t
size
If the compaany considers applyying BIM in the futu
ure
Numbeer of employees

T
Total
Not sure

Yes, nearr future (less
than 5 years)

Yess, far future (more
than 5 years)

No

Leess than 50

5

7

0

3

15

50-100

0

3

0

0

3

100-150

2

0

1

0

3

150-200

0

1

0

0

1

Mo
ore than 200

4

3

0

0

7

Total

11

14

1

3

29

Table 6-116: BIM futuree of the compan
nies based on geographical
g
spread of comp
pany
Geographical spread of
c
company

ure
If the compaany considers applyying BIM in the futu
T
Total

Not sure

Yes, nearr future (less
than 5 years)

Yess, far future (more
than 5 years)

No

Offices in leess than three South
Africcan provinces

4

7

0

2

13

Offices inn three to six South
Africcan provinces

1

1

1

0

3

Offices in six to nine South Africaan
p
provinces

0

1

0

0

1

Offices in otther African countriess

4

3

0

1

8

Internationnal offices (beyond
Africcan continent)

2

2

0

0

4

Total

11

14

1

3

29

M Tabeshh

108

Stellenbosch University https://scholar.sun.ac.za

Question
n3

As one of the mainn targets of tthe survey was
w to underrstand the gaps
g
betweenn industry needs and
educatioonal courses or programm
mes for BIM
M, the particippants were reequired to id
dentify the skkills they
are lookking for wheen hiring a fresh
fr
graduatte in civil enngineering or
o constructioon managem
ment. The
skill list was based on
o the major capabilities of BIM whicch can be app
plied by BIM
M specialists and they
could chhoose multiple areas of exxpertise.
The resuults showed that there are
a specific fields whichh are more important
i
fo
or almost haalf of the
companiies contributting in the suurvey, as dem
monstrated in figure 6.51. ”Quality control”
c
wass the first
top rankked item among the areaa of expertisse, followed by “perform
mance optimiization”, whhich were
chosen by
b 13 and 122 respondentts, respectiveely. Four skiills were rankked equally for the thirdd priority.
These aare “Quantiffication/Estim
mation”, “Cost estimation”, “Collabboration andd coordinatiion” and
“Producctivity optimiization”. To improve stud
dents’ knowledge in thesse areas, BIM
M is a suitablle tool as
discusseed in section 2.4.4. It enabbles monitorring of the coompliance off the work with
w the contrract plans
and speccifications. This
T helps foor ”Quality control”
c
and may result in
i “Productivvity optimization” as
well. Fuurthermore, providing
p
thee foundation for early cosst estimatingg, providing BOQs
B
and ennhancing
the collaaboration proocess are thee other beneffits of BIM which
w
have already
a
beenn discussed inn chapter
2. Togetther, these will
w improvee the perform
mance of woork which iss another feaature that coompanies
require.

Figure 6.51:
6
Areas of expertise
e
of neew graduates frrom the point of view of the company
c
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o the list but with less demand from the industry, such as resource
Besides,, other areass which are on
planningg, safety and
d clash detecttion and consstructability,, can be introoduced to stuudents while teaching
them connstruction prrocesses usinng BIM toolss.
Question
n4

The lastt question inn this sectionn was to ideentify the companies’ preference forr training in terms of
differentt skills suchh as BIM. They could define any combinatioon of four options
o
listeed in the
questionnnaire, incluuding self-leearning, academic learnning (hiring skilled/experienced peersonnel),
seminar//workshop an
nd conferencces, or traininng sessions in
i the compaany (in-housee training).
The majjority of thee respondentts (62%) bellieved in in--house trainiing as the fiirst choice, and
a selflearningg was ranked
d second withh 52% of coompanies, as shown in fiigure 6.52. However,
H
thee ratio of
the com
mpanies that were
w
of the opinion that academic trraining is useful was verry close that of those
who choose self-learnning, 14 andd 15 respond
dents respectively. The least proporttion was asssigned to
learningg through worrkshops/sem
minars and coonferences.
Comparring this resu
ult to the sam
me question from
f
BIM usser respondeents in the prrevious sectioon of the
ms that for ccompanies thhat do not knnow that mucch about the new technoology and
questionnnaire, it seem
who aree not exposedd to it, employing a skillled graduate engineer woould be a goood option. H
However,
companiies that are already
a
utilizzing BIM prrefer their inn-house and customized training or even
e
trial
and erroor through sellf-learning more
m
than to hire
h knowleddgeable grad
duates.

Figure 6.52: BIM learning method preference for the companies
c
wheere BIM is not implemented
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6.3.4 Overall evaluation
A survey was conducted amongst 67 companies that were involved in structural and civil works. The
results showed that more than half of these companies (57%) were working with BIM tools. Although
many of the companies started using BIM 2 years ago, a considerable proportion had been using BIM
for more than 6 years. Large companies that worked internationally were more likely to utilize BIM
for both the sub-contractors and consultants. The majority of companies had less than 10 BIM
specialists. The main functions of BIM for these companies were visualization, clash detection and
collaboration. These might be the areas for which the companies need informed fresh graduate
engineers. In a large number of companies where BIM was applied, it was reported that cost cutting,
creativity enhancement and quality improvement was highly effected by employing this new
technology. The main barriers noticed in this group of companies, included legal and contractual
issues, lack of guidelines and standard for collaboration, compatibility and integrating BIM in current
systems of the company. In-house training followed by self-learning were the preferred methods for
this group to enhance their employees’ knowledge. Academic training was the last option for this
group of companies.
Almost half of the companies that have not started using BIM stated that they will step towards BIM
adoption within 5 years. The main reasons preventing them from implementing BIM included new
technology being seen as a waste of time, lack of contractual and legal agreements and compatibility
issues between different software systems. The areas which can be enhanced while teaching students
about BIM applications consisted of quality control, optimizing productivity and performance,
collaboration skill, providing BOQs and cost estimation ability. These are the areas that companies
would like newly appointed graduates to help them with. The desired learning method for this group
of companies was also in-house training and self-learning, with a low preference for academic
learning. In other words, they were also interested in appointing fresh graduate who are well-trained
and qualified through studying a university degree.
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6.4 Interview with university lecturers
6.4.1 Background
The courses offered for a civil engineering undergraduate degree in five surveyed universities are
presented in Appendix D and some of these courses are common amongst these universities. The
defined specific outcome of these courses and the topics which are discussed in them, are
standardized by the Engineering Council of South Africa (ECSA). This helps to understand whether
the course can be considered for including the BIM subject in their curricula. Reviewing the outcomes
of the common courses as well as the students’ expected capabilities after passing the courses, it was
concluded that there are courses with potential of adding BIM contents in their curricula, such as:
Structural Steel Design, Reinforced Concrete Design, Advanced Design, Project Management,
Engineering Informatics and Engineering Management. The topics, which are likely to be discussed
and the aims, which might be achieved through these courses, are presented in table 6.17.
Table 6-17: The main topics of some common civil engineering courses
Course name

Main topics


Creating freehand and formal pencil drawings.



Create and interpret engineering drawings containing orthogonal
projections, dimensions, tolerances and full sections.



Evaluating the correctness and completeness of engineering
drawings



Creating and interpreting two dimensional drawings of three
dimensional objects

Engineering Drawing


Visualizing three dimensional objects and geometric manipulations



Conceptualizing three dimensional constructions to quantify
geometric relationships



Formulating and manipulating geometric models that describe three
dimensional physical phenomena

Design
(Structural Steel and Reinforced Concrete)



Creating parametric two and three dimensional CAD models of



physical objects.
Physical properties of concrete and steel



Design principles



Structural forces



Bending: fundamentals, analysis and design, redistribution



Design of structural elements for shear forces



Serviceability



Designing columns, slab and flat slab



Detailing rules for structural concrete



Analyse and design elements for effects of pre-stressing forces and
bending moments
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Course name

Main topics


Development of a concept for the structural system for the project
defined in the specifications



Preliminary design of a cost effective concept that also takes
account of all other functionalities

Advanced Structural Design



Preliminary design report and drawings



Final design of selected structural system



Preparation of final documentation for the structure including:



Lay-out drawings for the structure



Detail of structural components



Design of selected connections



Bill of quantities



The role of the engineer as client, consultant engineer and contractor



Strategic, practice and business development management



Construction Management: Construction equipment, production
processes and cycles, Site layout, Project administration


Engineering Management / Project
Management

Working with other professions such as town planners, architects,
other professional engineers, developers and financers



Tender and contract documentation, Contract administration



Low-cost development projects and Urban Engineering



Asset management, maintenance, rehabilitation and industry



Sustainable management



Project safety and quality control



Construction contract law and risk management



Labour relations



Object modelling techniques to create object models of simple
engineering problems

Engineering Informatics



Theory for a physical problem, namely heat flow



An algorithm for the solution of the equations, namely the finite



element method



Mapping of the algorithm to the computer

Comparing the topics of these current courses (table 6.17) to the topics which are likely to be covered
in some BIM courses (table 4.4), it can be seen that some of the topics are already part of current
curricula in South Africa. However, there are certain topics which may need to be added to the course
content depending on the department strategy for integrating BIM into the programme. This strategy
can either focus on introducing BIM as a tool or enhance learning about construction processes
through application of BIM. For the purpose of this research BIM application is considered for
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teaching knowledge of construction processes by using the collaboration and management
capabilities.
In order to obtain the views of lecturers on the use of BIM in such courses, interviews were conducted
with the lecturers of some of these courses at Stellenbosch University. A detailed schedule and the
transcripts of the interviews are presented in Appendix E. The Civil Engineering department was used
for the purpose of the investigation. As Engineering Drawing is offered generally for all engineering
students and not specifically for civil engineering students, the lecturer of this course was not chosen
for an interview.
Table 6-18 Topics which may need to be added to the current curricula based on the result of the surveys

No.

Areas of concern

1

Visualization skill and making use of 3D models

2

Practical working with 3D CAD tools

3

Capturing, storing or analysing geographical information of building components

4

Defining geometry and spatial relationships such as identifying overlaps or whether one
component contains or crosses the others

5

Allocating time to the construction components and the project tasks

6

Detecting clashes between the components

7

Providing as-built information for the facility

8

Defining cost for the project elements

9

Integrating the information and models

10

Collaboration and multidisciplinary approach in construction process

11

Quality control knowledge

12

Cost estimation ability

13

Providing a BOQ

14

Optimizing productivity

15

Optimizing performance

Lecturers were first asked about their personal theoretical and practical experience in terms of BIM.
Then with the result of the first two surveys as background, being the areas where students’
knowledge should be improved and industry expectations from new graduates, a list was compiled as
areas of concern (see table 6.18). The lecturers were asked if they are already include or are going to
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consider the subjects from this list in their courses, and whether they were willing to expose students
to these concepts through BIM. After responding to the question about lecturers’ willingness for
integrating BIM in the courses, their particular comments and ideas were also obtained about
integrating BIM into the curricula.
The six lecturers who were interviewed were responsible for five courses including Structural Steel
Design, Reinforced Concrete Design, Advanced Structural Design (2 lecturers), Engineering
Informatics and Engineering Management. It is worth mentioning that the lecturer of the Structural
Steel Design course previously was responsible for the Advanced Structural Design course. Since the
courses on Structural Steel Design, Reinforced Concrete Design and Advanced Structural Design
mostly focus on design aspects and the Engineering Management course contains management and
project issues, all the identified areas from the first two surveys could be discussed in these
interviews. In addition, making use of CAD tools and relevant issues, which is the base of Building
Information Modelling, is partially discussed in the Engineering Informatics course.
Table 6-19: The information about the courses and lecturers

Identification

Course

Offered in

Code
Interview 1 &

Advanced Structural Design

4th year/ 2nd semester

Interview 6
Interview 2
Interview 3
Interview 4

Structural Steel Design
Reinforced Concrete Design
Engineering Management

Interview 5

Engineering Informatics

4th year/ 1st semester
3rd year/ 2nd semester
4th year/ 2nd semester
2nd year/ 2nd semester

Lecturer’s years of experience
In practice
At university
45
1
5
3 months
3
4
4
5
17
15
14

22

and 3rd year/ 1st semester

The list of the courses is presented at table 6.19 in addition to the academic year that students should
take them, as well as the years of experience of the responsible lecturer for that course.
6.4.2 The lecturers’ knowledge about BIM
The lecturers were first asked to state their personal knowledge about BIM. As presented in the
interview transcripts (Appendix E), four of the lecturers were completely aware about the BIM
concept, its advantages and drawbacks while two reported to have a basic understanding. Only two
lecturers worked with BIM tools in person; however, all of them have seen projects where BIM is
applied. One of them had the experience of working on some projects where he/she had used BIM
visualization software (BIMSight) to check the models generated by the BIM specialists. In general
the lecturers knew what actually can be gained through utilizing BIM.
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6.4.3 The extent to which the specific areas are discussed in courses
The relevance of the course contents to identified areas of concern is presented in table 6.20. Table
6.21 shows the topic from typical BIM courses (table 4.4) which is related to each area of concern.
The Engineering Informatics course is not mentioned in the table 6.20, as it does not address the
engineering or management concepts which are the main focus of this study. It provides the basis to
understand the BIM tools and its application. Students are exposed to the definition of the object
classes, programing and parametric objects through the Engineering Informatics course, which is the
basis of BIM tools.

Management

Engineering

Design

Reinforced Concrete

Design

Structural Steel

Design

Advanced Structural

Table 6-20: Areas of concern which are discussed in each course

No.

Areas of concern

1

Visualization skill and making use of 3D models









2

Practical working with 3D CAD tools







×

3

Capturing, storing or analysing geographical
information of building components





×

×

4

Defining geometry and spatial relationships







×

5

Allocating time to the construction components and
the project tasks

×

×

×



6

Detecting clashes between the components

×

×

×



7

Providing as-built information for the facility

×

×

×

×

8

Defining cost for the project elements, Cost
estimation ability, Providing a BOQ



×

×



9

Integrating the information and models

×

×

×

×

10

Collaboration and multidisciplinary approach in
construction process









11

Quality control knowledge

×





×

12

Optimizing productivity

×

×

×

×

13

Optimizing performance

×

×

×

×
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Engineering
management

1

Visualization skill and making use of 3D models









2

Practical working with 3D CAD tools







×

3

Capturing, storing or analysing geographical
information of building components





×

×

4

Defining geometry and spatial relationships





×

×

5

Allocating time to the construction components and
the project tasks

×

×





6

Detecting clashes between the components

×

×





7

Providing as-built information for the facility

×

×





8

Defining cost for the project elements, Cost
estimation ability, Providing a BOQ

×

×





9

Integrating the information and models

×



×

×

10

Collaboration and multidisciplinary approach in
construction process

×

×





11

Quality control knowledge

×

×





12

Optimizing productivity

×

×





13

Optimizing performance

×

×





Collaboration

Areas of concern

Engineering
graphics and
drawings

No.

Basic concepts of
BIM

Table 6-21: Areas of concern and related topics from typical BIM courses

Visualization

The potential application of 3D models for enhancing students’ visualization ability is different for
these five courses. The use of 3D models in the Structural Steel Design is limited and is not used in
the Reinforced Concrete Design and Engineering Management courses (interviews 2, 3 and 4).
However, the lecturers for the Advanced Structural Design apply 3D models to make videos for
explaining the concepts to the students. The student projects in this course must be submitted as a 3D
computer model, but they use simple software just for 3D visualization and not as a BIM tool
(interview 1). As presented in the interview transcripts (Appendix E), all the lecturers were willing to
use 3D models to improve students understanding of the structures and related issues.
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Practical working with 3D CAD tools for preparing sectional views

Practical working with tools, for instance for preparing sectional views and cut sheets to present
information such as quantity, sizes, lengths, and shapes of the reinforcing bar, is already considered in
the Advanced Structural Design course, although students use 2D computer models. It is not likely to
use 3D models for preparing such details in the Advanced Structural Design course, as the lecturer is
of the opinion that related software is complicated. He stated that it would be possible if students start
the course with the ability to use such software or if the software would be simple enough to be used
straightaway (interview 1). This topic is not discussed in detail in the Structural Steel Design and
Reinforced Concrete Design courses due to the time limitation (interviews 2 and 4). It is also not part
of the Engineering Management course content (interview 4).
Capturing, storing or analysing geographical information of building components

The exposure of students to capture, store or analyse geographical information of building
components is limited in the Advanced Structural Design course and it is not part of the other
mentioned courses. The lecturers of the Advanced Structural Design course were not considering
extending the topic. They believed that it is more applicable to a graduate programme and the time of
the course is also an issue for adding this topic to the curriculum (interviews 1 and 6).
Defining geometry and spatial relationships

Defining geometry and spatial relationships is discussed in the Advanced Structural Design, Structure
Steel Design and Reinforced Concrete courses to a limited extent. This is because of the difficulty of
using BIM software which is an obstacle for the lectures (interviews 1, 6, 2 and 4).
Allocating time to the construction components and the project tasks

Allocating time to the construction aspects is not discussed specifically in two of three courses which
are more focused on design aspects (interviews 1, 6, 2 and 4). However, in the Engineering
Management course, some general concepts of design and constructing time of the elements are
discussed and even some company representatives explain the design issues. It is expected of students
to consider these aspects while doing their assignments in this course (interview 3).
Detecting clashes and as-built drawings

Only in the Engineering Management course, clash detection is considered as one of the subjects that
is taught by showing photographs and through case studies (interview 3). It also is addressed to some
extent in the Structural Steel Design course, although it is not specifically stated (interview 2). This
also applies to student understanding of as-built drawings; only those with relevant vacation training
had some knowledge about it (interview 2).
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Cost estimation ability and providing a BOQ

Cost estimation and defining the more economical option are discussed in the Structural Steel Design
course (interview 2). The completion of BOQs is part of the Advanced Structural Design and
Engineering Management courses, but it is not by using a model or other software. The measurements
are done manually from drawings (interviews 1, 6 and 3).
Quality control

Quality control is generally discussed in the Structural Steel Design and Reinforced Concrete Design
courses. Students learn about the quality control aspects and the items that should be checked or
provided. However, the quality control process would not be taught in these two courses (interviews 2
and 4). The quality control is not actively done in Advanced Structural Design and Engineering
Management (interview 1, 6 and 3).
Integrating information into the model

Currently, students are not using any software capable of storing information and properties of
elements in any of these courses. Thus, integrating information into the model is not addressed
(interviews 1 to 6).
Collaboration and multidisciplinary approach in construction process

Students are learning about collaboration and working with other disciplines through their project in
the Advanced Structural Design where they need to consider the requirements of other engineering
disciplines including architecture (interview 1). It is also discussed in the Engineering Management
course (interview 3). However, students are not formally taught about this in Structural Steel Design
and Reinforced Concrete Design and in some cases, they do it without understanding the purpose
(interviews 2 and 4).
Optimizing productivity and performance

Optimization of productivity and performance and ways for addressing it, does not form part of these
courses (interviews 1 to 6). These are topics which can form part of the Engineering Management
curriculum, where the lecturer confirmed that these subjects can be introduced into the course
curriculum (interview 3).
6.4.4 Lecturer attitude towards integrating BIM into courses
Generally, lecturers were willing to discuss relevant subjects, from the list in table 6.18, using BIM
models and tools. They believed that it is a useful way of teaching students about construction
processes. However, the lecturers preferred students coming into their courses with the basic
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knowledge of using the software. Otherwise, the difficulty of teaching BIM software in the limited
available time will cause them to continue with their traditional curriculum (interviews 1 to 6). As a
solution, five of the lecturers suggested teaching BIM from the beginning by introducing BIM tools to
the students in the drawings subject in the first year (interview 1 to 5). It can be extended to the other
courses, by asking students to submit their assignments output through a BIM model. Even if it is not
a mature use of BIM tools in each single course, students will gradually learn how to use these tools.
The main obstacle which was pointed out by the lecturers was a software issue, as they need students
to have access to the simple licensed software with training (interviews 1, 3 and 4). It can be
introduced through a short course on BIM tools and software. For addressing this issue, while
understanding the necessity of exposing students to the BIM application, the lectures of the Advanced
Structural Design course were planning to use models from the early sessions of the course to help the
students to understand these aspects (interviews 1 and 6). The lecturer in Engineering Informatics also
was of the opinion that students should apply what they learn through his course and it would result in
a better understanding of both the engineering and the informatics concepts (interview 3).
A problem which was mentioned by three of the interviewees was about the capability of the course
facilitator (interviews 2, 3 and 5). The lecturers need time to use these tools and to understand their
application in their course. It is time consuming for the lecturers to work on these tools and get ready
to teach through such tools. They also need to have a unique approach to avoid individual
interpretations which might result in students’ misunderstanding (interview 5).
It was also pointed out by two of the lecturers that integrating BIM into the curricula needs to be
planned thoroughly and correctly and the relevant lecturers should have the enthusiasm to use it
(interviews 5 and 6). It is important to define the extent to which BIM will be introduced. As BIM is a
wide topic and can cover a variety of aspects, the scope for each particular course needs to be
specified (interview 5).
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Chapter 7 – Discussion of results
7.1 Chapter introduction
This chapter synthesizes the information from the surveys and interviews presented in chapter 6. A
proposal for teaching BIM is also discussed. Also, further studies are suggested for research on this
topic. An outline of the topics provided in this chapter is illustrated in figure 7.1.
Knowledge of Computer Aided Design (CAD) tools

Chapter 7
7.2.1 Survey amongst students
7.1 Chapter introduction

Ability to interpret of the software output and to
understand the interfaces
General knowledge regarding BIM

7.2 Discussing of results

Main functions of BIM
7.2.2 Survey amongst
companies

Main Barriers in implementing BIM
Personnel training

7.2.3 The role of BIM in
satisfying the identified needs

7.2.4 Interview with university
lectures

The role of BIM in practice
The role of BIM in enhancing the knowledge of the students

Survey results
Skills required

7.2.5 Major barriers and
difficulties

Drawing course
7.3.1 Changes in the department
7.3 Proposals

7.3.2 Changes in the teaching method
7.3.3 Changes in the curricula

Spatial data acquisition, engineering
design, engineering informatics
Theory and analysis of structure
Steel structure and reinforced
concrete design
Engineering/Project/construction
management
Environmental engineering,
assessment and management

7.4 Further study

Vacation training

Figure 7.1: Chapter 7 diagram
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7.2 Discussion of results
7.2.1 Survey amongst students
As the investigation amongst six South African universities showed, there are some aspects which
need more focus when preparing students to make use of BIM tools. The result of the survey showed
that civil engineering students have more knowledge of BIM tools compared to the quantity surveying
and the construction management students.
There were three main areas which were evaluated to understand the level of awareness and
application of BIM amongst students:


Their knowledge of Computer Aided Design (CAD) tools in general and BIM in particular



Their ability to interpret the software output and to understand the interfaces



Their general knowledge regarding BIM

Knowledge of Computer Aided Design (CAD) tools
Survey results

There is a lack of working with 3D CAD tools amongst students. The students’ awareness of
capturing, storing or analysing geographical information of building components was also at a low
level. Understanding the geometry and spatial relationships was another area in which the students
had a lack of knowledge.
There was a lack of awareness about defining profiles to create sectional views. Their exposure for
integration of information with the model was also limited.
Skills required

The limited experience with 3D CAD tools amongst students needs to be addressed by providing them
with the opportunity to work with related tools and software. In other words, students should not be
confined to 2D CAD tools for specific outcomes. This may enhance their understanding of
geographical information of building components as well as geometry and spatial relationships.
Considering the lack of awareness amongst students regarding integration of information with the
model, it is important for them to be introduced to the construction processes while practicing it in a
virtual model. It would help them to understand that the properties of the elements are not limited to
the size and dimensions, but there are more features and information that might be considered, such as
material, time and cost of a building component. They would then realize the necessity of integrating
this information.
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Ability to interpret the software output and to understand the interfaces
Survey result

The results showed that the students were not completely aware of the need for detecting clashes
between building components. Students did not have enough information about as-built drawings and
the necessity of providing reliable and updated as-built drawings. There was also a lack of awareness
about allocating time to the construction components and defining cost for project elements.
Skills required

Students should learn about actual problems such as clashes and constructability and they need to
develop a basic understanding of how to manage these problems. It is also required to expose students
to the necessity and the techniques of having reliable as-built drawings.
Since students usually learn about cost estimation and providing simple BOQs, it would be useful if
they can integrate this information into a model. This would allow them to have a better sense of cost
aspects of the construction processes. Also, understanding the time limitation in the projects and the
specific time frame of constructing building components is another skill which can be developed by
practicing it in a simulated model.
General knowledge regarding BIM
Survey result

Only a few students were aware of the process of saving, updating and also integrating project
information. There was also a limited number of students who knew about tools for managing and
integrating the information and models as well as collaboration and a multidisciplinary approach.
Skills required

It is vital to teach students to consider limitations of other disciplines, as they were not familiar with
the collaboration issues and multidisciplinary approach in construction processes. Civil engineers
should be able to collaborate effectively with other engineering disciplines such as architectural,
mechanical, electrical and plumbing and should be able to consider their concerns. This can be
facilitated by using tools which can integrate and manage project information.
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7.2.2 Survey amongst companies
It emerged from the surveys that companies are looking for people who are knowledgeable enough in
some specific aspects. These aspects may vary for the companies where BIM is applied compared to
those where it is not.
Main functions of BIM
Companies where BIM was applied

The result showed that visualization and constructability were the most important aspects for the
companies that were already applying BIM. The collaborative nature of BIM tools as well as cost
estimation and site planning were the other areas where BIM application was useful. They would
therefore consider appointing engineers who are able to make use of BIM tools in these aspects.
Companies where BIM was not applied

In the companies where BIM was not applied, the most demanding skills for a graduate engineer
which can also be applied through BIM tools, included quality control and performance optimization.
It was also shown in the results of the survey that having knowledge about productivity optimization,
collaboration skills and cost estimation are very important. Constructability, site planning and
database management were also categorized as high priority skills when the company was considering
appointing a new employee.
Main Barriers in implementing BIM
Companies where BIM was applied

Integrating BIM in to the current project execution system of a company is difficult. Companies, that
were applying BIM, were struggling with the lack of legal agreements and collaboration standards.
The compatibility issues and cost of licensed software as well as the lack of well-trained employees or
their resistance to learning BIM skills were the other barriers.
Companies where BIM was not applied

For companies that were not using BIM tools, training their staff was a major and time consuming
issue. It was followed by their concern about availability of the collaboration standards. Legal
concerns and software compatibility issues were also considered as main problems
Personnel training

According to the survey as well as the worldwide trade, which is pointed out in the literature review,
there are companies that are utilizing BIM technology and also companies that are likely to consider
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implementing BIM in the near future. The number of current specialists and skilled engineers in terms
of BIM is limited. Therefore, the demand for engineers with BIM knowledge is growing.
The industry is trying to satisfy this need mostly by in-house training and allowing their employees to
practice it through trial and error, and through self-learning.
7.2.3 The role of BIM in industry and academia
The role of BIM in industry

According to the literature, as stated in section 2.3.1, the visualization feature of BIM tools for
understanding the project situation from the conceptual phase of a project through the design,
construction and commissioning phases has proved to be helpful. BIM also helps with identifying the
constructability issues and clash detection in the design phase. Because of the centralized information
feature of BIM, it can improve collaboration amongst the project team members. This feature also
enhances the accuracy of cost estimation while shortening the time of providing BOQs. As such,
managing a unique database, which is updated regularly, is straightforward through applying BIM
tools.
Having a simulated and integrated model, provides the opportunity for checking the quality of the
work to be at an accepted level, and improves the quality control process, as discussed in section
2.2.4.
As it is stated in section 2.3.2, BIM helps to improve the quality of work by enhancing the
communication and interoperability. It is also beneficial for saving time and cost during the project
life cycle which would optimize the productivity and performance. As a result, utilizing BIM can
satisfy the requirements which were identified through the industry survey.
Applying this knowledge through BIM tools would help engineers as well as companies to optimize
their performance and productivity which is a major need of the industry.
The role of BIM in enhancing the knowledge of the students

As described in section 5.3, the questions in the survey amongst students were formulated based on
the output of BIM courses and defined goals of BIM software program as showed in tables 4.1 and
4.2, in addition to the course descriptions. In other words, the areas which were defined to be
enhanced in section 6.2.5 are also part of BIM features. Therefore, industry needs can be satisfied
through engineers who are able to work effectively with BIM tools and who can interpret the
outcomes. Thus, civil engineers should be capable of preventing clashes and of recognizing them
before construction starts. They also should be aware of quality control of construction processes, and
should understand the time and cost of constructing the building components. As such, they need to
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be able to work with relevant software, interpret the outcomes and use the visualized model as a
media.
7.2.4 Interview with university lectures
Survey results

As the result of the survey amongst companies showed, the need of the industry is mostly satisfied
through in-house training. However, if South African universities start addressing these identified
issues in their curricula, companies can appoint fresh graduates who are fairly knowledgeable about
BIM as well as about construction processes. Thus, there can be an academic solution for addressing
these issues.
Considering the background knowledge of the students as well as the requirements from industry, it
was identified that certain topics would need to be part of the curricula for an academic degree.
Generally, students’ awareness in certain defined areas should be improved and a suitable way of
teaching them about these aspects is by making use of BIM tools. There are also some topics which
are common in some BIM courses which can be used as guidelines for integrating BIM into the
curricula.
From an academic point of view, however, there are other concerns that should be solved for targeting
such a goal. The extent to which BIM will affect the curricula should be defined based on the needs of
the industry and the flexibility of the curricula. It also should be defined whether BIM tools and
techniques should be taught as a specific subject or offered as an integrated subject to current courses.
It is also important to have lecturers with enough knowledge for these concepts who are willing to
facilitate this course. If the preference is to add a BIM application to the current curriculum, then an
evaluation would be required to gauge the lecturers’ limitation as well as their enthusiasm. The other
aspects that a university should consider, is about providing access to the appropriate licensed
software to allow students an opportunity to apply these tools. The cost and market related issues then
should be considered as well, which are excluded from the scope of this study.
Skills required

Some of the identified areas of concern, that are considered curricula addition, are already taught in
civil engineering courses. The problem is that the students are not learning to make use of related
tools. Considering the worldwide rapid growth of BIM, students need to be taught about BIM and its
applications in construction processes. Practicing the concepts through a proper tool, would lead to a
better understanding of the real design and construction facts and students can learn to work with
related tools and software which is essential for their future careers.
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7.2.5 Major barriers to adopting BIM in academia curricula
The discussion in sections 7.2.1 to 7.2.4 shows the benefits of using BIM and adding its concepts into
the curricula. However, the negative aspect should also be considered which include the barriers and
disadvantages.
Adding a new subject to the current fully intensive curricula is also difficult, as discussed in section
4.3. It is even more complicated for BIM in particular, as it is a wide topic. There are also some
obstacles in making use of software, as learning BIM tools can be time consuming and students need
to make considerable efforts to master the tools. Another issue is related to the lectures, as offering
such a course needs qualified facilitators that can link BIM content to the traditional style. The
problem of individual interpretations of BIM concept amongst the lecturers should also be considered
and addressed properly.
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7.3 Proposals
As shown in the preceding discussion, the rapid growth of BIM application in industry has led to the
introduction of BIM concepts through degree programmes in pioneering countries. As the two surveys
amongst the students and the companies showed, teaching BIM tools can enhance the students’
awareness and also satisfy the industry needs. University lecturers are also enthusiastic about
inclusion of BIM in the curricula, although there are some predecessor requirements to make it
practical.
Referring to section 4.2.4, there are several methods for introducing BIM to students. These methods
can vary based on the department which offers the course or programme, educational level of the
course or programme, whether it would be a stand-alone course or BIM integrated into other course,
whether it would be a compulsory or an elective course, the collaboration type for the offered course
as well as its content. The main aspects that should be defined for such an aim is presented in table 7.1
in addition to the proposed strategy.
Table 7-1: General training strategy options and proposed strategy

Aspects of BIM training strategies

Proposed strategy

Department which offers the course module

Civil engineering

Educational Level

Undergraduate

Stand-alone

BIM

course

versus

BIM

Partial BIM Course, integrated into some relevant courses

integrated into other courses
Course content and teaching methodology

Adding some BIM content to the current curriculum

Compulsory or elective course

Based on the main course within which BIM is integrated

Collaboration type

Single discipline course

In this study, teaching BIM to enhance learning about construction processes for undergraduate civil
engineering is investigated. Such a programme should aim to fulfil the students’ lack of knowledge
and meet the need of industry. The scope of the BIM module can be wide due to the diversity of the
identified area of concern, as revealed in this study. In other words, it needs to cover practical
working with 3D CAD tools including understanding of geographical information of building
components, geometry and spatial relationships. However, it is also required to include some
technical issues such as time and cost allocation, clash detection, as-built producing. Moreover it
should contain the knowledge about integrating the information and models and collaboration and
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multidisciplinary approach in construction process. Comparing the typical topics in some BIM
courses (table 4.4) to the current topics in relevant modules in civil engineering curricula (table 6.17),
it can be seen that several topics can be covered in different current modules (see table 7.2). This
implies that a stand-alone BIM module can hardly satisfy these subjects together. It is therefore
recommended that BIM and components thereof be introduced into other suitable course modules.
Table 7-2: Courses in current curricula which are relevant to some topics of BIM courses
Main Topic
 Visualization skill
 Practical working with 3D CAD tools
drawings

Engineering graphics and

Category

 Providing isometric and sectional views
 Understanding the background of physical
component of the model
 Understanding geometry and spatial relationships

Relevant course in current curricula
Engineering Drawing

Engineering Informatics
Design
(Structural Steel and Reinforced Concrete)

Basic concepts of BIM

 Understanding parametric model and object
modelling
 Understanding graphical user interface technology

Engineering Drawing

 Understanding relational database technology and
database processing techniques
 Understanding the analytical mode
 Basic building and structural objects and quantity

Engineering Informatics

take-off

management

Engineering

 Understanding the properties linked to the building
components and information management
 Coordinating design and construction

Design
(Structural Steel and Reinforced Concrete)
Advanced Structural Design

 Quality control of the model and updating it
throughout project life cycle

Engineering Management / Project Management

Collaboration

 Understanding other disciplines requirements while
Mechanical, Electrical and plumbing information

Advanced Structural Design

are added to the model
 Managing to avoid the clashes and overlaps
 Understanding project delivery system and

Engineering Management / Project Management

techniques for integrated practice

The BIM topic should be made compulsory or elective, based on the main courses within which BIM
is integrated. Adding the BIM introduction via a course will affect the course content and curriculum
which in turn, influences the departmental educational culture and condition. Teaching BIM, even if it
is limited to the civil engineering department, and not the whole engineering faculty, needs some
fundamental change to be applied in the department, contents of the courses and the lecturers’
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teaching methods. It is therefore recommended to pilot BIM introduction through a single department
before it is extended to a multidisciplinary course afterwards.
7.3.1 Changes in the department
For the purpose of adding BIM concept to the courses, students need to have the basic information
and skill for making use of the related tools and software. This is not possible unless there are relevant
facilities available for students to use during their degree programme. The departmental computer
laboratory should be equipped with the appropriate licensed software to enable students to apply BIM
tools. Software simplicity is important due to the lack of time for learning how to make use of it.
Besides, it is not possible to cover software teaching in the technical courses. Therefore, it is
important to choose software which is simple to use. As it is mentioned in the scope of the study,
evaluating the availability of software and the suppliers’ options for universities are not discussed in
this study.
7.3.2 Changes in teaching methods
Qualified course facilitators in the department are needed for successfully integrating BIM into the
degree programme. The lecturers should be notified about this new technology and tools and be
informed of the way of using it. This will prepare them to integrate BIM through their courses and in
turn require students to submit assignments and projects using BIM tools. There is the need to
organize specific seminars or presentations to raise lecturers’ awareness and skills on the application
of BIM tools during their courses. Although they may already have some knowledge about BIM
through different sources and experiences, their understanding of BIM may vary in some aspects due
to the individual’s interpretations. To add BIM into the curricula, it is needed to provide them with an
integrated approach to carry a single message through courses. This can mitigate the risk of conflicts
and misunderstanding for the students.
7.3.3 Changes in the Curricula
Different aspects of BIM can be introduced through different courses, based on the extent to which it
is applicable in each course. As explained in section 6.4.1, looking at the current civil engineering
curricula in the universities that are discussed in this study (as per Appendix D), there are some
similar courses among these universities in civil engineering students. A list of these courses, which
are more likely to be included in the civil engineering curricula, is mentioned below in detail and the
specific concept of BIM which may be included in each course is recommended.
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Drawing course

The current compressed and full curriculum does not allow lecturers to teach to work with the
software. There are particular subjects in each course that should be discussed by the lecturer which
already takes the full time assigned to that course. Considering that the third and fourth year courses
are more specialized in different aspects of civil engineering, students should come into those courses
with basic knowledge regarding the software that they may use. Usually, there is a drawing course in
the first year of the engineering degree in South African universities in which students learn to draw
and work with simple 2D software. It is suggested that the target of the drawing course be changed
from 2D to making use of 3D drawings tools, where students can do some projects to understand
basic use of software. Even if it is limited to the simple drawings, it would lead them to a better
understanding of the software features. By applying 3D tools in the early stage, students will start
making use of it in different assignments and projects of other courses in the following years. They
can learn to draw using 3D software and add some properties to the drawing components. This would
be the foundation of their basic knowledge on BIM. It is also important to make sure that students are
able to store the information and models as it can be beneficial for reusing information in other
courses.
In order to meet this need, it is suggested that qualified instructors be coordinated to teach the
fundamental BIM software application to the students. This can be done through the software
distributers and resellers, if they offer training to be included in their licensed software packages that
university obtains. Given the restricted time of learning, it is very important to provide software
training with professional facilitators.
Spatial data acquisition, engineering design, engineering informatics

Some universities offer courses on spatial data acquisition, engineering design or engineering
informatics in the second year, which also can be availed to the students through applying BIM tools.
This can help them to understand geometry and spatial relationship deeply and recognize the overlaps
of the components. In turn, this can create a link for discussing clash detection when students learn
about construction aspects in later courses. Also, the tools for modelling different structural elements
and how they are employed should be defined to the students. This will give students a basic
understanding of 3D modelling, spatial relationships and user interfaces technology while at the same
time enhancing their visualization ability in preparing them to apply these skills in other courses.
Theory and analysis of structures

In the course where structure theory and analysis is discussed, BIM tools can be used for modelling
the beams, columns, slabs and other elements. Students will also learn how to use or convert the
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model for structural analysis, and to explain load cases and combinations. They will notice the
parametric model and how defining one element can affect the other. In this way, students can
experience how the structure would be influenced by material changes. The lecturer might briefly
explain the integrated database and how it controls the elements of the model. Also, students should
learn how to analyse and interpret the analysis using the tools.
Structural steel and reinforced concrete design

As a design course is offered as a successor to theory of structure, students are already exposed to the
basic structural knowledge. It is also worth mentioning that because of the ability to re-use
information of an existing model, students can speed up their design process step by step through
different courses. Practicing design in a 3D model format would help them to identify structural
elements and realize the space allocation and the limitations due to the requirements of other
disciplines as the interfaces are more tangible. Furthermore, students can apply quality control checks
on the model to understand the concept of the quality control while making use of the software.
Students should also learn how to provide Non-Conformance Reports (NCR) by using the tools and
should be able to interpret it. These NCRs document the detail of non-conformances identified in a
quality audit, and help optimizing the performance and productivity.
In terms of reinforcement in design, students can learn working with BIM tools for preparing
sectional views and cut sheets to provide information such as quantity, sizes, lengths, and shapes of
the reinforcing bar. It is also useful, in concrete design, to show students the differences between the
cast-in-situ and precast concrete construction elements as they can examine different options on the
software and recognize the preferences. Through these steps, students will improve their performance
as future engineers and would learn about productivity and the method of enhancing it by utilizing
BIM tools.
Cost estimation and calculating cost for the elements and providing BOQs can be discussed in the
Design course. However, some universities offer an extra advanced design course to teach this subject
to the students, due to the limited time of the design course. If students come into the course with
basic knowledge regarding making use of BIM, it is useful to practice doing quantity calculation on a
model. Then, students can also experience the effect of changes and modifications on the cost of the
elements.
Engineering/Project/construction management

There are several courses in different universities that are targeting teaching management to the civil
engineering students mostly offered to the final year students. In other words, by that time students
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are almost ready to start their professional career while taking these courses and it would be a suitable
time to learn about managerial aspects of the project.
It is recommended that students be introduced to the collaboration and multidisciplinary nature of the
construction projects through these courses. As implementing BIM in South African engineering
faculty is its infancy, it is not likely to have the opportunity to offer a multidisciplinary project
amongst students from different engineering disciplines. Therefore, students might be asked to do a
group project in these courses where each of them is acting as one of the party involved in the project,
such as the client, consultant and contractor to learn about collaboration. They should understand
defining work flow and responsibilities which becomes more practical when done using BIM tools.
Students experience individually how changes should apply to the model and how the outputs may be
interpreted. For this reason, even a particular change, such as material replacement or different
concrete casting methods would be defined to be considered in some stage of the project. The
importance of reliable as-built drawings can also be pointed out while applying changes into the
model. Students can also detect clashes through the model they generate and may be requested to
consider safety issue in their model and control its quality. It is also suggested that students provide a
time schedule for the project and reschedule it based on the changes.
Environmental engineering, assessment and management

BIM can be used to expose students to construct green buildings and applying SANS 204 standard
while designing. This can be included in any environmental related course which may be offered in
civil engineering curricula. They will learn about sustainable designing and the consideration of
energy consumption of the buildings, while applying a reliable tool for developing it.
Vacation training

The majority of the universities consider some vacation trainings during a civil engineering degree.
Looking at the result of the survey amongst companies, it is apparent that a number of companies
have already implemented BIM. It would be useful if universities can arrange an agreement with these
types of companies to accommodate their students for some vacation trainings. It would be a valuable
opportunity for the students to practice BIM on a real world project and in a company where BIM is
applied.
The proposed changes and how they can satisfy the areas of concern (mentioned in table 6.18) are
presented in tables 7.3 and 7.4.
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Visualization skill and making use of 3D

Vacation training

Environmental engineering

Engineering/ project/

construction management

Reinforced concrete design

Structural steel design/

Engineering Design/

Engineering Informatics

Areas of concern

Spatial data acquisition/

Drawing course

Courses

Theory and analysis of structure

Table 7-3: The areas of concern which can be addressed by changing the course contents
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Optimizing performance
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models
Practical working with 3D CAD tools
Capturing, storing or analysing
geographical information of building
components
Defining geometry and spatial
relationships
Allocating time to construction
components and the project tasks
Detecting clashes between components
Providing as-built information for the
facility
Defining cost for project elements, Cost
estimation ability, Providing a BOQ
Integrating information and models
Collaboration and multidisciplinary
approach in construction process

M Tabesh

134

Stellenbosch University https://scholar.sun.ac.za

Table 7-4: Summary of the proposed addition to the course content
No.

Courses

Course Content

1

Drawing course

making use of 3D drawings

Spatial data acquisition/Engineering

Applying BIM tools to understand geometry and spatial relationship/ Modelling

Design/Engineering Informatics

different structural elements

Theory and analysis of structure

combinations, Explaining the integrated database and how it controls the elements of

2

Using the model for calculating structural forces and explaining load cases and
3

the model

4

Structural steel design/Reinforced
concrete design

Practicing design in a 3D model format to realize the space allocation and the
limitations due to the requirements of other disciplines, Practicing quality control
process, Identification of structural elements
Introducing collaboration and multidisciplinary nature of the construction projects,

5

Engineering/ project/ construction

group project where each student acts as one of the party involved in the project,

management

applying a particular change to the model to understand its effects, Providing time
schedule for the project and rescheduling it based on the changes

6

Environmental engineering

7

Vacation training
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7.4 Proposal for further research
Further research should be performed related to the gap between the expectation of industry and
offered BIM courses which are already taught worldwide. Also, course content needs to be offered for
a specific university due to its condition. Even piloting a BIM introduction course for the students
should be done and the students’ feedback needs to be analysed to evaluate whether it affects their
understanding of subsequent courses.
Furthermore, investigating the infrastructure requirements for implementing BIM in industry,
including the benchmarking for different software licenses needs to be studied.
A study on available standards and guideline for BIM and collaboration in needed to provide a
customized collaboration standard for South African industry.
Besides, value management through application of BIM tools needs be explored and the method of
using it for optimizing construction management should be studied.
Further investigation is needed to define the appropriate course contents if the department strategy is
to teach students about the graphical user interface or working with open source BIM in particular.
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Chapter 8 – Conclusions
8.1.1 BIM and its role in construction projects worldwide
The specific nature of construction projects requires a considerable amount of resources including
material, machinery and man-hours which are controlled through project management tools. Also, due
to the involvement of different parties, there are usually communication and collaboration issues as
well as claims that should be addressed by the project management team. Moreover, safety and
environmental concerns should be considered while executing a project. The innovative approach in
construction process is affecting the industry through applying different methods and tools to do their
projects in a shorter time while decreasing the expenses of the resources. Building Information
Modelling (BIM) became one of the most desired tools for responding to this requirement by having
the advantages of multidisciplinary collaborative approach added to a 3D model. Besides, BIM is
enabling safety management and sustainable design, which is essential for an efficient project
management. Generally, applying BIM technology has facilitated the construction processes from
feasibility study and early design steps to the project delivery and facility management.
The adoption of BIM is growing fast amongst AEC industry and its effect on improving ROI and
decreasing time and cost of projects is reported by several firms around the world. However, there are
also problems in applying BIM due to the employees’ resistant to change as well as compatibility
issues, legal concerns and cost of the suitable software.
8.1.2 BIM in academia worldwide
Making use of BIM tools requires special skills from employees of the AEC industry. The demands
from industry forced academic institutions to integrate BIM into their degree programmes. For this
purpose, a considerable number of universities worldwide started including BIM concepts into their
curricula to increase the possibility of having engineers who are educated in terms of BIM. There are
a variety of methods and tools for introducing BIM to enhance learning about construction processes
and universities have tried different strategies for teaching it.
8.1.3 BIM application and education in South Africa
The South African AEC industry has stepped towards implementing BIM tools. Some companies
working as part of construction projects have started utilizing BIM to execute their projects, while
others plan to implement BIM in the near future. Considering the industry movement in terms of BIM
and the undeniable link between industry and academia, South African universities should start
preparing students by extending BIM into their degree programmes. To understand how academia can
help for improving BIM knowledge amongst the students, three different sources need to be studied:
M Tabesh

137

Stellenbosch University https://scholar.sun.ac.za

the current level of awareness amongst local students, the extent to which BIM is applied in South
African industries and the condition of universities for adding new subjects to their curricula.
8.1.4 Results of the surveys
To define the level of awareness in terms of BIM amongst local students and the main concepts which
are needed to be introduced in the courses or programmes, an investigation was done through six local
universities.
To identify the current situation of the industry as well as its expectations from graduated students,
some companies were studied and surveyed.
The condition of the academia, regarding the possibility of adding a BIM subject to the programme,
was evaluated through interviews with lecturers.
The combination of the results, gained via these studies, makes it apparent that there are skills for
utilizing BIM that should be developed and improved amongst students to satisfy the need of the
industry. For this reason, there is a need to integrate BIM concepts into the curricula. (See table 8.1)
Table 8-1: Identified areas of concern that should be enhanced amongst the students (based on two surveys)
No.

Areas of concern

1

Visualization skill and making use of 3D models

2

Practical working with 3D CAD tools

3

Capturing, storing or analysing geographical information of building components

4

Defining geometry and spatial relationships

5

Allocating time to the construction components and the project tasks

6

Detecting clashes between components

7

Providing as-built information for a facility

8

Defining cost for project elements, Cost estimation ability, Providing a BOQ

9

Integrating information and models

10

Collaboration and multidisciplinary approach in construction process

11

Quality control knowledge

12

Optimizing productivity

13

Optimizing performance

However, there are some difficulties in adding such a subject to the curricula, as the current curricula
are already full and compressed and time is limited for adding new topics. As such, students should
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learn to work with new tools which also need time. There are also barriers in combining BIM with the
traditional style of teaching due to its collaborated and integrated nature. Furthermore, lecturers
should be prepared for such a change and be provided by a unique approach for introducing BIM to
the students.
8.1.5 Proposal
An analysis of the results suggests that the current curricula introduce BIM aspects through several
courses rather than providing a stand-alone BIM course in civil engineering undergraduate
programme. It is therefore, proposed to start with a partial BIM course integrated into some relevant
courses in the civil engineering department which can be extended to a multidisciplinary course
afterwards. Recommendations for the subjects that can be discussed through BIM application are
provided; the general topics taught in some courses can be made available to the students via a
Building Information Modelling approach (See table 8.2). Subsequent changes in the department and
course facilitators’ methods should also be planned and addressed.
Table 8-2: Summary of the proposed addition to the course content
No.

Courses

Proposed addition to the course content

1

Drawing course

making use of 3D drawings

2

Spatial data acquisition/Engineering
Design/Engineering Informatics

Applying BIM tools to understand geometry and
spatial relationship/ Modelling different structural
elements

3

Theory and analysis of structure

4

Structural steel design/Reinforced concrete design

5

Engineering/ project/ construction management

6

Environmental engineering

7

Vacation training
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Using the model for calculating structural forces and
explaining load cases and combinations, Explaining
the integrated database and how it controls the
elements of the model
Practicing design in a 3D model format to realize the
space allocation and the limitations due to the
requirements of other disciplines, Practicing quality
control process, Providing BOQs, Identifying
Introducing collaboration and multidisciplinary
nature of the construction projects, group project
where each student acts as one of the parties
involved in the project, applying a particular change
to the model such as material replacement or
different concrete casting methods, Introducing asbuilt drawings, Providing time schedule for the
project and rescheduling it based on the changes
Learning about green building and SANS 204
standard

Arranging an agreement with the companies that are
applying BIM to accommodate students for vacation
training
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Implementing BIM based courses for civil engineering students would prepare them for starting their
careers in industry with a holistic approach of construction processes. Such students would be able to
use BIM tools to represent their engineering knowledge via an electronic communication media. This
can increase their performance in the innovative approach of construction projects, which is highly
influenced by information technology development.
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Study Topic: Application of Building Information Modelling within South African Industries
Dear Sir/ Madam,
I am performing research for a Master of Engineering in the division for Construction Engineering and Management
of the Department of Civil Engineering at Stellenbosch University. The topic of my research is “Teaching
construction process improvement using Building Information Modelling (BIM)”.
For the purpose of this topic, I need to investigate:
· The extent to which BIM can improve construction processes;
· The extent to which BIM is applied in the South African construction industry;
· The awareness level of under graduate students about BIM and its applications.
Finally the research aims to address a way to enhance the knowledge of students on project processes using
BIM tools, considering South African construction industries' requirements.
I would like to invite you to participate in this study and would appreciate your feedback on a questionnaire. It
shouldn’t take more than 10 minutes of your time to complete as it is mainly based on making appropriate choices
from potential answers.
Participation in the study is voluntary and you are free to withdraw at any time. All the information would be treated
in strict confidence and data will be used for academic purposes only. Individuals and, or companies will not be
identified in the research results.
Your participation will help to understand current usage of BIM amongst South African industries as well as to
identify the barriers for applying BIM in the industries.The result of the research would be available to share with the
participants upon request.
The research is led by Prof. Jan Wium who can be reached for further information at: janw@sun.ac.za or +27 21
808 4348.
I sincerely thank you for your cooperation.
Faithfully yours,
MahsaTabesh

Tel: +27 21 8839850
Cellphone:+27 83 546 5667
Email: 17640962@sun.ac.za
Stellenbosch University

Mahsa Tabesh

Appendix B- 165

Stellenbosch University https://scholar.sun.ac.za

Company Background

Your Company's name:
(Optional)

General Contractor
Sub-contractor
Construction manager

* Your company's primary contractual role:

Consultant/ Engineer
Design-Build
Client/ Owner
Others:

* Your company's specializations:
You may define more than one option.

Building Services

Rural Development

Civil

Project Management

Development

Quantity Surveying

Environmental

Town Planning

Geotechnical

Multidisciplinary

Industrial

Information Systems

Structural

Facilities Management

Transportation

GIS

Architecture

* Approximate annual revenue of your company: R

Less than 50
50-100

* Number of employees at your company:

100-150
150-200
More than 200

* Geographical spread of your Company:
Mahsa Tabesh

The Eastern Cape

The Northern Cape

The Free State

North West

Gauteng

The Western Cape
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KwaZulu-Natal
Other African Countries
Limpopo

International (Beyond Africa)

Mpumalanga

* Is your company applying Building Information Modeling (BIM) technology?

Mahsa Tabesh
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Interviewee Background

* Your highest academic degree:
* Your position in the company:

No or limited exposure

* How do you evaluate your personal involvement with Building
Information Modeling (BIM)?

Basic understanding of BIM
Advanced knowledge about BIM
Supervise/ lead/ manage BIM
implementation

Mahsa Tabesh
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Company's BIM Experience and Expectations

* For how many years has your company implemented BIM?
Less than 2 years
2 to 4 years
4 to 6 years
more than 6 years

* Do you have BIM specialists in your organization?
(using software such as: Revit, Tekla, Graphisoft, Bently,etc.)
Yes, less than 5 specialists
Yes, 5 to 10 specialists
Yes, 10 to 15 specialists
Yes, 15 to 20 specialists
Yes, more than 20 specialists
No in-house specialists, as the BIM needs are outsourcing.
Neither in-house specialists nor outsourcing.

* What are the main functions of BIM that your company is applying?
You may choose more than one option.
Visualization

Resource planning and leveling

Site planning

Operation and maintenance

Quantification/ Estimation

Facility management

Scheduling and 4D visualization

Database information management and structure analysis

Cost estimation

Online cloud collaboration

Constructability (Clash detection)

Supply chain management

Collaboration and coordination

Environmental analysis

Quality Control

Sustainability

Productivity optimization

Safety

Performance optimization

Other applications (please specify):

* How would you evaluate BIM's advantage for your company?
*
Not effective
1

2

Effective
3

4

Strongly
effective
5

Creativity in the project/ company's activity
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Sustainability in the project/ company's activity

Quality improvement in the project/ company's
activity
Decreasing human resource in the project/
company's activity
Decreasing the cost in the project/ company's
activity
Decreasing the time in the project/ company's
activity

* How would you evaluate the difficulties in applying BIM technology in your company?
*
Not a barrier
1

2

Solvable
3

4

Impossible to
get done
5

Lack of skilled personnel/ Employees'
reluctance for learning a new technology
Other parties' reluctance (Client, engineer,
architects, contractors,...)
Sharing the information/ Model with other
parties
Integrating company's system with BIM
Lack of collaborative process and modelling
standards
Lack of contractual / legal agreements
Waste of time
Cost of software licence and training
Compatibility issues between different
software systems

* Which of the following can be the best way for employees to learn to apply BIM?
You may choose more than one option.
Self-learning
Academic learning (hiring skilled/ experienced personnel)
Seminar/ Workshop/ Conferences, etc.
Training sessions in the company (in-house training)
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Company's Experience and Expectations

* How would you rank the main reasons of not applying BIM technology in your company?
(Please choose each number just once and do not categorized two options at the same priority.)

*Priorities
1

2

3

4

5

6

7

8

9

10

Not enough awareness about BIM and its advantages
Lack of skilled personnel/ Employees' reluctance for learning a new
technology
Other parties' reluctance (Client, engineer, architects, contractors,...)
Sharing the information/ Model with other parties
Integrating company's system with BIM
Lack of collaborative process and modelling standards
Lack of contractual / legal agreements
Waste of time
Cost of software licence and training
Compatibility issues between different software systems

* Do you think that your company will consider applying BIM in the future?
Not sure
Yes, near future (less than 5 years)
Yes, far future (more than 5 years)
No

* When you are hiring a freshly graduated student in civil engineering or construction management, which
of the following skills are you looking for ?
You may choose more than one option.
Site planning

Operation and maintenance

Quantification/ Estimation

Facility management

Scheduling and 4D visualization

Database information management and structure analysis

Cost estimation

Online cloud collaboration

Constructability (Clash detection)

Supply chain management

Collaboration and coordination

Environmental analysis

Quality Control

Sustainability

Productivity optimization

Safety

Performance optimization

Other applications (please specify):
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* Which of the following ways can be the best for employees to be skillful in a specific field?
You may choose more than one option.
Self-learning
Academic learning (hiring skilled/ experienced personnel)
Seminar/ Workshop/ Conferences, etc.
Training sessions in the company (in-house training)
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Thank you for your time and taking this survey.
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Append
dix C- Queestionnaire of the interrview with lecturers

Interview
w Topic: Integratin
I
ng BIM in
nto the civvil
engiineering undergra
u
aduate currricula

Intervviewer: Mahsa
M
Tab
besh
All the information
i
w be treateed in strict co
will
onfidence annd data will be
b used for accademic purpposes
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1. Your personal theoretical knowledge about BIM:
o No or limited exposure
o Basic understanding of BIM
o Advanced knowledge about BIM
2. Your personal practical experience with BIM:
o No or limited exposure
o Basic understanding of BIM
o Advanced knowledge about BIM
o Supervise/ lead/ manage BIM implementation
3. Does your course allow you to consider any of the following concepts in your course?
If yes, are you willing to expose students to these concepts through BIM tools?

Areas of concern for the students 1
















Visualization skill and making use of 3D models
Practical working with 3D CAD tools preparing sectional views and cut sheets for providing
information such as quantity, sizes, lengths, and shapes of the reinforcing bar
Capturing, storing or analysing geographical information of building components
Defining geometry and spatial relationships such as identifying overlaps or whether one
component contains or crosses the others
Allocating time to the construction components and the project tasks
Detecting clashes between the components
Providing as-built information for the facility
Defining cost for the project element s
Integrating the information and models
Collaboration and multidisciplinary approach in construction process
Quality control knowledge
Cost estimation ability
Providing a BOQ
Optimizing productivity
Optimizing performance

4. Are you willing to include BIM concepts in your course? Please motivate your response.
5. Do you have any particular comment or idea about integrating BIM in the curricula?

*

These areas are defined based on two surveys:
A survey amongst students to identify the scopes where their knowledge need to be improved and a survey through
industries to evaluate their requirements and needs while hiring a freshly graduated students
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Appendix D- Civil Engineering courses in five South African universities
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Year of study

First year

Second year

Third year

Fourth year

Mahsa Tabesh

University of Johannesburg

University of Pretoria

Stellenbosch University

Applied Mathematics
Introduction to Engineering Design
Mathematics
Physics
Chemistry
Applied Mathematics
Draughting
Mathematics
Physics
Electrotechnics
Concrete Technology
Mathematics
Geology
Fluid Mechanics
Modelling
Applied Mathematics
Strength of Materials for Civil Engineering
Heritage Assessment

Graphical Communication
Calculus
General Chemistry
Materials Science
Humanities and Social Sciences 1
Linear Algebra
Physics
Mechanics
Electricity and Electronics
Humanities and Social Sciences 2
Workshop Practice
Calculus
Differential Equations
Strength of Materials
Professional and Technical Communication
Geomaterials and Processes
Statics
Community-based Project

Engineering Mathematics
Applied Mathematics
Engineering Chemistry
Engineering Drawings
Professional Communication
Computer Programming
Electro-Techniques
Strength of Materials

Environmental Management for Engineers

Mathematics

Engineering Informatics

Communications

Numerical Methods
Structural Analysis
Pavement Materials and Design
Engineering Statistics
Civil Engineering Measurement Techniques
Hydraulics
Structural Analysis
Civil Engineering Economics
Programming and Information Technology
Soil Mechanics
Timber Design
Hydraulics
Geotechnical Engineering
Civil Building Materials
Steel Design
Reinforced Concrete Design
Transportation Engineering
Hydraulics
Research Project
Steel Design
Reinforced Concrete Design
Infrastructure Planning
Engineering Professionalism
Practical Training
Environmental Geotechnology
Civil Engineering Construction Management
Computer Applications in Civil Engineering
Detailed Design

Strength of Materials
Vacation Training

Geotechnical Engineering
Structural Engineering
Hydraulic Engineering
Statistics for Engineering
Complementary Studies
Transportation Engineering
Project Management
Surveying

Geotechnical Engineering
Project Management
Structural Engineering
Urban Hydraulics
Urban Development Studies
Civil Design
Civil Project Investigation
Civil Professional Practice
Legal Applications in Engineering Practice

The information is gathered from the university websites.

Applied Mathematics
Engineering Geology
Engineering Mathematics
Strength of Materials
Land Surveying
Applied Mathematics
Building Materials

Engineering Informatics
Engineering Statistics
Hydraulics
Geotechnique
Theory of Structures
Structural Design
Transport Science
Vacation Training

Philosophy and Ethics
Hydrology Engineering
Project Management
Structural Design
Transport Science
Advanced Design
Engineering Management
Environmental Engineering
Project (Civil Engineering)
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Year of study

First year

Second year

Third year

Fourth year

Mahsa Tabesh

University of the Witwatersrand

University of Cape Town

Chemistry I
Engineering Computing
Engineering Skills
Mathematics l
Critical Thinking and Philosophical Reasoning
Physics I
Mechanics

Chemistry for Engineers
Introduction to Engineering
Mathematics 1A for Engineers
Mathematics 1B for Engineers
Engineering Statics
Engineering Drawing
Physics A for Engineers
Physics B for Engineers

Earth Materials and Processes
Engineering Planning and Design
Introduction to Environmental Engineering
Economics and Management
Materials and Structures I
Materials and Structures II
Numerical Methods

Mechanics of Materials
Structural Engineering I
Spatial Data Acquisition & Management
Civil Engineering Camp
Experimental Methods & Statistics
Geotechnical Engineering I
Fluid Mechanics

Probability theory and Mathematical Statistics for Engineers

Geology for Engineers

Mathematics II
Surveying for Engineers
Practical Training
Vacation Work I

Vector Calculus for Engineers A
Linear Algebra and DEs for Engineers
Materials Science in Engineering
Practical Experience

Construction materials I
Geotechnical Engineering I
Structural Steel Design
Reinforced Concrete Design
Hydrology
Basic Hydraulics
Structural Engineering IA
Structural Engineering IB
Infrastructure Planning and Management
System Analysis and Optimization
Vacation Work II

Structural Engineering II
Structural Engineering III
Geotechnical Engineering II
Hydraulic Engineering
Engineering Hydrology
Transportation Planning
Water Treatment
Urban Water Services
Economics for Engineers

Construction Materials II
Structural Engineering II
Civil Engineering Design
Geotechnical Engineering II
Investigational Project
Integrated Resource Management
Hydraulic Engineering II

Structural Engineering IV
Design Project
Professional Practice
Waste Water Treatment
Urban Design & Management
Research Project
Introduction to Environmental Assessment & Management

The information is gathered from the university websites.
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Appendix E- Transcripts of the interview with the lecturers
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Interview no. 1 (Date and time: 14/10/2014, 9:00)
What is the subject you are lecturing? Is it Advanced Design?
Interviewee: Yes it is GO466, we are doing the structure part of that, Dr. C and myself and then
there is also the transportation section and then the hydraulic section. So we are six lecturers for the
whole course. So two-two-two for the different sections
So you are busy with structure section?
Interviewee: Yes, Mr. R the transportation and Ms. B and prof. B do Hydraulic.
Your personal theoretical knowledge about BIM, is it limited, basic or advanced?
Interviewee: I work with BIM a lot. I don’t know how to use the software, but I’ve worked with BIM
models a lot. I don’t know whether I class as advanced but I know how the systems work.
I have another question about your practical experience with BIM.
Interviewee: Practically, I’ve used BIMSight a lot. Within 3D models, integrating, I’ll get my
draftsman to send models to mechanical engineering…so there is a lot of interface, but I don’t use
Tekla, I don’t use Revit.
So you just use the output?
Interviewee: Yes, use the output and I tell them what to change in the model but I don’t know how to
use the software myself. And I know what to request.
After having two surveys, one amongst students of six South African universities to identify the
scopes where their knowledge need to be improved and a survey through industries to evaluate
their requirements and needs while hiring a freshly graduated students, I’ve defined some areas
which should be emphasized in our courses for exposing students to BIM. I would like to know
if any of these areas of applicable in your course. Are you going to consider these areas in your
course? And if yes, or maybe you are already having them in your subject, are you willing to
expose students to these concepts through BIM tools?
One of them is visualization skill and making use of 3D models
Interviewee: That we did quite a bit in class through lectures. I put 3D models on the screen show
them around. I am not sure if you have seen the videos I created for the students. I put them together
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and use 3D models to explain concepts, how to details during reinforcing, how to analyse design
strength… all of these videos have BIMSight models in them to explain different concepts. This one
(showing a model on the computer) is how to use the normal AutoCAD but this is a 3D model and this
is how you draw that 3D model.
So you are already applying it.
Interviewee: Yes, we are using it in the course. But you could debate with it proper BIM or not,
because it’s a 3D model and some people say is it BIM or isn’t it BIM
And what about practical working with 3D CAD tools for preparing cut sheets for providing
information such as quantity, sizes, lengths, and shapes of the reinforcing bar
Interviewee: That we do it in AutoCAD, but not in 3D.They have to produce and hand in drawings. I
can show you their projects, they actually use 3D models. There are some of them with Sketchup,
some of them got rendering, 3D analysis, That’s visualization (showing some of the students’
projects). They have to hand in a 3D model. It’s different from group to group.
But they are not using these models for calculation for reinforcement.
Interviewee: No, they do hand calculations. They use the software for drawings, but then it is Procon
for 3D design.
Do you think there would be a chance to add this feature to their project in the course?
Interviewee: Probably not, simply because of complexity of using BIM. AutoCAD takes long enough
to learn, never mind BIM. I’m actually maybe gonna put less emphasis on CAD next year. Simply
because their design struggle so much just to get the understanding of structure there. I’ve rather get
them the design rather than the software first. To teach them BIM, if it is something straightforward,
if it is Sketchup or something… maybe that’s a good way to do it. As long as it is something they can
learn fairly quickly. Simple software yes, for all we’ll most willing to work, to introduce it. If it’s
Tekla or Revit, I think it gonna take them a long time.
And what about capturing, storing or analysing geographical information of building
components?
Interviewee: In their project they’ll given a drawing with Google Earth information imported into it.
So they actually did get a sort of whether you call it is a GIS, I don’t know. They do the Google
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overlay to get the idea but it is not advanced. It’s just basic stuffs. So they have got basic exposure to
those .And then also they’ve got some levels which are taken from Google Earth, but it is not really…
So, you actually prefer to work with simple stuff…
Interviewee: Yes, we are just struggling to get their basic understanding. And it is just the time thing;
we are running out of time to fit in. I mean, we are getting the stuff back and they can have this
beautiful 3Dm model’ but their design is bad, so it’s gonna miss the point. If there is simple software,
definitely like to include it. That would be great. It’s useful for visualization.
But are you pointing out to the ability of BIM while you are lecturing this course to the
students?
Interviewee: I have, when I did the lecture on BOQ, I’m fairly sure I said to them during the lecture.
I know I’ve pointed it to the postgraduate students, but I’m not sure about undergraduates. But I’m
sure I’ve mentioned them in the past…Also I’ve did a lecture for Chris Jurgens the other day on
BIM.it was an hour lecture or something. I did present these things to the fourth year students on
quantities and various things.
Was it in Engineering Management?
Interviewee: Yes. What I did in that lecture, I emphasized the good and bad. I show them how
wonderful things you can do and I said listen, be careful of the following…
About defining geometry and spatial relationships such as identifying overlaps or whether one
component contains or crosses the others?
Interviewee: That was useful for the lectures when we pulled up the model…for explaining to the
class
Students are not able to do these by themselves?
Interviewee: Maybe they can. The software is normally a problem, using it…They did it with
Sketchup I mean, you can see they actually got 3D models they’ve produced. The problem was
producing a 3D model in Sketchup and then redoing the whole thing in AutoCAD. So you can see it is
not really a BIM model because of the interface problem between the AutoCAD and Sketchup. If I
have the full version of Sketchup, I think then you can export it to AutoCAD. Then that might be
otherwise if we can have the full version of Sketchup here. Then we could actually look at integrating
it into the curriculum, maybe that’s an easy way. I don’t know.
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Is allocating time to the component something that you discuss about during your course?
Interviewee: No, you mean 4D modelling kind of thing?
Not actually 4D modelling, just to make a sense for the students who long it would take to make
a component
Interviewee: That we did in these lectures. It’s literally explaining this is how you analysing, this is
how you design it, and this is how you build it, this how these fit together…So that was done but sort
of in the video.
So they don’t experience it by themselves to evaluate it.
Interviewee: Not really, I was actually thinking if we should do is for issue the model. Because one
thing I found it they are not understanding it is how buildings fit together… it would be nice if we can
get BIM models and you actually give them BIM models at the beginning of the project, and ask them
go and look at this, go and understand them, go and look at the member sizes, go look at the different
components. Getting them understanding the structure, then design it. They design it, and then they
design it wrong but they don’t know what actually they do. So maybe that’s the way we could in
cooperate that…I’m thinking about including that for next year for the course. But I might need to get
hold of more models or something, because sometimes people are not willing to share their model.
And about detecting clashes between the components
Interviewee: We didn’t specifically discuss it in relation to them.
And what about providing as-built information for the facility?
Interviewee: It wasn’t discussed. It was in the presentation I did, but I didn’t do much in terms of
that.
Is defining cost for the project elements a part of your course? And are students doing cost
estimation and providing a BOQ?
Interviewee: We did budgeting but we didn’t link budgeting to BIM. They have to provide a cost for
the structure but they don’t know yet how to get the tonnages from a Tekla file or something like that.
They have to do a BOQ for their project. They have to give us budget. But they haven’t done the BIM
model to get the budget from. So they will design a project and they will work out and measure it to
know in AutoCAD or whatever software is. That measuring gives us the quantity.
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Are you informing them about integrating the information and models, for instance material of
a component?
Interviewee: As it is not just a line, it’s a line with properties…We didn’t specifically address that. I
mean, if they can look at the model, they can see it’s a beam, it’s a column, but it hasn’t the
information how stored. Maybe they understand it, maybe they don’t. It’s not a topic we address.
What about collaboration and multidisciplinary approach in construction process?
Interviewee: We gave them a multidisciplinary project, so they had to consider mechanical works,
electrical works, and they did. But it wasn’t a topic to say how to do coordination. They kind of had to
do it. They had to it but they didn’t consider doing it to learn. They just know about it as here is your
machine; fit it into your building. That’s about it.
And quality control?
Interviewee: They had to do quality control on their project, but it depends whether their project was
in 3D or not. So…maybe not… There wasn’t a topic they had to look at. Hopefully the people of the
project did check the model or their drawings or whatever. But it isn’t something that we actively are
trying to do it.
Are you discussing about optimizing productivity or performance?
Interviewee: We never discussed that.
Generally, are you willing to include BIM concept in your course?
Interviewee: We really are. I think it’s a question of how we do it. I think I would like to give them
models in the future, so they actually can look at it, can understand it. But I don’t know if we use BIM
software for them to generate the drawings. If the software is simple enough and we get licenses and
training, then maybe. Then we could introduce it. But then we need to know it’s not gonna be too time
consuming…I mean they struggle drawing lines and getting line types right. I know the draftsman in
my office took him long time to get used to Revit, and the Tekla guy as well…Maybe it’s personal…
Maybe it should be started sooner, as this lecture is for forth year students.
Interviewee: It’s too late. If they come into the course knowing how to do it, I have no problem then
doing the models in whatever software like that…but they generally don’t. And we don’t have time to
teach them to work with these tools, so that’s the challenge.
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Do you have any particular comment or idea about integrating BIM in the curricula?
Interviewee: It’s the time thing and the software thing. And also what is BIM, is this using Sketchup
BIM, is it BIM if it’s a pretty model, is it BIM because of it’s got intelligence, none of those Sketcup
model have got intelligence, they are just sheet and stuff. People debate what BIM is…
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Interview no. 2 (Date and time: 15/10/2014, 10:00)
May I ask about your personal theoretical knowledge about BIM?
Interviewee: I would say… I don’t know if I have that much theoretical knowledge. I think I have a
general understanding of what is implied by BIM. You know the fact that it is more than just a 3D
drawing type scenario that you actually capturing the total building information structure analysis,
volumes, quantities, all those type of things. I think, I have a general knowledge of what BIM implies,
I have not studied or really any more…
Ok, may I categorize it as Basic understanding of BIM?
Interviewee: Yes, I think so.
And what about your practical experience with BIM models?
Interviewee: Do you refer to as a lecturer or general?
I mean in general.
Interviewee: When I was still in practice, we worked on one or two projects where the project team
was encouraged to use, again they called it BIM but I don’t know if it was generally using that as a
Building Information Model. So, I think it was more in terms of 3D modelling of structures to avoid
clashes, that type of things. So, and I have worked with things like Revit and not necessary that time
Revit ones I’ve worked with, but there is the stuff like StruCad, I’ve used it to check, what you call it
fabrication drawings for structure steel work.
After having two surveys, one amongst students of six South African universities to identify the
scopes where their knowledge need to be improved and a survey through industries to evaluate
their requirements and needs while hiring a freshly graduated students, I’ve defined some areas
which should be emphasized in our courses for exposing students to BIM. I would like to know
if any of these areas of applicable in your course. Are you going to consider these areas in your
course? And if yes, or maybe you are already having them in your subject, are you willing to
expose students to these concepts through BIM tools? One of them is visualization skill and
making use of 3D models.
Interviewee: I have used it; limited used it, maybe important to say that. But and I will be more than
willing to use it more actually.
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And what about practical working with 3D CAD tools for preparing cut sheets for providing
information such as quantity, sizes, lengths, and shapes of the reinforcing bar
Interviewee: I don’t…in my course currently for design of steel structures, I can say before it was
basically visualization, we have had used it in a CAD environment. But maybe I should mention that
now, if I think back in the past when I taught Advanced Design, for the final years, they were actually
encouraged to produce 3D concepts using something like Revit. It’s not a direct answer, but yes I
would consider using it more.
About defining geometry and spatial relationships?
Interviewee: Yes, I couldn’t say that we’ve specifically used it. But again once more I think it starts
again with the previous question. It’s especially in steel design, it is important that they sort of grasp
the spatial relation between things. It’s often something that it’s not so easily grasped. So, again I
think I would definitely be interested in using it more. At the moment we don’t use it all that much.
And what about capturing, storing or analysing geographical information of building
components?
Interviewee: I haven’t used that now.
May you consider that in the future?
Interviewee: Yes, It’s interesting again for specially project conception or the detail design. … I think
it’s important.
While students are learning about structure design, are they also exposed to allocating time and
considering time for construction process?
Interviewee: Yes, they are, especially in the course Advanced Design. In the course for design of
structure steel work, I would not say that is necessarily an issue, definitely not in a BIM framework.
We have not used it like that. I have a bit of reservation whether that’s possible to work it into a
course that deals with design of structures. Just because there is then this overlap of project
management almost wanna say actual design issues. Although, obviously it’s very important that they
consider the design issues, when doing the project schedule. You know, how complicated the structure
becomes when executing it. So, that’s a difficult one to answer with a tick box. I would say, I’m not
likely to consider that aspect in my courses.
And about clash detection, are they exposing to it?
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Interviewee: I don’t think they are experienced in that. I think we try to lead them in that way that
obviously they are, especially in steel structure that you have elements that are generally of smaller
dimension, for example than concrete structures. But you know, they still can occupy the same space.
So, it’s something that is not, I mean we’re not using BIM in that aspect. But it’s something that
would be very useful for it.
Not only through BIM, but have they already learn about the happening of such clashes?
Interviewee: I don’t think they realize at this point and the opportunity that is…
What about as-built drawings?
Interviewee: I don’t think… no, that’s it’s something that I think this is a bit lacking. I think our
students have a general…I mean those that did for example vacation training will have a better
understanding of the fact that you have to develop an as-built after the design changes have been
incorporated. But it’s not something we deal with it during my courses.
What about the cost for different elements?
Interviewee: Yes, I would say we deal with that, specifically for the steel structures, there is a general
discussion of what options are more economical, standardization, that type of thing, repetition of
elements, even to level of discussing which section is easier to manufacture and fabricate than others.
So, yes, I think they have a bit of understanding.
Maybe from that point I can ask about BOQ, are they learning about providing a BOQ?
Interviewee: In the past, when I taught them Advanced Design, we did ask them to do a preliminary or
condensed BOQs, considering only main material quantities, you know, structural concrete,
formwork, mass of steel work, mass of reinforcing. I wouldn’t say any more detail than that, but they
do have a bit of understanding I think about it.
But not in your current course?
Interviewee: In the course we do for design steel structures, it’s not on the menu. No…
What about integrating the information? Do they have any knowledge to have the information
for a component centralized?
Interviewee: I don’t think so, no… I think as an example, I have tried in the past to, you know,
probably not formally examined but, when you for example do BOQ of painting to steel structure, you
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know that all corrosion protection in general, that the surface area of the element is linked back to the
element you actually use and that is linked to the, what do you call it, corrosion protection…which is
then linked to the mass of structure. So, I wouldn’t go so fast to say we formally deal with that, but in
the course I teach at the moment it is a sort of subject of a concern.
It guided me to ask you about quality control, are they exposed to quality control through your
course?
Interviewee: They are exposed to that again in a very general fashion when we, in the past, a couple
of years ago, for example I taught a course on design of concrete structures and also the one in
design steel structures. There is a large component of codified design. So, for the concrete design
course for example, they exposed to the South African code for quality management or materials in
concrete structures for example…
So it is for specific aspect...
Interviewee: Yes, it’s not general; I would say it is not general consideration. But I mean there are
things like tolerances and lack of fit and that type of thing, we do discuss.
What about collaboration, or working with other disciplines?
Interviewee: They don’t have any major exposure to that. I don’t think so. I try to teach them,
especially from structure view point about collaboration with architects. But again I think it would be
very valuable to work from a model for example where you can show them the requirement that
another designer might have. For example the window has to be this big, so you consider columns in
there. But we don’t actually… I don’t have the opportunity to formally teach them that now.
But Are you willing to do it then?
Interviewee: Yes, I am… definitely.
Are there any specific topics in your course covering productivity or performance optimization?
Interviewee: Optimizing…I wouldn’t say so…no. I think in my course it’s more about fundamental
design. So it almost touches on a different aspect.
It is not applicable then in your course.
Interviewee: It is not really applicable. It’s more in advanced things really, in terms of management.
In Advanced Design which I taught last year, it’s discussed again in general terms. So in that course,
M Tabesh

Appendix E- 189

Stellenbosch University https://scholar.sun.ac.za

because of the nature of the course there is more opportunity to discuss these general interlinking of
these topics. But in the basic design course, it’s not so much applicable.
So, in general as far as I’ve understood you are willing to include some of these topics with even
using BIM tools.
Interviewee: Definitely, I think, I mean I have considered it in the past; it’s probably a matter of time
as well, when you have to teach yourself how to do this things. But I think it’s a good tool because
students…it’s sort of motivate that sort of top-down approach. You know, instead of the bottom-up
approach. Where you’ve started a structure that visually is accessible and you can walk around
insight of it and see how it fits together and then discuss the issues involved. I just note, I haven’t got
that far yet. I haven’t got to that point but I think it’s definitely something to consider.
And do you have any specific idea or comment regarding having BIM integrated into
curriculum?
Interviewee: Yes, I think BIM is a very general term and as civil engineers we have road guys, guys
doing GIS stuff and everything. So it would be difficult to put something together that satisfy all the
disciplines. But I think it would be worth a lot when maybe considering the CAD in practice of
teaching students drawings in the first year and the drawings have nothing to do with civil
engineering or structure engineering for that matter. So the BIM course like this would be valuable to
expose them both to modelling and then software capabilities of modern software, have the
capabilities of them producing 3D layout. So you sort of combine modelling in a 3D sense with the
production of structure drawings for example, or layout drawings for roads, or whatever the case may
be. So I really think a course like should… I mean you have to structure it so that it is a component of
drawings and annotating drawings. But it is also a component of all these other things that you can
also possibly get out of it. I think that’s the general comment I can make.
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Interview no. 3 (Date and time: 16/10/2014, 11:00)
May I ask about your personal theoretical knowledge about BIM? How you can rank it?
Interviewee: I know about it, I never physically used it. So, I never pressed buttons. I know what it can
do, I know what the advantages are, disadvantages…I think so…and I know what the purpose is. And
I’ve seen some models and I’ve heard how people use it, but I haven’t done that physical work with it.
I have not work on a project with it.
It was my second question, if you had any practical knowledge regarding BIM.
Interviewee: Yes…I’ve seen some projects where they have given views, but it was more just a
visualization general thing. I haven’t used it or seen how they use it to clash detection or
programming or any similar thing.
After having two surveys, one amongst students of six South African universities to identify the
scopes where their knowledge need to be improved and a survey through industries to evaluate
their requirements and needs while hiring a freshly graduated students, I’ve defined some areas
which should be emphasized in our courses for exposing students to BIM. I would like to know
if any of these areas of applicable in your course. Are you going to consider these areas in your
course? And if yes, or maybe you are already having them in your subject, are you willing to
expose students to these concepts through BIM tools?
Interviewee: So, I’m responsible for the course in engineering management, there are things there
that we do about collaboration and design management and contracts, safety, constructability…so
definitely see that we can use it there.
So may I ask specifically if for example you use any visualization while teaching them in
engineering management course?
Interviewee: Well, at the moment I show them photographs and examples I think. So, what we can do
with this, is to be more specific for them to understand what we talk when we say about design
management, clash detection, or…you know…constructability and things…it would be useful to show
that. Specifically at the moment we show photographs and they don’t understand, not necessarily.
As far as I’ve understood, through your course it is not really applicable to have something like
providing cut sheets or detailing on design part.
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Interviewee: No, it depends on what they do on other courses. You know, so if they do that on other
courses, that’s fine; if they don’t do it there, then we can just show an example of how it works and so
on.
I think they are exposed to it in design of structure or later in Advanced Design.
Interviewee: ok.
What about capturing and storing geographical information? I assume that it is not also
applicable for the course you are lecturing as it is more related to the design aspect while
engineering management is more into the management aspects.
Interviewee: No, it’s not that much related.
Do students expose to allocating time to the construction components?
Interviewee: Yes, we expose them to construction companies where people from industry come and
talk to them about the company and… for example they talk about site safety and they talk about site
layout and that type of things. So, there are couple of lectures that address this and we give them
some assignments on that type of things.
So they would experience it in practice.
Interviewee: Yes, they could do that.
As you mentioned, you are already considering defining clash detection…
Interviewee: Yes
What about cost estimation, providing a BOQ,…?
Interviewee: yes, we do a section where they need to do BOQs for a little example project that BIM
can ideally be used for that.
What about integration of information to a model? I mean, do they understand that this is not
an object with size and it has got some properties?
Interviewee: Well, at the moment they don’t. But that (BIM) would probably expose them to that.
And do you generally talk about optimization of productivity and performance in your course?
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Interviewee: Do we have optimization? Not really. But we can probably include something in there.
But by using BIM, we will obviously speed up the design and coordination process which will end up
with a better optimized project. But we don’t specifically address that, not for now.
So, in general, you are willing to include BIM in your course?
Interviewee: Yes…Yes, but I don’t want to teach them to press the buttons. Nobody else does that.
There maybe are the short sections that we can include teach them the basics for stuff to learn with
us. But I think that can be one lecture where you get the software, use it and then tell them press this
button and that button and…to draw something and how to put that information…maybe two classes.
Bu…t I see that one can use it.
So you prefer students come into your course when they know how to use the related software.
Interviewee: Ideally they should have some knowledge of using it.
Do you have any particular comment or idea about integrating BIM into the curricula?
Interviewee: I think, it must become something which they use throughout, you know…They’ve got
their design subjects, they should be using it in the engineering management, and…so, from the early
year, first year already, maybe they should do some basic…get some basic exposure of how the thing
works. As they go along they should be given assignments, use of this throughout the university
carrier. So, becomes a part of that.
So, you believe that students’ knowledge about BIM should be developed during these four
years and not in a specific course.
Interviewee: Yes, I don’t think that there should be one course where we say now we do BIM. Maybe
at the drafting class, right in the beginning couple of lectures to help them draw some … you
know…instead of doing AutoCAD drawings, they can use this to draw these things. From then
onwards, as students go along, they should be given assignments where they use that.
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Interview no. 4 (Date and time: 22/10/2014, 10:00)
May I ask which course are you lecturing at the moment?
Interviewee: I’m lecturing the third years, the reinforced concrete design.
May I ask about your personal knowledge about BIM?
Interviewee: I know about it conceptually, and when I was in practice, we just started using Revit,
which is maybe a soft BIM tool. You know it’s not a hard core BIM, but there is a bit of BIM concept
built into that. Right? So, I’ve got a little bit of exposure, and then I know, you know obviously, what
BIM is from attending some lectures and tutorial and things around…
So, you also have worked with Revit in person.
Interviewee: Yes…but just a little bit, not much. Because Revit just started to come into our office like
a month before I left. So, I have very limited exposure, you know, to Revit. But, at least I know of it. I
know more or less what it can do, but I won’t be very fast in modelling with it, myself.
These are the areas that I identified through these two surveys that I described and I want to
know if any of them is applicable to your course, and if yes, is there any chance to introduce it to
the students through BIM?
Interviewee: Well, let me first say, that I think in the course currently there is very little BIM content.
We are working at the moment just with drawings, either it’s a plan view or section or an elevation
but in 2 dimensions only, and they are required themselves to, you know, in their mind get the picture
of what the building looks like in order to design different elements. So, the course is more focused on
element design, beam, column, slabs, and so on. And yes, the course is very very full. I told you
before. I’m already struggling badly to squeeze everything in there, as it is at the moment. So, if we
want to build BIM in there, it will require a quite creative way of thinking, in order to work less
rather than more, in spite of adding something in. But let me just go through these items.
As far as I’ve understood, visualization is not something that you are dealing with in your
current course.
Interviewee: Not really, they need to have the ability to visualize from a plan drawing and a section,
what the thing looks like in 3D, but we are not using 3 dimensional tools, like AutoCAD or Revit or
anything else…
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But it should be beneficial if students can use such a tool while they are attending your course.
Interviewee: Yes, sure. That would be nice. I mean, if you can set them up beforehand and just give it
to them as a tool for them to help them visualize what the structure looks like.
What about preparing cut sheets for providing information such as quantity, sizes, lengths, and
shapes of the reinforcing bar
Interviewee: They need to also consider in design, you know, where and how the rebar must be
placed. It’s not a priority in our course, you know, for them to do bending schedule, things like that.
So, I just want them at least to know that the steel (rebar) come in top of the beam if it’s a bending
moment over a support, you know. That kind of stuff… So, we are not really focusing on it in a lot of
detail on rebar…
Are there such discussions in Advanced design?
Interviewee: Yes, for Advanced Design, they have to hand in project with all the drawings, including
reinforcement details and bending schedules and everything. So, there they do it, are required to do it.
So it’s because of the time limit in your course that it is not discussed there.
Interviewee: Absolutely.
What about geographical information of the building components?
Interviewee: No, it’s not included in the course at all.
What about geometry and spatial relationship, such as identifying overlaps or if any component
is included in the others?
Interviewee: Yes, well, to a limited extent. I mean, if you have column, you know, that’s passing
through a slab, it’s usually tied into the slab. But when they do the weight calculations, they need to
know that if they already added the weight of the slab, they don’t need to count that little bit of
concrete of the column, you know, because it has been counted in already. Things like that…Not to
great extent, but obviously in a building you need to understand it that some items pass through each
other, become part of each other almost…
Are you then would discuss about clash detection there?
Interviewee: I don’t discuss it in class at all. But at least they’re developing some 3D sense. , Clash
detection, I think it’s is especially useful when you start to have a lot of building services and that’s
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not treated in the course at all…with different disciplines…you know…we were building a hospital at
some stage and there were all sorts of shoots, aircon ducts and fresh air ducts and electrical cabling
and all sort of things, even kitchen equipment…depending on where you were. So, there at some stage
just managing where all these should go, you know…for that it can be useful. But it’s not a part of the
course and I cannot see that it will become a part of the course. I think that’s something that really
somebody can learn for himself when they start to practice engineering out there. It’s my opinion. It’s
not conceptual…
It’s not an issue just to discuss about and they will get the information.
Interviewee: Yes.
That’s why we are thinking about applying BIM in some courses, for example Engineering
Management, where they can discuss about it, they can play with the model and see how they
can come through and how they can address that. But your course is more specialized in design
aspects.
Interviewee: Yes.
Are you discussing about time for constructing the components?
Interviewee: No, not officially, no…That’s interesting that those are part of a BIM model. I never
realized that. Are you connecting your BIM model to the project schedule?
Yes, and it would be 4D model then, it can be extended to 5D model by adding the cost
information.
Interviewee: That is excellent….
(Here, some part of the discussion is not mentioned as it was related to the software abilities and not
related to the main subject.)
Are they informed about as-built information that they need to update drawings and provide
reliable as-built drawings?
Interviewee: The students, will they know this from the course? No, they don’t. They don’t know that.
It’s not included in the course at all.
What about cost of the component of project elements? Something like BOQs…
Interviewee: No, also not included in the course.
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For sure then you are not discussing about integrating information into a model, to explain it is
not just a line and it got some properties…
Interviewee: No, we are not discussing that at all. But that I mean, it is obviously quite useful and
important to understand if you use Revit and things like that.
What about collaboration and multidisciplinary approach? As we discussed, it would be bolder
in something like clash detection, but at basic level they should know…
Interviewee: No, very basic level they know that there is a consultant, then a contractor…they have a
relationship, you know… and then we have done post tension design with them as well. So there even
you have still specialist consultants like the post tensioning providers, because they typically come
and post tension. So you quite often just give them a cable layout and the force that is required and
then they provide that in whatever way they think the most appropriate. So, they are a little bit acting
as a sub-consultant. So the main consultant would typically give them the central line of the force…
where the cable should lie and the force that should be provided. But, then whether they supply that in
ten / more cables or one big one that, you know, has an influence on the jack that you use and things
like that…so, this thing is usually then done by them and also the quality control is often by done
them…But as far as the course go, it’s to a very limited…even this collaboration and
multidisciplinary approach is very limited in this course. Just as part of a general discussion, it’s not
a formal topic of the course; just it may come out as part of explanations about other things
So, it should be the same about optimizing productivity and performance, because these are
more managerial aspects.
Interviewee: Yes…correct. This is not treated at all. BOQs also not treated at all, cost estimation also
not treated at all. Quality control…I mean, we talk to them about placing of steel, the importance of
having minimum and maximum spacing requirements met, importance of cover, durability, curing…
So, we treat a lot of quality control aspects or actually what are the things that should be there or
checked and provided. But we are not talking to them about the quality control process, you know, the
paper trails, or how often they should go to site or whatever. We are not talking to them about that at
all; we’re just really saying the things that should be there, and how it is controlled, that’s not
actually managed in the course.
But are you willing to introduce BIM within your course while discussing about related issues?
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Interviewee: That will depend on how much time it will require. I am not up to speed with a use of
Revit for example. I mean, it’s going to require a bit of effort from me, you know, to teach myself the
programme, which is ok, that’s not a big deal. But then I would also not want to introduce something
into the course that would take more time from the students, because they are already really
struggling hard to manage everything that we’re throwing at them. So, whatever I do, if it can add
value without requiring more time, then I would be willing to consider to do it.
And do you have any particular comment or idea about integrating BIM into the curricula?
Interviewee: The only way that I could see is that we could possibly provide them with a BIM model,
but a very basic one, not time and cost, just of 3 dimensional layout basically, of the structure that
they are going to be analysing in the tutorial. That’s the simplest way that I can think…Just to help
them with 3D visualization pretty much…to help them see ok, it is how it ties in; ok the load are here,
how does it transfer to the beams…
But not working with the model?
Interviewee: No, not really working with the model, not changing it to anything, just visualizing. That
would be maybe what I would actually use it for. Maybe also in terms of bracing…They struggle
to…the insight in terms of structure is braced in this direction but not in that direction, because of the
shear walls and the layout of that. That might also be something that might be useful in 3 dimensions
for them to see. It would have been more useful if the BIM model could also show the deflection of the
structure in different directions…I think to a limited extent. I think in Advanced Design and
management they might find it very useful.
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Interview no. 5 (Date and time: 29/10/2014, 12:00)
May I ask about your personal theoretical or maybe practical knowledge about BIM?
Interviewee: Yes, well…not very much practical knowledge but I think I know probably more than
most people what BIM is about. I did some for my own PhD research for example…yes… I was
introduced to the subject or to the topic, when it was still called something else which was STEP by
that stag, Standard for the Exchange Product Model Data. This was as far as I know, followed by
something called the Industry Foundation Classes and then eventually, nowadays people talk about
Building Information Modelling. So, my personal knowledge is on technical and research level more
or less and not so much in the application of Building Information Modelling. I have spoken to many
people about it but not really tried to, how can I say... apply any known standard of Building
Information Modelling technically.
About the course that you are lecturing at the moment, is it Engineering Informatics?
Interviewee: Yes.
May I ask about the topics you are discussing there?
Interviewee: Yes, ok, there are two courses actually. The first course is just object modelling which is
in my opinion, well…the technical basis of Building Information Modelling. I’m not quite sure that
you can make any sense of Building Information Modelling if you don’t understand object modelling,
because the Building Information Model is a very extensive object model. So, I think object modelling,
which is basically all I do on that first course, provides a very nice technical foundation for
continuing in the direction of Building Information Modelling. But I don’t mention it precisely; I don’t
think the students can really grasp it at that stage. They are second year students, second semester of
second year…
Almost half way through…
Interviewee: Yes, almost half way through, but I mean they’re still very naive about building stuff. I
mean they think the courses is totally useless and they just find it very difficult…they struggle to pass
it and they don’t want to become programmers and they have all the excuses in the world why they do
so badly in the course. But the point is the course is difficult because object modelling is a strange
concept for them…and…it’s abstract and it’s technical and you have to be exact and you have to be
correct and you have to really understand it to be able to do the tasks that get given…at that stage
students don’t like that…sort of discipline that involved in the subject. In the first semester of the third
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year, I essentially do the Finite element method from a mathematical point of view and then in the end
we develop a Finite element object model, which may obviously eventually be part of a Building
Information Model… The Finite element object model will be incorporated in any Building
Information Model, when you really do it. But I mean again, I don’t have much time and the
technicalities of the method takes a very long times and we don’t have much time to spend on the
object model itself. But…I mean, I think these two courses provide some basis on which to build any
future work concerning Building Information Modelling. I think without it, you have no chance. So, at
other universities where they don’t do this object modelling course and so on, I’m not sure that you
can really…at university level, in my opinion, really address the issue of Building Information
Modelling. At least not scientifically, may be just as a concept or as something that you use without
understanding too much about it or whatever… I don’t know. But you can’t really address it
technically; I think without the background that the students get in these two courses. So, I think we
do a lot more than other universities already. I think the students do have a chance. It must be
followed up in other courses and I don’t think it really gets done. But I don’t have more time. I mean,
I had to over the years cut down the content of my courses already just to try and get the minimum
done. So, I don’t really have any more time to…Yes, I mean it would be nice but I think it’s more for
other courses to try and use the background that was provided, to build on the background and use it
then. I think it may also help for the students in later on to say “oh, I can see why I actually did that
course”, but…it’s not general but I think, in the class there is a big percentage of them that they don’t
see the point. So…
Even on that year? Because if we can have some basic foundation for them, at the very first
stage like first year while they are doing the engineering drawing…
Interviewee: Yes, that may help to mention it there…Look, I mean the first programming course that I
do is in a second semester of the first year and it’s not object modelling. They just use procedural
language C, so they get the basic concept of programming. But they don’t do any object modelling in
the first year. But I mean it doesn’t to… start talking about Information Modelling and then when they
get to the second semester of the second year, maybe they would have a bit more appreciation of what
we are trying to do in that course. Because at the moment the students don’t seem to see the point, so
they think it is very difficult…Yes, I mean students everywhere in the world they are all the same…if
course gets difficult, then they have to find some excuse why they do badly and then they have to find
an excuse by saying “no, it’s not important, so I don’t care too much about it.” And that’s the way to
get rid of your responsibility or explaining why you are doing badly in the subject or something.
Because it takes a lot of hard work to master that subject and students don’t really like that. It’s just
the way they are, it’s always been like that…
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Are also discussing about parametric objects there?
Interviewee: Yes, all the object modelling is parametric in a certain sense. You would say an object
has attributes, for example a beam has a width and height and length and it has a material and using
these parameters you can determine the mass of the beam, and if you can determine the mass of one
beam, you can determine the mass of all the beams in the building, so you can model the building as a
set of beams, and columns obviously, all the building frame there at least. I do examples like that
when I model a building and a model for me is always a set of components which is the same concept
that’s obviously used in the Building Information Modelling. All the Building Information Models that
exist… model is a set of components, and the components have attributes, parameters they have to
find them, and they have methods with which they can do certain things like tell you what the stress in
the beam is, or the bending moment or so forth… So, this modelling concept is really what I do. I
mean, I model a building and we compute the mass of the building and the building comprises of
beams, columns, slabs and stuff like that. And then, for example you work out with the mass of the
concrete, something like this, something simple…yes.
I think that nice…
Interviewee: Well, I think it’s really nice but I mean I don’t think the students really appreciate that
very much. For them it’s just very difficult and a lot of hard work. But anyway, that’s what we do.
What about the software and tools that you are using?
Interviewee: It is a basic modelling course, in other words we do the definition of the object classes
ourselves and programming. So, we use Java object modelling language and then tools to do the
programming… But it’s not any BIM related software. That’s really at basic level of all these things. I
mean all the AutoCAD…
It’s behind the sense of it…
Interviewee: Yes, it’s behind the sense. They have object models based on Building Information
Modelling standards and they use some sort of object language, like most of them use C++, I
suppose…and then tools to create their software. I mean, I’m at the level of where you create the
software not at the level where you use the Building Information Model…I show them how you build
it…all the Information Model…what is it really, at the very basic level and that’s why I say our
students, if they understand that, they have a chance of understanding what Building Information
Modelling really is all about. But you have to understand it at a certain level first. And that’s what
I’m trying to do…
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On that case, may be it would be helpful if they get some information about developed software
based on this information and then they can use it …it would make sense for them then.
Interviewee: Yes…I agree. I just think that it should be done in the courses that use these tools, for
example the drafting courses. I mean if you say, I’m making a drawing of a building, you must try to
teach the students that the drawing is not a set of lines, points and graphic objects that appear on a
screen or on a piece of paper. These things that you see there, they represent beams and columns and
slabs…
They’ve got some properties…
Interviewee: They have got properties and…that’s what makes up the Building Information
Model…and if you see it there, and you see it in the way I do it, then you can say ”these two things
are the same”. I mean, that drawing program that I use, like AutoCAD or whatever, they must have a
program like the programs I’m teaching them behind them. They must have these classes of objects
with these properties and parameters to be able to do that. I mean somebody must tell them that, but it
can’t be me, because I’ve got my hands full with the other stuff. They have to…the people who use
these tools in other courses must tell them that. I’m not sure if we’ve got that people that teach these
courses, they really understand that…it’s not that I think my colleagues did not know the stuff, they
know a lot, but I don’t think that they maybe understand that particular aspect of the things so well,
because they don’t have the background in object modelling.
The fact is, the information is scattered…you are talking about some basic fundamental
knowledge and then they are just putting it aside and will forget about that…and they cannot
link them...
Interviewee: Yes, they don’t see the connection. It’s a big problem. And it’s not only in this particular
course. I mean it’s in all the courses. The students don’t see the…because they don’t use it directly;
like…they fell “why I do have to know all this integration and stuff and differentiation”. But it’s the
total technical basis of all the physical problems that we deal with. You have to…I don’t know… they
don’t often see the point. So for me it’s not a big surprise that they don’t see the point of what I’m
trying to do. But it has to be repeated…it has to be pointed out to them…But I can’t do it, the other
guys must do it. But I don’t think it really happens. I think later only they do see it. I mean, I get often
from guys in engineering practice questions about this. And then they say “oh, yes”. Now they see we
did the stuff and they can’t believe that they should have to understand the tools they use in practice.
And some of them even come back and do a master course or something to get this …but for the guys
there, at second and third year level, for them it’s just a big pain…I would be very glad if people can
really point out to them that… that stuff is what is happening here now. What you draw there in
Appendix E- 202

M Tabesh

Stellenbosch University https://scholar.sun.ac.za

AutoCAD, it is…you are creating a BIM, not just four lines or something…you have to teach them
that.
Actually, the list of the question that I asked other lecturers is not really applicable in your
course, as it is more about specific civil engineering issues. But through our discussion I’m
getting to the point that this specific subject should be introduced to the students and through a
suitable tool to help them understand it.
Interviewee: Absolutely. It is in my opinion very important that this follow up will get done and
pointed out. I really show them that this is the way it works now. And in their future it’s not gonna get
less, it’s gonna get a lot more, like that…It’s pretty soon it is going to be a situation where people
are…the clients are gonaa specify that at the end of this project I want a full Building Information
Model and if you can’t provide that, I don’t want to use you. And then you must be able to say I deal
with this or no, I can’t deal with it and sorry I can’t do a job and this is coming…and this is really
important I think.
If we just ignore the shortage of time, do you think that you are also willing to introduce BIM
also to the students?
Interviewee: I would love to. Yes…I would really love to. I think I’m in a good position to introduce it
in the way I think it should be done, and bring it to connection with what I have taught them. Because
I mean, I know what I have taught them and I know how to build on that and to show them…because
other people, they don’t know exactly what I’m doing, so I can tell them and they can maybe…if they
take enough trouble about it, they can look in detail what I’m doing. But usually people are also busy;
they don’t have time to worry about what the other guys are doing. They have to worry about what
they are going to do. I don’t blame them because I don’t do it either. But I think I’m in a good
position to give an introduction into Building Information Modelling, but then I need time, I need
another course. Or I need to teach a course in which I can use it. But I don’t want such a course…I
have enough work…but I think I can do it, but as you say if we ignore the shortage of the time…yes,
definitely.
Besides, these issues that we discussed about, do you have any particular comment or idea
about integrating BIM into the curricula?
Interviewee: Do you mean make a specific proposal about where and how and so on?
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Actually when I’m talking about integrating BIM to the curricula, it is not be just for one
course necessarily, I’m thinking about having it in all courses and in each course relevant
subjects should be addressed through BIM.
Interviewee: I agree with that point. I agree that that’s the correct approach. I don’t think that we can
make a specific course about Building Information Modelling. I think it must be used continuously in
all the courses somehow. It’s difficult, it not easy to do that, it will need a lot of planning, but I think it
can be done quite sensibly, I think it’s possible to do it but it will need an integrated and coordinated
effort from the department as a whole. We have to look at all our courses, we have to plan it carefully,
and then we have to decide…what can be done in each of the courses and how it should be done. So
that we don’t get the conflicting messages…that everybody talk the same language about it, the
correct one, not…you know, there is many times in academia…there is sometimes things people
approach is different…and that is very confusing to students, because they are struggling to see
through all these information, it’s too much and… now if they get messages in different ways then it
becomes even more confusing.so, I think it’s possible to do it, but it needs a nice coordinated
effort…to do it specifically, you know, you must plan to do it and how to do it correctly. But I think it
is possible and I think it should be done.
And do you think in this regard, lecturers also need some sort of training?
Interviewee: Absolutely, they need will to be informed…really, I’m quite honest with you…I think
there are very few people that they really understand what Building Information Modelling is all
about and as a result you get weird statements about it and a lot of misunderstanding. I think to do it
correctly, as I said would need planning, but you also really need to get all of the lecturers that are
involved… will have to be told exactly what’s it about so that they understand it. And then the
message becomes a single message not all bunch of individual interpretations of what I think is
Building Information Modelling…that this guy thinks like this and this guy thinks like that… Because
it can be really causing a lot of damage if you do it incorrectly I think… If you don’t do it correctly,
you can spread a lot of conclusions.
(Some part of the interview which was not directly related to the subject is not mentioned here)
I think you have a good understanding of students’ willingness and ability to learn a tool or
software, how do you think about their capability to being introduce to different tools?
Interviewee: Students actually like to be introduced to tools, especially ones that they think they will
be using in engineering practice. So, they respond very well to it and they are very capable, they learn
really fast. But some of the tools are very difficult…the students struggle with it, but they do
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surprisingly well…But yes, they like to learn tools that they think they learn afterwards. They think
it’s important, so you do have a chance and I think, as long as you are going to use these tools
anyway…you can just as well get this BIM message across at the same time. It’s not so much extra
effort to get this message also across as a part of the thing. It’s not that you just making the drawing,
you are trying to making a model…something like that… it makes a better sense eventually anyway.
So I think that can definitely work.
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-Interview no. 6 (Date and time: 30/10/2014, 11:00)
May I ask about your personal theoretical or maybe practical knowledge about BIM?
Interviewee: In terms of 3 dimensional models, I’ve had quite a lot of experience and exposure with it.
I cannot build one myself, but… in structural steel work that is just about the way it gets done all the
time, both for heavy steel structure and light steel frame construction. And, so…for example, just in
terms of very practical exposure I’m just moving at the moment to a new house which we rebuilt from
the ground up and that’s made of hot rolled steel work at the bottom and light steel framing for the
rest and all of that was done with 3 dimensional model; Tekla being most of it or at least for the hot
rolled steelwork and for the purpose made thing for the light steel framing. And, so… as I say, and
other issues relating to it also, for example, approval of shop-drawings which… to formulize that
process, etc… We had a drafting school at the Institute of Steel Construction and there also I was the
person involved in the teaching. But… at the end the kids were taught how to use Tekla, especially
effectively for that purpose. Other issues relating to it, especially traceability of material is one thing
for a steel element. Steel element gets made in the factory; it got the precise dimension, holes through
this and other holes in the very specific places. And that specific element has into go to a very specific
place in the structure, and in a specific time. Now, there is a number which has to be on it; that
number has to be brought into the system and if you paint the thing or if you galvanize it…you know
what happen to that number and to the whole traceability of the material and so on… our issues
which I’ve actually been involved in quite a bit. Where it gets to the management side, and the
financials, I’ve had really no personal experience. I’ve had…well except getting done things like Bill
of Quantities and so on, a problem with…a few times which I had to help resolve… is that the quantity
surveyor isn’t sure of how much steel went into the project and we will tell him here is the precise
print out of everything…all of the material and…added together or not, added together in categories
and so on…here is the sum total of the areas which had to be painted and all that sort of things, you
know. They first can’t trust it; you actually have to convince him even though this information which
comes from a contractor is still reliable information. And in fact there is a huge amount of
information sitting in that model which can be obtained by various people who want to use it. I’ve
been rather at various conferences in America, China, wherever issues around BIM for steel structure
obviously, were discussed and new ideas and so forth. So, let say, I have exposer, but firstly not as
somebody who is actually…it’s a long time…fifteen years since I was involved in project myself as an
engineer, as a consulting engineer. I’ve been, let say… in two consultants over long period and in the
area of steel construction. So, that’s why I say that my personal knowledge is not hands-on knowledge
except for the house that I can speak of.
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At the moment you are busy lecturing Advanced Design for fourth year students. Are you using
sort of models while you are lecturing to enhance their visualization ability?
Interviewee: You know, we didn’t and we just discussed, incidentally, you may want to speak to the
other lecturer of Advanced Design…
Actually, I had…
Interviewee: We haven’t and we actually, I don’t know, if it was because after he talked to you…but in
any case, we just agreed that in future we’ll have to more of that. And actually I obtained quite a
number of Tekla models, and for visualization I think, it is very important…We taught, we got
messages across and so on and yet we seem to…falling short of what actually wanted to achieve. So,
yes, in future most definitely we’ll be using it. As I said that, it’s physically sitting on my computer, the
stuff that I obtained for that purpose. There is a lot of stuff to get through and methodology and still
sort of fail in many instances…
Are you discussing about providing information for reinforcing bar, like size and length and
different properties that you need and do students learn to do it?
Interviewee: Yes, they learn…bending schedules, what it is called…
And do you think that they would be the opportunity to use something like a model, and then if
it is applicable they can apply it there and use it meanwhile?
Interviewee: Yes, I think actually we… there is a program called Procon which is used very much in
South Africa. As far as reinforced concrete concern it is actually very good and detailing and so
on…concrete in general is a lot easier to visualize, where steel structures are actually rather difficult
to…it’s really how things fit together and so forth. Visualization is more important with steel
structures than it could ever been with concrete, and in fact I think the guys have really solved the
problems to large extent.
What about the geographical information of the building components? Is there anything in your
course that students learn about it?
Interviewee: what aspect of geographical information? What do you mean?
The specific place of different components and how they are linking together that at the end
may result to something like clash detection…considering the spaces and these sort of things.
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Interviewee: Yes, I know it’s important of course. But I don’t think in a certain undergraduate
course… In an undergraduate course, I think there is no time to go to that point…It’s sort of presumes
that the guys have other knowledge of mechanical systems and so forth, for example. But, on a post
graduate level, one tends to teach them sort of higher level things rather than more practical things, I
mean. So, as I say, I think it’s a level…I think it would be very good if graduating students have
knowledge of… certainly they need knowledge of BIM and clash detection is one of the issues which
can be addressed, and in fact there is thing like clashes, or with the potential for clashes. I think those
are things people have to know. Constructability…especially with steel structure constructability I
think is very important and it’s part of visualization…and very difficult often…you know, how small is
it the place when you can get your hand into, how bigger thing can you lift and how do you get that
big thing between other things and so forth…
So, you think that they don’t need it in this stage. They should go and practice for a while and
then come back again for more advanced courses?
Interviewee: I’m not even sure how much we can actually teach at the university. That is my question,
you know. It’s a fast developing field; there is lot of software coming on all the time. There is lot of
catching up, even to do it to get to the front of what there is, what already exist. I’m marking these
final designs now, and I must say, I rather come to the conclusion that one has to be out there to learn
to do design. And if I say design, I include with it lots of other things. You can’t teach a person to
draw. We gave them a, let say, like an empty drawing, with line thicknesses already determine and so
on and just putting your things in there. That’s about as much as you can expect from people. So,
there is just so much time available. I thought rather different at the beginning of the year, because I
was still quite optimistic in terms of what we can teach people and getting a feel for structures and so
on…and behaviour and a framing system and…I’ve just come to the conclusion that you can…and
I’m sure these students after all the trouble we have taken, they’ll be a little be better than last years,
they need to learn. They are just ready to start learning now, I’m afraid. You see, engineering
educations is very different from our architectural training. Architects are trained, doctors are
trained, engineers are educated, and that doesn’t make them educated people but the process is an
educational process, it’s not a training process.
(This part of the interview is not mentioned here, as it was not directly related to the subject.)
But I think it should be started from academia.
Interviewee: The question is whether you are going to teach somebody a skill and so forth or whether
you are going to just create awareness and the right attitude and so forth. We like to teach students
things that you can examine and especially things that are based on mathematics…we tried with the
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design to let the people think conceptually, visualize…there is a big step which is a difficult thing that
you have to firstly visualize, there is a building that looks like this and has made out of trusses or
columns or... Then what are the loads acting on that thing, then feeding that into the computer to do
the analysis or just do it by hands…doing the analysis of the forces in all the elements, designing the
elements and designing the connections. And it is very difficult, for even post graduate students to do
it…and I remember myself, when I started working that was a very difficult thing. It just took a while
to understand this is the process. And things didn’t actually fit together and we took a lot of trouble to
try and make that things fit together…Even in doing the basic things, I mean teaching students just
structures, there is a concept, geometry, the loads and analysis from which you do member design
and connection design and you draw the whole thing. If you can achieve all of that, you are achieving
a huge amount.
Is it achieved at the moment with your current course?
Interviewee: I think with many students we are successful…But I think…next year when we do this
course again, we’ll do it a little different..
You are also discussing about cost and BOQ in your course, the students supposed to do some
assignment and projects. If they learn to use a model for doing this calculation, do you think
that would be enough for them to do it through software? And does it make a better sense for
them?
Interviewee: Yes, what we do at the moment is…there is something which are difficult to calculate…if
you have a column let say, there are little things welded to the thing or bolted to it and so on… what
we say: take the column, and add 10% f to weight just for those little things, you know. Versus, you
work to feed it in a 3D model, it jumps up. Because, here if you give that out, as one little piece…half
a kilogram here and quarter a kilogram there…we’ll have BOQs which cover many many pages that
you don’t want. But they can combine those and it would be a very useful thing to learn.
Are you talking about as-built information and how they can provide a reliable as-built drawing
at the end and this sort of thing?
Interviewee: I don’t think we even mentioned as-built to them…
But can it be a part of your curriculum?
Interviewee: It should be mentioned. I don’t think you…as I say; one has to limit your objectives. You
can’t teach students everything they need to know.
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Is it because of the time limitation?
Interviewee: It is the time limitation. It’s also…in a design situation, design office, you sit there and
there is somebody who sit a few meters away from you all the time and who is your superior and who
says no, what are you doing there? It is wrong or so forth…or you can ask how we do this and so on.
Here we spend time with the students, but ultimately they work on their own. And so, if somebody is
there all the time to tell you how to do things, you’ll learn. And you learn about something very
specific and limited.
Back to the discussion we had, about practical learning and not just learning the concepts, what
about if for example university has got some opportunity to send some students for vacation
training to a company where BIM is applied? Then they are exposed to this technology while
they are learning it at the university during their degree. Do you think that it is practical and
helpful?
Interviewee: That would determinedly be helpful. Actually if you can let the students concentrate on
that almost specific to the places where they should work on this, that would be tremendously useful.
Because there we can learn skills which we can build on once they come back here. There is no time
to teach them everything from the beginning here. If they come here, already have a feeling of these, it
would be tremendously useful.
While they are doing something like drawing during the course, do you think they understand
what their drawing is, and it is not a plain line but it has got some properties and information
behind that which should be kept, which should be updated, which should be linked to other
information they have?
Interviewee: No, we haven’t gone into more object oriented or whatever…I think they don’t think of a
drawing that much different from drawing a horse and adding some dimensions, and some even don’t
have the dimensions…
What about discussing about collaboration and multidisciplinary approach? Are they exposing
to that? Especially among civil engineering and architects…
Interviewee: We speak about it a lot, but… There is no architectural department…even at other
universities where there are architectural department in South Africa, they do not seem to work
together at all. So, no, they have no cross discipline exposure.
What about quality control?
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Interviewee: I really don’t know. We teach them a little bit about the quality control of the design
process, and at least presenting information in such a way that it can be checked, for example just
saying where you store your files. Files these days can sit on even on the computer and so on and you
never find them, unless somebody tells you where it is. Somebody else has to look at your things and
you have to look at your things and so on. I think there is a great efficiency in it…I don’t know what
other guys teach them in terms of quality control, but we just talk to them about the quality control of
the design process, and then only a little bit.
I don’t think that you would discuss about optimization of productivity or performance, as it is
more managerial aspect of the design.
Interviewee: There is firstly of curse structural optimization. They certainly got to understand that if
you are designing structures, and you are making a living out of that, you have to the conclusion
fairly quickly and you have to find an efficient way of doing your calculation, design, drawings and so
on…how to play into the whole process and shop-drawings and etc…I think they exposed to
commercial environment, we told them about that, I can say, the environment in which design
happens…
Generally do you think it is practical to integrate BIM into your course? Are you willing to do
such a thing?
Interviewee: I would say as a lecturing tool, most definitely. And when I say BIM, just mean 3D
models not the whole thing, and maybe quantities. That’s about as much as I can see that we can
actually bring into the course. I can’t see that we can let the students do the drawings using a 3D
model; it would take too much time for them to learn this. Unless, using the example that you
mentioned, if they can spend time at companies and there is a course in which they learn the
software…
Do you have any particular comment or idea about integrating BIM into the curricula?
Interviewee: I think, they learn best when they are actually have to do it…they are on the pressure
and so forth. But I would say…if one wants to talk BIM and not just as 3D model, then one would
have to integrate the project management and the design…and how you do that is…an interesting
question. Professor S. does this course for the second years and in a way that’s already where things
should start, I think. You are looking at second and third years and nowhere else you can fit anything
in. What would be greatest if they…ok we design, but project is also should be built and managed and
you bring it into the project management field…the practically of that look fairly complicated tome, if
I say. That’s your problem, there aren’t so many hours in a day…and you have to cut things out to
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bring things in and you can’t just add. People can’t go faster that they do. But they can learn more
useful things and then more effectively and I think…there is room. But there is not something which is
such an obvious an easy idea to say “why didn’t I think about it?”. It is something which somebody
would have to think deeply about, plan the whole thing, getting enthusiasm, go in and so on…and do
the things in the right sequence so that for example when the students arrive in the final year design,
you don’t have to teach to draw still. They must come already with certain basic skills which can get
developed while they’re doing the design. Maybe the concept of sending them home, to do projects at
home, is not such a good idea. Maybe the guys should actually…there should be studio type of
situation

M Tabesh

where

students

spend

their

time,

that’s

where

they

do

their

design.

Appendix E- 212

Stellenbosch University https://scholar.sun.ac.za

Appendix F- Tables related to BIM level of effectiveness on six areas which can be
enhanced by using BIM based on contractual role of the company
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Table F. 1: BIM effectiveness on personnel creativity based on company contractual role

Creativity in the project

Area of influence

Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Consultant/ Engineer

0

3

6

6

6

Design-Build

0

0

2

1

0

General Contractor

1

0

1

0

0

Others:

0

0

1

1

3

Sub-contractor

0

0

1

2

4

Area of influence

Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Sustainability in project design

Table F. 2: BIM effectiveness on sustainability of project design based on company contractual role

Consultant/ Engineer

1

2

9

8

1

Design-Build

0

1

1

1

0

General Contractor

1

0

1

0

0

Others:

0

0

1

1

3

Sub-contractor

0

0

2

3

2

Area of influence

Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Quality improvement in project

Table F. 3: BIM effectiveness on quality improvement in project based on company contractual role

Consultant/ Engineer

0

2

7

9

3

Design-Build

0

1

1

0

1

General Contractor

0

0

1

1

0

Others:

0

0

1

0

4

Sub-contractor

0

0

2

2

3

Table F. 4: BIM effectiveness on decreasing human resources based on company contractual role

Decreasing human resource in project

Area of influence
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Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Consultant/ Engineer

3

7

6

3

2

Design-Build

0

1

0

2

0

General Contractor

1

0

0

1

0

Others:

0

2

0

2

1

Sub-contractor

0

1

2

3

1
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Area of influence

Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Decreasing the cost of project

Table 0F-5: BIM effectiveness on decreasing the cost of project based on company contractual role

Consultant/ Engineer

0

8

4

7

2

Design-Build

0

0

0

3

0

General Contractor

1

0

0

1

0

Others:

0

1

0

3

1

Sub-contractor

0

1

1

4

1

Area of influence

Contractual role of the company

Not Effective

Fairly Effective

Effective

Very Effective

Strongly Effective

Decreasing the time of project

Table 0F-6: BIM effectiveness on decreasing the time of project based on company contractual role

Consultant/ Engineer

1

6

5

4

5

Design-Build

0

0

2

1

0

General Contractor

1

0

0

1

0

Others:

0

1

1

2

1

Sub-contractor

0

1

1

3

2
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Appendix G- Tables related to the level of difficulty for different problems in
implementing BIM based on the contractual role of the company
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Table 0G.1: BIM implementation problem 1 based on company contractual role
Problem 1

Lack of skilled personnel/
Employees' reluctance for learning
a new technology

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

3

10

7

0

Design-Build

0

0

2

1

0

General Contractor

1

0

1

0

0

Others:

2

0

1

2

0

Sub-contractor

0

1

4

2

0

Table G.2: BIM implementation problem 2 based on company contractual role
Problem 2

Other parties' reluctance (Client,
engineer, architects, contractors,...)

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

3

14

3

0

Design-Build

1

0

1

1

0

General Contractor

0

0

2

0

0

Others:

1

1

1

2

0

Sub-contractor

1

2

3

1

0

Table G.3: BIM implementation problem 3 based on company contractual role
Problem 3

Sharing the information/ Model
with other parties

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

6

10

4

0

Design-Build

0

0

2

1

0

General Contractor

1

1

0

0

0

Others:

1

2

1

1

0

Sub-contractor

3

0

4

0

0

Table G.4: BIM implementation problem 4 based on company contractual role
Problem 4

Integrating company's system with
BIM

M Tabesh

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

5

13

2

0

Design-Build

0

0

2

1

0

General Contractor

1

0

1

0

0

Others:

3

0

1

0

1

Sub-contractor

2

1

3

1

0
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Table G.5: BIM implementation problem 5 based on company contractual role
Problem 5

Lack of collaborative process and
modelling standards

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

3

11

6

0

Design-Build

0

1

2

0

0

General Contractor

1

0

1

0

0

Others:

1

1

1

1

1

Sub-contractor

0

1

6

0

0

Table G.6: BIM implementation problem 6 based on company contractual role
Problem 6

Lack of contractual / legal
agreements

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

0

2

15

3

1

Design-Build

0

1

1

1

0

General Contractor

0

0

2

0

0

Others:

1

1

2

1

0

Sub-contractor

1

1

4

0

1

Table G.7: BIM implementation problem 7 based on company contractual role
Problem 7

Waste of time

Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

4

5

10

1

1

Design-Build

0

0

3

0

0

General Contractor

1

0

1

0

0

Others:

3

2

0

0

0

Sub-contractor

4

0

3

0

0

Table G.8: BIM implementation problem 8 based on company contractual role
Problem 8

Cost of software license and
training
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Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

1

10

9

0

Design-Build

0

0

2

1

0

General Contractor

1

0

0

0

1

Others:

2

0

2

0

1

Sub-contractor

0

0

5

2

0
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Table G.9: BIM implementation problem 9 based on company contractual role
Problem 9

Compatibility issues between
different software systems
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Contractual role of the
company

Not a
barrier

Ignorable
problem

Solvable
problem

Difficult

Impossible
to get done

Consultant/ Engineer

1

2

11

7

0

Design-Build

1

1

1

0

0

General Contractor

1

0

1

0

0

Others:

2

0

2

0

1

Sub-contractor

1

1

5

0

0
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