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Executive Summary

Introduction and Research Approach

Building Information Modelling (BIM) constitutes an innovative way of creating and managing data among
multiple disciplines and it was recently introduced in Architecture Engineering and Construction (AEC)
industry. Considering the lack of relevant information and sufficient knowledge regarding these
methodologies, their adoption is not encouraged. Although many studies have been carried out in order to
present the benefits and outcomes of BIM, there is still lack of knowledge regarding its monetary value and
the way it can be embedded in a company. In addition, researchers have not yet been able to substantiate
all of the benefits because their intangible nature makes their quantification challenging.

The present research aims to substantiate the costs and benefits that are associated with BIM
implementation. Their quantification will be attained specifically for the Execution phase of a project when,
according to literature, costs are considered to be the highest. This quantification will constitute the
foundations of an evaluative method and thus, the research is based on the following question:

Main: What could constitute a standard method of evaluating the costs and benefits of BIM
in Construction Projects?

Firstly, the approach involves a thorough review of the published literature in order to acquire relevant
knowledge on the costs and benefits of BIM applications as well as the existing methodologies to evaluate
them. Following, the researcher executes multiple rounds of discussion with people working in the
construction industry. These discussions provide her with a good understanding of the conditions of BIM
Implementation during the project execution. Hence, when the first round is completed, the researcher
already possesses a sufficient insight of the costs and benefits associated with BIM in each project.
Therefore, she is ready to structure the evaluative method aiming to make it applicable in any construction
project.

This Framework constitutes the core of the research and is created on an Excel spreadsheet. It provides
guidelines which gradually lead to the quantification of costs and benefits and the calculation of the B/C ratio.
The most important characteristic that the researcher strives for is a clear definition of the variables so the
reader will be able to understand what lies behind the calculations. The list of the costs and benefits is formed
according to the literature research and the experience of the experts. When the method is structured, the
researcher applies it in 5 construction projects of the contracting company, BAM International, in order to
test its applicability and analyse the results it generates.

Results, Validation and Conclusions

The result that is produced by the framework is the B/C ratio. This factor indicates the amount of money
gained by the contractor for every unit of money invested on BIM implementation by him. The researcher
makes an effort to interpret the factor calculated in each Case Study and ranges from 1 to 8. This
interpretation is accomplished according to the knowledge she possesses and the feedback she received by
the interviewees. The purpose of this interpretation was not only to explain what this factor stands for but
also to test whether or not it corresponds to reality. In addition, in the cases where the factor was lower than
expected, points of improvement were noted. In contrast, in the Cases where the factor was remarkably
high, the reasons that led to this are also clarified.

When the interpretation is completed, an analysis of the costs follows. This analysis compares the 3 kinds of
costs that were calculated in each case and analyses the reasons that caused the Cost of Personnel being
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significantly higher than the rest. The same analysis follows for the benefits and the workflow that produced
the highest benefit in each case. In the majority of the Cases, the most beneficial workflow is the 3D Model
while the 4D Planning seems to be promising and for future projects. The purpose of these comparisons is to
define and understand the sources that produced each positive or negative cost and take advantage of them
in future projects, considering that the goal of the contractor is to enhance its performance and achieve
higher benefits.

The synthesis of the results intends to indicate how these results can be used and the impact that they could
have on the BIM strategies of contracting companies. The most attention is given on the Cost of Personnel
which constitutes the highest and most sensitive type of costs. In this part, the researcher tries to come up
with some methods based on the findings of the research in order to enhance the BIM strategies. For
example, the establishment of BIM Standards seems a possible way to reduce the long working hours while
the focus on the critical activities would bring higher monetary benefit.

Following the chapter of results, the validation of the Framework is presented. This validation consists of two
parts; the quantitative part which involves an application of the method in a pilot project and the qualitative
part which involves the opinion of experts about the proposed method. Both parts provide useful comments
and points for improvement. On the one hand, the application in a pilot clearly shows the functionality of the
Framework in a project which is still in progress. On the other hand, the discussion with experts that had not
been involved before, confirms the soundness of the Framework and the extent to which it could be
standardised. Moreover, these people suggest valuable corrections based on their knowledge and expertise.

The final part of the research, the conclusions, aims to answer all the research questions that have been
formed at the beginning of the research. In this way, the researcher reaches gradually the answer to the main
question that motivated the whole study. This Framework which constitutes a transparent method of
evaluating BIM Implementation in projects produces valuable findings regarding the highest type of cost and
the most profitable BIM workflow. These results when they are interpreted by the contractor, they can help
him upgrade his BIM strategies and improve his performance in order to offer competitive products to the
clients. Also, if the contractor integrates the points that are analysed in the synthesis of the results, he can
possibly attain higher benefits and lower costs in future projects. Finally, if this method constitutes a standard
procedure and is adopted by the contractor at the beginning of each project, it can help him monitor the
progress of BIM Implementation; the costs that are required and the benefits that are generated.

Recommendations

The last part of the research involves some recommendations made both for future research and for BAM
International. With regards to the scientific field, the researcher suggests an investigation of more Case
Studies in order to examine more benefits and possibly expand the list. Moreover, more costs that have to
do with organisational and human issues could also be explored. In addition, an investigation of similar
projects that were executed with 2D methodologies would also be useful. This investigation would allow the
researcher make comparisons between traditional methodologies and BIM applications. Regarding BAM
International, an extensive investigation of projects of similar characteristics with the ones investigated
would be suggested. This would allow for more accurate comparisons among projects based on their B/C
ratio. Finally, the researcher recommends to establish some BIM standards including the proposed method
in order to record more data and eventually achieve quantification of intangible benefits. Moreover, based
on the high values of the Cost of Personnel she suggests that future research should focus on how these long
working hours can be measured and potentially decreased. All the above would eventually enhance the BIM
Implementation in AEC industry.
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1. INTRODUCTION

1.1 Research Background

Nowadays, Building Information Modelling (BIM) constitutes an innovative way of creating and
managing information which prevails in Architecture, Engineering and Construction (AEC) industry.
Therefore, more and more construction companies integrate this methodology in their operational
context. At the same time, numerous efforts have been made in order to substantiate the actual costs
of BIM and Digital Construction (DC) in construction projects. BIM can be considered as a development
of Computer-Aided Design (CAD). Hence, execution of BIM technology will bring advanced capabilities
in the AEC industry thanks to the improved collaboration among the stakeholders of the construction
project, a smaller quantity of clashes and less rework. The wide research and evolution that has been
implemented both in industry and academia level, have generated numerous effective BIM tools for
the design, analysis and execution phase of a project (Migilinskas, Popov, Juocevicius, & Ustinovichius,
2013, p. 767)

In general, next to the research, the efforts that have been made recently in order to support BIM
methodologies have been accepted by users. Financial methodologies such as the Cost and Benefit
Analysis (CBA) and the Return on Investment (ROI) of BIM are proved to be helpful and motivating for
adoption (Lopez, Chong, Wang, & Graham, 2016, p. 1). The advantages and barriers of BIM
implementation in different kinds of projects have been recorded. Benefits are mostly realised during
the design, construction, and operational phases of the lifecycle of an asset. Nevertheless, in most of
the cases it is hard to quantitatively measure the benefits for each stakeholder or to make
comparisons among different projects regarding their performance (Nepal, Jupp, & Aibinu, 2014, p. 5)

The vision of this innovative philosophy, BIM, is to construct a building digitally before actually building
it. This gives the participants of a project the possibility to design, analyse, arrange, and inspect the
project through a virtual world where it is less costly to make modifications than it would be on the
construction site during execution where modifications are exponentially expensive (Hardin &
McCool, BIM and Construction Management; Proven Tools, Methods, and Workflows, 2015, p. 2).

1.2 Problem Statement

It has already been recognised that BIM enhances performance and contributes in time and cost
savings (Azhar, 2011). However, there is not sufficient available data to support this view (Neelamkavil
& Ahamed, 2012). This lack of information in combination with the fact that the initial cost of BIM is
perceived high and it only decreases cost later during the execution of the projects (Giel & Issa, 2013),
are the reason why many people working in the construction industry claim that the costs outweigh
the usefulness of this tool (Aranda-Mena, 2009). As mentioned above, BIM is one of the emerging
technological means of working in the construction industry (Wu, et al., 2019). According to Li et al.,
due to the lack of sufficient information regarding the impact that can be actually achieved by BIM in
real projects, construction stakeholders are not encouraged to take the risk and widely adopt BIM (Li,
et al., 2014, p. 1). As a result, the adoption rate of BIM methodologies is lower than expected
(Walaseka & Barszcz, 2017, p. 1234).

In addition, the recent users of BIM, and particularly the contractors, are hesitant because of the
possibility of having a negative effect on their profitability due to the required investment in software
and hardware and the learning curve that goes with it (Hergunsel, 2011). Generally, the challenges in



measuring the positive and negatives lead to a high unpredictability about the expected outcomes of
BIM investment from the side of asset owners and consequently, constitute a serious barrier to its
adoption (Love, Simpson, Hill, & Standing, 2013, p. 214). Moreover, considering the recent
introduction of BIM technology, there is still significant unconsciousness of its benefits.

It should be remarked, the opportunities that the concept of BIM offers vary. Firstly, BIM
methodologies can generate an environmental impact. A recent concept in the construction sector
involves the deconstruction and the reuse of structural elements which is part of the circular economy
and aims to attain zero carbon. In order to implement this concept, there is high need of data. The
reuse of elements is not a standard procedure. Instead, there is need of data that can be traced after
along period of time in order to implement reuse. This data should be linked with the structure during
the design phase. The sixth dimension of BIM can therefore contribute. Particularly, 6D is the
dimension of BIM which deals with environmental data relevant to sustainability issues. The BIM
methodologies assist the project participants evaluate the environmental impact of decisions taken
throughout all the phases of the project until its End-Of-Life. Thus, engineers can propose the most
environmentally-friendly solutions regarding the construction (Bertin, 2019). In fact, the information
mainly refers to the properties and the behavior of the element, the behavior of the whole structure
and data regarding the procedure or reuse.

However, even if opportunities are clarified and sought, there is still unconsciousness of the outcomes.
Although plenty of research findings have investigated issues such as the way BIM methods can be
applied in order to simplify architecture, engineering and construction practices, there is still a lack of
established quantitative robustness in understanding the way BIM technologies can enhance the
general result of a construction project. The most remarkable challenges in BIM execution and
approval within the AEC industry are appreciation and support by owners. Moreover, a well-
structured and stable framework regarding the implementation of these practices which involves both
financial and managerial results would reinforce the recognition of BIM within the industry (Li, et al.,
2014). Although numerous case studies have focused on the benefits of BIM, they fail to quantify
intangible benefits because their substantiation requires subjective assumptions (Barlish & Sullivan,
2012, p. 158). The most significant challenge in these studies is that the costs and benefits of BIM are
hard to disentangle and even harder to be quantified (Lu, Fung, Peng, Liang, & Rowlinson, 2014, p.
318).

Tools able to measure the performance of a technology such as ROl have been already employed to
explain the investment in BIM. Nevertheless, this measure does not precisely consider the actual costs
and benefits that can be related to BIM methodologies. The weakness of these tools is that they rely
mostly on anecdotal testimonies and subjective judgments of users. As a result, these self-reporting
models overemphasise or undervalue the benefits and produced by BIM implementation. Therefore,
the various views and perspectives on the profits of BIM lead to an overall misunderstanding of its
expected results (Lu, Fung, Peng, Liang, & Rowlinson, 2014, p. 318).

The majority of the clients considers the process of the evaluation of a project as a financial obstacle
that has to be faced and not as a procedure aiming to evaluate actual worth of technology. If
conventional financial methods are employed in order to justify the adoption of the technology, then
the evaluative process only aids management issues and sometimes is even limited only to financial
management. Therefore, an approach which would evaluate BIM methods and aims to go beyond the
conventional limits of financial evaluation is required (Love, Simpson, Hill, & Standing, 2013).



Even though, evaluative procedures and performance measurements are useful tools for people
working in the AEC industry, there is still a lack of a standard methodology and criteria able to evaluate
the BIM execution in a project. In addition, the measures and methods used in order to assess tangible
benefits are considered to be difficult to implement (Jupp, 2013).

Until BIM practices are established as a standard within the AEC industry, the establishment of
measures relevant to performance will continue possess an important role in the whole procedure of
adoption of BIM methodology (Nepal, Jupp, & Aibinu, 2014, p. 7).

1.3 Research Objective

According to Nepal, Jupp and Aibinu, close to the growing levels of adoption of BIM practices, there
has been an increasing interest in the evolution of BIM evaluation techniques, assessment tools and
performance measures at both project and organisational level (Nepal, Jupp, & Aibinu, 2014, p. 1). In
accordance with the Fig. 1, the objective of this research is to create a standard method that would
evaluate the profits of BIM on project level. This method would quantify the benefits of BIM in
comparison with traditional non-BIM technologies such as the 2D conventional methods. Following,
the sub-objective is to apply the proposed Framework on actual construction projects and specifically
on their execution phase and then, validate the proposed procedure. These parts would firstly indicate
the way the method is applied and the results that are generate. Moreover, the analysis of the results
would show what is the impact of this method on the BIM strategies of the contractors. Eventually,
the validation will verify the usage of the procedure and would ensure the robustness of its
functionality.

The most important barrier in the substantiation of the profits of BIM implementation, is the nature
of the benefits. To be more precise, there are plenty of benefits that are not recorded on the spot
when they happen on the construction site. As a result, when the project is over, there is not sufficient
data in order to quantify them. Hence, they are considered as abstract and not quantifiable. The aim
of this study is to suggest a procedure which would constitute a bridge between the tangible and
intangible benefits, aiming to make them all as quantifiable as possible. This procedure would involve
the detailed record of all the important information in order to assign monetary value to the costs and
benefits of BIM.

Particularly, this procedure will acquire the form of a Framework would clearly define the variables
taken into consideration (e.g. people, technology, process) and would constitute a useful guideline.
Also, it would explore multiple aspects of BIM such as the improved collaboration, the prevention of
errors and information management and would substantiate their costs and benefits. Furthermore,
the sub-objective of the study would be to clarify how BIM applications can be beneficial for a specific
part of the project; the Execution Phase. This part of the building process is chosen because is the
most expensive and troublesome among the different phases. Particularly, the Execution takes place
in different regions and the deployment circumstances of BIM are more demanding than they would
be at the head office. In contrast, the Tender phase is only executed in the head offices of a company
which is a more controlled environment. Therefore, the suggested procedure will be applied on the
execution phase of the projects; namely, the Case Studies. Finally, the second part of the sub-objective
is the validation of the proposed Framework. This validation will be twofold.
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Figure 1 Objective and Sub-objective of the research

1.4 Research Questions

Research Questions are an important and useful part of the research. In fact, when they are
formulated correctly, they can lead gradually to the goal of the study. The answers to these questions
will help yield the necessary information to attain the final result; the development of a framework
able to substantiate the Costs and Benefits associated to BIM implementation in construction projects.
Considering that the objective of this research is to create a standard method of evaluating the costs
and benefits, the main research question that will lead to this development is the following.

. Main: What could constitute a standard method of evaluating the costs and benefits of BIM
| in Construction Projects? |

In order to find the answer to the Main Research Question, the researcher should formulate a few
corroborative sub-questions. These will help him acquire the necessary knowledge regarding the
available evaluation tools, the needs that this framework will satisfy and the form that it will acquire.
The Research Sub-questions are either exploratory or refer to the methodology, the results or the
implications of the study.

Sub-question 1: Which are the costs and benefits associated to BIM implementation?

Sub-question 2: Which unique characteristics of BIM (in comparison to traditional 2D methods)
warrant an evaluation into its added value?

Sub-question 3: How can the costs and benefits associated to the implementation of BIM be effectively
substantiated?

Sub-question 4: Which information is required in order to assign monetary value to the tangible
benefits of BIM?

Sub-question 5: In which way do the costs & benefits of BIM implementation inform on the impact of
BIM strategies of the Contractor?

Sub-question 6: To what extent can an evaluation of BIM into construction projects be standardised?
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Problem Definition

1.5 Research Design

The research strategy includes an extensive review of the literature and conducting of interviews with
people working in the construction industry. These people are Project Managers, Engineering
Managers and BIM Engineers and provide the researcher with sufficient knowledge regarding the
actual costs and profits associated to BIM. The aim of these interviews is to generate the essential
data in order to form a quantitative and qualitative analysis of the benefits.
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Figure 2 Research Design

1.5.1 Exploratory Research: Literature Study

Firstly, an extensive review of the published literature will be made. The literature will concern the
use of BIM in the AEC industry. Moreover, the available tools and frameworks regarding the evaluation
of BIM will be examined. Thus, the problem stated above and its causes will be explored thoroughly.
In this way, the gaps regarding the substantiation of benefits will be detected and the researcher will
know where to focus. Therefore, the present research will use the information that is already available
and will focus on the presentation of novel ideas and of an efficient framework.

However, the main goal of this exploratory research is to dive into the costs and benefits of BIM
implementation in the construction projects. This will help frame the baseline for the research that
has to be done. Particularly, the researcher will have sufficient knowledge regarding the positive and
negative costs associated to BIM usage. Hence, the researcher will acquire the knowledge that is
needed in order to form the right questions for the interviews that will be conducted in a later stage.
Thus, the literature study in combination with the interviews will allow her structure the proposed
Framework.

Moreover, according to the published literature, two SWOT Analyses are also implemented. The one
involves the traditional methods of creating and managing information, mainly the 2D techniques,
while the second refers to BIM methods. These SWOTs will constitute the foundation for the
evaluation of BIM implementation as they will clarify to the audience the advantages and
disadvantages of each technique.
motivation for the present research as the proposed procedure aims to encounter these threats.

In addition, the threats of BIM methodology constitute the

1.5.2 Definition of Inputs and Outputs
This stage is of high importance and difficulty as well. As mentioned before, the problem regarding
the evaluation of benefits is the lack of a transparent method which shows what lies behind the
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calculations. In fact, the barrier in the evaluation of benefits is the difficulty in quantification of them.
Although the tangible benefits are quantifiable and can be associated a monetary value, the intangible
are abstract and hard to substantiate. Therefore, the definition of the inputs (costs) and outputs
(benefits) to be used in the CBA constitutes a challenging procedure. The researcher, based on the
literature study and the experience of the interviewees will have to clearly define the variables to be
taken into account. The next step will be to suggest a specific way to quantify them and generate
numbers at the end of it.

1.5.3 Development of Framework

The next stage following the definition of the variables will be the development of the standard
procedure. This procedure will acquire the form of the framework. In order to be applicable in any
construction project by any user, it should consist of clearly defined steps. These steps would work as
a guideline that will lead gradually to an accurate evaluation of BIM implementation through the
guantification of Costs and Benefits. The aim of this Framework is to fill the gaps that the existing
measurement tools have. This gap mainly involves the lack of a standard and uniform application. This
lack does not help understand what lies behind quantification.

1.5.4 Data Collection

In order to apply the framework developed in the previous stage, the necessary data has to be
collected. This data refers to the specific conditions of the construction project, the costs that were
required in order to implement BIM and the benefits that were generated because of BIM application.
Thus, this information can be provided only by people that have actually worked on the construction
sites of these projects. Consequently, interviews with the people aforementioned will be conducted.
During these interviews the researcher should be ready to ask specific questions that will lead her to
acquire the data she needs.

Undoubtedly, several rounds of interaction are needed. On the first round, which has the form of an
interview, the Project Manager would provide the researcher with some general information
regarding the working conditions, the size, the value and the contract of the specific project. In
addition, the BIM Engineer would be asked to give information regarding the BIM requirements from
the side of the client along with the procedure that was followed regarding BIM implementation. On
the other hand, the researcher would introduce the interviewees on the topic of the research and the
data that is needed from them. Also, there would be given a thorough introduction and explanation
of the framework; the way it works and the data that needs to be quantified. Consequently, on the
following rounds of interaction, the experts would be ready to give to the researcher the information
she needs in order to quantify the costs and benefits of BIM applications in each project individually.
This information relies mostly on official reports of the company that record in detail the costs that
were needed and the benefits that were acquired. The reports of the benefits involve Requests or
Information (RFIs), Risk Registers, Clash Detections, Time Planning, etc. Finally, when the
quantification procedure is completed and the B/C ratio is estimated, a third round of interviews
would follow. However, this round acquires rather the form of a discussion as the results are discussed
and Project Managers and BIM Engineers are asked to make comments on it.

1.5.5 Case Studies — Projects

As already mentioned, the framework suggested will be potentially applicable in any construction
project. The most suitable approach would be a Model Developing and Application strategy. Hence,
Case Studies of the company will be explored. Particularly, 5 construction projects of BAM



International will be investigated. These projects all involve a “Construct Only” type of contract,
include BIM implementation but possess different working conditions and requirements from the
client. Consequently, their investigation will offer to the researcher and the reader a thorough insight
of the BIM usage in the building industry. This involves information regarding the procedures that are
followed, the milestones and deliverables of BIM usage and the collaboration with the multiple parties
as well. These Case Studies will be explored based on the data collected during the three rounds of
interviews and the testimonies of the people worked in them. The objective of this step is to achieve
a clear representation of the current conditions regarding BIM during the execution phase of a project.

The aim of the Case Studies is to provide the research with actual knowledge regarding construction
projects. In this way, the suggested Framework will be applied to real situations. Moreover, the costs
and benefits will be quantified based on the experience of the interviewees and the data they have
available. These people will describe both the factors that facilitated the use of BIM and the barriers
that hampered the implementation. Also, they will give a sufficient insight of the requirements from
the side of the client and the relationship between the contractor and the other parties.
Consequently, the costs of BIM that had to be covered by the contractor will be recorded. Moreover,
an attempt to assign monetary value to the benefits gain will be achieved. This will be achieved based
on the experience that the experts have by participating on each project in combination with the
official technical reports of the company. This information will constitute the inputs of the framework.
As a result, the output of the Framework will be the ratio between these two values which will be
calculated on an Excel Spreadsheet for every Case Study.

1.5.6 Analysis & Synthesis of the Results

As aforementioned, the result of the Quantification of Costs and Benefits of BIM Implementation is
the ratio between these two values. Following the calculation of the B/C ratio there will be an analysis
of the result. This analysis will firstly involve the interpretation of the specific ratio. Moreover, there
will be a CBA based on the specific conditions of each project. This analysis aims to comment on the
costs that were required for the usage of BIM applications as well as the benefits that were gained
among the 5 different projects. This comparison will help the researcher extrapolate some general
conclusions regarding the implementation of BIM and the points where attention should be given by
the contractor.

Following there will be a synthesis of the results. This synthesis will be based both on the numerical
results that were gained by the Case Studies as well as the discussion with the experts about them.
Therefore, this synthesis will clarify the impact that the results of the Framework have on the BIM
strategies of the contractor as well as possible ways they could be employed in order to proceed with
the BIM implementation in future projects and enhance the performance of the contractor.

1.5.7 Validation

In contrast to the previous stage, this step involves the application of the suggested Framework at the
beginning of a construction project. To be more precise, the Framework regarding the costs and
benefits of BIM will be used and followed as pilot in a construction project of the company which is at
the initial stage. Thus, there will be an effort to record all the costs and profits regarding BIM on a
standard basis, either daily or weekly. In this way, there will be accuracy in the calculations of them,
assumptions will be avoided and even several intangible benefits will be quantified.



This step constitutes the validation of the Framework and aims to test the soundness of the proposed
methodology. Particularly, each step will be applied carefully while the project execution phase is still
in progress. This stage will check the accuracy of the quantification and relevance to the actual working
conditions. The comments of the people that used the Framework constitute the validation of it. The
validation is essential in the research in order to confirm the credibility of the results or make changes
and improvements if needed. Hence, corrections and further suggestions on the functionality of the
Framework will be requested from the people working on the specific construction project.

Eventually, a qualitative validation will also be aimed. This part will involve a short interview with
people who work within the group of the contracting company, possess knowledge relevant to BIM
but have not participated earlier in the research. Particularly, they will be thoroughly informed about
the Framework and the findings of the research and then, the strategy that will be employed by the
company regarding BIM, will be discussed. In this way, both the researcher and the reader will
understand the impact the findings of the research will have on the strategy of the contractor.

1.5.8 Conclusions & Recommendations

The last phase of the research will focus on the conclusions emerging after the long investigation. This
part will sum up the findings of all the previous stages and also answers the main research question.
In addition, the researcher will make some recommendations based on the gaps of the research in
order to reinforce the suggested method in the future. Also, this last part will cover the initial
expectations of the research and their comparison with the results that she finally achieved.

Following, in Fig. 3, the structure of the thesis is shown as well as the connection with the Research
Questions.
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Figure 3 Structure of the thesis

1.6 BAM International Deployment BIM Strategy

As mentioned on section 1.5.5 the Framework will be applied on 5 construction projects of the
construction company, BAM International. In this part a short description of this company is given in
order to introduce the reader on the BIM strategies and the mindset they possess. BAM International
holds an outstanding position in the international construction industry. BIM constitutes an innovative
tool which can be seen as a competitive product. Therefore, the company has developed a
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deployment strategy regarding BIM and DC. Their main ambition is to add value to their company by
using these innovative technological means and thus, improve the way they do things. Thus, the
present research is carried out in collaboration with BAM International and aims to explore the Costs
and Benefits of BIM Implementation of several construction projects on a worldwide level.

1.6.1 Mindset of BAM International regarding BIM and DC

The driving force behind this strategy is the ability to build something digitally and then on-site. This
feature leads to a reduction in the amount of errors and optimises the construction process. Hence,
based on a “Make it before we make it” mindset, the company focuses on these technological means.
Particularly, BAM International strongly supports that DC improves the way is going things. Moreover,
the shortcomings of 3D modelling and 4D planning bring people together. This contributes in adopting
a pro-active mentality.

1.6.2 Vision of the company

The vision of BAM International concerning BIM and DC is that they should exist in every project. In
this way, the company aims to create value with DC and is actively trying to find the benefits of this
technological means.

However, the application of BIM and DC in every construction project is proven to be difficult. AEC
industry constitutes a traditional field and the introduction of these tools is quite contemporary
considering that BIM concept was introduced in the beginning of 90s and has been spread over the
last 20 years. Thus, its recognition and adoption is very recent (Varghese, 2019, p. 2). Hence, the
change from traditional techniques to innovative methods can be smoothened and managed properly.
Consequently, as BAM International intends to do things better, they do not implement BIM as a
standard but as a dynamic process based on the needs and conditions of the project.

1.6.3 Main objective regarding BIM and DC

The first and most important objective of BAM International regarding BIM implementation is to
ensure a strong foundation in DC. In this way, the company can be prepared for the future. The first
step is to code and handle the available data in every project. The foundations of BIM are thought to
be essential considering that more and more innovative technologies are introduced in the AEC
industry. The company intends to be a front-runner in the whole industry on a worldwide level
including current projects in Dubai and Jakarta. Thus, BAM International aims at ensuring a
competitive product out of these projects.

The plan of the company for the future is to implement BIM and DC more. In order to achieve this,
they need to communicate to the stakeholders the importance of BIM and create awareness regarding
the benefits of it. BAM International employees should realise that BIM and DC offer an actual
monetary benefit to the company. Therefore, a thorough investigation of the costs and benefits of
BIM in existing projects would remarkably help. Additionally, a standard method to quantify the
benefits that BIM implementation brings to the contractor would be highly valuable. All the above,
motivated the present study and the aim is to come up with a transparent method able to quantify
the tangible and intangible benefits of BIM.

1.7 Research Scope

According to Turk, BIM philosophy is considered one of the most valuable technologies as it changes
the way we design, build, use and manage the built environment around us. Thus, BIM is a powerful



technological trend in the AEC industry which still triggers the interest for academic research (Turk,
2016).

The aim of this research is to provide Academia and Industry with a transparent and uniform approach
evaluating the cost and benefits of the implementation of BIM. This procedure will define clearly the
variables, inputs and outputs that are taken into consideration in order to apply the CBA. Moreover,
the suggested method will be applicable in any construction project. The problems in the current
evaluation will be detected and the steps leading to the solution will be described. The objective of
this method is to substantiate the quantifiable benefits but also those which are more abstract and
are eventually considered intangible. CBA was chosen in order to define thoroughly all the important
data of each project to be investigated and identify clearly the positive and negative costs. In this way,
the researcher will be able calculate their ratio and evaluate the inputs and outputs. The result of this
research will verify the usefulness of BIM and how this technology benefits the construction industry.



2. THEORETICAL BACKGROUND

2.1 Introduction

“What is BIM?”

According to Charles Eastman, “BIM is a digital representation of the building process to facilitate
exchange and interoperability of information in a digital format”. Regarding particularly the side of
the contractor, BIM is considered the virtual building of a structure that consists of intelligent objects
which when are shared among the participants of the project aim to enhance their collaboration and
communication. Nevertheless, BIM is not only a software program but a software and a process. In
other words, a 3D model alone cannot be considered as BIM. This innovative methodology should be
accompanied by a new way of thinking and doing things which focuses mainly on managing
information (Hardin, BIM and Construction Management, 2009, p. 3).

“Why BIM is not adopted by AEC industry with a faster pace?”

This question has assailed people working in the AEC industry since the first capabilities of BIM were
introduced. It was not until the 1990s, when scientists started wondering which are the reasons that
industry does not use this prime technology. The answers vary including a lack of relevant software, a
lack of trained BIM personnel and a lack of a legal foundations that support collaborative work. On
the other hand, others blame the conservative nature of the industry (Turk, 2016, p. 281)

While BIM techniques are under development, an examination of their benefits is required. This is a
crucial issue in order to establish rationally BIM adoption in the AEC industry. In order to ensure this
valid adoption, researchers strive for quantifying the costs and benefits that are generated by this
innovative way of managing and creating information (Lu, Fung, Peng, Liang, & Rowlinson, 2014).

This chapter aims to introduce the reader to the concept of costs and benefits relevant to BIM
Implementation. In addition, the reader will be presented a comparison between 2D traditional
methods and BIM techniques. This comparison will be based on two SWOT analyses. At the end, the
Research Sub-questions 1 and 2, will be answered by the researcher.

2.1 Costs of BIM

BIM implementation is considered to be accompanied with high costs. The perceived high initial cost
of BIM has, however, discouraged numerous professionals within the AEC industry from employing it.
Sometimes, the willingness of the owner to pay for BIM practices is critical in the decision of the
contractor to use BIM methods (Giel & Issa, 2011). The challenges that come up in the procedure of
measuring these costs deter the adoption of BIM methodologies. These costs are either direct or
indirect. Indirect costs are definitely harder to be substantiated than the direct ones (Love, Simpson,
Hill, & Standing, 2013).

2.1.1 Direct costs

On the one hand, direct costs are the ones that are associated to the implementation and operation
of BIM (Love, Simpson, Hill, & Standing, 2013). These costs can generally be calculated and involve
hardware, software (e.g. Revit, Navisworks, BIM 360 glue, Allplans, etc.) and installation costs. Thus,
these costs depend on the level of detail of the model, the complexity of the project and the expertise
and knowledge that the modellers possess. The level of detail (LOD) can be categorized through



system published by AIA. LOD 100 refers to the concept. LOD 200 is approximate geometry phase.
LOD 300 involves the accurate geometry phase. Following, LOD 400 is the stage of fabrication. Finally,
LOD 500 is considered the as-built stage (Hergunsel, 2011) (See Fig. 4). In addition, according to Turk,
there are currently three BIM maturity levels where BIM level O corresponds to information modelling
of buildings using paper drawings, BIM level 1 to 2D and 3D CAD and only BIM level 2 and above to
object-oriented representations of buildings and corresponding processes (Turk, 2016, p. 275). The
level of BIM to be applied is established based on the needs and requirements of the client during the
systems requirements planning stage. Accordingly, the required monetary amount for investment in
BIM is generated.

.
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Figure 4 Levels of Detail (LODs) (Level of Development Specification Part |, 2019)

However, the estimates regarding direct costs which are formed initially can change later in time
during execution. To be more precise, these estimates may significantly increase due to issues that
emerge during the implementation such as interoperability, unexpected additional hardware that has
to be acquired, expansion in the capacity of data storage and the inability of tools to connect non-3D
and 3D data. Moreover, the costs that are needed for installation, configuration and maintenance
issues can also be described as direct costs, and usually involve support from special technicians (Love,
Simpson, Hill, & Standing, 2013, p. 214)

2.1.2 Indirect costs

On the other side, indirect costs are the costs which are have to do with the adoption of BIM. Indirect
costs are considered to be of higher importance. Nevertheless, the abstract nature of these costs
makes their identification and quantification quite challenging. Indirect costs involve organisational
and human costs (Love, Simpson, Hill, & Standing, 2013).

Organisational costs emerge by the shift from traditional practices to the new way of working with
BIM. The integration of a new technology usually causes a restructure within the organisation. The
introduction of BIM is accompanied with a temporary loss of productivity because employees go
through a learning curve while adopting new practices. Also, the training on BIM implementation
which is required can be a challenge for construction firms because of the investment costs and the
time required (Thurairajah & Goucher, 2013). This gradual adaptation might also involve training in
order for the employees to acknowledge fully the potential of BIM. Another important factor that
generates indirect cost refers to the management time. This time has to be spent in order to plan and
organise the integration of recent technologies to the old approach of the company. The introduction
of a new way of working undoubtedly comes along with changes in the already established strategies
and plans of the company regarding the execution of the project.



Another indirect cost may emerge from the development of employees regarding BIM knowledge.
Particularly, apart from training costs, BIM education might bring additional costs to the company.
Training enhances the skills of the employees and as a result increases their contribution to the
company. Consequently, employees might request a reward for their efforts. Moreover, considering
the competitive nature of AEC industry, employees which acquired BIM knowledge may leave to join
competitors if their requirements are not satisfied (Love, Simpson, Hill, & Standing, 2013).

2.2 Tangible & Intangible Benefits of BIM

There are some specific aspects of BIM that help in the effective implementation in project
management (Diaz, 2016). According to Azhar et al. (2012), the contractors mostly employ BIM
practices for the following applications; (a) Cost estimation and Quantity Take-off , (b) Early
identification mistakes in the design due clash detections; (c) Construction planning and
constructability analysis; (d) Validation on-the-spot on the construction site, guidance and tracking of
the building activities; (e) Prefabrication outside construction site; (f) Planning to ensure health and
safety; (g) Value engineering and employment of lean construction processes; (h) Enhanced
communication among project participants. Hence, constructors, with the usage of BIM methods can
achieve the following benefits; (a) High profitability; (b) Improved customer service; (c) Cost and time
decrease; (d) Enhanced quality of the product; (e) Better decision making; (f) Higher levels of safety
and management (Azhar, Khalfan, & Magsood, 2012)

In fact, the benefits that BIM implementation brings to its users are either tangible or intangible.
Tangible benefits refer to these which are quantifiable and can be associated to a monetary value. In
contrast, intangible are the benefits which are more abstract and thus, are hard to be substantiated.
Intangible benefits are hard to be quantified in monetary terms as their substantiation requires
subjective estimations (Barlish & Sullivan, 2012).

The quantification of intangible benefits such as strategic competitive advantage that it gives to the
contractor and the satisfaction of the rest other project participants, are insurmountable (Love,
Simpson, Hill, & Standing, 2013). It should be mentioned that the returns that have been estimated
by construction organisations can be less than the actual returns if intangible benefits are also taken
into account. In other words, in reality, there are countless benefits that are abstract and if they were
associated to a monetary value, they would increase the profit gained by the contractor. Given this
lack of substantiation, AEC industry needs to nonobjectively think about the abstract benefits of BIM
and how beneficial they can be to their business. However, the definition of the intangible benefits
that can be generated BIM applications constitutes a vague task. Besides the importance of intangible
benefits, there has been limited enlightenment on the quantification of this type of positive costs
(Love, Simpson, Hill, & Standing, 2013, p. 212).

The development of a framework able to evaluation BIM implementation and does not restrict to
guantification of costs and benefits should focus on the whole process. Understanding what is to be
measured is fundamental to BIM evaluation (Love, Simpson, Hill, & Standing, 2013). Therefore, in this
part, several of the numerous aspects of BIM will be explored. Furthermore, the tangible and
intangible benefits that these applications offer to the contractor will be thoroughly analysed. This
analysis will introduce the reader to the capabilities of this innovative technology and will provide a
sufficient understanding regarding the objective behind and the foundations of the framework.



2.2.1 3D Modeling
The 3D model of BIM technology facilitates collaboration and enhances the whole implementation of

the project by providing visual controls during the execution phase. The AEC industry has remarkably

gained benefits regarding the 3rd dimension of BIM, such as improved communication and saving of
time and cost (Charef, Alaka, & Emmitt, 2018, p. 242).

O

Visualisation: This aspect of BIM provides the project participants with a better understanding of
the procedure. Also, immediate visualisation of forms and alternative solutions can be easily
evaluated by professionals and non-technical staff at the same time (Manning & Messner, 2008).
This facilitates the communication among the stakeholders regardless their role in the project.
Moreover, 3D models can be analysed in depth, simulations can be realised fastly and the
performance of each simulation can be assessed (Ahankoob, Khoshnava, Rostami, & Preece,
2012). All these benefits can eventually speed up the progress of the execution.

Improved Collaboration: Another popular advantage of BIM is the increased collaboration among
the members of the project team, which is achieved thanks to a centralised model (Thurairajah
& Goucher, 2013). This central model can be a Common Data Environment (CDE) which helps the
information management and sharing among the participants. Consequently, the collaboration
and communication among participants is facilitated. Furthermore, increased collaboration leads
to increased profitability, efficient management of time, and improved relationship between the
client and the contractor (Azhar S., 2011)

Quantity Take-off (QTO): The 3D models that are developed in BIM software involve sufficient
data and are able to link individual elements with the material they represent in the model. This
feature gives the ability to speed up the Quantity Take-Off procedure for a construction project
and at the same time improve the reliability of the estimate. In this way, materials are not
overordered and extra costs are avoided (Olsen & Taylor, 2017).

Waste Reduction: BIM is one of the modern technologies which succeeds in reducing waste.
Construction waste is mostly produced due to design changes and errors, leftover materias, no
recyclable or re-useable packaging waste and poor weather (Liu, Osmani, Demian, & Baldwin,
2011). 3D model leads to more accurate QTO than those calculated by hand. Therefore, at the
end of the execution there are less materials leftover going to waste. In addition, the ability of
BIM is to identify future clashes in the initial phase of a project. As a result, rework is avoided and
the ordered quantities of materials are used effectively.

Clash Detection: According to studies, this aspect constitutes the main way by which owners
reduce time and cost thanks to BIM. Normally, in 2D drawings, the modifications that are made
in one drawing the other relevant drawings are not immediately updated. This leads to many
inconsistencies and hence lots of mistakes and defficiencies. The majority of these mistakes are
identified only at the construction site, and then might lead to numerous conflicts and change
orders. However, BIM methods deal with these issues by preventing future mistakes. Particularly,
the early identification of mistakes accelerates the execution of the project, reduces costs, and
minimises legal misunderstandings (Ahankoob, Khoshnava, Rostami, & Preece, 2012).
Federation of the model: The core of BIM practices is a shared database for the project, assigned
to the 3D model, which constitutes the foundations for the complete project documentation
(Czmoch & Pekala, 2014). Thus, the model is integrated and architecture and structural design
are being implemented on the same model. Consequently, their overlapping is reduced and
future mistakes are avoided because clashes are detected before they happen on site (Ahankoob,
Khoshnava, Rostami, & Preece, 2012).



o Coordination: Visual representations enhance communication among the stakeholders of the
project and facilitate brain-storming. Moreover, when they are used efficiently they can provide
effective and and multi-disciplinary feedback to the project team (Russell, Staub-French, Tran, &
Wong, 2009). As a result, the project team achieves a reliable and smooth performance.

o As-built Drawings: As-built drawings are created at the end of the construction phase. Their
purpose is to record the state of the facility at the time of the delivery (Clayton, Johnson, Song,
& Al-Qawasmi, 1998). During the process of the execution, the 3D model is constantly updated
according to the design changes. Thus, when the project is completed, the model includes all the
details and the important information needed by the client. In addition, it is accurate because the
information was recorded on the spot and was taken from the source. Therefore, the as-built
drawings are of higher quality comparing to traditional 2D as-built drawings.

o Cost Estimation: According to studies, cost estimates that are based on BIM models can
significantly reduce the work of the estimators and the possible errors which are involved in
conventional methods of cost estimation. Researchers have figured that cost estimations which
are based on 3D models have brought better results over conventional practices. Furthermore, it
was proven that the more complex the estimation was, the more obvious were the advantages
of using BIM models instead of conventional estimating techniques (Li, et al., 2014, p. 3).

o Common Data Environment (CDE): This concept constitutes an environment to share work and
information efficiently among different disciplines and. at the same time, maintaining integrity of
the model (Sacks, Gurevich, & Shrestha, 2016, p. 487). This methodology indicates how
information should be managed with the usage of BIM and CAD processes (Migilinskas,
Pavlovskis, Urba, & Zigmund, 2017, p. 1087). This information regards the building accompanied
by other parts, elements and activities associated to it (Hardi & Pittard, 2015, p. 367).

2.2.2 4D Planning

The visualisation that accompanies the 3D model of BIM was not sufficient. Thus, in order to ensure
faster delivery, the time factor evolved rapidly as the 4th dimension of BIM (Charef, Alaka, & Emmitt,
2018). Generally, researchers refer to 4D as the integration of information related to time (Lopez,
Chong, Wang, & Graham, 2016). The planning of construction with the use of 4D CAD involves the
linking between a plan to the 3D objects of the model. This allows to create a simulation of the
construction process and indicate what the building and construction site would be like at any
moment. This visual simulation offers useful insight to the construction procedure on a daily basis and
provides evidence about potential problems such as space conflicts and points for improvements
regarding safety etc. (Eastman, Teicholz, Sacks, & Liston, 2008).

o Sequencing: BIM can be employed in order to build an accurate schedule of material ordering
and delivery of all the elements of a building. Accurate time scheduling facilitates on-time delivery
of materials and equipment and at the same time, eliminates the possibilities for damages
(Ahankoob, Khoshnava, Rostami, & Preece, 2012). Hence, interfaces are managed properly
during the execution on the construction site. Moreover, the real-time information of the
predecessors and successors of each activity and their impact on the critical path, which is visually
provided by the the 4D model, is necessary to inform sufficiently the project stakeholders
regarding the progress. In addition, real-time viewing helps to ensure the on-time completion
date (Lopez, Chong, Wang, & Graham, 2016).

o Monitoring: The 4D model also allows the team to confirm the time planning and to detect
mistakes in the logical link among activities (Ciribini, Mastrolembo Ventura, & Paneroni, 2016, p.
71). Therefore, conflicts are detected and resolved on time and this ensures time efficiency.



Additionally, the visual representations of the schedule of a project and the relevant information
in combination with visual representations of the progress of the project can provide further
benefits. To be more precise, they can help in forming effective construction strategies in order
to shorten the project duration, assess their constructability, and evaluate the overall quality of
the schedule (Russell, Staub-French, Tran, & Wong, 2009, p. 219). Finally, 4D model illustrates the
layout of the construction site and equipment and materials are exactly placed. This feature
eliminates the amount of additional handling, unnecessary movements and the possible loss of
materials (Ahankoob, Khoshnava, Rostami, & Preece, 2012).

o Constructability: The soundness of drawings affects the constructability of a structure.
Nevertheless, this is not enough and construction works and performance on site should be
thoroughly investigated in order to reach a successful result. The visualisation of the model, the
reports of the elements and the schedules that are extracted from BIM can be used to affect
constructability and change parameters that influence the correctness of building elements and
(Tauriainen, Puttonen, & Saari, 2015). The benefit of these applications is that the team ensures
that the project is constructable and the result will apparently be successful.

o Visualisation: 4D model provides visual representations of the 3D model in combination with the
time schedule. These representations are considered to be significantly effective as they provide
clear view of the progress of construction. As a result, the client can be fully informed and gain
clear understanding of the progress. This brings his satisfaction and increases the rate of
acceptance of any possible project changes or time delays.

2.3 SWOT Analysis

BIM constitutes a recently introduced tool in the field of AEC industry (Walaseka & Barszcz, 2017).
Therefore, like every innovative tool, it is still faced with concerns, doubts and difficulties from the
side of the designers, contractors and users in general. As a result, the adoption rates of this
technology have been lower than anticipated. Numerous obstacles that hamper BIM implementation
have been identified (Walaseka & Barszcz, 2017). Consequently, in order for this tool to be adopted
smoothly by people working in this industry, the advantages and disadvantages that characterise it
should be defined and properly evaluated. Hence, this chapter aims to present and analyse the
strengths, weaknesses, opportunities and threats of the traditional methods and those of BIM in the
project execution phase. In this way, the reader can be introduced to the perks that BIM can offer
compared to the techniques that have been used so far.

SWOT Analyses contribute in the research by clearly indicating the characteristics of both
methodologies. Moreover, they constitute the foundations for the evaluation that follows because
they provide the theoretical background regarding the advantages and disadvantages of each method.
Initially, a SWOT Analysis of the conventional 2D methodologies is completed in order to describe their
strengths which justify the hesitance of the AEC industry to adopt new techniques. At the same time,
the weaknessess and threats of them can prepare the reader for the benefits that accompany BIM
applications. Consequently, the SWOT Analysis of BIM methodologies highlights the strengths that
they can offer to the industry which can be considered as benefits. In contrast, the weaknesses such
as the high cost of implementation intrigue the researcher to dive into their evaluation. Furthermore,
the interest in AEC industry towards BIM in combination with the threat that the lack of substantiation
of costs and benefits poses, amplify the need for an evaluation. Hence, the researcher is inspired and
encouraged to delve deeper into this topic and propose an evaluative method regarding BIM
implementation in construction.



2.3.1 SWOT Analysis of Traditional Methods

BIM represents an evolution from conventional 2D design methods, as models are developed through
the combination of 3D graphical modelling, 4D time modelling and 5D cost modelling (Thurairajah &
Goucher, 2013). The traditional methods of project execution and project management are
accompanied with multiple advantages. This is the reason they have been employed for so many
years. In addition, their principles constitute the foundations of any innovative technology. These
methods can be mixed within the conventional design and execution phases. So far, and for many
years traditional methods have been employed both in design and construction phase of the projects.
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Figure 5 Difference of traditional and BIM methods

Undoubtedly, these methods are accompanied by advantages and challenges.

Strengths

o Long-established practices: The conventional project management method has been proved
efficient to deliver the product required from the customer for a long period of time. The
outcome is that the client is satisfied. In general, when a strategy regarding the execution phase
of a project is productive, helps the company and the client grow a relationship of trust and
understanding. As a result, this strategy is used in future projects too. Moreover, it has a positive
influence on the employee, as he gains experience and he is able to perform complex activities
and to accomplish challenging tasks (Sid, 2020)
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Figure 6 SWOT Analysis of traditional methods



o Known & Standard Procedures: The conventional techniques of structural design have been
developed for centuries and have remained the same. So far, the projects were based on 2D
drawings (plans, sections, elevations) and the building was designed in a symbolic manner, in
accordance with the principles which are agreed by all the project participants (Czmoch & Pekala,
2014, p. 211). Therefore, people working in the construction industry are used to these
procedures. This does not actually encourage their transition to BIM. They are not confident with
it and feel fear that this method would lead to too low success or a big failure. In additon, another
barrier in the implementation of BIM is that normally the senior leadership of the company is in
favor of conservative approaches that involve known procedures (Migilinskas, Popov, Juocevicius,
& Ustinovichius, 2013).

o Less expensive implementation: The traditional practices are doubtlessly the most suitable
regarding small and medium sized projects because they involve low cost as the most important
benefit (Czmoch & Pekala, 2014, p. 214).

o Individual responsibility: In the traditional methods each of the professionals work on individual
drawings including only the parts of their responsibility (Czmoch & Pekala, 2014, p. 211). As a
result, when problems occur during project execution, the person responsible for that collision is
addressed. However, in BIM, data is inserted in the model and information is shared among all
the parties. Therefore, an issue that emerges is who will monitor the entry of information into
the model and be responsible for any inaccuracies (Azhar S., 2011).

Weaknesses

o lterations & Rework: Traditional methods involve numerous iterations in order to reach the final
result. CAD software facilitates the conclusions, but still engineers have to create a separate
structural model for each different architectural concept in order to implement static calculation
and further analysis which is required. When on-site is decided that something has to be changed
then the 2D drawings both in architectural and structural design have to be updated. These
reworks lead to time delays for the project execution (Czmoch & Pekala, 2014, p. 213).

o 2D As-built Drawings: The costs of as-built drawings constitute some of the costs that change
because of the use of innovative technology. Hence, this enhanced and innovative application of
technology may bring decrease in the cost of producing 2D as-built drawings (Clayton, Johnson,
Song, & Al-Qawasmi, 1998). As mentioned, the 3D model is finalised and updated during the
construction phase, according to the corrections that are made. Therefore, when the project is
completed, 2D as-built drawings can be extracted fast and without additional cost. Sometimes
revision is required in order to establish the as-built information needed to support the future
stages. This retroffiting can be expensive. This happends because of a lack of coordinated effort
during the previous phases to arrange the essential as-built information which is needed for the
accurate and safe operation and maintenance of a facility (Liu, Stumpf, Kim, & Zbinden, 1994).

o Sequential Functionality: Traditional methods require each stage to be executed individually. For
example, the structural designer has to wait until the architecture has completed the 2D drawings
in order to proceed with the structural analysis. In addition, cost estimations cannot be
performed before the final drawings are provided. The conventional process involves the
completion of the design in a particular stage and following freeze further design until an estimate
is achieved and permission is given in order to advance to the following design phase (Mitchell,
2012).



Opportunities

o High expertise of people: As already mentioned, traditional methods have existed and been
employed by people working in AEC industry for years. Consequently, an unequivocal value of
the traditional methods, is that the designers who possess the highest expertise have applied this
approach for many years (Czmoch & Pekala, 2014, p. 214).

o Robust legislation: Drawings were the primary means of communication in the construction
industry for centuries, and many professional organizations had developed standards and guides
for these working procedures. The American Institute of Architects (AlIA) CAD standards were
among those developed in the early 1990's Eventually, national and international CAD standards
such as BS 1192 (BSI, 2007) and ISO 13567-2 (ISO, 1998) were broadly adopted, resulting in
industry wide standardization in CAD drawing production (Sacks, Gurevich, & Shrestha, 2016).

o Attachment to traditional methods: BIM methodologies face remarkable barriers because
individual professionals and companies in AEC industry have established their CAD efforts in
conventional and non-parametric tools for years. As a result, most of them are now adverse to
modify their way of working (Manning & Messner, 2008).

Threats

o Less understanding of the project: Another important lack of the conventional methods has to do
with the ability to visualise and to deeply understand the relationships between activities,
including possible errors that may occur later on the construction site. Normally, the construction
site is illustrated with the use of 2D CAD drawings that are not attached to the time schedule.
This makes it hard to understand the development of the construction site layout in relation to
the construction progress (Ciribini, Mastrolembo Ventura, & Paneroni, 2016, p. 69). As a result,
the project team is not properly prepared for the project execution phase and problems that lead
to time delays often occur.

o BIMrequired by the client: In order to expand the adoption of BIM within the AEC industry, clients
have tried to use their influence and require BIM. Consequently, the question shifts from:
“Whether or not to use BIM”, to “How it should be used in the specific project” (Lindblad &
Rudolphsson Guerrero, 2020). In addition, powerful construction clients such as companies,
public authorities and governments, understand the need to facilitate and support adoption of
BIM for their projects because they gain important benefits from its use in numerous phases of
their life-cycle (Sacks, Gurevich, & Shrestha, 2016).

o Client and Research Interest in BIM: At the same time that BIM technology continues to expand
within the AEC industry, it has also trigger the interest on the side of the researchers (Liu, Lu, &
Chang Peh, 2019). Moreover, the AEC industry requires enhanced communication and
collaboration among participants based on the interoperability of information. BIM is predicted
to be a potential solution to these problems, and hence, a way to grow productivity (Lu, Fung,
Peng, Liang, & Rowlinson, 2014). Therefore, researchers, instead of expressing doubts and
highlighting the incapacities of BIM, they often request a change of mindset within the AEC
industry in order to face the constraints and achieve proper implementation of BIM
methodologies (Koutamanis, 2020).

2.3.2 SWOT Analysis of BIM

In this part a SWOT Analysis of this recent methodologies will be conducted. The aim of this SWOT
Analysis is to clarify the Strengths, Weaknesses, Opportunities and Threats of BIM which accompany
the transition from the traditional practices to the innovative ones. In many aspects, in comparison to



2D methods, BIM is beyond comparison, since BIM integrates all information which results in

enhanced collaboration among disciplines, more rapid update of the project, and also brings effective

clash detection and more accurate bill of quantities as well as cost estimation (Czmoch & Pekala,
2014).

- Efficient on-site supervision - High costs of implementation
- Improved collaboration - Lack of education

- Accurate cost estimation & take-off | - Lack of interoperability

- Increased documentation

- Prestige of the company

- Organisation of implementation - Reluctance of stakeholders

- Interest in the AEC industry - Lack of experienced staff

- Client satisfaction - Lack of legislation
- Unfamiliarity with BIM
- No exact substantiation of profits

Figure 7 SWOT Analysis of traditional methods

Strengths

O

Efficient on-site supervision: BIM methods enhance the on-site supervision of the project team
as it ensures saving of time and avoidance of mistakes. To be more precise, the comparison
between the as-planned and as-built progress according to BIM can provide the construction
executors and supervisors, as well as other participants who do not possess engineering
knowledge such as the clients, with important information regarding a variety of crucial issues.
For instance, these issues can include constructability reviews, safety checks and proactive
schedule optimisations (Li, et al., 2014, p. 3).

Improved collaboration: The 3D model of BIM remarkably enables collaboration not only
between the architect and the structural engineer but among the project participats as well. To
be more precise, a 3D model prepared by an architect can be efficiently reformed to the analytical
model that constructor can use for the structural analysis. Particularly, the structural engineer
can simply acquire the data regarding the structural behaviour and proceed with the checking of
building code requirements. Moreover, the architect can simply review the cost for each
conceptual design which has been already confirmed by the structural designer (Czmoch &
Pekala, 2014, p. 213). Furthermore, BIM makes the transition from the traditional paper-based
tools of construction projects, into a virtual environment and brings a level of efficiency,
communication and collaboration which exceeds the ones that accompany the traditional
construction procedures (Bryde, Broquetas, & Volm, 2013).

Accurate Cost Estimation & Take-Off: According to studies, the employment of BIM enhances the
cost estimation accuracy within 3% as compared to traditional estimates (AzharS., 2011, p. 243).
Hence, cost estimation using BIM Quantity Take-Off is considered to be more accurate than when
it is done with traditional methods (Sacks, Gurevich, & Shrestha, 2016). This also ensures the
avoidance of errors regarding the material quantities and over-ordering. As a result, there is
reduction in waste and cost.

Theoretical Background | 20



o Enhanced documentation: The most important difference between BIM techniques and
conventional 3D CAD is that the latter presents a building by independent 3D views such as plans,
sections and elevations. Consequently, in order to edit these views, all of them should be checked
and updated. This constitutes an error-prone process which is one of the main causes of low-
quality documentation. Moreover, the data included in these 3D drawings are only graphical
entities only, such as lines and circles, in contrast to the semantics that BIM models consist of. In
these models, objects are defined in terms of building elements and systems such as spaces,
walls, beams and columns. Hence, a BIM contains all the information relevant to the building,
regarding its physical and functional characteristics as well as project life-cycle information
(Azhar, Khalfan, & Magsood, 2012). In other words, BIM can be fundamentally described as a
data package as it involves essential information about design, execution and management of the
building (Diaz, 2016, p. 3).

o Prestige of the company: Contractors refer to the enhancement of the company’s image as one
of the top internal benefits of BIM (McGraw Hill Construction, 2014). In fact, in a competitive
market as the AEC industry, construction companies endeavour a leading position. Thus, they
should adapt to the innovations and be constantly up-to-date. In this way, they can offer
competitive products to their clients. Considering that BIM constitutes a developing technology,
its implementation enhances the image of the company. Moreover, the adoption of BIM
establishes the position of the contractor among its competitors and adds value to his services.

Weaknesses

o High cost of implementation: Nowadays, considering the high cost of implementation, the
application of BIM is profitable mostly for large projects. If the cost software and hardware
decreases, the accessibility of BIM would extend to smaller projects (Czmoch & Pekala, 2014, p.
215). The hardware that is required in order to supporti BIM applications is much more expensive
than this for CAD applications, due to the large size of BIM files and the higher graphic
requirements (Zima, Plebankiewicz, & Wieczorek, 2020). In addition, the implementation of BIM
often requires the acquisition of new equipment. It should be remarked that based on surveys, a
possible reason that BIM implementation might not be encouraged is the high cost of the
required equipment.

o Lack of education: In order to attain a successful BIM implementation it is crucial that the
members of the project team possess sufficient knowledge. Nevertheless, the education of
clients can also be another remarkable barrier. When people belong to the industry, they can be
educated, but when they do not, some other strategies need to be considered. Hence, academia
has begun teaching BIM implementation and has arranged courses to integrate BIM into
contemporary programs relevant to the AEC industry (Silverio, Suresh, Renukkapa, & Heesom,
2016). Considering that BIM is essentially reshaping the organisation of building processes,
workflow, contractual arrangements and legal relations, courses on collaboration, management,
construction law, and cost estimating should prepare students for this new reality in the AEC
industry (Turk, 2016, p. 280).

o Lack of interoperability: Interoperability constitutes the ability to exchange data between
applications to facilitate automation and avoid the re-entry of data (Azhar, Khalfan, & Magsood,
2012). The majority of project participants are used to work with specific tools regarding the
software and hardware and often the transfer of data is limited due to incompatibility. As a result,
the transmission of the consistent and accurate information to other participants is not
facilitated. To be more precise, the data that is not transferred needs to be recovered and hence,



additional efforts need to be made (Migilinskas, Popov, Juocevicius, & Ustinovichius, 2013, p.
773). Thus, it should be remarked that the users must ensure interoperability when they choose
BIM software applications (Azhar, Khalfan, & Magsood, 2012).

Opportunities

O

Organisation of implementation: The lack of specific standards for the intregration of the 3D
model and the management by multidisciplinary group does not make BIM implementation
easier. The incorporation of multidisciplinary information into a single 3D model requires
establishment of protocols during the preparation stage in order to ensure consistency in BIM.
Nowadays, considering that there are no standard protocols available, each company adopts its
own. Concequently, this could cause inconsistencies in the model and if these are not properly
detected, they could then lead to inaccuracies. In addition, BIM coordination can enhance the
communication among team members. However, such an essential modification in the culture of
AEC industry cannot be realised only by technology. The cooperation among stakeholders
strongly depends on the management of relationships within the project team (Rowlinson,
Collins, Tuuli, & Jia, 2009). Hence, BIM protocols & standards should be created within the
company in order to encourage its adoption and establish clear guidelines regarding its usage.
Interest in the AEC industry: Many well-established companies, including both contractors and
investors, that are leaders in AEC industry are highly interested in the usage of BIM methods due
to their wish to reduce the costs of construction investments and to enhance the prestige of their
company (Zima, Plebankiewicz, & Wieczorek, 2020, p. 9).

Client satisfaction: Numerous client organisations claim that BIM should be implemented in their
design and construction projects. To be more precie, some clients directly lead the
implementation, training, and management of the BIM technology. In contrast, other clients ask
consultants to offer BIM solutions for each project. In this case, the architects, engineers and
contractors appoint independent BIM Consultants to support the planning and management
process (Rowlinson, Collins, Tuuli, & Jia, 2009).

Threats

@)

Reluctance of stakeholders: During the realisation of a BIM-based project, some project
participants cannot appreciate the potential of this technology. As a result, the client has to
convince or even force the other stakeholders to use BIM (Hadzaman, Takim, & Hadi Nawawi,
2015). Moreover, there are many reasons refraining project participants using innovative
technology and specifically, BIM methods. Particularly, they might be afraid of the result, the high
costs of the initial investment, and the time that is required in order to learn how to use the
software (Migilinskas, Popov, Juocevicius, & Ustinovichius, 2013, p. 773).

Lack of expertise: Some studies have declared that there is lack of qualified BIM professionals in
the AEC industry. This constitutes a significant barrier in the adoption of BIM (Silverio, Suresh,
Renukkapa, & Heesom, 2016). Even though there is available revelant software on the market,
there are only a few specialists able to design correctly a BIM in accordance with world standards
(Zima, Plebankiewicz, & Wieczorek, 2020, p. 8).

Lack of legislation: Nowadays, there is no special legal legislation regarding BIM implementation.
This can lead to misunderstandings on the investor-designer-executor line. Following, such
conflicts can cause time delays on the construction site, generating additional cost. Additionally,
this lack of legal legislation regarding BIM can cause unwanted results like an unfair distribution
of costs and benefits which would not establish correctly the implementation of BIM (Czmoch &



Pekala, 2014). Moreover, another significant barrier which hampers the use of BIM is the lack of
information regarding the accurate BIM rules for specific stakeholders as well as the contract
obligations (Migilinskas, Popov, Juocevicius, & Ustinovichius, 2013, p. 773). Considering the
benefits that can be obtained through BIM, client organisations feel the need to boost the
adoption of BIM. Therefore, a potential tool to attain this acceleration is to establish policy
frameworks expressed in the form of national standards, collaboration guidelines and project-
level BIM execution plans (Sacks, Gurevich, & Shrestha, 2016).

o Unfamiliarity with BIM: Another barrier in the BIM implementation during project execution
could be considered the unfamiliarity that characterises its users with BIM’s abilities and depth
(Manning & Messner, 2008). In addition, usually problems are found to lie with users: their
incapacity or unwillingness to adopt BIM; lack of BIM knowledge; lack of trust in each other’s
models and generally limited or superficial application of BIM (Koutamanis, 2020). According to
studies, many project participants show reluctance in coordinating their own work and in
collaborating in order to effectively implement BIM in the design and construction phase of the
project (Ciribini, Mastrolembo Ventura, & Paneroni, 2016, p. 71).

o No exact substantiation of profits: Based on studies, many people in the AEC industry are not
aware about the impact, either positive or negative, that BIM has on the profitability of projects
in their company. The main reason is that their companies do not actively record the effects of
BIM implementation (Qian, 2012). Considering that the usage of BIM in actual construction
projects has not been intensively explored and there is a lack of established proof of BIM’s
benefits in relation to the outcome of the project, stakeholders still face the dilemma of deciding
whether or not employ BIM methods (Li, et al., 2014, p. 3).

2.3.3 Need for Evaluation of Costs and Benefits of BIM

Both SWOT Analyses helped in building the foundation for the evaluation of the positive and negative
costs of BIM. This theoretical background of traditional methods and BIM techniques makes the
evaluation of BIM more comprehensive and robust. Particularly, the Threats of BIM methodologies
and specifically, the unfamiliarity with BIM, the reluctance of the stakeholders and the lack of
substantiation of costs and benefits cause the need for standard procedures and a transparent
method of evaluation. Therefore, the present research which involves the development of an
evaluative method aims to counter with these Threats and raise awareness regarding BIM
implementation within the AEC industry.

More precisely, one of the threats refers to a lack of the exact substantiation of the profits of BIM
constitutes a highly interesting issue for Academia and Industry as well. So far, financial tools such as
ROI have only been used to explain the employment of BIM by simply quantifying the costs and
benefits that emerge. However, offering decision-makers information relevant to direct cost analysis,
cash flow projections, and financial assessments does not consider the indirect and intangible costs
and benefits which are associated with BIM implementation. As a result, there is no evaluation of the
actual worth of the technology. Consequently, an evaluation approach for BIM that is not restricted
to the conventional limits of financial evaluation is needed (Love, Simpson, Hill, & Standing, 2013).

In the context of Information Systems (IS) the term evaluation defined as “a process that places
different points in time or continuously, for searching for and making explicit, quantitatively or
qualitatively all impacts of an IS project” (Love, Simpson, Hill, & Standing, 2013). With this definition
in mind, CBA constitutes the procedure that will manage to consider both direct and indirect costs



along with tangible and intangible benefits. Therefore, the analysis will be twofold in order to include
not only the quantifiable positive and negative costs but these of more abstract nature as well.

Initially, the evolution of BIM and the investigation of its costs and benefits were inseparably linked.
This relation is explained considering that if the aim of a technology is to survive in a competitive
market it must possess a robust economic ground which will be accurately comprehensive (Lu, Fung,
Peng, Liang, & Rowlinson, 2014).

2.4 Conclusion

In this chapter the researcher defined the direct and indirect costs which are associated to BIM
Implementation as well as the tangible and intangible benefits that stem from the usage of BIM
applications according to the published literature. Furthermore, she analysed thoroughly the
characteristics of traditional methods and BIM based on SWOT analyses. Hence, after reading this
chapter, the following Research Sub-questions can be answered.

| Sub-question 1: Which are the costs and benefits associated to BIM implementation? |

_ Sub-question 2: Which unique characteristics of BIM (in comparison to traditional 2D

| methods) warrant an evaluation into its added value? |

Regarding the first Sub-question, the costs and benefits that stem from the usage of BIM are analysed
in detail. On the one hand, the costs that are shown on Fig. 8, can be either direct and include the cost
of software, hardware and installation or indirect which involve the costs required for the adoption of
BIM. These mainly refer to the costs which are required in order to integrate this technology within
the operational context of a company. On the other hand, the benefits can be either quantifiable or
have an abstract nature which is hard to be quantified. These benefits are produced by the
employment of the 3D Model as well as the 4D Planning and are presented in detail in Fig. 9.

Direct Costs
Implementation &
Operation of BIM

Indirect Costs
Adoption of BIM

Hardware Organisational Costs
Software Human Costs

Installation Costs

Figure 8 Costs associated to BIM Implementation
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Figure 9 Benefits associated to BIM Implementation

With regards to the second Sub-question, the researcher carried out two separate SWOT Analyses in
order to indicate thoroughly the characteristics of each methodology. The aim of these analyses was
to make clear the differences between these ways of working and make the reader understand
reasonably why the evaluation of costs and benefits of BIM is needed. When the SWOT Analysis for
BIM was completed, the researcher could point-out the characteristics of BIM that cause the need for
an evaluation. Particularly, the following special characteristics of BIM in comparison to 2D traditional
methods amplified the need for evaluation.

Firstly, the Strengths that are presented on Fig. 7 and include the Efficient on-site Supervision,
Improved Collaboration, Accurate Cost Estimation and Take-off, Enhanced Documentation as well as
the Prestige of the Company, constitute the most significant benefits that BIM methods offer that
intrigue deeper investigation. Following, the first Weakness that is mentioned and involves the High
Cost of Implementation motivates the reader to dive into this cost and evaluate it in comparison to
the benefits mentioned above. Nevertheless, it should be admitted that the most important
characteristics of BIM that warrant the evaluation that the proposed method will provide are the
Threats. Particularly, the Reluctance of the Stakeholders, the Unfamiliarity with BIM and the Lack of
exact substantiation of the profits constitute the Threats that the evaluation method aims to
encounter. The main purpose is to evaluate the costs and benefits and thus, raise awareness regarding
BIM methods.



3. COST AND BENEFIT ANALYSIS FRAMEWORK DEVELOPMENT

3.1 Introduction

While the benefits of BIM have been broadly espoused and its adoption is becoming a main part of
many government's strategies to achieve better value for money (VfM) from their assets, many private
clients as well AEC companies are sceptical of the remarkable financial investment that is required in
order to implement this new and innovative technological methodology (Love, Simpson, Hill, &
Standing, 2013)

BIM adoption in the AEC industry needs strong foundation. To ensure this foundation, researchers
have made efforts to substantiate the positive and negative costs that are generated by this pioneer
technology. The main challenge is that the costs and benefits of BIM are hard to specify and even
more demanding to quantify. This is undeniable considering that BIM is being increasingly integrated
into managerial aspects of AEC projects, such as enhancing communication and facilitating
collaboration. Another barrier of this quantification is that data concerning BIM implementation in
the industry are not readily available. Furthermore, the existing measuring tools have been designed
in a scorecard way, asking BIM users to report costs and benefits (Lu, Fung, Peng, Liang, & Rowlinson,
2014, p. 318).

These tools are useful because they directly involve BIM users and encourage them to accurately
examine costs and benefits. Nevertheless, a significant drawback is that they rely mainly on the
experience of users. Thus, most of the times, these methods underestimate or exaggerate the costs
and benefits generated by BIM methods (Lu, Fung, Peng, Liang, & Rowlinson, 2014, p. 318). The reason
of these inaccuracies is the lack of on-the-spot information. Therefore, the mixed perspectives and
opinions on the costs and benefits of BIM cause misunderstandings regarding its expected outcomes.

The second challenge is to recognise the benefits of BIM. Several studies have already explored the
benefits of BIM implementation, which involve for instance, better communication, early
collaboration, error-free design, less rework, better predictability, saved cost, and improved
productivity (Lu, Fung, Peng, Liang, & Rowlinson, 2014). This difficulty is amplified by the fact that BIM
offers mostly intangible advantages which are hard to substantiate such as improved collaboration,
safety, risk and waste reduction as well as higher quality.

3.2 Cost and Benefit Analysis

A CBA is an overview of all the positive effects (benefits) and negative effects (costs) of a project. The
costs and benefits are quantified and valued in monetary terms. Also, the benefits and costs are
defined in terms of change of human welfare or utility and are measured by individuals’ willingness-
to-pay for a benefit and willingness-to-accept for a cost (Hwang, 2016).

3.2.1 Theory of CBA

CBA is a policy assessment method that quantifies in monetary terms the value of all consequences of
a policy to all members of society. In general, CBA applies to policies, programs, projects, regulations
and demonstrations. Due to this large spectrum, CBA can provide a strong baseline for the evaluation
of the costs and benefits of BIM implementation. The CBA procedure involves the nine following basic
steps which are briefly described (Mouter, 2014).



1. Specify the set of alternative projects: This step involves the listing of the alternative cases
that the analyst will investigate. This stage is considered demanding because it can include a
large number of alternative cases. The aim of CBA is to estimate the Net Social Benefits (NSB)
of the potential projects.

2. Decide whose benefits and costs count (standing): This step requires from the analyst to
decide which factors have standing; meaning whose costs and benefits count and should be
taken into consideration.

3. Identify the impact categories, catalogue them, and select measurement indicators: This step
involves the definition of the physical impact categories of each alternative. Particularly, the
analyst must catalogue these impacts as benefits or costs and also define their measurement
indicator. The term impacts represents both an input or an output. Subsequently, the aim of
this step is the clear and comprehensive definition of inputs and outputs for the CBA to be
conducted.

4. Predict the impacts quantitatively over the life of the project: Considering that almost all
projects have impacts that extend over time, the analyst has to quantify all the impacts in
each time period. However, this step is difficult especially when projects are unique, have long
time horizon and possess complex relationships among their variables. Along with these,
projects possess different size, scope and duration and their impacts have to be examined
individually.

5. Monetise all impacts: This step requires the analyst to attach monetary values to each of the
impacts considered. However, this stage is difficult because there are numerous impacts
which are hard to be quantified because they are not traded in market. Also, the nature of
some impacts is abstract and therefore does not facilitate the quantification. The value is
represented by the willingness of one to pay.

6. Discount benefits and costs to obtain present values: Regarding the projects that possess
impacts that occur over years, there is a need to aggregate the costs and benefits that emerge
in different periods. This can be implemented by discounting the future values of the impacts
aiming to obtain the present values of the costs and benefits.

7. Compute the net present value of each alternative: The Net Present Value of each alternative
is calculated by subtracting the Present Value of the costs by the Present Value of the Benefits.
Particularly, the result is calculated with the use of the following equation; NPV = PV(B) — PV(C)

8. Perform sensitivity analysis: In procedures like CBA, there are always remarkable
uncertainties. For example, the analyst cannot be totally certain about the predicted impacts
as well as the monetary value assigned to them. Therefore, a sensitivity analysis can handle
these uncertainties.

9. Make a recommendation: Generally, the analyst at the end of a CBA should make a
recommendation which is most of the times the project with the largest NPV. However, it
should be noted, that the sensitivity analysis can show that the alternative with the highest
NPV is not always the best.

As already mentioned in the introductory part, another tool which is used to test the financial benefits
of a specific investment option is the ROIl. However, in cases where the impacts can have an intangible
nature, the CBA is considered more suitable (Jones, 2006).

On the one hand, ROl is an accounting model which calculates the cash flows that are generated by a
specific investment over time (Jones, 2006). Additionally, is considered one of the several possible



ways to evaluate proposed investments because it compares the potential benefit or gain from an
investment to how much it costs (Giel & Issa, 2013).

On the other hand, CBA is an economic model, that evaluates all kinds of costs and benefits that are
caused by the proposed investment over time and produces a benefit-to-cost ratio (Jones, 2006). This
ratio makes the whole evaluation more easily comprehensive for the reader.

This method is chosen because of its economic rationality and the monetary foundations that it
provides. In addition, it helps the researcher monetise all the costs and benefits that exist in each
project, and considers the qualitative aspects of it as well. In this way, she is able to eventually
calculate the B/C ratio in any project and extrapolate useful conclusions based on it.

Moreover, this method is preferred to others existing because it involves thorough calculation of the
positive and negative costs and, at the same time, considers the special conditions and characteristics
of the project. Thus, the reader can simply understand what lies behind the substantiation and the
sources that generate the numerical results.

3.2.2 CBA for BIM Implementation during Execution phase

The objective of this research is to develop an analytical method to substantiate the positive and
negative costs of BIM implementation in AEC processes. The CBA differs from previous models in that
it is based on empirical data recorded in real-life situations meaning construction projects (Lu, Fung,
Peng, Liang, & Rowlinson, 2014). BIM implementation requires two processes: BIM work and site
investigation for BIM implementation (Shin, Lee, & Kim, 2018). According to Fig. 10, the highest costs
emerge during the implementation of this technology. Therefore, this phase is considered the one
that should be further investigated.

Cost

i

Time

Preliminary
Planning
Implementation
BIM Use and
Development
Future Work

Figure 10 Cost of BIM implementation (Hardin, 2009)

In order to achieve so, actual ongoing or completed construction projects need to be examined
thoroughly in order to conduct a CBA of BIM implementation. CBA which is based on economic
rationality compares alternatives and makes choices based on monetary valuation (Hwang, 2016).
Therefore, in this part, efforts are made in order to assign monetary values to the costs and benefits
of BIM implementation in order to compare and evaluate the employment of BIM during the
execution of a construction project. Hence, construction projects of BAM International of a Construct
Only type of contract will be thoroughly studied.



3.3 CBA for BIM Implementation

Due to the recent introduction of BIM, its usage it is not always a clear decision. In some projects, BIM
implementation constitutes a requirement from the client. Therefore, BIM Execution Plan is formed
at the beginning of the project and the contractor and subcontractors should all work according to the
milestones and deliverables set. In this case, the reward of the contractor for the employment of BIM
is included in the contract value. Also, the client is responsible for acquired the essential software
licenses and hardware to be used. As a result, the contractor is not responsible for covering these
costs. In contrast, in some projects, the implementation of BIM relies on the mindset of the contractor.
To be more precise, the contractor is responsible to decide whether or not they will use BIM
applications for the execution of the specific construction project. This decision is taken considering
the complexity and the location of the project as well as the available resources. In other words, the
implementation of BIM constitutes an initiative of the contractor and he is responsible for covering
the associated costs on his own.

In this case, the contractor should be able to substantiate clearly the benefit that they will gain after
the employment of BIM. Thus, he will be able to evaluate its usage. In order to do so, the contractor
should carry out a CBA including all the costs and profits that will emerge during the project execution
if BIM applications are used. Undoubtedly, there are numerous variables and processes to be taken
into consideration while conducting a CBA of this kind. Hence, a framework which would provide a
transparent and standard procedure, able to compare the cost and benefits of BIM in any construction
project is of high value.

3.3.1 Evaluation of Costs

The costs of BIM implementation refer to the amount of money required in order to use this means
of creating and managing information in a construction project. Based on the interviews conducted,
an effort was made to define these costs and assign the monetary value corresponding to them.
Undoubtedly, each project involved different software, hardware and BIM team and consequently
required different amount of resources. However, an attempt was made to find the common sources
of cost among the projects and define categories for them. Hence, the 3 categories made based on
the sources of BIM costs in construction projects are the following:

o Software: Based on the scope, size, location and the type of the contract of each project, different
BIM execution was planned. As a result, the software to be used was chosen according the needs
of the project and the requirements of the client. The costs that accompany the use of software
refer to its acquisition, meaning the licenses that had to be bought in order to use it. It should be
remarked, that in order to ensure interoperability, BAM International as a contractor, should use
the same software as the architectural and structural designers. Consequently, the required
licenses must be acquired. The cost of the software can be calculated as follows:

Cs= Y™ Cli*Ti (1)

Where, Cs: the cost of software in €
Cii: the cost of license per software (i) per day in € and
Ti: number of days that software i is used
N: number of different software programs



o Hardware: Apart from the special software, the essential hardware has to be acquired as well,
depending on the needs of the project. This hardware might not be already available by the
company especially in projects located on places where BAM International has not operated
before. Thus, the BIM execution on-site requires the usage of hardware such as computers,
tablets, laser scans etc. The costs of this hardware is covered most of the times by the contractor.
(Cn)

o Working hours: The use of software and hardware requires the essential amount of human
resources either on-site or at the office. Usually, the contractor forms a BIM team which consists
of the BIM Manager and a few technicians who possess the necessary knowledge. Hence, a
monetary value is assigned to the working hours that the members of BIM team devote to the
project. It should be noted that the value of a working hour depends on the location of the
project, the local currency and the local cost per hour.

Cw = Wh* Ct 2)

Where, Cw: the cost of working hours in €
Wh: the number of working manhours on BIM
Ct: local cost rate per working hour (€/hour)

To conclude, in each project, the costs will be analysed and assigned to the three categories
aforementioned in order to clearly define the variables, technological means and processes
considered.

3.3.2 Evaluation of Benefits

3D visualisation capabilities in combination with the time factor, turn BIM into a virtual construction
platform. As a result, comparisons of the as-planned and as-built progress in BIM are possible at any
time and can keep the project participants up-to-date on a variety of tacit issues, such as
constructability reviews, safety checks and proactive schedule optimizations (Li, et al., 2014).

The benefits resulting from the implementation of BIM in a construction project vary and are hard to
be clearly quantified. This is mainly caused because of the lack of information available. Also, there
remains a lack of established quantitative knowledge regarding the impact that BIM can have on the
general outcome of a construction project and how it can enhance it (Li, et al., 2014).

Tangible benefits

The term “tangible benefits” refers to the effects that are relatively easy to determine (Mouter, CBA)
and, thus, can be quantifiable and associated with a monetary value. Therefore, all the tangible
benefits if they are analysed in detail lead to the most important benefit of BIM; the saving of costs.

Cost saving: The saving of costs constitutes the main tangible benefit of BIM implementation. This
benefit emerges from different sources that will be analysed. The gains that arise after the usage of
BIM are the variable that will be compared to the total costs of BIM employment in order to evaluate
its usage.

o Time saving (Br): The applications of BIM such as the 3D model and 4D planning bring
numerous benefits that result to saving of time. To be more precise, there is efficiency on time
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and the duration of an activity is reduced. It should be mentioned that the result of this benefit
is the efficiency on time gained by the contractor. The contractor receives the 3D model from
the designers and still has to work on them in order to create a 3D model of higher detail
(LOD400) which would be ready to be built. To be more precise, BAM International as a
contractor works on the 3D model for permanent works (LOD350) as well as the rebar
modeling (LOD400). Eventually, they broadcast the models on BIM360 Glue and export 2D
shop drawings to be used for Site Execution. It is proved that working on 3D model requires
fewer working hours than working on 2D drawings (Hergunsel, 2011). This difference on time
increases the efficiency of the contractor. Therefore, the costs of labour for the working
people associated to this activity are reduced.

Especially, if an activity is on the critical path, the decrease of its duration affects directly the
total duration of the project. However, it is assumed that if the activity is not on the critical
path, the decrease of its duration does not affect the total duration of the project.

Each construction project involves running costs which include costs for administration,
equipment and labour. Consequently, the saving of time leads to saving of running costs of
the whole project. As a result, the tangible benefit which emerges from the use of BIM can be
simply calculated considering the time, and consequently the cost, that the same procedure
would take if it was executed with the traditional way.

- For non-critical activities

Bt = At Cw = (Tt — Tn) * Cw (3)
- For critical activities

Bt = At « Cr = (Tt — Tn) = Cr (4)

Where, Bt: the tangible benefit of time saving in €
Tt: number of working hours with the traditional way
Tn: number of working hours with BIM usage
Cw: costs of human resources per working hour in €
Cr: running costs of the project per working hour in €

Reduction of waste (Bm): 3D model increases the accuracy of Material Take-Off (MTO) and the
Bill of Quantities (BOQ). If the 3D model is not used, the Project Team must estimate the
guantities by hand. This procedure is associated with the risk of errors in calculations.
Consequently, when quantities are estimated according to the 3D model, there is reduction or
errors regarding the quantities of materials. In other words, the margin of errors regarding the
BOQ is decreased. As a result, the over-ordering of materials is avoided and the waste of them at
the end of the project is reduced. This benefit can be quantified by comparing the amount of
materials if the calculations was executed with the traditional way to the amount of materials
calculated with the implementation of BIM. Of course, this calculation should be done for each
type of materials considering that their price varies.

Bm =AQ «Cm = (Qt — Qn) * Cm (5)



Where, Bm: the tangible benefit of waste saving in €
Qt: the quantity of materials calculated with the traditional way (in m3, m?2 or by piece)
Qn: the quantity of materials calculated with BIM usage (in m3, m? or by piece)
Cm: the cost of material per m3, m? or by piece in €

o Prevention of potential failures (Bf): BIM applications offers the ability to detect clashes,
defficiencies and errors at an early stage. This helps the contractor face these conflicts before
going to the construction site. As a result, failures and the associated cost to these failures are
avoided. If these conflicts were not detected and solved on time, then the contractor would have
to pay additional cost in order to solve the clash and pay the extra resources that would be
needed in order to fix the problems. This benefit is defined by the additional amount of money
that would be needed if the failure had actually happened during the project execution phase on
the construction site.

Added value (By): In case BIM implementation is a requirement of the client, and therefore is included
in the contract/BOQ, the cost to the client of the BOQ item is considered benefit for the contractor.
This benefit consists of the additional value that the contractor gains because he is selling these
services to the client. Therefore, this benefit is the amount of money presented in the BOQ, that the
client pays and the contractor perceives.

Intangible Benefits

In contrast to tangible benefits, intangible benefits are the abstract and non-quantifiable effects,
which are therefore difficult to concretely estimate both ‘ex ante’ and ‘ex post’ in a CBA. Regarding
the implementation of BIM, there are currently numerous intangible benefits which in specific cases
or events can be tangible. Therefore, this part refers to the benefits that are currently intangible but
the framework aims to quantify them.

o Trust: The visualisation of 3D modeling and the clear arrangement of 4D planning give to the
client and the numerous stakeholders a better understanding. Thus, they help the contractor gain
the trust of the client and other stakeholders and also give confidence to all parties who take part
in the construction.

o Supervision: BIM applications give to the Project Team the tools to supervise the process of the
execution and monitor in detail. In this way, the time and cost limits are constantly considered
and the human resources are controlled.

o Commercial use: Apart from the tangible benefits of commercial use, this aspect can also offer
intanginble benefits. To be more precise, the possession of information and data regarding the
project can give to the contractor many possibilities. Firstly, it establishes his position and
contribution to the whole project. Secondly, the increased documentation helps in forming
complete claims and thus, increase the possibility for these claims to be accepted by the client.
In addition, during the execution, he can use this information he can track changes and specify
which of the stakeholders should bare the cost of them. Finally, based on the available data he is
able to verify the results at the end of the project.

o Quality: Up-to-date as-built drawings can be exported from the 3D model during the progress of
the construction which can offer higher quality and more detail than the traditional 2D drawings.
This enhancement of quality is caused because clashes and mistakes are detected on time and
the information is taken from the source.



o Collaboration: The communication and collaboration among the stakeholders and within the
project team is improved. The participants of the project work in a Common Data Environment
which facilitates the distribution of information. As a result, the people working in the project can
cooperate and exchange information smoothly.

3.4 Problems with the Quantification of Benefits

As already mentioned, despite the beneficial side of BIM, there are numerous barriers that hamper its
usage. One of the main obstacles is the lack of an established quantitative knowledge as to how BIM
can ameliorate the overall outcome of a construction project. To be more precise, the lack of clear
substantiation of the costs and benefits does not encourage the employment of BIM in construction
projects.

So far measuring tools have been designed in a way that requires BIM users to report the associated
costs and benefits. On the one hand, these tools are useful in that they involve frontline BIM users
and encourage them to examine costs and benefits comprehensively. However, the weakness of these
tools is that they rely mainly on anecdotal evidence and the subjective judgments of users (Lu, Fung,
Peng, Liang, & Rowlinson, 2014). As a result, potential users of BIM do not have a clear understanding
of the expected costs and benefits. The causes and possible solutions of this problem are further
analysed.

3.4.1 Causes

e Insufficient knowledge of a benchmark situation without BIM: Due to the recent introduction of
BIM, in most of the times, the Project Team decides to implement BIM without investigating the
alternative. In other words, stakeholders are not aware of the situation and the progress without
the use of BIM. As a result, there is not available data to compare the benefits that emerge with
and without BIM.

e More assumptions needed: The fact that the two alternatives are not considered leads to
assumptions. To be more precise, in order to substantiate the benefits of BIM, the Project Team
must make several assumptions regarding what would have happened if BIM had not been used.

e Benefits are not detected on time: In the majority of the projects, the benefits are not detected
and recorded on time. Previous research has indicated that many asset owners do not prepare a
benefits delivery plan when considering an investment in IS and are unable to determine if
expected benefits are being achieved (Love, Simpson, Hill, & Standing, 2013). Consequently,
when BIM implementation is investigated, the information needed is not taken from the source.
As a result, when the benefits are substantiated, the Project Team has lost track of it and it is
difficult to go back. Hence, most of the benefits are considered intangible and hard to be
guantified.

e Relying on anecdotal testimonies does not capture the full picture: When the benefits are not
detected on time, the Project Team has to rely on testimonies and interviews of people that
worked on site. However, if this happens when the project has been completed, the benefits
detected are more vague and intangible. In contrast, if these positive profits were recorded on
the spot and according to specific events, then they would be associated to a real value more
easily.

e Unreliable calculations: The assumptions that need to be done in order to quantify the benefits
after the project is completed, lead to unreliable calculations. The accuracy of these calculations



depends on the crisis of the analyst and the assumptions that has to make in order to conclude
to some monetary values.

3.4.2 Potential Solutions Proposed

e Keep a detailed record: A detailed daily or weekly record of the costs and benefits would capture
accurately the positive and negative costs and avoid assumptions. This record could have the
form of a journal or spreadsheet and would include thoroughly all the amounts of money either
as inputs or outputs. Also, it would include specific events that caused the benefits. This record
would constitute one of the responsibilities of the people working on the construction site and
the member of the BIM team. Therefore, it would not require additional cost for the contractor.

e Conductlessons learnt sessions: Another productive solution would be to hold sessions of lessons
learnt every month as a group in order to capture these lessons from other stakeholders and third
parties regarding BIM. These lessons would help improve the performance and also focus on the
inputs from the benefits. In addition, it would encourage the group to keep up to date with the
changes in the project and the technological means available and adjust to them if possible.

3.5 Framework

3.5.1 Functionality of the Framework

The aim of this framework is to provide a defined procedure that will achieve the quantification of
costs and benefits due to BIM implementation. This will be attained by thoroughly analysing the
source of each cost and benefit and assign monetary values to it. In this way, even the intangible
benefits can receive a value and thus constitute a variable in the formula. The most underlying aspect
of BIM evaluation is to understand what is to be measured. The dynamic nature of BIM methods
means that its content will regularly change. Consequently, qualitative measures that provide a
rationale for plenty of intangible benefits are required (Love, Simpson, Hill, & Standing, 2013).

The framework to be developed will constitute a standard method, applicable in any construction
project. To be more precise, it would be the stepping stone between the problems and the solutions
mentioned above. Currently, the most important obstacle of the quantification of benefits is their
abstract nature. Therefore, this framework would be the bridge between the intangible and tangible
benefits as it would make them as much quantifiable as possible.

In this way, the user would have a useful measurement tool for BIM implementation. Some of the
most used methods employed for prediction and evaluation by asset owners are the Internal Rate of
Return (IRR), Net Present Value (NPV) and ROI. The foundation of such methods is that the costs of an
investment need to be related to the benefits that it aims to bring. However, a challenge with this
balancing act is that costs normally arise immediately, while the benefits incure later in the future
(Love, Simpson, Hill, & Standing, 2013).
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Figure 11 Functionality of the Framework

3.5.2 Formula of the Framework

Benefits Characterisation

The framework is developed on Ms-Excel and acquires the form of an inclusive and detailed table. This
table includes all the steps that the user should follow in order to reach the calculation of Costs and
Benefits ratio. It should be mentioned, that these steps represent the CBA guidelines and are
applicable in any construction project. In this part, a detailed description of the framework is given in
order to explain the way it works and familiarise him with the functionality of it.

Firstly, the framework involves an extensive list including all the benefits that emerge from the
implementation of the different aspects of BIM. Particularly, the 3D model and 4D planning are only
considered as the 5D linkage with cost has not been widely used in the AEC industry yet. Subsequently,
8 different workflows of BIM are chosen to be analysed including the following;

3D permanent model

3D model for Quantity take-off
3D Based surveying

4D model for planning

4D progress monitoring

5D model for cost estimating
Site data capturing

Added value

©® NV WNRE

Following the initial categorisation, for each workflow, there is a short list of the main benefits that
are generated along with a brief definition of it. These benefits are chosen based on the investigation
of the Case Studies that was carried out. The data collection in combination with the interviews with
people that possess expertise and experience in the AEC industry, led to the identification of the most
valuable benefits. Subsequently, the user has to define if each benefit was acquired in the project
under investigation.

As expected, the benefits listed are either quantifiable or non-quantifiable; based on the information
that is available. Thus, the first step after the definition is the characterisation of them as tangible or
intangible. It should be remarked, that this characterisation concerns the specific project which is
studied. To be more precise, as already mentioned, abstract benefits that are considered intangible,
can be quantified if the right data, regarding the on-site conditions, is available. Therefore, the
definition as either tangible or intangible depends completely on the information that the user of the
framework possesses.



Consequently, the use of the framework continues as follows. If the benefit is classified as intangible,
the substantiation of it stops there. In contrast, if the user classifies it as tangible it means that he has
the right information in order to assign to the profit a monetary value. Therefore, he has to define the
factor upon which the quantification will be achieved. These three factors were analysed in section
3.5.2 and involve; (1) Saving of time, (2) Reduction of waste; (3) Added value in the contract. These
three factors represent different ways that can lead to cost saving for the side of the contractor. Then,
for each category the user has to give the essential data as follows.

o Saving of time: The user is required to insert the duration of the task with and without the
implementation of BIM. The actual duration that was achieved after the BIM implementation, is
readily available on the reports of the project. On the other hand, the estimation of the duration
of the task without BIM requires an assumption by the users. This assumption can be supported
by data found in the published literature. However, it constitutes one of the flaws that
characterise the existing evaluation methods. Hence, it is suggested that the user makes a
conservative assumption and does not overestimate the possibilities of BIM. Subsequently, the
user has to multiply the amount of time that was saved with the operational costs. The
operational cost signifies the running cost that the contractor has to cover for every day spent on
the construction site. The result is the amount of money gained by the contractor.

o Reduction of waste: If the user claims that the cost saving was achieved because of reduction of
waste of materials, then the quantities of materials with and without the use of BIM should be
inserted in the formula. The comparison refers to the BOQ calculated based on the 3D model and
the BOQ that would have been formed with the traditional way. Similarly to the previous factor,
subjective judgements have to be made because the actual events were not recorded the
moment they happened on-site. As a result, the user cannot estimate accurately the quantity of
materials that were leftover at the end of the project. In any case, the user is required to insert
the quantity and the corresponding price in € for each m3, m2 or unit. The value which emerges
is the benefit gained by the contractor because of waste reduction.

o Added value: The third factor refers to the value that BIM implementation adds to the reward of
the contractor. As already mentioned, if BIM strategy constitutes a requirement from the side of
the client, then the reward of the contractor in the contract might be higher. This value is a clear
number and refers to the part of the contract value that corresponds to BIM execution.

Literature Reference

The monetary quantification of costs and benefits is based on the information and data acquired from
the interviews and the reports of the company. However, the detailed literature review helped in
collecting valuable data regarding this quantification as well. Hence, a reference on the data provided
by the already published literature is made. This reference is essential in order to support the
calculations and confirm their soundness.

Cost Definition

This part constitutes the less time-consuming step of the framework as it requires data which is surely
recorded. Before the calculation of the final B/C ratio, the user is requested to insert carefully the
costs that were required for the implementation of BIM applications. Given that the nature of costs
could be either direct or indirect, the evaluation framework takes into account only the direct costs.
This choice can be explained because these costs are considered to be essential for the usage of BIM,



otherwise without them the implementation would be impossible. For example, the cost of training is
not considered as it constitutes a cost that will be partly absorbed by the company in future projects.
Hence, the costs of software, hardware and personnel are considered direct and have to be inserted
from the user. Finally, the total cost is calculated.

Costs
Software: Price per license (€)
Cs = Sum of licenses cost (€)
Hardware: Price for new hardware acquired (€)
Cu = Sum of hardware that is purchased (€)
Personnel: Number of working hours x price per hour (€)
Cw = Number of resources x number of days x number of working hours x price per hour (€)

Total Cost = C = Cs + Cy+ Cw (6)
Benefits

Cost saving: B¢ = Br + By + B¢(€) (7)
Added value: By (€)

Total Benefit = B = B¢+ By (€) (8)

Cost and Benefit Ratio

B
The result of a CBA is the Cost and Benefit Ratio (E ). This value reflects the amount of money gained

for every unit of money invested. However, the function of the framework is not limited in simply
assigning monetary values to the costs and profits of BIM. In contrast, the aim of this process is to
familiarise the user with the actual value that the benefits offer to the side of the contractor. This is
achieved by clearly presenting the variables that lie behind the calculation of costs and profits. In this
way, users are able to evaluate how BIM applications work and if they are finally beneficial or not.

Quantification of
positive & negative costs

Definition of Inputs & Result

Outputs

Figure 12 Visual representation of the Framework

3.6 Conclusion

This chapter focuses on the challenges around the quantification of costs and benefits associated to
the implementation of BIM. The aim of the suggested Framework is to face these problems by

[
. Sub-question 3: How can the costs and benefits associated to the implementation of BIM be
| effectively substantiated? |
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providing efficient solutions. In this part, the researcher makes an introduction to the CBA which
constitutes the foundation of the suggested evaluative method. Moreover, she explains in detail the
way that the evaluation will be executed and provides a thorough description of the functionality of
the Framework. After completing the above, the researcher is able to answer the Sub-question 3.

The effective substantiation of costs and benefits is proven quite challenging. The most important
problem is the lack of sufficient knowledge and information regarding BIM implementation. This lack
requires personal assumptions and testimonies regarding the costs and benefits of BIM. Subsequently,
this leads to inaccurate calculations.

This substantiation can be effectively implemented and consists of a few steps. These steps involve
the detailed record on a regular basis of important data and all the events that happen on site and
have to do with BIM. These events would be caused due to BIM usage and would either reduce the
duration of the activities, reduce the waste or would offer added value to the services. The reduction
of the duration and waste is directly connected with saving of cost. Therefore, the benefits would be
assigned a specific monetary value with the use of Eq. (3), (4), (5) & (7). Eventually, the Total Benefit
of BIM is calculated according to Eq. (8).

Apart from the benefits, the Project Team would be responsible to thoroughly record all the required
costs which involve the cost of software, hardware and personnel that are needed specifically for the
usage of BIM. The cost of software would be quantified based on the cost of the licenses needed with
the use of Eq. (1). Following, the cost of hardware refers to the amount of money required in order to
acquire the technological means that would support BIM implementation. Finally, the cost of
personnel corresponds to the salary of the people that work specifically on BIM methods and is
calculated according to Eq. (2). Finally, the Total Cost of BIM stems from substantiation of costs and
benefits associated to BIM is the B/C ratio which emerges by dividing Eq. (8) by Eq. (6).

The proposed Framework deals with the challenges in substantiation as it provides standard
guidelines which aim to record all the important data, facilitate the calculation of costs and benefits
and avoid personal assumptions.



4. APPLICATION OF THE FRAMEWORK ON CASE STUDIES

4.1 Introduction

As already mentioned, BAM International intends to fully adapt BIM tools in order to add value to the
services it provides. This procedure should be carefully planned according to the needs of the clients
and the company as well. The aim of the proposed Framework is to capture the particular
characteristics of each project through a standard method which is applicable in any project. In this
way, the contractor can be fully aware of the monetary value of BIM implementation according to the
special conditions of the project and the requirements of the client.

Considering that each construction project requires tailor-made management, the proposed
evaluation procedure is applied on 5 different Case Studies. The Cases Studies that will be explored
are listed on Table 1. Each Case Study possesses different characteristics. These characteristics involve
the workflows of BIM used, the Total Cost and the type of the project, the costs of BIM implementation
required as well as the size of it. The Table 1 includes information such as the location of the project,
the total cost of it, the workflows of BIM that are used and the one that ensured the highest benefit.
In order to introduce the reader to the projects. Moreover, as mentioned before, they also refer to
the conditions of the project such as the location of the project itself, the working location of the BIM
team and the requirements of the client regarding BIM applications. Hence, in order to extrapolate
accurate results regarding the B/C ratio in each Case Study, all the above characteristics are thoroughly
defined.

The application of the proposed standard and transparent method on Case Studies aims to provide a
full insight into the employment of it on real-life situations. This application will be achieved through
face-to-face interviews which will allow the researcher collect the data she needs. The result of the
application will be the interpretation of the B/C ratios and will provide a holistic approach regarding
the evaluation of BIM implementation in construction projects.

Table 1 Main characteristics of Projects

Total Cost of the Workflow of the
Project Location Project Type of Project Workflows Applied Highest Benefit
3D Permanent Model, 3D Model for QTO, 3D
APM Based Surveying, 4D Model for Planning, 4D Model
Terminal CostaRica | $ 500.000.000,00 Marine for Progress Monitoring 4D Planning

3D Permanent Model, 3D Model for QTO, 4D
Model for Planning, 4D Model for Progress
London City Monitoring, 5D Model for Cost Estimation, Site 3D Permanent

Airport (LCA) UK € 95.000.000,00 Building Data Capturing Model

3D Permanent Model, 3D Model for QTO, 3D
Based Surveying, 4D Model for Planning, 4D Model

Musem of for Progress Monitoring, 5D Model for Cost 3D Permanent
the Future UAE € 204.229.663,11 Building Estimation, Site Data Capturing Model
3D Permanent
IKEA Project [ Indonesia | € 40.000.000,00 Building 3D Permanent Model, 3D Model for QTO Model

3D Permanent Model, 3D Model for QTO, 4D
Model for Planning, 4D Model for Progress
Monitoring, 5D Model for Cost Estimation, Site
BAS Antarctica | £ 28.783.627,00 Building Data Capturing 4D Planning

4.2 APM Container Terminal in Moin - Costa Rica

4.2.1 General Information
This project involves the construction of a new container terminal for APM terminals in Moin, Costa
Rica as shown on Fig. 13. The type of the contract between the client and the contractors was



Construct only. The clients were the Government of Costa Rica and APM terminals; an international
container terminal operating company. The contractor was a consortium including BAM International
and Van Oord, two Dutch construction companies. It should be remarked that each company had
different scope and role in the whole project. The design of the electrical work package was
subcontracted to an electrical design company (ABB).

The initiation of the project was on October 2013 but it was not until the beginning of 2015 that the
execution actually began. This delay was mostly due to environmental and permit reasons. In addition,
the initial duration of the project implementation was 32.5 months. However, because of the
complexity of the project and several other reasons, the container terminal was handed over to the
client on the 1%t of March 2019. This delay was foreseen and accepted by the client and was caused by
numerous reasons. Firstly, a significant reason of the delay were the weather conditions and
specifically the extraordinary height of the waves which was not expected. Particularly, given the
special location of the project, a temporary protection was built based on certain wave data. However,
these values were exceeded as the wave conditions were harder than anticipated. In addition, delays
were caused by changes in the design from the designers and the client.

The usage of BIM applications was an initiative from the side of the contractor and was not imposed
by the client. It was not before 2015 that contractor realised that DC would be beneficial. Indeed, at
the end of the project the contractor much more than expected. Given the remote location of the
project, a BIM team of 5 people including the BIM Engineer worked on site and, when the project was
completed, this choice was considered of high importance because they managed to apply BIM
efficiently. Particularly, they made use of multiple aspects of the 3D Model (3D Permanent Model, 3D
for QTO and 3D Based Surveying) and the 4D Model (4D Model for Planning and 4D Progress
Monitoring). Eventually, gained the highest benefit from the Coordination of interfaces and
simultaneous operations, which was facilitated with the use of the 4D Model. Both workflows
accommodated commercial purposes as the contractor was able to explain the time delays they faced
to the client. This ensured credibility between the two parties. Following, the substantiation of the
costs and benefits was implemented on the Framework and is given on section 4.2.2.
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Figure 13 APM Terminal in Moin, Costa Rica (BAM International Projects, 2020)

4.2.2 Definition & Quantification of inputs & outputs

According to the Fig. 14 and Appendix A, the costs of BIM mainly involved the cost of software,
hardware and personnel while the tangible benefits refer to the as-built drawings, the surveying and
the progress monitoring.
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Figure 14 Quantification of Costs and Benefits in APM Terminal

Inputs

o Software

In order to implement the applications of BIM the company had to acquire the special software which
was not already available. This software was mainly required for the 3D modeling and the 4D planning.
Particularly, there was a requirement for software from Autodesk and Synchro Pro. The cost of the
software refers to the number of licenses that have to be bought for the necessary period of time.
Hence, most of the times the cost is quantified on a daily basis.

o Hardware

It should be remarked that BIM was used by a team on-site. Therefore, the essential hardware had to
be bought by the company. This included mainly computers and tablets.

o Personnel

The BIM team consisted of 5 people (Draftsmen, BIM Modeler & BIM Engineer) working on site and
on different aspects of BIM. The cost of human resources is estimated by multiplying the number of
resources with the local cost per working hour.

Total cost = $ 398,625

Outputs

The tangible benefits represent the ones that can be substantiated. Their quantification is achieved
based on the period of time which was saved in each activity after the implementation of BIM.
Therefore, in order to estimate the saving of time the duration of the activity with and without BIM is
given. The lack of on-the-spot information though, requires assumptions regarding these durations.
Then, the difference of these two durations is calculated and the result corresponds to the saving of
time because of BIM usage. This period of time is multiplied with the number of resources that are
involved in this activity and with the monthly rate of the resources in dollars. The result is the benefit
gained by the specific activity. Considering that the rate of the resources is monthly, every duration is
estimated on a monthly base. Precisely, for the APM Terminal, the following calculations emerge:

o As-built drawings

Considering that the 3D model was updated during the construction of the terminal, at the end of the
project, the team had available all the As-built drawings. This helped them save time and ensure
accurate and up-to-date drawings of the whole project. If the 3D model had not been used, at the
end of the project, 2 draftsmen would be needed to work further in order to produce the 2D as-built
drawings and illustrate in detail the final product. After the implementation of BIM, the duration of
time needed for the extraction of as-built drawings was 0 days. As mentioned above, the as-built



drawings are extracted from the 3D model when the execution phase is completed. Therefore, no
additional time to work on their production is needed whereas if BIM was not used, the production
of 2D as-built drawings would take 5 months. Also, 7 crews of 2 working people would be needed.
This is multiplied with the monthly rate in dollars.

o 3D Based Surveying

Due to the use of the 3D model, the surveying on site was facilitated and much time was saved. At the
beginning, the surveyors would go to the construction site and define the coordinates manually with
the total station. Instead, with the use of BIM, the surveyors could install the 3D model and thus have
the coordinates already available in their total station. Apart from saving time on daily basis, it also
ensured accuracy in the coordination. The use of 3D model facilitated significantly the work of
surveyors. Particularly, the surveyors could install the 3D model on their total stations and thus, have
the coordinates of the construction site available. As a result, they saved 1.5 hrs per day in order to
capture all the elevations and the coordinates needed. Again, this duration that corresponds to the
saving of time was multiplied by the number of crews needed and the monthly rate of each crew.

o Interface coordination

4D model was efficiently used for time planning during project execution. Hence, it was remarked
that the average progress had an increase from 1.08% (without BIM implementation) to a 1.82% (with
BIM implementation). As a result, there was a 68% saving of time. In short, this means that if an activity
lasted 1 day with the use of BIM, it would last 1.68 days without it. Therefore, there was 8% quicker
progress. Regarding the coordination of utilities, it emerges that this activity lasted 6 weeks with the
use of BIM and 10.08 without it. The saving of time led to saving of operational costs. Thus, the
difference of the two durations is multiplied with the operational costs of the project per day. The
construction of APM Terminal in Moin was a large project with a size of 40 hectares. Also, it was a
significantly complex project involving numerous different disciplines and activities. Consequently,
there was high need of efficient interface management. Particularly, the multiple activities had to be
coordinated carefully. Otherwise, there would be confusion on-site and conflicts among the different
tasks which would lead to unforeseen time delays. The coordination of interfaces was achieved with
the employment of 4D planning.

Additional Information: The price of the human resources in dollars is given on a monthly rate. Hence,
the saving of time is also calculated on a monthly basis. In all the calculations the following data is
used:

= 1 week includes 6 working days

= 1 working day includes 10 working hours

= 1 month consists on average of 4.33 weeks

The Total Benefit that emerges from the above calculations is $ 3.214.430.

Cost-Benefit Ratio
After the calculation of the costs and benefits of BIM implementation, their ratio is estimated. The
result of this calculation is:

=8,063~8
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4.3 London City Airport — United Kingdom

4.3.1 General Information

This project involves a contract for BAM Nuttall and BAM International for a concrete deck extension
of 75.000 m? in London City Airport. The location of the project is shown on Fig. 15. The two
companies formed a Joint Venture and were handed over the project by a Group of Investors. The
motivation for this project was the problem of capacity in the airport. This problem led to increase of
the traffic. The old airport was built 100 years ago and there were limitations. Particularly, there was
only one runway and there was no taxi way. In addition, the main purpose of the extension was that
there were a few parking spots for airplanes. The extension will also include a new terminal building.
The deck is the first stage of construction, as part of the £480m City Airport Development Program.
This program will significantly change London City Airport (LCA), aiming to offer improved facilities to
customers, an expanded number of flights and more space to accommodate passengers. This
expansion will enable annual passengers to grow from the current 4.5 million to 6.5 million. The piling
and decking contract value is approximately €95 million (£85 million). The works on site were initiated
in Spring of 2018 and the completion of them was scheduled for the beginning of 2020.

On this project, BIM Implementation was mandatory for the contractor. However, it was proven
beneficial as it promoted collaboration, avoided delays and detected a significant number of clashes.
The team used to have collaboration issues because the involvement of many participants and
different subcontractors made the engagement to the project hard. The BIM workflows that were
applied on this project involved the 3D and 4D model. The quantification of the benefits that were
generated and the involved costs was implemented on the Framework and is given on section 4.3.2.
When the project was completed, the engineers stated that, generally, BIM Implementation needs
adequate training and sufficient resources which involve early to the process, in order to work.
Eventually, they highlighted the potential they see in commercial use of BIM.

—_— .

Figure 15 London City Arirport in UK (BAM International Projects, 2020)

4.3.2 Definition & Quantification of inputs & outputs

Regarding the project in LCA, after the initial discussion with the Engineering Manager and the BIM
Designer it was possible to collect some general data about the project and also identify the benefits
that existed according to the list of the Framework. Therefore, during the following interactions with
the Engineering Manager of the project, the quantification of the tangible benefits was achieved. Also,
the data for the calculation of the costs of BIM implementation was collected. As a result, the following
inputs and outputs of Fig. 16 were calculated. The calculations are given in detail on Appendix B.
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Figure 16 Quantification of Costs and Benefits in LCA

Inputs

As inputs were considered the cost of Software, Hardware and Human Resources that were required
for the implementation of BIM applications. Particularly, regarding the Hardware, there were 8
computers acquired specifically for the usage of BIM. Also, there was required a smart screen and a
pair of VR goggles. Following, there were required the licenses for the usage of the essential software.
Firstly, BIM 360 & Revit provided from Autodesk were used for the creation and handling of the 3D
model. Moreover, Revizto and Solibri were used for the integration of the multiple disciplines into the
3D model and the handling of the information. Hence, effective collaboration was achieved. Finally,
Navisworks was used for the creation of the 4D Model. Finally, regarding the personnel, the BIM team
consisted of the BIM Manager, the Project Information Manager, the Digital Designer, the Engineering
Manager, the Document Controller, the 4D Planner and 5 Engineers. It should be mentioned that not
all of the members were working constantly and only on the specific project. Therefore, a coefficient
was considered in order to estimate the part of the total time period that was dedicated for LCA.

Subsequently, the Total Cost of BIM implementation for LCA were equal to 695.005,22 €.

Outputs

o Requests for Information

The usage of the necessary software helped the BIM team rise Requests for Information on time.
These requests helped a lot in solving the matters the emerged faster. These issues mostly concerned
the design of the construction project. Therefore, BIM applications contributed in solving these RFls
in less days than it would normally take. In LCA, 550 RFIs were totally risen. The Engineering Manager
claimed that 23 of those were BIM related. Hence, the solving of each of them would normally take
37,6 days. However, BIM applications helped solve them on average within 14 days. As a result, 23,6
days was saved from the solving of each RFI. This leads to a total saving of 542,8 days. Moreover,
based on a conservative assumption that 5% of the activities relevant to RFls are on the critical path,
leads to a saving of 27,14 days of the total duration. Subsequently, this time saving is then multiplied
with the operational cost per day and leads to a cost saving of 1.248.440€.

o Efficiency of Processes (Time)

The 3D model contributed in creating the BOQ in an efficient and less time-consuming way. According
to the Risks & Opportunities Register, the contract is Lump Sum including the BOQ. However, this type
of contract involves the risk of estimating incorrect quantities. If the 3D model had not been used for
the QTO, the contracting company, in order to deal with this risk, would have to add more time and
resources in the creation of an accurate BOQ. Therefore, the time and cost that was saved from this
procedure, is considered a benefit for the contractor. Particularly, based on estimations, without the



3D model, 3 Engineers would be needed. Each Engineer would do 3 full revisions; each revision would
last 3 weeks and would cost 1.534€. In total, this generates a profit of 55.224¢€.

o Accuracy of Estimate

The Risks & Opportunities Register also includes the risk of “Quality or dimensional problems with
placing precast units in P1”. The strategy to deal with this risk would be to carry out on-site checks
prior to planning. This would require additional time and resources accompanied with the necessary
cost. These resources would be responsible for measuring the as-built and receive the new PC
elements. This could also, possibly lead to standby-time. Therefore, the handling of this risk would
require 2 Engineers in order to carry out 1 full revision of 12 weeks. This cost, in combination with the
additional cost of the PC elements and the standby time would lead to a cost of 958.632€. Considering
that because of BIM implementation this cost is avoided, this amount is a benefit for the contractor.

Additional Information: For the calculations realised above, the following statements were
considered.

= 1 month consists on average of 4.29 weeks

= 1 month consists of 22 working days

= 1 week includes 6 working days

= 1 working day consists of 10 working hours

= 1f~1,18€

Considering all the above, the Total Benefit of BIM implementation for LCA is 2.727.991,26 €.
Cost-Benefit Ratio

After the calculation of the costs and benefits of BIM implementation, their ratio is estimated. The
result of this calculation is:

=3,925=4
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4.4 The Museum of The Future in Dubai — United Arab Emirates

4.4.1 General Information

The Museum of the Future in Dubai is a project initiated by the Prime Minister of United Arab Emirates
and aims to explore the future of science, technology and innovation. It is located close to Burj Khalifa
and was expected to be hosting the World Expo 2020 starting the October of 2020. In contrast to its
name, this building is mainly an exhibition space which will host innovative concepts. Also, it will
include several spaces involving labs, foods and beverages as well as an auditorium of 400 seats. The
Museum of the Future is significantly well-known on a worldwide level because of its unique and
innovative design as shown on Fig. 17. This design also makes it a demanding construction project.
The type of the contract for BAM International was Construct only. However, it should be mentioned
that the company was also responsible for the design of few elements of the project. The project was
initiated on the 8™ of January in 2017 and it is still under construction. It has not yet been handed over
due to some delays. These delays are mostly caused by changes in the design and the complexity of
the project itself.



Regarding the implementation of BIM on this specific project, experts claim that the execution of it
would not have been feasible without the use of BIM applications. It should be remarked though, that
the employment of BIM was a requirement from the client so the company already made use of it
from the Tender phase. BAM International together with the Employer’s Representantive, Employer
Financial Consultant and the Subcontractors, held a BIM Kick-off Meeting in order to agree on the
deliverables and the milestones. The most important result of this meeting was the BIM Execution
Plan. Part of this meeting was also the definition of the BIM software and tools to be used by the team.
The workflows of BIM that were applied on this project include the different functions of the 3D
Permanent Model (QTO, 3D based surveying), the 4D Model (Planning and Monitoring), the 5D Model
for Cost Estimation as well as the Site Data Capturing because a Laser Scan was used on-site. The clear
guantification of the costs and benefits that was implemented with the use of the Framework, is given
on the following section.

Figure 17 Museum of The Future in Dubai, UAE (BAM International Projects, 2020)
4.4.2 Definition & Quantification of inputs & outputs
According to Fig. 18, the costs of BIM implementation in the specific project mainly involve the cost

of software, hardware and personnel while the benefits vary. The values that emerge for the costs
and benefits are thoroughly presented on Appendix C.
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Figure 18 Quantification of Costs and Benefits in MotF

Inputs

o Software

During the Kick-off Meeting, it was decided that an Autodesk Package would be used including Revit,
AutoCAD, BIM 360 FIELD and BIM 360 GLUE and Navisworks. Also, TEKLA Trimble and CATIA were
used for the structural design and SYNCHRO for the planning of the project. The licenses of these
software programs are one of the main sources of costs regarding BIM. However, in this case, most of
these licenses were acquired by subcontractors or by BAM International during the Tender phase.
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Therefore, BAM International was required to cover the costs of the working hours on BIM during the
Execution phase. BAM International had to cover the costs of 5 licenses for REVIT 2017 and BIM 360.

o Hardware

The cost of hardware for the specific project involves the acquisition of work stations able to support
the use of the aforementioned software.

o Personnel

The composition of BIM team was not the same during the whole execution of the project. The first
23 months, the BIM team consisted of 2 Structural Modellers, 2 Architectural Modellers, 1 MEP
Modeller, 1 BIM Coordinator and 1 BIM Manager. However, the next 17 months the needs of the
project changed so there was only 1 Structural and 1 Architectural Modeller. Hence, the BIM team
included 5 members. It should be mentioned that considering that training was only done in-house,
the training hours are considered part of the total number of working man-hours.

Outputs

o Clash Detection & Design Changes

The early detection of clashes among the Structural, Architectural and MEP drawings contributed in
saving valuable time and cost later during the project execution. Particularly, a total of 88 clash reports
were raised. Each of these reports helped save approximately 5 days in a later stage. Moreover, 379
coordination issues were raised. The solving of these issues led to a saving of 1 day for every clash
solved. Eventually, in order to calculate the cost saving of this benefit, it was considered that 5 human
resources were required that worked for 10 hours per day. The on-time dealing with these detected
clashes and the coordination issues produced a profit of 109.865,85 €.

o Complexity of Structure (Shape)

The specific building is very well known for its special and complex design. It is made of numerous
steel diagrids. The structural diagrid was produced and imported in Revit. Considering that each
diagrid is accompanied by its own type and ID, it was less time-consuming for the subcontractor to
extract the quantities with the use of the 3D model. Thus, this feature was a huge cost-saver as it
enabled the order the quantities in bolk and on-time. This QTO helped the contractor save 6 days. It
should be mentioned that 2 people working 10 hours per day were required for the specific activity.
Eventually, the benefit that was generated was equal to 5.540,24 €.

o Efficiency of processes (Time)

The landscape of the Museum of the Future consists of a mount on which the building is located. Also,
the landscape consists of plants, trees etc. The quantities of these parts would be hard to quantify
without BIM, given that the shape of the mount is more abstract and the slope is very steep. Thus,
with the usage of BIM, it was possible to select the surface and quantify the quantities. Moreover,
architects made a lot of changes during the execution of the project which would also affect the
surface area. These changes were easier to implemente with the usage of the 3D Model.

Similar to the landscape, the lobby shell of the building owns a special shape. The 3D Model enabled
the technicians to quantify faster the calligraphy lights that would be placed on the outside of the
lobby shell. These quantities were generated by the polylines used on the 3D model. Hence, this led



to a time saving of 5 days which involved 2 people working for 10 hours as well as a more accurate
BOQ.

In addition to the parts mentioned above, the 3D Model contributed significantly in the calculation of
the materials needed for the facade and facade lighting. Considering that the shape of the whole
structure was complex, according to the engineers it would be impossible to calculate the amount of
the materials needed manually. Taking into account the time that was saved from the implementation
of all the tasks analysed above, the cost that was eventually saved was equal to 27.231,71 €.

o Efficiency of Data Collection and Handover

Apart from the intangible value, 3D Laser Scanning offered multiple tangible benefits to the
contractors. To be more precise, this technology enabled the engineers verify the structure and save
remarkable amount of time. For instance, engineers used the laser scan on the construction site in
order to inspect the rebar of the corballs before the concrete was poured. The scan showed that the
rebar was bigger than it should. Consequently, they were able to identify and solve the error on time
before the pouring of the concrete began. Thus, they achieved a saving of the manhours and the cost
that would be needed in order to fix the error in a later phase. The BIM applications helped the
contractor save an amount of 15.719,27 €.

o Accuracy of the Result

The site data capturing aims at capturing the actual situation on the construction site with the use of
special equipment. Subsequently, this contributes in achieving the desired result within the level of
tolerance initially decided. Also, when this procedure is done with the employment of the latest
technological means, much time and cost are saved. Particularly, regarding the MotF, an RTC operator
was used in order to mark the spots for the supports for the MEP services. If this procedure was done
in the traditional way, the total station should be set on-site, the mark the spots and drill the holes for
the hangers. This would ensure 4 hangers per hour. However, with the use of the necessary
technological means, 52 hangers were spotted per hour. In addition, less supervision was required.
This procedure generated a cost saving equal to 18.563,19 €.

To conclude, the Total Benefit that is generated for the side of the contractor from the benefits
guantified above is 176.920,26 €.

Additional Information: For the calculations realised above, the following statements were
considered.

= 1 working day consists of 10 working hours

= The local rate per hour of a technician is 11 DH.

= The local rate per hour of an Engineer is 77 DH.

= 1DH=4,1€

Cost-Benefit Ratio

After the calculation of the costs and benefits, their ratio is estimated. It should be highlighted that
this was a BIM mandated project. Therefore, the cost of BIM applications alongside with the cost of
personnel was covered by the client. As a result, in order to calculate the B/C ratio, the total cost is
added to the benefit of the contractor. Thus, the benefit emerges equal to 1.719.578,26 €. The result
of this calculation is:
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4.5 IKEA Project — Jakarta, Indonesia

4.5.1 General Information

This project involves the construction of a store of one of the most well-known brands on a worldwide
level; IKEA. The type of the contract is Construct Only and BAM International is responsible for the
delivery of this project to PT Archipelago Property Development; a subsidiary of The Dairy Farm
International Group. The value of this project is approximately 40.000.000€. BAM International
initiated the construction works on May 2019 and the completion of them is expected around
September 2020. The building will consist of five floors which consequently include two basements
and three retails floors. The large size of construction site is shown on Fig. 19 and the building, in total,
will be composed of more than 90.000 m2. This furniture and home products department store will
become the second Indonesian IKEA store and will be located in the Jakarta Garden City area in the
Eastern part of Jakarta.

Regarding the IKEA Project, BIM Implementation was a complete initiative of the contractor as the
client preferred the old-fashioned management and had to be convinced about BIM benefits. The
engineers and the Project Manager stated that the most important benefits were the reduction and
avoidance of errors, the management of change on the drawings between the contractor and the
subcontractors, the visualisation which ensured the understanding and the satisfaction of the client
and the saving of time due to the early identification of risks and problems. It should be remarked,
that on this project, only the 3D Model and its aspects (QTO) have been employed and the costs and
benefits associated are calculated in detail on the Framework and are presented on section 4.5.2.
Nevertheless, the engineers based on the experience they gained after this project, they believe that
there is a good future ahead in digital documentation and the engagement from the start in this
procedure is the key.

4.5.2 Definition & Quantification of inputs & outputs

Similarly to the cases analysed above, the evaluation of the implementation of BIM in IKEA Project in
Jakarta requires the detailed definition of the inputs and outputs to be considered. This stage is
significantly important for the evaluation procedure because each project involves multiple different
positive and negative costs. Therefore, after a series of discussions with the Project and the
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Construction Manager of the specific project, the essential data regarding the costs and benefits were
collected.

The inputs mainly involve the cost of the software that was required during the whole construction
phase, the hardware that was acquired and the cost of personnel. It should be mentioned that because
of the large size and the requirements of the project, two subcontractors were involved for the
Structural and MEP works of BIM. Particularly, these subcontractors were handed over the creation
of the drawing for the concrete elements of the building including all the five floors. BAM Infra, the
partner of BAM International for infrastructure connections in the Netherlands, was responsible for
the Ground Floor (GF) to the Level 2 (L2) while Archetype, a local Indonesian subcontractor was
responsible for Basement 2 (B2) to Basement 1 (B1). Moreover, BAM International worked in
cooperation with Denki, the MEP subcontractor in order to produce the drawings of the steel elements
and MEP drawings of the five-storey building.

Regarding the outputs, these mainly concern the time that was saved during the production of the
drawings because BIM applications were used. In order to specify the monetary amount that is
considered as a profit for the contractor, the time that was actually required and the time that would
be required conventionally, are estimated. In addition, reduction of waste of materials was achieved
especially regarding the quantity of rebars. However, this reduction was mainly considered as a profit
for the client. Following, there will be a detailed analysis of this benefit. Moreover, although BIM
implementation was a requirement from the client from the beginning of the tender phase, there was
no added value in the contract for the contractor. Finally, a few other significant benefits were
remarked and will be described thoroughly. The detailed calculation of all of the inputs and outputs
considered is presented on Fig. 20, Appendix D & Appendix E.
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Figure 20 Quantification of Costs and Benefits in IKEA Project

Inputs

o Software

The BIM applications that were used in Jakarta required the suitable software that had to be acquired
by the contractor; BAM International. Each software programme involves a different way of costing
either depending on the usage duration or the size of the files. Hence, the software acquired and its
cost is listed on Appendix D.

o Hardware

In this project, BIM applications were used on-site. Thus, the suitable hardware that could support the
software required had to be provided by the contractor. As a result, the costs for the acquisition of
the hardware were covered by BAM International. The hardware consisted of desktops and laptops.
It should be mentioned that other hardware appliances were used on-site such as tablets, total



stations and a drone. However, the cost of these appliances will not be considered in the evaluation
procedure. This was decided because these machines were used in other projects in the past.
Therefore, the cost to be considered in the evaluation would be based on subjective estimations and
would not bring accurate results. Consequently, the total cost of the hardware is 1200 € per user. The
number of the users will be defined thoroughly in the following section; the personnel.

o Personnel

The BIM team consisted of 9 people working on site and on different aspects of BIM. Most of the
members had different responsibilities and field of working. It should be mentioned that in order to
define the total manhours, it was considered that people work 8 hours per day and 24 days per month.
To be more precise, the BIM team consists of 2 modellers; 1 working on BIM Architectural drawings
and 1 working on BIM MEP drawings. Following, there is 1 modeller on behalf of the subcontractor
for MEP plans and 1 modeller on behalf of the second subcontractor for Structural plans. In addition,
there is 1 Document Controller working on Team Project and Sharepoint, responsible for the
coordination and the distribution of the documents. The subcontractors produced in total 1,021
sheets of detailed drawings which are utilised in the execution phase in combination with the 906
sheets produced by BAM International and MEP subcontractor, Denki. The cost of personnel is shown
in detail on Appendix D.

Outputs
Tangible

o Production of Drawings

According to the Construction Manager, there was significant amount of time saved during the
production of the drawings. The employment of BIM applications improved the quality of the
drawings providing much detail and at the same time made the production of them faster. This
benefit can be assigned monetary value by comparing the time the production of drawings took with
the usage of BIM and the time it would take if the production had been done with the conventional
methods. Given that the production of sheets of drawings involve BAM International, Denki and the
two subcontractors; Archetype and BAM Infra, the quantification of the time and cost saving will
consider all the human resources. It should be mentioned that in order to calculate the hours needed
in order to produce drawings with the conventional methods, it was assumed that there are needed
25 hours for the production of one sheet of drawing. Therefore, the following results emerge.

Intangible

o Value Engineering

This benefit refers to the degree that a technology or process can improve the engineering services
provided by a contractor to the client. The implementation of BIM applications in IKEA Project offered
this benefit which is hard to be quantified. Particularly, it helped the company achieve BIM LEVEL 2
regarding the department of BAM International in Indonesia. Consequently, this constitutes an
advantage for the company for future projects as it helps it offer projects of good quality.

Opportunity to gain time: BIM applications helped BAM International save time from specific
activities. To be more precise, the efficient visualisation that the 3D model and 4D planning offered in
combination with the Document Management System of BIM enabled the contractor to justify the



time delays. Thus, the client accepted these delays and this contributed in avoiding the Liquidated
Damage. It should be mentioned that there were several time delays because the owner made
changes. As a result, the contractor had to adjust to these changes. This led to additional work which
lasted extra months than the initial duration. These unforeseen delays deviated from the contract
time and contractor had to extend the duration. This extension was accompanied with additional cost.
This additional cost which is called Liquidated Damage, was equal to 0.5% of the total contract value.
However, the efficient visualisation provided by BIM workflows enabled the contractor to justify this
time extension, gain extra time and avoid the Liquidated Damage.

The Total Benefit that is generated from quantification of tangible benefits is 645.500€.

Additional Information: For the calculations realised above, the following statements were
considered.

= 1 working day consists of 10 working hours

= 1 month includes 25 working days

Cost-Benefit Ratio
After the calculation of the costs and benefits of BIM implementation, their ratio is estimated.
The result of this calculation is:
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4.6 British Antarctic Survey — UK Antarctic

4.6.1 General Information

This project is located in UK Antarctic and the contract includes its modernization and other research
facilities. The whole construction project consists of 4 individual projects, all located in UK Antarctic
and will last between 7-10 years. This will enable British scientists to continue their efforts and deliver
world class research regarding crucial issues that our planet faces. The contract involves a joint
collaboration between BAM Nuttall, BAM International and Sweco as a designer consultant. The type
of the contract is a Partnership with British Antarctic Survey (BAS). It is called New Engineering
Contract (NEC) and it is common for government owned facilities. It was proved to be a very workable
contract because the risks and responsibilities are between the contractors and the client.

The implementation of BIM Level 2 in the whole project was a requirement set by the contractor. On
this location, the construction works take place from November until April because of the weather
conditions. Therefore, most of BIM works were completed in the office before going on site. This
facilitated the execution phase because the 3D Model, the 4D Model and the Site Data Capturing were
employed in order to organise the activities and avoid mistakes in a later stage. The main benefits that
were generated by BIM applications involved the reduction of on-site issues, the Clash Detection, the
efficient QTO and the Visualisation which encouraged the engagement of the stakeholders. Certainly,
the project participants prefer to see the model instead of the 2D drawings and BIM applications
showed them how their data is secured and can be used later in the Asset Management phase. The
clear definition and quantification of the inputs and outputs of the Framework is given on the
following section.



© Adam Bradley (British Antarctic Survey)

Figure 21 British Antarctic Survey in UK Antarctica (BAM International Projects, 2020)

4.6.2 Definition & Quantification of inputs and outputs

Considering that the employment of BIM Level 2 constituted a requirement from the side of the client,
BAM International & BAM Nuttall had to adjust to a steep learning curve. Eventually, BIM
implementation was proved beneficial for the contractors and the execution of the project. Firstly,
the usage of a CDE helped maintain all the information easily accessible. Moreover, 4D Model
introduced the time aspect in the organisation of the activities. Consequently, the earned value of this
implementation was the ability to measure how efficient the contractor was. This was possible by
comparing the actual progress with the scheduled one according to the 4D Planning. Finally, the
employment of Virtual Reality gave the ability to the contractors and subcontractors to “Build it before
they build it”. The creation of the 3D Model provided them a good understanding of the working
conditions and a thorough idea of how the project would proceed.

The detailed substantiation of the costs and benefits in BAS is presented on Fig. 22 & Appendix F.

o>

£ 157.650 m £463 750
Parsonna Clash Accuracy
Visualisation Detection (aro) Mls
{£4.500 £3.500 £150000 900001 23750 , , .
L : {£108.000 S St I 180000 | | £10000 5 | £10000 | 5 uzooo ;

Figure 22 Quantification of Costs and Benefits in BAS

Inputs

o Software

The software that was required in order to use the multiple BIM applications involved the following
programmes; Revit, AutoCAD, Autodesk LIVE, Navisworks Manage & Solibri. The cost of the software
is estimated based on the licenses they were needed. The final cost was estimated £300 per month.
Considering that the software has been used for 15 months so far, this equals with £4.500 for the
whole project.



o Hardware

Given that most of the BIM works were implemented in the office, there was no need to acquire much
new hardware for the specific project. Particularly, the hardware involved iPads and screens. The
monthly cost for the hardware was £210 which generates a total of £3.150 for the whole project so
far.

o Cost of personnel

Sweco as the designer consultant of this project was also responsible for delivering the biggest part of
the 3D Model regarding the architectural and structural parts. Therefore, BAM Nuttall and BAM
International received this model and continued working on it. Hence, there was no need for many
people to work explicitly on BIM. In order to calculate the cost of personnel, the working hours of BIM
Engineer will be taken into account. This generates a cost of £10.000 per month and, subsequently,
£150.000 for the whole duration.

Outputs

o Visualisation of Risks and Opportunities

BIM applications facilitated the modelling of the earthworks; a task that was quite demanding
considering the challenging location of the project. As a result, there was a reduction in the waste of
materials. Particularly, BIM implementation helped in minimising the rehandling of material. Precisely,
the rehandling of 7.200m?3 of rocks was avoided. Considering that this would cost £15/m3, this benefit
produced a gain of £108.000 for the contractor.

o Clash Detection & Design Changes

According to the BIM Engineer of BAS, the 3D model enabled him make more accurate drawings and
resolve conflicts on-time and faster comparing to the traditional methods. Precisely, there was a
difference of 600 hrs in the situation with and without BIM and 6 people were needed. Therefore,
there was a saving of 3600 hrs and considering a rate of £25/hr this generates a benefit of £90.000.

o Accuracy of Estimate

The employment of cost estimating software allowed the contractor to estimate and monitor cost
according to the design changes during the Execution phase. Therefore, the 3D model was used for
QTO and reduced the time required significantly. To be more precise, there was a saving of 950 hrs
which, multiplied with the hourly rate of the Engineer produces a benefit of £23.750. However, an
overall check of the calculations was still required.

o Interface coordination & Sequence of activities

The employment of the 4D model in planning with the usage of Synchro Pro & Navisworks software
generated a remarkable profit for the contractor. The whole planning procedure was facilitated and
carried out with higher accuracy. As a result, there was a saving of 3.200 hrs regarding the
coordination of interfaces and 400 hrs for the sequence of activities which resulted to a monetary
benefit of £80.000 and £10.000, respectively. Additionally, the higher definition of the construction
program and the accuracy in planning in combination with the less conservative floats contributed in
a decrease of the total duration of the project. Precisely, 2 weeks, associated with £50.000 running
costs per week were saved. All the above resulted to a benefit of £190.000.



o Constructability

The BIM team arranged multiple meetings in order to review the 3D model and discuss on the
constructability of the project according to the 4D planning. This helped the contractor save time and
specifically, 400 hrs which led to a benefit of £10.000.

o Paperless way of working

In general, the usage of technological means allowed the contractor carry out tests and records on
site. Subsequently, this reduced paperwork and the procedure of re-entering data into computer at
the end of the shift of the employee. At the same time, it allowed Engineers be on site for longer and
continue with the works. Eventually, this way of working saved 420 hrs of working for 2 Engineers and
considering a rate of £50/hr per Engineer, it generated a benefit of £42.000.

The Total Benefit that is produced from the above calculations is £463.750.

Cost-Benefit Ratio

After the calculation of the costs and benefits of BIM implementation, their ratio is estimated and the
result is the following.
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Figure 23 Stages of the Research - From Application to Analysis

The present chapter involved the Application of the proposed Framework on 5 Case Studies; all
construction projects of BAM International located abroad. This Application is an essential part of the
research and aims to present to the reader the way this Framework works and the results it generates.
Hence, 5 projects were chosen in order to conduct an ex-post evaluation on BIM Implementation. As
already mentioned, the particular conditions of the project have an impact on the costs and benefits
of BIM. Therefore, in each case, the general information of the project was given initially.



Consequently, based on the interaction with experts, the definition and quantification of inputs and
outputs was analysed. At the end, the B/C ratio was calculated. After the application of the Framework
on 5 Case Studies, the researcher is able to answer the Research Sub-question 4 which is the following:
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Sub-question 4: Which information is required in order to assign monetary value to the

| tangible benefits of BIM? |
In order to answer this question, the researcher conducted an extensive literature research and then
interacted with people that worked actively on each of the Case Studies. When the first round of
discussions was completed, she was able to define the list of benefits that would be included in the
Framework. Following, her objective was to find the way to assign monetary values to those benefits
and particularly the ones of tangible nature. In this way, the B/C ratio would be calculated and the
evaluation of the costs and benefits would be accomplished.

As a matter of fact, the substantiation of the benefits constituted the most challenging part of the
guantification procedure. The two possible ways to calculate their monetary value would be based on
the saving of cost or the added value that BIM Implementation offers. Particularly, the saving of cost
can acquire two sources; the saving of time and the reduction of waste. Thus, regarding the saving of
time the duration of an activity with and without BIM is required. Then, the difference of these two
durations is multiplied with the wage (per hr/day/month) of the staff. The result is the saving of cost
for the specific activity due to BIM usage. For example, in order to evaluate the benefit generated by
the Clash Detection or the As-built drawings that the 3D model offers, the time that is actually needed
is subtracted by the time that would have been required without the usage of the 3D permanent
model. Additionally, in order to monetise the benefit generated by the 4D model, the pace of the
progress made with the use of it in Moin, is benchmarked against the pace of the progress that was
remarked before the use of 4D.

With regards to the reduction of waste, the quantities of materials calculated with and without BIM
applications are also quantified. Following, the difference of these two quantities is multiplied with
the price of the specific material (per m/m?/m3). Hence, the saving of cost due to the reduction of
waste of materials emerges. For instance, on BAS Project, the 3D model and, particularly the modelling
of the earthworks, enabled the visualisation of risks and opportunities. Therefore, a remarkable
guantity of materials and consequently the associated cost, was saved. Finally, the added value could
be quantified based on two ways. Firstly, the price of BIM on the BOQ which is a cost for the client but
a profit for the contractor and secondly, by additional value that BIM applications offered by
enhancing a particular part of the whole performance of the contractor.

When the quantification of the benefits is completed, and the costs are also recorded, the B/C is
calculated on the Framework. The B/C on the 5 Case Studies ranges from approximately 1 to 8. The
interpretation of this ratio and the results is analysed in the following chapter.



5. RESULTS

5.1 Introduction

While the quantification of Costs and Benefits, which was carried out in chapter 4, constitutes the first
and most important aspect of the Framework, the results that are finally produced are also useful and
important for the contractor. The interpretation of the ratio and the examination of the different
sources of the costs as well as the profits can provide the contractor with effective insight and
knowledge regarding BIM applications. Moreover, they can raise awareness within the AEC industry
on the topic of the multiple advantages and barriers of BIM methodologies. Hence, the analysis of the
results will be aimed on this chapter of the present report. The results generated in the previous
chapter are shown on Table 2.

Alongside with the interpretation and the analysis of the results that the Framework generated on the
Case Studies presented above, the impact that these results can have on BIM strategies should be
explored. Considering the recent introduction of this innovative way of managing and creating
technology, this research strives to define the way these results can have a valuable impact on BIM
deployment for the side of the contractor. Thus, a synthesis of the results will be carried out in order
to show how this standard method proposed can be adapted efficiently. Eventually, by the end of this
chapter, the researcher will have the sufficient information in order to answer the Research Sub-

question 5.
Table 2 Summary table of results of Case Studies
Total Cost of the Total Cost of
Project Type Project Total Benefit BIM B/C ratio
APM Terminal Marine € 500.000.000,00 | € 3.214.430,00 | € 398.625,00 8,06
LCA Building € 95.000.000,00 | € 2.727.991,26 | € 695.005,22 3,93
Museum of the 114
Future Building € 204.229.663,11 | € 1.719.578,26 | € 1.504.000,00 ’
IKEA Project Building € 40.000.000,00 | € 1.014.839,48 | € 503.642,52 2,01
BAS Building £ 28.783.627,00| £ 463.750,00| € 157.650,00 2,94

5.2 Interpretation of B/C ratio

5.2.1 APM Container Terminal — Moin, Costa Rica

As already mentioned in section 4.2, the B/C ratio calculated for the specific project is approximately
equal to 8. The cost and benefit ratio for the APM Terminal in Moin depicts that for $ 1 invested in
BIM implementation, $ 8 were gained by the contractor. Hence, the result of the evaluation of this
implementation is considered significantly beneficial for the side of the contractor. It should be
remarked that it accurately depicts the actual situation regarding the costs and benefits that were
required and gained. The project was completed recently and therefore, it was possible for the
Engineers and the members of the BIM team to capture the results of BIM applications and their
impact on the execution of the project. In addition, BIM implementation in the specific project was
not a requirement from the client but an initiative of the contractor. Therefore, the whole team
worked hard in order to enhance the performance of the company and generate tangible and
intangible benefits from this innovative technological means of managing information. In additional,
the people that worked in Moin admitted that an important reason that helped them increase their



profit was the fact that BIM team actually worked on the construction site. This helped the contracting
company optimize the procedures taking place during the execution phase by updating the models on
a daily basis. Finally, the most remarkable reason that helped the contractor attain such a high benefit
was the fact that the impact of BIM applications was directly detected on activities which are on the
critical path. This means that a high amount of money was saved because the decrease in the duration
of the critical activities led to a decrease of the operational costs. Eventually, people that worked on-
site worked together with the researcher in the quantification of the benefits and achieved high
accuracy in the calculations. Thus, the high value of the factor was expected by them.

5.2.2 London City Airport (LCA) — United Kingdom

After analysing the costs and benefits of BIM implementation for the project in London City Airport
thoroughly, the B/C ratio emerged approximately equal to 4. Although the ratio is relatively high, the
Engineering Manager claimed that the Quantification procedure was quite challenging because it was
hard to identify was caused because of BIM. As a result, conservative estimates and assumptions were
attempted.

Also, he strongly supports that if there was a system able to capture all the events happening on-site,
then the quantification would be easier and more accurate. Therefore, this lack of a procedure gives
the feeling that not all the benefits were captured and that the actual ratio could be slightly higher.
Thus, this standard procedure can contribute in recording the essential information and finding the
balancing act of capturing the benefits and the time required in order to quantify these benefits.

5.2.3 Museum of the Future — Dubai, UAE

In section 4.5, following the quantification of costs and benefits, their ratio was calculated and was
almost equal to 1,12. To be more precise, this result indicates that for every 1€ invested by the
contractor on BIM applications, 1,12€ was gained. This result is significantly low and unexpected
considering the conditions of the project. During all the rounds of interviews and discussions, the
people that participated in the specific project claimed that, because of its complexity, “Without BIM,
the construction of this project would be impossible”. Clearly, this intangible benefit that BIM
applications offered, was not depicted in the result of the quantification procedure.

Moreover, this low ratio can be justified due to the particular conditions of BIM implementation in
this project. It should be mentioned that the BIM deliverables for the client are related to the
management and delivery of information in order to improve the efficiency of the operation and
maintenance of the building assets later in the future. However, the contribution to the project team
and the whole execution procedure exceeds the scope of the client. Firstly, there are fewer problems
during the construction phase related to design errors, coordination and construction errors. In
addition, the visualization thanks to BIM provides a better understanding of the proposed design and
facilitates decision making. Furthermore, BIM applications offer a beneficial impact regarding the
control of construction costs and the arising of claims. To be more precise, BIM application could
identify thoroughly the changes by the client and in this way, increase the rate of acceptance of the
claims by him. Finally, the 3D Laser Scanning used on site surveying, data processing and the
interpretation of the results would have been outsourced to a 3" party if the company did not possess
the expertise and the equipment to take over it.



To conclude, it was claimed unanimously that considering all the benefits above alongside with the
healthy working environment and the avoidance of any accident, BIM implementation enabled BAM
verify the constructability of this complex design and deliver this challenging project in an efficient
and safe way.

5.2.4 IKEA Project — Indonesia, Jakarta

Following the definition and quantification of costs and benefits for IKEA Project in cooperation with
the Project Manager and the Construction Manager, the B/C was calculated. The result was
approximately equal to 1,93. Although it can be characterized as low especially in comparison to the
rest of the projects, this ratio is actually considered that it reflects reality. To be more precise, BIM
implementation in the specific project was an initiative of the contractor. Therefore, the usage of BIM
applications was done only in order to facilitate the execution of the project and enhance the
performance of the company. As a result, different workflows would be used gradually during the
implementation. Considering that so far only the 3D model and its benefits have been exploited by
the project team, the quantification only focused on the benefits which emerge from the specific
workflow.

Hence, the Project Manager ensured the researcher that BIM implementation in the specific project
is still at an initial phase and more benefits are to be gained in the future. Of course, he admitted that
improvements in the whole usage of BIM are to be pursued in the future of this project and of the
company as well.

5.2.5 British Antarctic Survey (BAS) — British Antarctic

According to section 4.7, the B/C ratio for the project in BAS was calculated approximately equal to 3.
The result of the calculation was expected by the BIM Engineer and is thought to reflect the actual
situation. Particularly, the BIM Engineer claimed that the costs can actually be higher because the 3D
model was firstly created by the Designers of the project. However, Design was not included in the
contract of BAM International & BAM Nuttall, and was outsourced to another Dutch construction
company. Therefore, the hours that were spent by the designer were not considered as a cost in the
guantification of this research. At the same time, there were multiple intangible benefits which could
not be assigned a monetary value. In addition, the Engineer claimed that there are numerous
unknown unknowns which are hard to be captured and quantified. Hence, the B/C ratio was calculated
conservatively and the result reflects reality. Eventually, it was also claimed that if there was a higher
budget for BIM implementation, then other collaborative software, and the essential hardware, could
be used in order to offer more opportunities and benefits to the contractor.

5.3 Cost and Benefit Analysis of Case Studies

5.3.1 Cost Analysis of BIM Implementation

Costs constitute the main and most indispensable variable in the whole procedure of BIM
implementation in a construction project. Moreover, it is also important to extend the lifecycle of
evaluation from ex-ante to ex-post implementation. This extension enables changes in organizational
objectives, the system and learning processes to be incorporated into the evaluation. In this way, the
contractor can adjust the BIM strategy he possesses depending on the results of the evaluation and
thus, aim for the higher benefits.



Table 3 Detailed Costs of BIM Implementation of Case Studies

Total Cost of the | Cost of BIM of the
Project Total Cost of BIM Project Total Cost (%) Cost of Software (%) | Cost of Hardware (%) | Cost of Personnel (%)
APM Terminal € 398.625,00 | € 500.000.000,00 0,08 3,38 1,44 95,18
LCA € 695.005,22 | € 95.000.000,00 0,73 13,97 2,56 83,47
Museum of the
Future € 1.542.658,00| € 204.229.663,11 0,76 0,81 1,70 97,49
IKEA Project € 503.642,52 | € 40.000.000,00 1,26 3,89 1,19 94,92
BAS £ 157.650,00 | £ 28.783.627,00 0,55 2,85 2,00 95,15
COSTS OF BIM IMPLEMENTATION
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Figure 24 Percentage of Different Costs of BIM Implementation

Therefore, a Cost Analysis is aimed among the 5 different Case Studies in order to extrapolate useful
conclusions. According to Table 3, the Cost of BIM implementation constituted a very low percentage
of the Total Cost of the project. Also, according to Table 4, it is obvious that in all of the Case Studies,
the percentage of the benefit is significantly higher than this of the cost. Therefore, the BIM
Implementation is proved beneficial for all of the projects.

In addition, on Table 3, the percentage of the total cost that each category (software, hardware &
personnel) required, is shown. According to the table, in all of the Case Studies, the higher cost was
required for the working hours. It should be mentioned that in LCA, the cost of software constitutes
the 13,97% of the Total Costs. In other words, the cost of software and hardware that had to be
acquired is relatively extremely low comparing to the costs required for the human resources. Thus,
the personnel constitute the variable that should be given attention in order to attain beneficial results
for the side of the contractor through the usage of BIM applications.

5.3.2 Cost of Personnel

As mentioned above, the cost of personnel which is required for the efficient usage of BIM applications
is remarkably higher than the ones required for software and hardware acquisition. The reasons that
lead to a significant quantity of working hours and therefore high cost of personnel vary but could be
divided into 3 levels. Firstly, given the innovative character of BIM methodologies, the whole BIM
procedure can be challenging for the contractor. As already mentioned earlier, the level of training
and education of people working in AEC industry is still low, therefore the usage of BIM applications
requires time. Secondly, the difficulty of the project itself can lead to increased amount of work
needed by the BIM team. The complex design, the special conditions of the construction site such as
the location and special characteristics of the project can constitute a barrier in the implementation



of BIM. Finally, given the recent introduction of BIM methodology in AEC industry, there is still lack of
experienced staff and expertise. Therefore, it is highly possible that mistakes can occur in the
employment of BIM applications and software. As a result, these mistakes can lead to time delays. For
example, a possible mistake would be the offline working of BIM team. This way of working could lead
to conflicts once the plans are integrated to each other and their solving would require additional
working hours.

Cost of Personnel (%)
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Figure 25 Cost of Personnel as a percentage of the total cost

According to Fig. 25, the project which required significantly high cost of personnel was Museum of
the Future. The cost for working hours was 97,49% of the whole while the cost of software was almost
1% and the cost of hardware 1,70%. However, according to the BIM team of this project, the
remarkably high cost of personnel can be totally explained. Firstly, the unique and complex design of
the project constituted a challenging part of the creation of 3D model. Therefore, the creation of the
3D model was time consuming and required many people. In addition, the demanding conditions of
the specific project required a BIM team of 7 people which was the largest BIM team in comparison
to the rest of the Cases investigated. Therefore, all the above can explain the high cost for human
resources that was remarked.

However, according to the DC Manager of BAM International, the high values of the cost of personnel
can be fully explained regardless the 3 levels discussed above. Based on his knowledge and expertise,
he claims that DC is all about people that work together and create as well as manage information.
This innovative way of managing and creating information would undoubtedly require long working
hours in order to integrate all the different parts into one unique 3D model. While this procedure is
time consuming and leads to an increased cost, it also brings people into one team. Therefore, the
people that conventionally would work separately in an Architectural, Structural and MEP team are
now integrated in one BIM team. Moreover, in each BIM team there is only one BIM Manager in
contrast to the conventional 2D methods when each discipline (Architectural, Structural and MEP)
requires their own leader. Subsequently, the communication is less time-consuming since all the
Engineers and Draftsmen work within the same team. This also leads to less need of human resources
because people are now working on the same model which is constantly updated. Therefore, conflicts
and errors are detected on the spot and solved faster in comparison to traditional 2D procedures. In
addition, although the cost of personnel is high comparing to cost of software and hardware, the size
of the BIM team is small in comparison to the whole Project team. For example, the BIM team in IKEA
Project constitutes only the 5,15% of the site office human resources. Subsequently, even if the cost
of personnel is the highest among the 3 direct costs analysed, can be totally explained considering
that the human element is necessary in order to achieved efficient management of information.



Considering all the above, the question that arises is whether the significant number of hours needed
by the human resources for BIM implementation is exploited in the optimal way. In other words, the
evaluation of costs and benefits indicated the remarkably high cost of personnel in relation to the
other two types of cost. Therefore, in order to attain higher profits, the experts should focus on the
proper utilisation of the human resources.

To be more precise, the contractor should adopt methods to control the time that is devoted
specifically on BIM applications. In this way, he would be able to understand the sources of the
shortcomings. Firstly, as already mentioned above, a lack of expertise or knowledge could be the
reason of spending long working hours and this would show that the efficiency of the personnel should
be strengthened. Additionally, another reason of spending much time could possibly be the usage of
inappropriate software of hardware. In this case, the BIM team should adjust on the requirements of
the specific project and acquire the equipment that is needed.

Although, the CBA that was conducted on 5 Case Studies achieved to evaluate the usage of BIM, it
was mainly based on self-reporting from the side of the experts who used the technical reports and
accompanied by their personal experience. One of the main results was the significantly high cost of
personnel. Hence, there stems a need to develop methods and tools to measure the time that is spent
on BIM applications. The proposed Framework involves the on-going record of the working hours in
order to calculate the cost of personnel. In this way, the contractor can potentially be able to control
the working hours and define the weaknesses of the personnel. Hence, they could altogether arrange
team sessions on a regular basis aiming to enhance their performance and possibly decrease the
working hours.

5.3.3 Benefit Analysis of BIM Implementation

After conducting 3 rounds of interviews and discussion with the Project Manager, the Construction
Manager and the BIM Engineer of each Case Study, the quantification of the tangible benefits was
completed. The Table 4 shows the values of the benefits per project. Undoubtedly, the size of the
benefit among the cases varies remarkably due to the different conditions and running costs of each
construction site. Apart from the size, the workflow and particularly the category of the benefit that
generated the highest profit also vary. This is completely understandable due to the particular
characteristics of each case.

Table 4 Benefits of BIM Implementation of Case Studies
Benefit of Workflow of the

Project Total Benefit Highest Benefit BIM (%) Highest Benefit Category
APM Terminal Interface Coordination
€3.214.430,00| € 2.962.080,00 92,15 4D Planning
Requests for
LCA €2.727.991,26| € 1.248.440,00 45,76 3D Permanent Model Information
Musem of the Clash Detection &

Future €1.719.578,26| € 109.865,85 6,39 3D Permanent Model Design Changes
Production of
€1.014.839,48| € 369.339,48 36,39 3D Permanent Model Drawings
Interface Coordination

& Sequence of
BAS £ 463.750,00 | £ 190.000,00 40,97 4D Planning Activities

IKEA Project




While the categories of the benefits differ, in 3 out of the 5 cases investigated, the workflow that
generated the highest benefit is the 3D model. The next most profitable workflow is the 4D planning.
This remark was again totally expected because according to the experts that work in the projects, in
most of the cases the BIM applications are not fully exploited. To be more precise, especially in IKEA
Project, the BIM implementation is still at an initial phase. This means that the experts expect more
and higher benefits when the 4D planning or the Site Data Capturing are employed later in the future.

On the other hand, in the rest 2 of the projects, the 4D Planning was the common workflow that
produced high benefit. Moreover, in both of the projects, the Interface Coordination facilitated the
execution and generated a remarkable profit for the contractor. Particularly, as shown on Table 4, in
APM Terminal in Moin, the Interface Coordination produced 92,15% of the total benefit gained by the
contractor. This percentage is considerably higher to the rest of the categories and could mean that
the usage of 4D Planning for efficient coordination of interfaces and activities could lead to
significantly valuable profits. Consequently, this is the reason why the majority of the interviewees
claimed that there are more benefits to be gained later when more BIM applications are employed.

5.4 Synthesis of the Results

The analysis of the results carried out in sections 5.1 and 5.2 can lead to beneficial conclusions
regarding the BIM strategies of the contractor. Therefore, in this part, the synthesis of the results will
be achieved by considering the quantitative and qualitative parts of the research. On the one hand,
the quantitative part which refers to the calculation of B/C ratio helps understand the most important
sources that generate positive and negative costs. On the other hand, the qualitative part which
involves the discussion with interviewees helps formulate the lessons learnt and consequently define
the points of improvement. These two parts alongside with the analysis made above help the
researcher form the synthesis of the results which can shows the way the findings of this research can
optimise the BIM employment of the contractor.

5.4.1 Establishment of BIM Standards

Quantification of Costs and Benefits

According to the majority of the interviewees, the lack of standard procedures regarding BIM
Implementation in construction projects was considered responsible for the low ratio in some of the
cases. Most of them claimed that if a standard method such as the Framework proposed was utilised,
then the benefits would most probably be more quantifiable and, hence, higher.

To be more precise, the interviewees highlighted that the information is not recorded on time. As
already mentioned, one of the problems in the quantification of the benefits is the lack of relevant
data. Thus, if a standard method was adapted during the execution phase, the necessary information
regarding BIM benefits and mistakes would be recorded. In this way, the contractor could have a
sufficient view of the progress and make changes when needed. Therefore, the performance would
be enhanced and there would be a constant monitoring of the positive and negative costs.

Cost of Personnel

In addition, standard procedures would potentially affect the working hours of human resources
required. Particularly, if general guidelines were established for all the projects, BIM implementation
would be more comprehensive and less complicated. The members of the BIM team would be more
trained and have a better understanding of the areas they should give their attention. This would also



ensure better collaboration within the BIM team. As a result, valuable amount of time would possibly
be saved. However, it should be mentioned, that still each project would need its tailor-made solutions
and handling.

5.4.2 Critical Activities

The application of the Framework on the project in Moin had a significantly high result. One of the
main reasons that generated this result was the fact that BIM affected critical activities. As already
mentioned, when the duration of the critical activities is reduced, then the whole duration and thus,
the operational costs are also reduced. As a result, the benefit is much higher comparing to a non-
critical activity. This remark shows that the contractor should give more attention to the activities
which are on the critical path because these would have a higher impact on the final result. Hence, if
he wants to maximise his profit, a profitable idea would be to employ BIM applications efficiently on
critical activities.

5.5 Cross-Case Analysis

This analysis aims to make comparisons based on the results of the 5 different Cases that were studied
on chapter 4. The comparisons will be based on a Sensitivity Analysis regarding the B/C ratios that
were calculated after the application of the proposed Framework on each case in order to verify the
robustness of the results. The reason that this part is needed is the variance on the results and
specifically on the B/C ratios that were generated from the application of the Framework.

5.5.1 Sensitivity Analysis

Sensitivity Analysis is employed in order to show how sensitive is a model when the parameters and
the data that build it are modified. The results of this analysis can have useful implications regarding
the relationship between the inputs and the outputs of the model (Salciccioli, Crutain, Komorowski, &
Marshall, 2016). Even though all of the projects possess unique conditions and characteristics, there
is high variance in the results of the B/C ratios. Sensitivity Analysis is applied based on assumptions
that are different from those used in the first analysis (Chin & Lee, 2008). Particularly, the variables
that the model is comprised of, are assigned different values according to assumptions and trials made
by the researcher. Therefore, Sensitivity Analysis is used as a way to establish if these variables are
accurate and how sensitive they are to any fluctuations.

Hence, based on the theory above, the Sensitivity Analysis of the proposed method will involve some
assumptions regarding the Costs that were considered. Particularly, the researcher will assume a
positive and negative change of 1% for each different cost in all of the 5 Cases. Thus, for every Case,
every cost will be explored individually in order to indicate how sensitive the B/C ratio is in relation to
the specific type of cost. The result of the Analysis will also be given as a percentage. In this way, the
audience will easily understand what is the impact on the ratio in percentage terms for a positive or
negative change of 1% in each type of the 3 different costs. In other words, when the Sensitivity
Analysis is completed, the reader will know what is the % change on the B/C ratio for a 1% positive or
negative change on the Cost of Software, Cost of Hardware or the Cost of Personnel.

Subsequently, in this point, the results of the Sensitivity Analysis for the 5 Case Studies are presented
on graphs and in detail on Appendix G. Particularly, the graphs below depict the impact that was
calculated firstly on the B/C ratio and secondly on the Total Costs of BIM Implementation. The impact



was estimated for an individual assumption of 1% positive or negative change on each type of cost.
The 1% change was chosen in order to indicate the impact that one 1 unit of change has.

Cost of Software

According to Fig. 26 & 27, it is clear that the cost of software is not a remarkably sensitive variable. To
be more precise, for a change of 1%, either increase or decrease, in the cost of software, the B/C ratio
and the Total Costs have a difference of maximum 0,14% in all of the Cases. However, the Case Study
in London City Airport indicates a difference of 0,14% when the cost of software is changed by 1%.
This percentage which is the highest among the Case Studies is explained because according to Fig.
24, the Cost of Software in LCA constitutes the 13,97% of the Total Costs. Therefore, this evidence
confirms that the specific variable would show the highest sensitivity in the particular Case Study.
Finally, we see that this variable presents a similar sensitivity in all of the cases as the percentage does
not differ a lot among the 5 different projects as it ranges from 0% to 0,14%.

Sensitivity Analysis of B/C ratio - Cost of Software
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Figure 26 Results of Sensitivity Analysis of the Cost of Software on the B/C ratio
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Figure 27 Results of Sensitivity Analysis of the Cost of Software on the Total Costs

Cost of Hardware

Similarly to the Cost of Software, the Cost of Hardware does not possess significantly high sensitivity
as a variable as the % impact on the results for a 1% change on the specific cost remains low.
Particularly, according to Fig. 28 & 29, a change of 1% on the Cost of Hardware causes an impact of
maximum 0,026% on the B/C ratio and the Total Costs. The highest percentage of 0,026% is remarked
again on LCA project. This high percentage is explained based on Fig. 24. According to this graph, the
Cost of Hardware on the LCA constitutes the 2,56% of the Total Costs which is again the higher



percentage of the variable among the 5 Cases. Therefore, it was expected that this variable would
show the highest sensitivity in the specific project. However, the sensitivity does not show remarkable
variance as the result ranges from 0% to 0,026% and therefore this change is barely noticed.

Sensitivity Analysis of B/C ratio - Cost of Hardware
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Figure 28 Results of Sensitivity Analysis of the Cost of Hardware on the B/C ratio

Sensitivity Analysis of Total Costs - Cost of Hardware
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Figure 29 Results of Sensitivity Analysis of the Cost of Hardware on the Total Costs

Cost of Personnel

According to all the Figures above and Fig. 30 & 31, the Cost of Personnel is the variable which
possesses the highest sensitivity. To be more precise, for a change of 1% in the Cost of Personnel, the
B/C ratio acquires a change of almost 1% in 3 of the 5 Cases. Nevertheless, on APM Project, the change
is 0% because the benefits are 8 times higher than the cost. The cost is the denominator of the ratio
and thus the result is not depicted. On the other hand, a change in this variable causes a significant
impact on the Total Costs. This impact is very clear on the Fig. 31. As shown on this graph, in all of the
projects, a change of 1% on the Cost of Personnel leads to a change of almost 1% on the Total Costs.
This was expected because the Cost of Personnel constitutes the variable with significantly larger
percentage of the Total Costs of BIM Implementation ranging from 83,5% to 97,5% in comparison to
the other two costs which range from 0,8% to 14%. Therefore, a positive or negative change in this
variable was expected to cause a remarkable impact on the B/C ratio and the Total Costs.
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Figure 30 Results of Sensitivity Analysis of the Cost of Personnel on the B/C ratio
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Figure 31 Results of Sensitivity Analysis of the Cost of Personnel on the Total Costs

Likelihood

As mentioned above, the 1% change was selected as an indicative change. Particularly, this
assumption shows the results that emerge for every 1 unit of change. Regarding the software, this
change could come either by reduction or increase of the project duration or by changing the software
used in the whole organisation. This could happen because of the upgrades that companies do
regarding operational issues in order to be up-to-date with the changes in the industry. In contrast,
the cost of hardware is not very likely to change during the Execution phase as it constitutes a standard
amount of money which is required at the beginning of the project in order to acquire the equipment
needed. Finally, the cost of personnel can possibly change due to 2 reasons. Firstly, if the duration of
the project is reduced or expanded and thus, the amount of manhours changes. Secondly, a source
that causes long working hours and thus, high cost of human resources, are the changes that occur
during the Execution. Thus, according to the DC Manager, it could change if there is a better
understanding and collaboration among the contractor, the designer and the client. This would lead
to a smaller number of changes needed and consequently, working hours would be saved.

Conclusion

To conclude, the Sensitivity Analysis that was implemented for the 3 different variables of the costs;
the Cost of Software, Hardware and Personnel, proved that the Cost of Personnel is the variable with
the highest sensitivity. This means that a change in this variable will also bring a similar change in the
Total Costs of BIM Implementation. The most important finding that this Analysis accomplished is that
the Cost of Personnel is the most sensitive variable for all of the Cases. Hence, although there is



variance on the B/C ratios, all of the projects indicate unanimously a remarkably higher sensitivity on
the Cost of Personnel than on the two other types of costs. Therefore, this analysis validates the
conclusions that were generated through the analysis of the results. Particularly, the Sensitivity
Analysis verifies that the Cost of Personnel constitutes the most sensitive and impactful variable
among the three types of costs in all of the Case Studies as was already expected from section 5.3.2.
Finally, this analysis does not only validate but also indicates that the impact that this variable has on
the Total Costs of BIM Implementation does not vary significantly among the projects as it ranges from
0,835% to 0,975% for 1% change of the variable.

5.6 Conclusion

The present chapter focus on the analysis and the synthesis of the results that stem from the
application of the proposed Framework on 5 Case Studies. The aim of this part was to interpret the
B/C ratio and clarify its meaning taking into account the specific conditions of each project as well.
Moreover, the purpose of the synthesis was to indicate the impact that the present research can have
on the BIM strategies of the contracting company. Hence, when the fifth chapter is completed, the
researcher is able to answer to the Research Sub-question 5.

Sub-question 5: In which way do the costs & benefits of BIM implementation inform on the
| impact of BIM strategies of the Contractor? |

When the application of the Framework on the Case Studies is completed, the researcher proceeds to
the analysis of the results that were generated. This analysis explains the impact that the evaluation
can possible have on BIM strategies. Firstly, the interpretation of the B/C ratio which ranges from 1 to
8, shows how the special conditions of the project affect the required costs and the expected benefits.
Moreover, the analysis indicated that the cost of personnel is remarkably higher than the rest two
types of costs and ranges from 83,5%-97,5% of the Total Cost of BIM while the cost of software ranges
from 0,8% to 3,55% and this of the hardware from 1,19% to 2,56%. Consequently, the reasons that
can possibly cause this high cost of human resources namely the low level of BIM education, the
difficulty of the project itself or the lack of expertise were stated. Regarding the benefits, their analysis
showed that, so far, the usage of 3D model has generated the highest benefits in 3 of the 5 cases while
the 4D model and specifically the Interface Coordination which produced the highest benefit in Moin,
seems promising and beneficial.

In addition, a sensitivity analysis is suggested because of the variance of the B/C ratios. The Cost of
Personnel is confirmed as the most sensitive variable. Hence, some ways which could potentially
decrease the working hours and thus, the Cost of Personnel are recommended by the researcher.
These suggestions include the establishment of BIM Standards and the focus on Critical Activities of
the project. Firstly, the BIM standard procedures and protocols could ideally save the time spent on
BIM Implementation and secondly, the focus on the Critical Activities can save higher amount of
money in comparison to the Non-critical ones, as proven on the first Case Study.

The proposed Framework can perhaps be adopted by the contracting company as part of the standard
procedures and contribute in controlling the inputs and outputs of BIM Implementation throughout
the whole Execution phase.



6. VALIDATION

6.1 Introduction

The last step in the procedure of the Framework development is the validation of it. This stage aims
to ensure that the Framework provides the user with sound results and it can be applied in future
projects as well. In order to validate the proposed ideas and confirm their reliability, the researcher
employed a twofold approach. Firstly, she proposed the application of the Framework in a pilot project
which is still in progress in contrast to the rest of the Case Studies. This step aims at extrapolating
recommendations and corrections by the Engineers currently working on the specific project and at
the same time, confirms the simple and useful functionality of the Framework. The comments for
improved from the experts are considered validation of the proposed method. Subsequently, the
researcher conducted a short interview with a panel of experts who work on BIM implementation
within the Royal BAM Group. This purpose of this part is to verify the replicability of this standard
procedure in future projects and establish the impact of this Framework on the holistic BIM strategy
of the company. At the end of this part, the researcher answers the last Research Sub-question.

6.2 Application on a pilot project

The purpose of this part is to test the in a real-life case, whilst previously there were analysed only
retrospective cases, with incomplete or hard to retrieve datasets. A current real-life case gives this
research the opportunity to test the full merits of the Framework by collecting data first hand. The
application on this ongoing pilot project is different it is not just another Case Study. It provides the
opportunity to verify the reported costs and benefits during the execution and identify aspects that
may be forgotten after the completion of the project. The researcher does so by applying this
Framework in a current marine project of BAM International.

6.2.1 General Information

As already mentioned, the objective of this Framework is to record all the important events and
information on the spot allowing the user to quantify accurately the costs and benefits of BIM
applications. Therefore, in order to check the functionality of the method and the soundness of the
results a project which is still in progress was chosen. This project is located in Abu Dhabi and involves
the construction of a new cruise jetty as shown on Fig. 32 at Sir Bani Yas Cruise Beach. The project was
initiated recently and therefore BIM applications, the 3D & 4D model, have been used only for 3
months so far during the execution phase.

Figure 32 Render of Sir Bani Yas Project in Abu Dhabi, UAE (BAM International Projects, 2020)
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6.2.2 Definition & Quantification of inputs & outputs

Similarly to the Case Studies, the application of the Framework involved a few rounds of interviews
and discussion with people working currently on the project. Firstly, the definition and quantification
of the costs that were required was completed and then the quantification of benefits was aimed. In
Fig. 33 & Appendix F the detailed monetary values that were given to the positive and negative costs
are shown. Following, there is a brief description of them and the generation of these values.
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Figure 33 Quantification of Costs and Benefits in Sir Bani Yas

Cost and Benefit Ratio
Based on the inputs and outputs quantified above, the calculation of the Cost and Benefit Ratio for
the progress of the BIM implementation so far, followed and was approximately equal to 1,3.

6.2.3 Lack of benefits

One of the significantly important findings of this part of the validation was that most of the benefits
were not applicable yet. Nevertheless, according to the people working on the project, they expect to
experience them later as the execution phase progresses. Their response shows that they are aware
of the benefits they expect and with the usage of the Framework they will be able to quantify them
on the spot. In contrast to the rest of the projects that interviewees had to go back in time and track
the information needed, in this case, people will be prepared to record the data required in order to
calculate the benefits accurately. Hence, this is a first positive sign which indicates that the application
of the Framework from the beginning of the project can generate accurate results which totally
capture the actual situation.

Indeed, according to Fig. 33, it is clear that many benefits have been quantified. In fact, the number
of the benefits that were calculated in this project is higher than all of them in the cases investigated
in chapter 4. This amount of benefits quantified is justified because the Framework was applied while
the BIM implementation was still at an initial phase. Thus, people working on the project were able to
track these benefits in real time, collect the information needed and assign to them monetary values.
Moreover, the number of benefits will be higher at the end of the project considering that many
benefits are expected to be gained in the future.

6.2.4 Comparison of validation and application

The pilot application of the Framework in a current project enables the researcher to make
comparisons based on the results she acquired and verify the results that were generated on chapter
4. These comparisons mainly have to do with the different costs of software, hardware and personnel
that was needed as well as the B/C ratio that emerged. The objective of this part is to indicate the



differences among the findings of the application and these of the validation. In this way, the
researcher aims to show the value that the validation adds in the whole study.

Different Costs of BIM Implementation

According to Fig. 34, the different costs required as percentage of the total cost are given. The project
in Sir Bani Yas shows a clear difference comparing to the rest of the projects. To be more precise, the
percentage of software and hardware are much higher in the current project than the rest which are
almost or totally completed. In contrast, the percentage for the cost of personnel is significantly lower
than the rest. However, these findings can be explained considering that the project is now in

progress.

Firstly, it should be remarked that the Total Cost of BIM Implementation for the project in Sir Bani Yas
is low because the usage of BIM applications is still at an initial phase. Moreover, there are less human
resources from contractor’s side and specifically one Engineer and a part-time Planner, given that the
project is so simple. Furthermore, according to Fig. 34, the Cost of Personnel is 59,26% while the
lowest among the other is 83,47%. This application verifies that the Cost of Personnel is the highest
among the three costs. However, this low percentage was expected because the BIM Implementation
is still going on and the working hours are expected to increase until the end of the project.
Particularly, more time will be given by the BIM Engineer and the Planner during the Execution of the
project as more aspects of BIM such as the 4D Model will be used. Therefore, the cost of the human
resources and consequently the total cost of BIM is expected to rise as the Execution progresses.
Lastly, the cost of software and hardware are relatively higher because the total cost is low and thus,
the partial percentages are high.

COSTS OF BIM IMPLEMENTATION
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Figure 34 Percentage of Different Costs of BIM Implementation of all Projects

Benefit-Cost Ratio of all projects

Following the comparison of the different costs of BIM Implementation between the Case Studies and
the Validation, some comments on the B/C ratio that emerged after the quantification, are made. This
part aims to show the importance of the Framework application from the beginning of the project.



Table 5 Summary of results of all Projects

Total Cost of the Total Cost of
Project Purpose Type Project Total Benefit BIM B/C ratio
APM Terminal| Case Study Marine € 500.000.000,00| €3.214.430,00| € 398.625,00 8,06
LCA Case Study Building € 95.000.000,00( €2.727.991,26 € 695.005,22 3,93
Museum of

1,14

the Future Case Study Building € 204.229.663,11| €1.719.578,26| € 1.504.000,00
IKEA Project | Case Study Building € 40.000.000,00| €1.014.839,48| € 503.642,52 2,01
BAS Case Study Building £ 28.783.627,00| £ 463.750,00 | € 157.650,00 2,94
Sir Bani Yas Validation Marine € 25.000.000,00 | € 24.244,10 | € 18.656,73 1,29

The Table 5 cited above shows in summary the most important details of each project. On the last
column, the B/C ratio of each project is presented. The B/C ratio of the project in Sir Bani Yas is equal
to 1,29. This percentage is relatively low but not the lowest among the rest of the Case Studies. Also,
it is not relatively low considering that the project is still in progress and is expected to generate more
profits until the Execution phase is completed. This remark in combination with the multiple benefits
quantified on Fig. 33, confirm that the total benefit of this project is high.

All the above, help the researcher validate the accurate functionality of the Framework. The reasoning
behind the Framework is to enable the user record all the useful information and thus, quantify
precisely the costs and benefits. Indeed, the fact that the B/C ratio is still low but close to the rest of
the projects, which are completed, validates the usage of the method. Particularly, the B/C ratio
demonstrates that the BIM team was able to quantify more benefits now, that the project is still in
progress comparing to the rest of the Cases. Finally, if the Framework is used until the end of the
Execution, more benefits will be gained and quantified and the B/C ratio might end up higher than the
rest of the projects. In this case, the functionality of the method will be fully verified as it means that
all or most of the benefits are assigned a monetary value.

6.3 Validation with experts

Following the quantitative part, a validation with experts was achieved. This qualitative part is of high
importance as it confirms the soundness of the Framework and its applicability in other projects. Also,
it includes suggestions for further improvement by people who possess long experience as well as
relevant knowledge and can judge the functionality of the Framework objectively.

In order to validate the aspects of the Framework, the researcher arranged a discussion with 4 people
working in the Royal BAM Group who were not involved in the Case Studies previously studied. These
experts have different disciplines and are Digital Construction Program Manager, Digital Construction
Managers and Planning Engineer. These people were initially introduced to the existing gaps that the
Framework aims to fill, to the way this standard method works as well as the results it generates.
Following, they were requested to fill individually a short survey, which is given on Appendix G, created
by the researcher in order to for the researcher to integrate their opinions into the research but also
acknowledge their suggestions for improvement. The responses varied as the experts agreed on some
parts, disagreed on others and emphasised on multiple points for improvement.

Overall, all the experts expressed their interest in the whole concept of the proposed method.
Moreover, they agreed that the framework is well-structured, the benefits are relevant to site
conditions and the metrics are realistic. Following, a few suggestions were made. Firstly, the current
method was characterised as subjective regarding the person who gives the number of hours spent
with and without BIM applications. Therefore, a recommendation to deal with this subjectivity would



be to gauge some results from previous studies and then ensure the accuracy with the given numbers.
If the numbers were not close, then the interviewees would have to check the values and give more
accurate results. Moreover, an additional tab that would include the benefits of BIM from the side of
the interviewees would be useful rather than just asking the outcome. This would help capture more
benefits. Furthermore, another recommendation would be to divide the benefits into the multiple
parts of the life-cycle of the project. Also, it was suggested that incorporating the value from the
change of orders and risks would help. One of the most important suggestions that were made both
from an expert but also during the application in the current project, was to integrate the cost of
reworks that is saved. This is considered remarkable because it involves cost of equipment, fuel
consumption, idle time and valuable time of engineers. Finally, a part covering health & safety aspects
would also be useful.

Consequently, experts were asked to assess the soundness of the Framework. Their response was that
the framework is simple to implement because most part of it is self-explanatory, there is not an issue
with its usage and the benefits it includes are those which they indeed are identified in real projects.
Regarding the way B/C ratio is calculated, they characterised it as accurate as long as double counting
is avoided. This depends mainly on the expertise of the user. A suggestion for further improvement
would be to measure the efficiency of the whole process.

The next question had to do with the applicability of the Framework in other construction projects.
All the experts agreed that the Framework is applicable and they intend to use it in a Workshop
arranged by BAM Nuttall. This Workshop aims to capture the ROl of BIM Implementation on a specific
project. In fact, one of the experts highlighted that this Framework was preferred to other similar
because of its reliability and easy understanding. Some slight corrections would refer to the
descriptions of the benefits as they are considered more academical. However, people on the
construction site are not comfortable with them and this would not facilitate the record of data and
the benefits gained.

Following, experts were asked in which way could this Framework be adopted by a company and if
special organizational or managerial adjustments should be made. Two of them agreed that this
Framework would be adopted by the DC department along with the help of the Project Manager or
Contracts Manager. Also, they suggested that some planning and adjustments regarding the uses of
BIM could bring massive improvements to the method.

Finally, experts were asked which impact could this Framework have on the BIM strategy of a
company. All of them agreed that the impact would be huge. To be more precise, the first expert
claimed that by showing the value of the return, they would get more interest from the clients who
believe the BIM is time-consuming and expensive. Considering that this is the main problem currently
and this Framework would make more people positive to apply BIM on their project. Moreover,
another expert believes that the use of the framework provides useful data. This data could further
identify the current gaps in the deployment of the technology. Consequently, these gaps would
highlight the key value areas that can update the strategic decision making. Furthermore, it was said
that understanding where the greatest return on investment arises will have an effect on where DC
resources are applied. Lastly, the fourth expert believes that every strategy needs a business case and
this is the aim of this Framework. In fact, ROl is the most important objective and normally strategies
are built according to it. Hence, if a significant ROl is provided, companies will invest more on Research
& Development and BIM resources and would also digitize traditional their processes.



6.4 Conclusion

The validation constitutes a part of the research which is of significant importance. The purpose of
this chapter was to verify that the proposed Framework can indeed represent an accurate evaluative
method for BIM implementation. This verification was both quantitative and qualitative. The
guantitative part involved the application of the method in a project which is still in progress whereas
the qualitative part included a short discussion with experts in order to introduce them in the concept
of the Framework, followed by a short survey which was answered independently and objectively.
Hence, when the validation was completed, the researcher could answer the Sub-question 6 which is
the following.

Sub-question 6: To what extent can an evaluation of BIM into construction projects be
| standardised? |

The first way to clarify the extent to which the evaluation can be standardised was the application in
a pilot project. The difference of the Case Studies was that chapter 4 involved only ex-post evaluation
since the projects were all completely or almost finished. In contrast, the application in a pilot project
enables the researcher record all the essential information and quantify accurately the positive and
negative costs so far. The results of this application indicate that the Cost of Personnel is again the
highest of the 3 reaching so far 59,26% of the Total BIM Costs. Eventually, the ratio, so far, is 1,29
which is within the range of the ratios of the Case Studies.

The comments that are received from the experts that used this Framework constitute the validation
of it. Thus, these comments in combination with the outcome of the discussion with experts that
follows on section 6.3, indicate the way that this evaluation can be standardised.

According to the experts, an evaluation of costs and benefits and specifically this proposed Framework
can potentially be applicable in any construction project. The points of the improvement they suggest
include some advice as to how it could be more accurate in order to reflect the real conditions. To be
more precise, the inclusion of the cost of the rework that is avoided is suggested both during the pilot
and later during the discussion. In addition, the ensuring of the soundness of the results according to
previous studies is suggested. Moreover, a simpler description of the benefits is recommended as the
current one is considered more academical. In addition, the division of the benefits into the multiple
stages of the life-cycle of the project is also recommended.

To conclude, except for the recommendations that were analysed briefly in the previous paragraph,
all of the experts agree that the specific evaluative method can be applicable in any construction
project as it is self-explanatory and easy to understand and use by the reader. Furthermore, the
experts state that the costs and benefits it includes are totally identified in real-life projects. As an
outcome, an evaluation of costs and benefits of BIM can be potentially standardised if small points of
improvement are achieved.



7. CONCLUSIONS, DISCUSSION & RECOMMENDATIONS

7.1 Research Questions

The Research Questions were formed by the researcher as one of the initial steps which motivated
the present study. The objective of them is to help the researcher attain gradually her goal; the fill of
the research gap. Hence, the purpose of the Main Research Question is to indicate the research gap
and at the same time, trigger the interest of the reader. The Sub-questions constitute the stepping
stones which lead to the Main Questions. Therefore, all of them have been answered through the
progress of the research. In this part, the researcher will answer briefly the 6 Sub-questions in order
to reach eventually the answer to the Main Research Question.

1. Which are the costs and benefits associated to BIM implementation?

According to the published literature, the costs of BIM implementation can be either direct and
include the cost of software, hardware and installation costs or indirect and involve organisational and
human costs. The direct costs are associated with the implementation and operation of BIM while the
indirect concern the adoption of it. These costs mainly refer to the steps which are required in order
to integrate this technology within the operational context of a company and therefore, require some
investments from the side of the contractor.

Regarding the benefits, these can be either tangible and quantifiable or have an abstract nature which
is hard to be captured and, thus, quantified. The benefits of BIM implementation are acquired by the
usage of the 3D Model and 4D Model. Firstly, the main benefits that are associated to 3D Model
include the Visualisation, Improved Collaboration, QTO, Waste Reduction, Clash Detection, Federation
of the model, Coordination, As-built Drawings, Cost Estimation and CDE. Additionally, the benefits that
are generated from the application of the 4D Planning are the following; Sequencing, Monitoring,
Constructability and Visualisation.

2. Which unique characteristics of BIM (in comparison to traditional 2D methods) warrant an
evaluation into its added value?

The SWOT Analyses on traditional methods and BIM on section 2.3 present the characteristics of each
methodology. The purpose of the SWOTSs was to clarify the differences between these methodologies
and help the reader understand reasonably why the evaluation of costs and benefits of BIM is desired.
When the SWOT Analysis for BIM was completed, the researcher could point-out the characteristics
of BIM that cause the need for an evaluation. Particularly, the following special characteristics of BIM
in comparison to 2D traditional methods amplified the need for evaluation.

Firstly, the Strengths that are presented on Fig. 7 and include the Efficient on-site Supervision,
Improved Collaboration, Accurate Cost Estimation and Take-off, Enhanced Documentation as well as
the Prestige of the Company, constitute the most significant benefits that BIM methods offer and
motivate further investigation. Additionally, the first Weakness that is mentioned and involves the
High Cost of Implementation motivates the reader to dive into BIM costs and evaluate them in
comparison to BIM benefits. Nevertheless, it should be admitted that the most important
characteristics of BIM that warrant the evaluation are the Threats. Particularly, the Reluctance of the



Stakeholders, the Unfamiliarity with BIM and the Lack of exact substantiation of the profits constitute
the Threats that the evaluation method aims to encounter. The main purpose is to evaluate the costs
and benefits and thus, raise awareness regarding BIM methods.

3. How can the costs and benefits associated to the implementation of BIM be effectively
substantiated?

The effective substantiation of costs and benefits is proven challenging and complex. The main barrier
is the lack of sufficient knowledge and information regarding BIM implementation. This lack requires
to personal assumptions and testimonies in order to track the costs and benefits of BIM which,
consequently, leads to inaccurate results.

This quantification can be effectively implemented and consists of a few steps. These steps involve
the constant and detailed record basis of important data and whatever happens on site and has to do
with BIM. These events would happen because of BIM usage and would either reduce the duration of
the activities, reduce the waste or would offer added value to the services. The reduction of the
duration and waste is directly connected with saving of cost. Therefore, the benefits would be
assigned a specific monetary value. Apart from the benefits, the Project Team would also record all
the costs of BIM which involve the cost of software, hardware and human resources.

The cost of software would be measured based on the cost of the licenses that are used. Following,
the cost of hardware involves the money required to buy the technological equipment that would
support BIM applications. Last, the cost of personnel refers to the salary of the members of the BIM
team.

The proposed Framework can potentially deal with these challenge as it provides standard guidelines
which aim to record all the important data and thus make the calculation more accurate.

4. Which information is required in order to assign monetary value to the tangible benefits of BIM?

Indeed, the substantiation of the benefits was the most challenging part of the evaluation procedure.
As explained on section 3.3.2, the two possible ways to calculate their monetary value would be based
on the saving of cost or the added value of BIM. Particularly, the saving of cost is caused either by the
saving of time or by the reduction of waste. Regarding the saving of time, the duration of an activity
with and without BIM was required. Then, the difference of these two durations is multiplied with the
wage (per hr/day/month) of the staff. This number is the saving of cost for the specific activity due to
BIM. With regards to the reduction of waste, the quantities of materials calculated with and without
BIM applications were also quantified. Following, the difference of these two quantities was multiplied
with the price of the specific material (per m/m?/m3). This number is the saving of cost due to the
reduction of waste. Finally, the added value could be quantified either by the price of BIM on the BOQ
which is a cost for the client but a profit for the contractor or by the additional value that BIM offered
by enhancing a particular part of the whole performance of the contractor.



5. In which way do the costs & benefits of BIM implementation inform on the impact of BIM
strategies of the Contractor?

The result of cost and benefit substantiation is the B/C ratio which on the Case Studies ranges from 1
to 8. The analysis of the results indicates that the cost of personnel is remarkably higher than the rest
two types of costs and ranges from 83,5%-97,5% of the Total Cost of BIM while the cost of software
ranges from 0,8% to 3,55% and this of the hardware from 1,19% to 2,56%. The reasons that can
possibly cause this high cost of human resources were stated and involve either the low level of BIM
education, the difficulty of the project itself or the lack of expertise. Regarding the benefits, their
analysis shows that, so far, the usage of 3D model has generated the highest benefits in 3 of the 5
cases while the 4D model and specifically the Interface Coordination which produced the highest
benefit in Moin, significantly beneficial.

Moreover, the Cost of Personnel is confirmed as the most sensitive variable. Hence, this constitutes
the area that the contractor should focus his attention. The establishment of BIM Standards and the
focus on Critical Activities of the project are suggested as two methods to integrate into the BIM
strategies of the contractor. Firstly, the BIM standard procedures and protocols could ideally save the
time spent on BIM Implementation and secondly, the focus on the Critical Activities can save higher
amount of money in comparison to the Non-critical ones, as proven on the first Case Study.

The proposed Framework can perhaps be adopted by the contracting company as part of the standard
procedures and contribute in controlling the inputs and outputs of BIM Implementation throughout
the whole Execution.

6. To what extent can an evaluation of BIM into construction projects be standardised?

The purpose of the validation is to ensure the soundness of the evaluative method proposed. The
application of the Framework on a pilot project which is still in progress verifies that the Cost of
Personnel is the highest of the 3 reaching so far 59,26% of the Total BIM Costs. The ratio, so far, is
1,29 which is within the range of those on the Case Studies. Therefore, these results confirm the
validity of the Framework. Moreover, the comments that stem from the application in the pilot project
in combination with the discussion with experts indicate the way that this evaluation be standardised.

According to the experts, an evaluation of costs and benefits and this particular Framework could
potentially be applicable in any construction project. The points of the improvement involve some
advice as to how it could be more accurate in order to reflect the real conditions. To be more precise,
the inclusion of the cost of the rework that is avoided is suggested unanimously. In addition, the
ensuring of the soundness of the results according to previous studies and published literature would
help. Furthermore, a simpler description of the benefits would make the Framework more useful as
the current one is more academical. In addition, the division of the benefits into the multiple stages
of the life-cycle of the project can also be considered.

Nevertheless, according to the experts, this Framework can be applicable in any construction project
as it is self-explanatory and easy to understand and to use by the reader. In addition, the costs and
benefits it includes are totally identified in real-life projects. As an outcome, an evaluation of costs
and benefits of BIM can be potentially standardised if small points of improvement are achieved.



Main Research Question

What could constitute a standard method of evaluating the costs and benefits of BIM in
Construction Projects?

The answer to the Main Question, which motivated the present research, stems gradually from all the
answers given above. ldeally, this standard method would be applied by the Project Team from the
beginning of the Execution phase as shown on Fig. 35. The inputs of this procedure are the BIM
workflows (3D model, 4D model, 5D model & Site data capture) and the 3 different types of costs (cost
of software, hardware and personnel. Moreover, all the important information regarding BIM usage
on the construction site, would be recorded on time and on a regular basis either daily, weekly or
monthly depending on the conditions of the project and its complexity. Lessons learnt sessions would
assist in capturing the essential data. Following, the transparent quantification of costs and benefits
would be implemented with the use of simple formulas. The result of this quantification is the CBA
and particularly the B/C ratio which represents the amount of money gained from the contractor, for
every unit of money invested on BIM. CBA is considered the most appropriate method as it allows the
particular evaluation of the inputs and outputs of the Framework. Hence, the Contractor can define
the Highest Cost, namely the Cost of Personnel as well as the Highest Benefits and structure his BIM
strategies accordingly. For instance, he can establish standard procedures aiming to control the long
working manhours and he can focus on the critical activities which, provably, give higher benefits. This
evaluative procedure would be constantly updated during the Execution phase as more information
and data is recorded regularly and B/C ratio can be calculated anytime of the process. This gives the
Contractor a sufficient insight and he is able to monitor more efficiently the implementation and keep
the costs within the desired limits. As a result, the evaluation would raise awareness within AEC
industry not only about the costs and benefits associated with BIM but also the impact that these have
on BIM strategies in order to enhance their performance during the project but in the future as well.
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Hardware BIM Strategies

Working manhours
4D model
5D model

5 Raise of Awareness
Site data capture

Evaluation of Costs &

Construction Site Benefits
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Figure 35 Evaluative Method proposed



/.2 Discussion

In this part the implications of the research both for Academia and AEC industry are presented. Also,
the limitations of the research are mentioned. In this way, the researcher intends to communicate the
connotation of her research after the analysis presented in the report.

7.2.1 Framework for the Academia

Considering the problem statement that was initially discovered and clarified, the present research
aims to offer a valuable piece in the Academia. Firstly, the gap in the existing evaluating tools was
identified alongside with the barriers that cause this lack. Based on the theoretical concept as well as
the examination of the 5 Case Studies, the most important barrier that creates this gap is the the
insufficient relevant information provided. This lack leads to calculations which are not clearly defined
by the researchers and understood by the readers. Hence, the most important shortcoming of this
problem is the unawareness of the costs and benefits of BIM implementation.

This shortcoming does not facilitate the adoption of BIM methodologies. Considering the relatively
recent introduction of BIM, the education of people around this topic is suggested. Nevertheless,
when the evaluative procedures and measurement tools are not easily understood by people
interested on this topic, the adoption of BIM applications is not encouraged. Therefore, the objective
of this research, the proposal of a transparent and comprehensive method, intends to potentially fill
this gap. In this way, barriers such as the insufficient information and data would be possibly
eliminated. Besides, this tool would attempt to offer a clearer definition of inputs and outputs as well
as calculations. As a result, readers would be encouraged to understand the source of each input and
output and familiarise more themselves with BIM implementation. Consequently, people would
ideally be more aware of costs and benefits and thus, BIM adoption would be potentially encouraged.

7.2.2 Framework for the Industry

Apart from the scientific contribution, this research strives to offer valuable results to the AEC industry
as well. The lack of a transparent measurement and evaluative tool does not encourage the
establishment of BIM methodologies in the industry. On the one hand, contracting companies need
to be up-to-date and offer competitive products to their clients. On the other, they are not totally
aware of the valuable benefits that BIM can offer and are prejudiced because of the high cost of
implementation. As a result, they tend to be reluctant towards this innovative technological
methodology.

The establishment of BIM standards and protocols within companies and more widely within AEC
industry would definitely promote BIM implementation. People working in the industry would acquire
the necessary education and knowledge and would gradually gain expertise. Therefore, applications
would be used efficiently when needed and contracting companies would get beneficial results. Part
of these standard procedures could be the proposed Framework. This Framework would capture all
the important data which are now not recorded on time and, eventually, quantify accurately costs and
benefits. In this way, the contractor would be sufficiently aware of the progress, would monitor the
positive and negative costs required for BIM and would be able to optimize BIM implementation in
future projects.



7.2.3 Limitations of the research

The present research possesses some limitations which should be acknowledge by the readers in order
to further use or develop the findings of this study. It should be mentioned that most of the limitations
are caused because of the limited time that was available for the research. The limitations that will be
analysed are the following.

o Comparison of B/C among the projects

As mentioned in the 2" chapter of this report, the CBA method is mainly used in order to make
comparisons among alternative choices. However, the research that was carried out did not allow
comparisons among projects. Due to the limited amount of time available, the Case Studies that were
investigated did not possess many similarities. Therefore, a direct comparison between projects of the
same type, size or value was not possible. If projects had very similar characteristics then a comparison
based on their B/C would be feasible. This procedure would add value in the research. Particularly, it
would provide a better understanding of the variables that have an impact on the final result and the
costs and benefits that are expected in each type of project. Moreover, it would enable the researcher
define the reasons that led to the specific ratio and suggest improvements for further improvement.

o Comparison between traditional methods and BIM

Apart from the comparison described above, a comparison between projects of the same
characteristics that were executed with the use of traditional methods and BIM, would also be
valuable. This comparison would directly indicate the impact, either positive or negative, that BIM
applications have on the implementation of construction projects. Moreover, it would allow the
audience evaluate BIM Implementation and understand the benefits and flaws of each technique.
However, this comparison was not achieved because of two reasons. Firstly, the limited time available
restricted the area of study to investigation of projects that involved BIM applications. Secondly, it
was not possible find enough information on projects of the same characteristics that were carried
out using conventional methods and BIM. This lack of data would cause additional estimations and
judgements and the result would not be highly accurate.

o Quantification of benefits

As mentioned, the lack of information available makes assumptios and personal judjements
necessary. Given that the Cases studied were either completely or almost finished, only an ex-post
evaluation was feasible. Therefore, interviewees were required to go back in time and track data that
was recorded during the execution phase of the project such as reports, BOQs, etc. Nevertheless,
when this information was not available or enough for the quantification of costs and benefits,
assumptions had to be made. Moreover, assumptions were required in order to estimate the situation
without BIM. For example, in a project where BIM was used from the start, it was not easy estimate
the time delay that would have been caused if a specific clash was not detected on time. Hence,
Project Managers, Construction Managers and BIM Engineers were required to make some personal
estimations based on their knowledge and experience of previous similar projects. It should be
mentioned that all the estimations were made in a conservative way in order to produce conservative
results. This lack of available data constituted a limitation on the procedure of the quantification and
the final results because it was not possible to depict utterly the actual situation.



o Addition of more benefits

The limited time available was the barrier that mainly caused the limitations in this research. In order
to form the Framework and conclude to the list of benefits that would be included, the researcher
conducted an extensive literature research and some rounds of interviews with experts. The benefits
that she considered were added on the list according to previous research and the discussions.
However, it is understood that if more time was available, more Case Studies would be examined.
Subsequently, a few more rare and uncommon benefits would be explored and added to the list.
Thus, it becomes clear that as more projects are studied, more benefits and barriers regarding BIM
would stem and would be included in the present research.

7.3 Recommendations

The limitations analysed above lead to several recommendations both for the scientific field and BAM
International. With regards to Academia, these recommendations will lead to further research and
consequently a more thorough insight from theoretical perspective. Regarding to BAM International,
this section will help the company improve its strategies relevant to BIM Implementation and thus,
enhance their performance.

7.3.1 Recommendations for Future Research

Regarding the Academia, there is a couple of recommendations and ideas for future studies. Firstly,
an examination of more Case Studies would be suggested. This examination aims to expand the
number of benefits that can be gained by the contractor. This can be achieved only if multiple projects
are studied considering that each execution constitutes a unique case with different conditions. Apart
from the benefits, this extensive exploration can provide additional information regarding the costs
that should be considered and even quantify some indirect costs such as the organisational and human
costs. Moreover, a suggestion for further research that would bring valuable findings is the
comparison between 2D traditional methods and BIM. As shown in SWOT analyses, these two
techniques both involve advantages and drawbacks. Therefore, the extensive examination of similar
projects carried out with a different approach would enable the comparison of these two techniques.
The result that would stem from the comparison would show which methodology is more beneficial,
would evaluate BIM applications and would indicate the points of improvement. Finally, it is suggested
that future research could possibly focus on the Cost of Personnel. Considering that this input
constitutes the significantly higher cost than the other two, AEC firms should develop tools to evaluate
if the time spent on BIM Implementation is spent in the optimal way. Hence, they would be able to
control the working hours and monitor, consequently, the Cost of Personnel.

7.3.2 Recommendations for BAM International

With respect to AEC industry and especially BAM International, a few recommendations for future
improvement are given. Primarily, the application of the Framework on other projects would provide
valuable insight and maybe, enable comparisons among the projects based on the B/C ratio. This
would facilitate the contractor acknowledge the areas of attention and, in this way, try to attain higher
profits in future projects. Moreover, a comparison between 2D and 3D methods would clarify the type
of the projects and the conditions that each methodology is more suitable and beneficial. Thus, he
would gain knowledge and become more able to judge objectively in order to employ BIM applications
when it would indeed be necessary and profitable. Eventually, as already mentioned the adoption of
BIM standards could potentially enhance their improvement. The proposed Framework can probably
be included in the standardised procedures. Precisely, it would ideally facilitate the recording of all



the important information. In this way, the firm could potentially not only quantify numerous tangible
and intangible benefits but additionally, develop their services regarding BIM. The record of data, the
hold of lessons learnt among Project Teams and the accurately quantification of costs and benefits
either direct or indirect, would optimally help the contractor know his abilities and incapacities and
improve their performance accordingly. Finally, it is recommended that the company finds a tool in
order to measure the quality time that is spent on BIM applications and in this way, perhaps, reduce
the long working hours. This measure in combination with the Framework which quantifies all the
inputs and outputs would help the contractor keep an efficient track of the money that is being spent
and gained during the project and ensure that they always remain within the desired budget.



8. REFLECTION

This thesis project is the last part of my academic studies in Civil Engineering and Construction
Management and Engineering. This long journey developed my skills but also enhanced my personal
characteristics. The specific research elaborated on my particular interest in BIM and the position it
possesses in the AEC industry. | was firstly introduced to the concept of BIM during my undergraduate
studies. This first contact was enough to trigger my interest in this innovative philosophy. Soon | was
extremely impressed with its effective impact on the management of a project. Consequently, |
desired to work more on it and thus, | proposed it in my motivation letter for my entry in TU Delft, as
my first desired thesis topic. Therefore, | sought for a project relevant to BIM Implementation. BAM
International gave me the opportunity to carry out a research on a highly motivating and practical
topic regarding the costs and benefits of BIM application in construction projects. The results of my
research totally rewarded my efforts and satisfied my initial desire to dive into BIM philosophy.

The first part of the thesis involved a thorough literature review in order to define precisely the
research gap and form a scientific approach. When | had acquired the theoretical background of BIM
methodologies, | started interacting with experts within the company. These interactions ensured me
about the need of BIM evaluation. Therefore, the objective was to develop a standard procedure,
applicable in any project, which would record the essential information, quantify the costs and
benefits and, eventually, evaluate BIM implementation. My driving force was the interest that these
people showed in the enhancement of their performance regarding BIM through the establishment
of standard procedures. The multiple rounds of discussions not only helped me structure the method
but also provided me with a thorough insight of BIM application in construction projects. Following,
in collaboration with the experts, | quantified the costs and tangible benefits of BIM and made efforts
to assign monetary values to the intangible ones. This procedure was challenging due to the limited
time that all of us had as well as the lack of relevant information. Eventually, the Framework was
efficiently applied on construction projects and the ratio was calculated. This application on Case
Studies indicated that the Framework is functional, easy to use and if used from the initiation of the
Execution phase, can capture the information needed. Following, the results of the Case Studies
offered valuable knowledge and indicated that the cost of personnel is significantly higher than the
other two costs of BIM. In this part, | understood clearly the impact that the results can have on the
BIM strategies of the contractors such as the need to control the cost of personnel in future projects.
Therefore, | concluded that the establishment of BIM standard procedures, potentially including the
proposed Framework, would contribute positively in the performance of the contractors. Eventually,
the validation part verified the soundness of the model | developed and in combination with the
feedback that | received from experts with experience in the AEC industry can potentially encourage
the applicability of the Framework in future projects.

Overall, this research indicated to me the value of BIM applications in construction projects, and the
lack of awareness concerning this value. In addition, | realised the need of the establishment of
standard procedures and protocols regarding BIM within the company and the adaption of an
evaluative method in order to capture on-the-spot the required data which would potentially
substantiate the intangible benefits as well. Finally, | concluded that the value of my research is that
the proposed method would potentially enable the contractor monitor the costs that he is required
to provide and the benefits that he gains, on real time. Hence, he would be able to manage efficiently
the whole BIM implementation and strive for as highly beneficial results as possible.
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APPENDIX A

TABLE OF QUANTIFICATION OF APM TERMINAL IN MOIN — COSTA RICA
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Terminal) i (brs) (o) (hrs) (10) (number of people)
value
1
2 reqvensfor formation Requests for Information are ssued i conficts among the elements are detected of i there are deffciences. When - — o lmmaton of unbudgered hange
 time s e
The degree to which the visualization of Permanent Works withina 30 mode aids in visualizig efther isks and/or
La|Vialiation of ks andOpprtant e ¢ Z Yo | e
lashes among the Architetural, Structural and MEP works Once they o p )
3| clash Dete esign Changes s angible of the contract value
3] Clash Detection & Design hang can be made and the 30 model s updated ly. This leads ' =g 10% ofthe contract el
P [During project execution the 30 model s constantly updated according to the changes. AT the end of the project, he as- - N
4| As-Built Drawi i i crews of 2 peoy
L4|As-Buit Drawings ouit model conditions are defined and a-built crawings can be exracted easiy. e B e ° 1290 YEECRETD ° 245000
Especially in lorge which the nterfaces is essential
1.5{coordination of uities Yes Intangible
in order o avoid confusion on-site and time delays i
1 Tacltates the denh akehoiders Vs ntangible 5%
nformation s managed and used properly. In this way, the understanin of the client is increased and there s igh
1.7 ncreased Documentation/claims et st properl. In this way, fonding of the clent A © Yes Intangible
2 30 Model for Quantity Take-off
7.1|Complexity of Structure (Shape) The shape of o s e of 3 30 mode!. o
2.2 Effcency of Processes (Time) The 30 model helps in creating B0Q i a time-efficient wa. Yes ntangible
The 30 Model provd of “methods. Consecuently, errrs and over-
23{Accuracy of Estimate ve Intangible
il ordering are avoided and waste of materials i reduced. o 2
2.4|Variation Contral The degree to which 30 model adds value when conrolling  project under uncertain conditons Ves ntangile
5[Efficiency of The degree to which 3 model would make the data handover between th Yes intangible
3
B of Projects The compleity of some projects makes the surveying hard and tme-consuming Ver ntangible
3.2Effciency of fthe 3D mode s direcly installed on the tota station, Taster Yes Tangible Soving o time. 05 z 015 7350
4 4D Model forPlanning
Especillyin' which y the nterfaces 1s essental N
a.nterface coordination e oo s et o e Yes Tangible Saving of time 6 1008 408 408 2962080
22| sequence ofsctuties The sequence of actities in managed in a way that relatonships among them are maintained while resources and -
equipment ae used efficienty
43| constructabity 40 planning helpsin ensuring the soundness of  project and the use of alternatve construction strategies if neecied. Yes Intangible
Visual D) helps the dient
a.a|Visuatisation for the dient ~
understand the progress. This ncreases the possibiliy for proposals to be accepted by the dien. °
s
4D planning allows visualisation and tracking of the progress of the activities. In this way, problems can be detected and
5.1{project Monitori Yes Intangible 10% time savi
i e resclved on time. This contrib the project tea. e e
3 50 vodel
1| cont Eotmation 50 model contributes n accurate cost estimation before the ntiation of the poject n comparison o the traditional - ot vt e
methocs
62| Accuracy 50 model ensures higher accuracy n the cost estimation. [ 5 higher accuracy
6.3[Testing of Scenarios Alternative scenarios regarding costs can be explored according 1o the requirements o the lient and the conracto. No
7 Site Data Capturing
N Site data capture enhances the wsual representation of the actual condtions. This helps n going paperless and this
71| Papertess way of working reducing the hidden costs o storing the paper documents onsite e
The degree to which digital Quality Conroltools would make the data handover between the afice and ite morg
2l of Dt Cecton e Hadver |1 8121 WG] sty Cotrol s wou ol the 6t andusbnthe o nd e o o
Sie data capture ensures accurate depiction of the real situaton on-sie. Therefore, at the finalstage, the project can
73| Aceuracy of the result e verfed according to th initial plan ne
5 [Added value
ol S mpemeristincreies 2 et o e i en o s may g n st o e |
is provision.
8.2|prestige of the company the name of the comp: Rl B Intangible
ts comperitve image.
[Conts Zo02080
] 2100000
o] Costof personnel (5] 3941562
c Cost of hardware ($) 5.753,64 B/Cratio
o Costofsoftware (5) 1345635
af Tota Costs (5) 398.625,00 8,063794293
o Total Benefit (5] 321443000
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APPENDIX B

TABLE OF QUANTIFICATION OF LCA— UK

Quantifiable with;

saving of time, o
Sequence Number Workfow code Benefit Definton Project (LCA) | Tangilentagile | reductionof Saving of time (Bt*Required Resources] Materals with B1M Uterature Reference Costsavi AdditonalIformation
N lect LA | Tangibiefinagile | vedueion of | ™ ) 1) (hs) (19 (rumber of peopie) | 5211 o me (21 Rea ) (o "
vaive
T »
Requests or i e clements T When
11| Requests for nformation ves Tangibe | saving ot time 3 20 : 20 40% eimination of unbudgeted change 1208040
e these conflicts are solved on-time, time s saved during the construction phase. 3 L G t g g
The degree to whic thewsuaization of Permanent Works within 30 model aids 1n visuaizing eiher sk and/or
12|VisuaizationofRisks and Opportuites e " i ves Tangible 165695
Clshes among the Architectural, Structural and deteed. Once  changes indesign
13{lash Detection & Design changes Cashes amar the Avchitecturs, focane ves otanble 10% ofthe contractvlue
ourn Tomodels g 1o the hanges AL theend o th projec, the a5~
1.4/ As-Buiilt Drawings. built s can b project: Yes. Intangible
Especaly n rge whichinvolve e ntefaces s essentil
15| Coordination of uilties in order to avoid confusion on-site and time delays. Yes Grss
L6[Collaboration nformation shain falittes the S erhances the collaboraton smong the sakeholders. ves ntangible %
| nformation s managed and used properly. I tis wa, the understandin ofthe clent s ncresed and there 1 high - p—
chance of process.
2 30 Made or Quanty Take-of
2, of Structure (Shape) | The shape of the structure is of such complexity that it is not quantifiable without the use of a 3D model. No
2.2|Efficiency of Processes (Time) | The 3D model helps in creating BOQ in a time-efficient way. Yes. Intangible 55.224
) The 30 Modelprovices i a o radonal methods.Corseauerth dovr ]
23 Accuracy of Estimate |ordering are avoided and waste of materials is reduced. Yes Intangi 958632
34| Varation Contrl [The degree to which 30 moeladds Ve intangible
25 ifcency of Data Handover The degree Lo which 30 model would make the data andover between he of more efient Ve ntangiie
3 »
3.1|Complexity of Projects some projects makes and time-cor No
33 Efficiency of Data Handover 1 the 30 moce s drecty nsaled n the otl station, th onsite core e No
r 0 Wil for arming
- hich imoive he terface s ssental
4.1 Interface coordination in order to avoid confusion on-site and time delays. Yes Gy
The sequence of actities in managed ina hem are and
a2]Sequence of actvties v Intangiv
equence of e |equipment are used efficiently. e HEERS
3| Constructabity 4D planring helps I enurin the soundess ofa project and the use o alterativeconstructon strategies f neeced, ves Intangie
Vil s the et
44| Visualisation for the client understand the progress. This increases the possibility for proposals to be accepted by the client. Yes L=
s 0 rogress Wonitoring
4D planring allows vsuaisaton and trackin of th progress of th actiies. I this way, problems can be detected and
5.1/project Monior ves Intangibe 10% time savi
o e resolved on time. This contributes in efficient control of the project and facilitates the supervision of the project team. e "8
3 B
5 model contibwtes I accrate costestimation beforethe tiaion of the prect I compartso ta the tradiional
6.1/ Cost Estimation proi P Yes 80% reduction in time.
methods
e2[ccracy 50 model esures ighe aceracy i he ostestimation Ver ntangible % e sceuaey
63[Testing of cenarios temat regarding cotscan b explored acordig tothe fthe clent and th contracor ves aeibie
7
St hevsual e o el i ing paperess ana
1[papert
7:1Paperless way of working reducing the hidden costs of storing the paper documents on-site. B BETED
e ot s ot [T s weatcessenss || e
Skedata o the real Therefore t the finalstage, the projectcan
73]Accuracy of the result be verified according to the inital plan. e G
T aded vaiue
o e The dlen then the contrac may acqire an added valo fo the
[ safsmasa e contactorbcause o his proiion N
T
the ame of sty and 20 valu to
8.2{prestge o the compr ves Intangibe
[ — R .
=
[ Operational costs (£/day) 45.556,94
o Cost o personnel (] 580133,
o Costf hardware (£) 3 B/C ratio
G| Cost of software (£) 97.097,14
o Tota osts (6 69500522 3,925137802
o 27299126
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TABLE OF INPUTS FOR LCA

Group Description  Unit of measure Qty Coef. Weekly cost (£) Unit cost (£) Unit cost (€) Total cost (€)

BIM

Hardware computers Months 8 1 £ 130 £ 555 € 655 € 5.239

Hardware Smart screen ea 1 1 - £ 10.323 € 12.181 € 12.181

Hardware VR goggles ea 1 1 - £ 300 € 354 € 354

Software BIM 360 Months 480 1 £ 10 £ 43 € 51 € 24.274

Software Revit Months 240 1£ 20 £ 86 € 101 € 24.274

Software Solibri Months 48 1 £ 50 £ 214 € 253 € 12.137

Software Revitzo Months 48 1 £ 50 £ 214 € 253 € 12.137

Software Navisworks Months 240 1 £ 20 £ 86 € 101 € 24.274

Manpower  BIM Manager LS (subcontract) 1 100% £ 1 £ 116.069 € 136.961 € 136.961
Project
Information

Manpower  Manager Months 24 50% £ 1.370 £ 5871 € 6.928 € 83.139
Digital

Manpower  Apprentice Months 24 100% £ 500 £ 2.143 € 2529 € 60.686
Engineering

Manpower  Manager Months 30 10% £ 3.379 £ 14.481 € 17.088 € 51.264
Doc.

Manpower  Controller Months 30 10% £ 1.052 £ 4509 € 5320 € 15.960

Manpower 4D Planner Months 24 10% £ 2.000 £ 8.571 € 10.114 € 24.274

Manpower  Engineers Months 150 20% £ 1.370 £ 5871 € 6.928 € 207.849



APPENDIX C

TABLE OF QUANTIFICATION OF MOF — DuBAl, UAE

Quantitible with saving | )
——— Workiow code Benefts Defition ject (M) Tangileintangibe |  of time,reductionol so Uteratre Reference Cost s Additional information
Sea Prject (Mef)| Tangile/ntangile | o ime, ecucton o (hrs) (7o) (rs) (19 (number of people) | **" "
T 0
1 Requess for nformation Requests forIformationar 55ued I conits aong the elements are detected o 1 thre are defficencie Ve gl
ks andfor
12|Visualzation o Risks and Opportuities opporunies ves Intangble
s e rcitectura, once hanges in
3| cash Detection & Design hanges . es areible aving o time o
13{Clsh Detection & Design Chane s among the Achtectural, scanbe e deeced. v Tangi Savin of a0 s aoss0 10886585
ourng D model s o the change. At theend ofth projet the 35
14]As Bt Dravings bt mocel condiions are defned an as bult awings canbe extactd ey e (D
e ntrfaces s sssenl]
5| Coordination ofutiies in order o avoidconfusion o site and time delays e LD
Te[cotaboran iiotes e sateno Ves tangble
nformation s nthisway,the hea aand there s igh
17| icreased Documentaton/Claims fcmaton s marse ves ntangbie
2 30 Modelfor Quantty Take-off:
23 |Complexiy of Stactare Shape] T Shape ofthe Srctue 1 of such omplesty ha 1 ot Qs withot thevee of s 30 model. Ves Soving of e 5 o s 3 Ssi00t
22[Effcency of Proceses (Time) The 30 model 500 ins tme-efficent way. Yes Tangile Saving oftime 3 1150 ) Tios 723071 vsng
The 30 Model owdes ighr accracy o quaiity estmates than radtiona methods. Consequentl, emors and ovr- case sty 7000 Bracket oits i basement
23|Accraey o estimate orderig ae avoide and waste o materas s resuced. A3 (D (Base on Workig 12 hoursday 7 days/week)
34 Variation Conrol 30 model Ve angbie 3 Teams of 3 men - 5 weels
2.5[Eficency of Data Handover [The degre t which 30 mode would make the dta handover between th ofice and ste mor eficent Yes ntangble RTS opertor +2men- 11 days
3 0
32 |Compeniyof Profects Some profects makes the urveying hard and Y- corsuming Ver gl
32| eficency of Dta Handover 1 the 30 model he total statio, Heved ves ntangble
T[4 vl forPaming
e nerface s essenal]
41 nterface coorination in order o voidcofusion a-site and time delays e g
» dina waythat e e
42|seauence ofactvtes eculpmentare use eticenty. (>
43| constructabitty 40 ptarning heps inensuring the soundnessof a prfect and the us o alternative contrcton srateles f needed. ves ntanible
Viual etpsthe clent
4| Visualisaion forthe client rogres. Ths Icreases the posiiltyforpoposas o be acepted by the clent e LD
s m
40 panning allows isuaisation an trackin of the progress of th acthities. ntis way,problems can b detected and
s This contibutes o the wepolectteam. | " GBI 1% time saving
© 55 vode
P — SO model e st of the odtions - p—
methods
e [Rcaraey 50 modelsrsurs igh Ves ntargbie
63| restin o Scenrios the lent and th cotracto. ves ntangble
7 She bata Captuing
Stedate e vl e sctualcondtios. n
21| paperess way o working o storing the pa No
72effdency o Data Collecton and Handover | %" andsie more ves Tangile Saving o time s 0 ; w7 1571927
Siedats e Therefre, at the final sage, the pojec can
73| Accuray o the resut et cptre s st e ves Tangile Saving o time 563 12 3 ors025 1856319
-
T T
[ o e 1 o cersties o [ e |
82| prestige ofthecomy [ e rame of ddsalueto |y Intangble
s o e compan |, :
o
o o000
o] Cost f personnel () 150800000
o Cost of ardware (6) 2615800 B/Cratio
= Cost ofsoftware (€ 50000
al Total Costs (€) 1542.658,00 1,114685342
o Totol Benet (] 171957826
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APPENDIX D

TABLE OF COST OF SOFTWARE — IKEA, JAKARTA

Software Price (per user per month) [ Users [ Duration (in months)| Total Cost
TP (Team Project) | € 14,00 6 13 € 1.092,00
CAD € 100,80 3 13 € 3.931,20
Revit € 134,40 5 13 € 8.736,00
Sharepoint € 450,00 1 13 € 5.850,00
€ 19.609,20
TABLE OF COST OF HARDWARE
Hardware Price (per user) Users Total Cost
Computers € 1.200,00 5 € 6.000,00
TABLE OF COST OF PERSONNEL
BAM International
Personnel Resources|Duration (in months) [Manhours | Average cost (per manhour)
BIM Engineer 1 8 192( € 19,11
Bim modeller 2 15 192] € 19,11
Document Controller 1 13 192] € 19,11
Drafter 3 33 192( € 19,11
Total 69 13248 € 253.169,28
Subcontractors
Personnel Resources Items Total Manhours | Average cost (per manhour) Total Cost
BIM Modellers 1 Concrete elements GFto L2 8.742 € 14,46 | € 126.409,32
Personnel |Resources Items Total Manhours | Average cost (per manhour) Total Cost
BIM Modellers 1 Concrete elements B2 to B1 5.152 € 19,11 | € 98.454,72

Summarised Cost of Personnel

TABLE OF CosT OF BIM IMPLEMENTATION

Item Total Cost
Software € 19.609,20
Hardware € 6.000,00
Personnel € 478.033,32

SUM € 503.642,52

Name Total Manhours|Number of sheets| Price per manhour| Hoursper sheet | Total Cost per Contractor

BAM International & Denki 13248,00 906 € 19,11 14,62 € 253.169,28
Archetype 8742,00 633 € 14,46 13,81 € 126.409,32

BAM Infra 5152,00 388 € 19,11 13,28 € 98.454,72

Total 27142,00 1927 - - € 478.033,32



Name Hours per sheet | Number of sheets | Total Manhours | Price per manhour
BAM International & Denki 25,00 906 22650,00 € 19,11
Archetype 25,00 633 15825,00 € 14,46
BAM Infra 25,00 388 9700,00 € 19,11
Total - 1927 48175,00 -




APPENDIX E

TABLE OF QUANTIFICATION OF IKEA PROJECT — JAKARTA

Project (IKEA saving oftime, Duration with BIM | Duration without BIM | Required Resources
a project) melbie/Itagl waste, added (hrs) (Te hrs) (Tt) (number of people) e ¢ ol ) (an) e
PR =TT
;
[ —— [— s confics smong e eemens [— v | b | swigor 440000 somoo] e teamz 40000 e — 500005 hoor
i ok o oy oG
1.2|Visualization of Risks and Opportunities | The degree to which th tion of P " Works within a 30 model s g eith s andys Yes Tangible Added value Risk of 1 month delay 250000,00|detected between MEP and Structure, reworks
oot
13| Clash Detection & Design Changes e e st o b it e Yes Tangible P 200000 400000 2P 1078 montts - 200000 10% of the contract value: 40000,00(20 Euro / hour
) Especially in | \d complex projects which activities, the interfaces Is essential )
5] ination of utlties in order to avoid confusion on-site and time delays. Yes (EmEED
RS v et B o
A r— fociaes P Yo | gt | Askdvaue o conbutd o th dom 7500 hinal o eniied duin clsora
1.7|Increased Documentation/Claims. 8 properly v " © Yes Tangible Added value ‘evidences and as major factor in the 200000,00] tproi
2 3D Model for Quantity Take-off
2.1|{Complexity of Structure (Shape) The shape of the structure is of such complexity that it is not quantifiable without the use of a 3D model. No
2.2|Efficiency of Processes (Time) | The 30 model helps in creating BOQ in a time-efficient way. Yes Intangible
oo pccrsyt s - ==
Y ordering are avoided and waste of materials is reduced. =
P — z
i N in order to avoid confusion on-site and time delays. °
4.2[Sequence of activities. The sea of actit eed ¥ that relationship e the tained whi d No
4.3| Constructability 14D planning helj the soundness of a use of gies if needed. No
tsualisation for the client understand the progress. This increases the possibility for proposals to be accepted by the client. ©
v
5:1|Project Monitoring resolved on time. This contributes in efficient control of the project and facilitates the supervision of the project team. b
CR—CYT
e
T eomanm
7-1Paperless way of working reducing the hidden costs of storing the paper documents on-site. No
73| Accuracy of the result be verified according to the initial plan. b
v
Y E— =
ol contractor because of this provision.
o
<
Cw| Cost of personnel (€) 478.033,32
oh| Cost of hardware (€) £.000,00 B/C ratio
Gs| Cost of software (€) 19.609,20
) Total Costs (€) 503.642,52 2,014999607
8J Total Benefit (€) 1.014.839,48
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APPENDIX'F

TABLE OF QUANTIFICATION OF BAS— UK ANTARCTIC

Seanc umber Wodow coe —— oetntn i, | ot 3| Reqied s | o cosoung [EPT—
F—
psckmsann
Earthworks Modelling 1.2| Visualization of Risks and Opportunities.  opportuniti thin 2 30 model ai s and/ Yes Tangible (Minimum Rehandling of 7200 1/3rd £108.000,00(
unities. material) i
T A —
povts .
iring model is 0 the changes. end of the project, the as- Bevier communication
Easier Handover 1.4|As-Built Drawings uring 30 model 1o the changes, At the end of the project, the Yes Intangible
Clash Detection, Model raising N Infc In this way, ‘the client is increased and there is high . Pt
chance of speeding-up the construction process. <
2 [0 ettt ity ekt
2.1{Complexity of Structure (Shape) [ The shape of the structure is of such complexity that it is not quantifiable without the use of a 3D model. No.
2.2|Efficiency of Processes (Time) [The 30 model helps in creating BOQ in a time-efficient way. No
checks still requried. 2:3|Accuracy of Estimate ordering are avoided and waste of materials is reduced. Yes e SSi it = 1000 : o0 Cost 05 ZERETD design. Difficult to qunatify fully, however
[ E— e desee o 30mael vt et s ewen e e e mor fiin e
T [osmesmene
3.1|Complexity of Projects. kes the surveying No
FE————
PR PR
activities, the interfaces is essential o S pobecs Tone e (e &Y
in order to avoid confusion on-site and time delays. ' Yes T &9 1200 N 2 site o EREICGRY EMILD
; ot r v o 100100
of activities v ng ther tained whil “ Yes Tangible 200 600 1 400 Synchro Pro / Autodesk Navisworks £10.000,00
———
cuss. assumptions, More clarity in information
T
ra—
[ ———— o o
PR
. " i e e e e e W e e | p— » : E— p—
| Workmobile and reporting back 7.3| Accuracy of the result Site data the real ‘Therefore, at the final stage, the project can m with the works
[to Ul Y |be verified according to the initial plan.
r— S
8.1{BIM as a requirement from the client | value for the Yes Intangible
e contractor because of this provision. =
i
| e |
)
o st e 61 a0
Ch| Cost of hardware (£) 3.150,00 B/C ratio
o v o o R— aso0t0
|versions), Solibri 2,94164288
o ot Pz
: s
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APPEN

DIXG

RESULTS OF SENSITIVITY ANALYSIS FOR 1% CHANGE

APM Terminal - Moin, Costa Rica

Percentage|Percentage

Cost B/C Lower Boundary |Upper Boundary| Positive Negative
Personnel 398625,61 394831,4538 402419,7662 0,95% 0,94%
Hardware 398625,61 398568,0736 398683,1464 0,01% 0,01%
Software 398625,61 398491,0465 398760,1735 0,03% 0,03%

LCA -London, UK
Percentage | Percentage
Cost Total Cost | Lower Boundary |Upper Boundary | Negative Positive
Personnel 695005,22 689203,8823 700806,557 0,83% 0,83%
Hardware 695005,22 694827,4763 695182,9631 0,03% 0,03%
Software 695005,22 694034,2482 695976,1911 0,14% 0,14%
Museum Of The Future - Dubai, UAE
Percentage | Percentage
Cost Total Cost |Lower Boundary | Upper Boundary | Negative Positive
Personnel 1542658 1527618 1557698 0,97% 0,97%
Hardware 1542658 1542396,42 1542919,58 0,02% 0,02%
Software 1542658 1542533 1542783 0,01% 0,01%
IKEA Project - Indonesia, Jakarta

Percentage |Percentage

Cost Total Costs | Lower Boundary |Upper Boundary| Positive Negative
Personnel 503642,52 498862,1868 508422,8532 0,95% 0,94%
Hardware 503642,52 503642,52 503642,52 0,00% 0,00%
Software 503642,52 503446,428 503838,612 0,04% 0,04%

British Antarctic Survey - UK Antarctica

Positive Negative
Cost |Total Costs | Lower Boundary | Upper Boundary Change Change _
Personnel 157650 156150 159150 0,95% 0,94%
Hardware 157650 157618,5 157681,5 0,02% 0,02%
Software 157650 157605 157695 0,03% 0,03%




APPENDIX F

INTERVIEW PROTOCOL FOR VALIDATION OF THE MODEL

1. Do you have any comments/suggestions/points of improvement on the
proposed Framework?

2. How would you assess the validity and soundness of the Framework?

3. Do you think this Framework is flexible to apply in other projects? If yes,
would you apply it? If no, which changes would you make?

4. In which way could this Framework be adopted by a company? Would it
require special organisational or managerial adjustments?

5. Which impact could this Framework have on the BIM strategy of a company?
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APPENDIXH

TABLE OF QUANTIFICATION OF SIR BANI YAS — UAE

Qantifabl ith;
ot saving of time,
i o 5 i ingof time (1 ingof ime (1 L tional Informatc
Sequence Number Workflow Code Gtegory efiniton of Benefts ) 5 redwiona|** B BT | (omberpeol) | BN M Savig oftime Added Contact Value iteraure Reference Cost Saving Additional Information
wast, added
value
T e
) Requests ornformaton ar ssued f cofics amorg the elementsare cetcted o  there are deficences, When
11{Requests ornfomation No 40% liminaton of unbudgeted change
{hese conflcts ar sovee on-tim, time s save uring
12 sttt s o Opporntis The degree to wichth visualzatin of ermanent Workswithina 30 model ads i visuliing either sk and/or - —
opportunites.
13{Cash Detecton & Design Changes (Gashes among the Permanert,Temporary works and Reinforcement Yes Tangile | Saving o time 9 n 1Modeller 6 10% of the contract vlue 306830
7
[y g ot xcuion e 30 mael s sttt g o e s, AL e end o e e teas |
it deined and as-hit drawings
pecilly d pich it e et il
15{Coordination o isciplnes einteracesisessentall  yg
inorder toaveid confusion st andtme delys
16{Calabora fatat he stakehaders No nangile %
nfoma Inthis way, the understandin o the cien there i igh
17|increased Documentation/Caims plomaton i way e ¢ " No
chanc o speedin-up the construcion procss.
2 30 Model for Qariity Take-of
21| Complety of Structur (Shape) The shape ofthe tructure i of suchcomplexty ha 5 ot quantfiable without the use o 30 mode Yes angile
2aeficency of The 50Qina tme-fficent way. Yes Tangle | Saving o time 5 [ Thodeller 81 407530
The 30 Modelprovides i « n T meth 7 X
23 ey st 30 Model prondes igher accurayofcuantty simates ha il methos, asequetly, rors andoer- | P P— " " P s .
orering ar avaded and waste of materals i recuced.
24 Varation ontrol The degree to which 30 model adds value when conroling a project under uncerain condiions Nolye) | intangible
25 Eficenc ofData Handover The degree to which 30 model vould make the dta hancore between the office an ie more efficnt Yes Intangile
T e
3.1]Complexity of Projects The complexity of some projects makes the surveying hard and time-consuming, No yet)
3]fficincyof Data Handover i the 30 model i diectly nstlled on the ttal staton the Nolyet)
4 40 Model for Panning
pecilly " Hich e, e nter vl ; o
4. nterface coordination e theinteraces s essental] ¢ Tangible Saving o time 0 50 1Plammer 0 630,00
inorder to avid confusiononste and time el
The sequence of acttes in managed n way that relatinships amorg them are maintained whie resources and
42{Sequence ofacivies o 1L managedng way ht eatonships among aied il esour Yes Tangible | Saving o time » 5 1Plamer 0 63000
eauipment are used eficienty.
43{Constuctabilty 4D plaving helps inensurig the soundness of aproject and the use of ifneeded. Yes Tangile | Saving o time ) 3 1 Planner + 1 Modeler 110 783750
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