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Abstract
Purpose — The topic of this thesis focuses on the Lebanese Construction Industry as it has been
lagging in terms of technological advancements in the last few years. The purpose of this thesis
is to find out the impact of technological advancements, specifically Building Information
Management and Modeling, on the Lebanese Construction Industry, its penetration in the market
in Lebanon in comparison to the MENA region, in addition to estimating the payback period of

investments in BIM for small and medium engineering consultancy offices.

Design/methodology/approach-

Philosophic Approach and Reasoning Technique:

The Post-Positivism approach is used whereas the reasoning technique will be a combination of
induction and deduction, a hypothetic-deductive method.

Sampling and Population:

The population target includes several types of companies involved in the construction field,
ranging from project management companies, design and supervision companies, contractors,
and real estate development companies. It also targets various countries of operation in the
MENA region, which is our focus in this research.

Sampling Procedure:

The sampling procedure is the stratified Random Sampling, because the engineering companies

are divided between countries, and a random sample will be chosen from each country.



X
Findings — The performed analysis showed that the penetration rate of BIM in Lebanon (12.5%)
is too low compared to the MENA region (84%). It was also found that the highest lack of BIM
usage occurs in small and medium engineering consultancy offices. However, the analysis
conducted proved that the payback period for BIM usage in medium engineering consultancy
offices is very quick, specifically less than a year, resulting in a very high IRR, and the
investment is returned fully from the 2" project, as opposed to small consultancy offices which
showed a negative investment return rate.
A solution to the low penetration rate of BIM are incentives and rules that organize the industry
in Lebanon. Governmental incentives and obligations, similar to rules issued in Emirates and
Qatar, in addition to OEA rules and obligations to project’s owners and engineering offices could
increase the penetration rate of BIM in the Lebanese Construction Industry, especially with the
proven high IRR for medium engineering consultancy offices.

Research limitations/implications — The theoretical implication of this research is mainly
testing a theory in a new environment, which is Lebanon. There is a limited number of studies
that talk about the problems and lack of technological advancements in the Lebanese
construction industry, and how this is affecting the total budget, schedule, and quality of the
project. This is why this research might be an incentive towards adopting these advancements,

because it will extend the academic debate that similar institutions have regarding this issue.

Practical implications — The practical implications of this research include discovering what is
the actual penetration rate of BIM in Lebanon compared to the MENA region. This will guide
decision makers and authorities to issue policies and incentives to regulate the BIM usage in
Lebanon. In addition, BIM benefits and profitability of its implementation and usage in projects
in the Lebanese market is calculated. The profession can use the findings from this research and
other limited researches about the Lebanese market to decide whether or not to adopt and

implement BIM usage in their projects.



Xi

Originality/value — This value of this research is that it flags the low interest in BIM adoption in
the Lebanese Construction Industry due to the lack of research done in this area. The findings of
this thesis show the profitability of BIM adoption in medium sized projects and consultancy

offices which should pave the track for further research and adoption in the market.

Keywords - Building Information Modeling, Construction, Payback Period, Penetration Rate,
Lebanon, MENA.



1 Introduction

The construction industry in Lebanon has been relatively in a status-quo condition
for several years. The majority of construction practices, whether in private or public
section, consist of design-bid-build arrangements where the design team delivers the
construction contract documents detailing the technical designs after coordinating with
the owner of the project. After receiving the design package, the owner solicits bidders in
order to choose the lowest bid submitted by the contractor in order to proceed with the
works. At that stage, coordination is needed between all team personnel from the owner,
to the architect, designers, MEP engineers, and contractors in order to better understand
and visualize the requirements since the delivered design drawings is merely a two
dimensional (2D) drawings representing the three dimensional (3D) image that the
designer envisions.
It is clear that the traditional practices and ways available in the construction industry is
unable to deliver the level demanded by the market and its clients considering all the
technological advances available nowadays.
Managing the information related to the constructed buildings and structure, as other
essential components of the construction domain, can be mostly affected by the
technological advances in the market whether in its operation, tools, and methods. The
digitization and automation of building information is a major concern for all the
businesses wishing to make their construction management more coherent and efficient.
Therefore, in order to adapt to the changes nearby, several companies started
computerizing building information management through Building Information Modeling

(BIM) using specialized developed software which ensures the automation of



management of tasks. BIM software packages are more and more being considered by
large project management and engineering consultant companies in order to better
organize, process, and share technical information of the project such as the new US
embassy project in Awkar and ABC Verdun Mall in Beirut.

The thesis proposes conducting a study on the penetration and impact of BIM
implementation in the Lebanese construction market compared to the MENA market. The

study is two folds:

e The first will investigate the enablers and impediments to using BIM according
the perspective of key players in the Architecture, Engineering, Construction and
Operation (AECO) industry in addition to questionnaires sent to different
engineering professions in order to have a detailed study about BIM in the area.

e The second fold is a comparative analysis between the traditional approach and
the novel BIM approach (using REVIT software) to conduct quantity take off and

cost estimation.

After this section, the thesis introduces the research background, after the research
questions and objectives are stated, followed by the research approach. A comprehensive
literature review is then presented. The results and findings of the research are
summarized in section 6. At the end the conclusions and some recommendations are

stated.



2 Research Background

2.1 Development of BIM

Although the construction industry is one of the biggest worldwide, it is not yet
developed as other industries considering the technological advancements taking place
and still lags in terms of productivity, quality, sustainability, etc. In other industries, the
main developments happened due to the use of information technology, increase in
competition due to globalization, and changes in organizational structures. The
construction industry still has relatively marginal usage for information technology which
is causing a negative impact on the advancement of productivity. The National Research
Council (NRC) in the US conducted studies in 2004 in order to provide a strategy for
increasing productivity, and findings of the study conducted found that BIM is the most
promising solution to achieve the above. (Matarneh & Hamed, 2017)
The concept of BIM dates back to the year of 1962 when Douglas C. Englebart defined
what a future architect should be in his paper “Augmenting Human Intellect”. In addition,
several design researchers such as Herbert Simon, lan McHarg, and Nicholas Negroponte
had an impact on the development of BIM concept.
In 1963, several solid modeling programs began to appear. One of the first projects to
create a building database was the Building Description System (BDS) which was the
first software to contain individual library elements that can be added to a model. This
project was designed by Charles Eastman, an architect at Berkley University, who
criticized hard copy drawings due to their tendency to decay over time and fail to
represent the building as renovations occur. Due to the hard and primitive nature of BDS,

few architects were able to work with it and no projects were realized using this software.



Eastman’s next project, known as GLIDE, was created in 1977 and included most of the
functions of a modern BIM platform.

By 1980, several systems using this concept were developed in England and were applied
to construction projects, such as, but not limited to, GDS, EdACAAD, Cedar, Reflex, etc...
In 1988, the Center for Integrated Facility Engineering (CIFE) was founded at Stanford
University by Paul Teicholz. This helped in creating a foundation for students and
industry collaborations to develop what is known as four-dimensional building models
with time being the fourth dimension. While technological advances were rapidly
increasing in the US, Leonid Raiz and Gabor Bojar, two programming geniuses from the
Soviet Block, would end up defining the BIM market as it is known today. These two
geniuses are the founders of the Revit and ArchiCAD programs, with ArchiCAD being
considered the first BIM software that was made available on a personal computer.

(Quirk, 2012)
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Figure 1: Development of BIM definition Latiffi et al. (2014)



BIM is the modern idea of digital modeling. It is one of many promising developments in
the construction industry. BIM is an innovative and very advanced process of analyzing
and managing construction and building data throughout the lifecycle of a certain project.
Nowadays, many developers are requesting BIM implementation in their projects during
all pre-construction, construction and post construction phases. All project team members
are investing in BIM trainings and implementation in order to keep up with the mix of
technology in the traditional construction methods.

The BIM handbook describes BIM as “a computer aided modelling technology for
managing and generating building information, with the related processes of producing,
communicating, and analyzing building information models.” (Eastman, Chuck,
Tiecholz, Sacks, & Liston, 2008)

Thompson and Miner defines BIM in very relevant and brief sentence claiming that if all
needed data of a certain project can be available in a single system, the final product can
be executed fully in a virtual environment. Adding to that the dimensions of time and
costs enables easy cost-time benefit analysis of different options almost instantaneously
(Thompson & Miner, 2007).

On the other hand, Fernandez states that BIM supplies the users with accurate project
data in which all the functions needed to model a building and generate a virtual view of
it are incorporated. BIM will cause a major change in the way business is dealt with in
the AEC industry. (Fernandes, 2013)

The National BIM Standards in the United States views BIM as a “three dimensional
digital representation of building and its intrinsic characteristics. It is made of intelligent

building components which includes data attributes and parametric rules for each object.



For instance, a door of a certain material and dimensions is parametrically related and
hosted by a wall. Furthermore, BIM provides consistent and coordinated views and
representations of the digital model including reliable data for each view. This saves a lot
of designer’s time since each view is coordinated through the built-in intelligence of the
model.” (National Institute of Building Sciences, The National BIM Standard-United

States, 2010)

Figure 2: Transition of Information Sources Due to BIM (Baoping, 2011)

Due to BIM, fundamental changes in communications, deliverables, implementations,

etc.... needs to take place due to the transition of information sources as seen in Figure 2.

Nowadays, BIM is mainly promoted by Autodesk through the program Revit. Once
Autodesk gained control over such type of software, everyone confirmed that the BIM
era is about to start. Autodesk defines BIM as “a building design and documentation
methodology characterized by the creation and use of coordinated, internally consistent

computable information about a building project in design and construction.”



Since there is no single definition to be adopted concerning BIM, it would also help to
better understand this topic if what is NOT considered as BIM can be defined. Fernandez
defines BIM as not being the following:

e “Models that contain 3D data only and no object attributes”

e “Models with no support of behavior”

e “ Models that are composed by multiple 2D CAD reference files that must be
combined to define the building”

e “ Models that allow changes to dimensions in one view that are not automatically
reflected in other views”

e “BIM is not CAD, BIM is not 3D, BIM is not application oriented”

e “ BIM is not a single building model or database, it actually is a series of
interconnected models and databases creating relationships with each other and
allowing information to be extracted and shared”

e “BIM is not Revit, AutoCAD, or Tekla, these are BIM design tools”

e “BIM is not a piece of software. It is not a 3D model. It is not a project phase.

However, it can be any or all of these.” (Fernandes, 2013)

BIM also creates 4D models referred to as time estimation model. Linkage of the model
to the time plan will make it possible to graphically visualize the project, especially for
the stakeholders and owners. This will also help in early detection of conflicts and errors.

4D models also help in logistics.

BIM can also create five dimensions (5D) models with money being the 5th dimension.
The objects in 3D will have material price lists connected to them. This will enable the

view of a life cycle costing system that can be presented to the owner. It can show the



owner all the savings and operational costs for the whole life of the building. It will also

enable accurate cost estimations at any point in the design phase.

2.2 Project, Project Manager, and Project Management

In addition to discussing the development of BIM, it is also essential to introduce
few basic principles in project management. The following paragraphs discusses the
stages of a project, what constitute a project according to the Project Management
Institute (PMI), gives a general view about a project manager, and how a project is
managed in the construction industry.
PMI defines project as “a temporary endeavor undertaken to create a unique product,
service or result. It has a defined beginning and end in time, and therefore defined scope
and resources. It is not a routine operation, but a specific set of operations designed to
accomplish a singular goal. So a project team often includes people who do not usually
work together — sometimes from different organizations and across multiple
geographies.”
A standard project usually is made up of four phases: initiation, planning,
implementation, and closure. These phases are known as the project’s life cycle.
During the initiation phase, a certain need is identified and the appropriate response
mentioning several solutions is documented. During this stage, the best solution is
identified based on a certain feasibility study, and the project’s team starts to form with
the project manager being the head of the team. Further to that, the planning phase starts.
In that phase, the project’s solution is developed with every detail being studied to meet
the primary objective. The project manager studies the project’s budget by providing cost

estimates for labor, equipment, and material. At the end of this phase, a quality plan is



documented in order to gain the customer’s acceptance and the project is ready to be
executed. The third phase is the execution phase during which the project is put on track.
Progress is always monitored and the project manager should always keep the project on
track despite all the problems that may arouse. Once all the deliverables have been
completed and has gained the customer’s satisfaction, the project is ready for closure.
The final phase is the closure phase. During this phase, the project is handed over to the
customer, documentations are submitted to the owners, supplier’s contracts are
terminated, project resources are released, and the stakeholders’ are advised of the project
closure. (Watt, N.D.)

Construction projects follow the same path. As it is known and as seen in the figure 3, a
construction project consists of the following phases: design, bidding, pre-construction,

procurement, construction, and post construction.

. g Pre- . Post-
[Dealgn Blddmg] ons ot [Procurement [Constructlon [ constuction]

Figure 3: Stages of a construction project

PMI also defines project management as “the application of knowledge, skills, tools, and

techniques to project activities to meet the project requirements.”
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The PM defines the project goal and scope where he transfers the client’s ideas and
request to the project team. Further to that, he must secure the needed human resources
with the specific competence to complete the project. Moreover, with his experience, a
PM must be able to foresee the project’s risks and try to avoid them as much as possible;
however, when risks occur, he should take corrective action to the put the project back on
track. Last but not least, the project manager manages and constantly updates the
schedule and the time. (TenStep, 2010)

Mygard considers the PM as the chairman of the project since he oversees all project
meetings, as the team leader since he leads all the project teams to well function, as the
trouble shooter since he solves all conflicts and disputes among the project members, and
finally as a representative for both parties of the project, the client and the project team.

(Mygard, 2009)

3 Research Questions and Objectives
The main research questions of the proposed thesis are:
e Where does BIM stand in terms of its application in the Lebanese market?
e What is its penetration rate compared to other countries in the MENA region?
e How can BIM impact medium-size private projects at the design stage in the context
of the Lebanese market? And as a result,
o What are the advantages of integrating BIM in such projects?
o How profitable is it to use BIM on a project?
o How can BIM affect the construction budget and timeline?

o What problems can be avoided by using BIM?
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As such, the objectives of the thesis are set as two-pronged:

The first objective is to investigate the status of adoption of BIM in Lebanon in
comparison to the MENA region. As such, the thesis aims at identifying the potential
benefits of using BIM from the perspective of practitioners in these regions; in specific,
the research looks into the impacts of using BIM on time and cost of projects during the
design-construction phases only. The results of study are analyzed to underline what

could be done to foster the adoption of BIM in the AEC industry in Lebanon.

The second objective is to determine the financial feasibility of adopting BIM by small to
medium sized civil engineering consultancy firms in Lebanon. Based on a quick market
survey and the help of owners of several consultancy firms in Lebanon, small
consultancy firms are considered as companies performing up to 6 small projects
annually with budgets of projects ranging up to 2 million USD each, while medium sized
consultancy firms are considered as companies performing up to 4 medium sized projects
annually with budgets of projects ranging up to 12 million USD each. The financial
feasibility is tested using the payback period for adopting BIM in the firm practice. This
objective is set forth as the researchers believe that the full adoption of BIM in the
Lebanese AEC industry can only be achieved when small to medium consultancy firms

adopt the BIM.
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4 Research Approach

The research approach followed in this thesis varies based on its objective: an
exploration tactic and testing tactic. Combining the results of both parts, the exploration
part and the testing part, will help in drawing the conclusions needed in order to assess
the penetration rate of BIM in the Lebanese market in addition to its effect on the budget,
quality, and schedule of the project. This section presents the approach for the first

objective and second objective separately.

4.1 Study Methodology for BIM Implementation in Lebanese Market
This section will address the methodology used for this research study before
analyzing the field work that is intended to test the impact of BIM on the Lebanese

Construction Industry in practice.

The study approach in this thesis is mixed between exploration and testing; a hybrid way

between deduction and induction, the hypothetic-deductive method.
The exploration part is done using two methods:

1) Conducting web-based surveys sent to key personnel working at AECO
companies operating in Lebanon and in the Middle East region. The survey
targets various engineering sectors, various engineering firms and companies,
different scope of works, several MENA countries, and several small scales to
large scale projects in order to have accurate results towards the penetration rates

and benefits of using BIM.



2)

3)

4.1.1
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Conducting one-on-one interviews with managerial level employees in well
reputed companies in the region that are directly involved in BIM
implementation.

One-on-one interview is conducted with the owner of one of the largest BIM
centers in Lebanon. BIM-ME is an Autodesk authorized training center, a
consulting services partner, and a sister company to SEEDS (sustainable energy
and environment design solutions). The interview will address detailed questions
related to BIM penetration rates, BIM training sessions, development and support
in Lebanon and in the MENA region in order to help find the ROl on using BIM

in small to medium scale projects.

Study Philosophical Approach

Three principal philosophical approaches are discussed when conducting exploration

studies, which are:

Positivism: Researchers that use positivism base their investigation on the actual
reality. They believe that any research must be tested by direct measurements in
order to be successful.

Post-Positivism: Those researchers use various techniques such as the
triangulation method the collect data and reach a better view on reality. They try
to be as much objective as they can.

Phenomenological Philosophy: This philosophy is in opposition with the previous
two theories. It is totally subjective and focuses on the perspective of stuff as a

substitute to simply focusing on things as they are. (Dudovskiy, 2018)



14

Post-positivism is used in this research as the results collected from the questionnaires
will be analyzed to determine the penetration rate of BIM in the Lebanese market as
compared to that in the MENA and EMEA region. In addition, statistical values will be
deducted in order to find correlations between the various topics discussed in the

questionnaire.

4.1.2 Study Design

In order to be able to draw a reliable conclusion, two approaches are taken into

consideration: induction and deduction.

Ghauri and Gronhaug differentiate between both ways as follows:

a) Induction draws general conclusion from empirical observations. It starts with
observations, progresses to findings, and finally reaches a theory. Theory is the
final result of the inductive method and it is associated with the qualitative
research method which represents the idea of discovering something that cannot
be established in advance. Holme and Solvang claims that in a qualitative study, a
large amount of info is collected from a small sample size from which
conclusions can be drawn. (Holme & Solvang, 1997)

b) Deduction results in conclusions based on logic. Existing knowledge is taken by
the researcher to build his hypothesis which is studied through empirical studies
to accept it or reject it. It is associated with the quantitative research. (Ghauri &

Gronhaug, 2010)

Both methods will be used in this thesis as conclusions are drawn based on logic from

guantitative research and a theory will be reached from observations and findings.
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4.1.3 Sampling and Population

The population will target several types of companies involved in the AEC industry,
ranging from project management companies, passing by design and supervision
companies, contractors, and real estate development companies. It will target various
countries of operation such as Lebanon, KSA, UAE, Nigeria, etc... especially countries
located in the MENA region, which is our focus in this research. The targeted number of
responses is around 100 people, where part of the questionnaire was delivered via a link
online to the population living outside Lebanon, and some were delivered by hand in
Lebanon. The sample for this research also targeted companies varying between small
sized engineering offices to large sized engineering companies operating in the market.
Individuals with no direct relation to our topic were disregarded from the study, such as
non-skilled laborers on site, skilled laborers on site, small sized subcontracting
companies working under the umbrella of main subcontractors and under their
supervision, or foreign subcontractors that cannot have a background or are far away

from using BIM in construction.

The sampling procedure is stratified Random Sampling, because the engineering
companies are divided between countries, and a random sample will be chosen from each

country.

4.1.4 Inclusion and Exclusion Criteria

Inclusion Criteria

- Employees working project management, supervision, design, and real estate

development were chosen.
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- Employees who are BIM literate and are decision makers in their companies from

various countries were also chosen.

Exclusion Criteria

- Employees in the previously mentioned fields who do not have the required
knowledge to participate in decision making such skilled and non-skilled labors.
- Employees working with small subcontractors who follow the lead and

instructions of main contracting companies.

4.1.5 Questionnaire Design and Preparation

The Questionnaire was made up of four divisions. The first division focused on the
company’s profile, such as the country of operation, size of the firm, number of
employees in the company, and nature of work. The second division targeted the first part
of the thesis which is mainly focused on the three pillars of project management (time,
budget, quality) in projects not following BIM, and how projects are progressing and
being handed over versus the original budget submitted to the owner; while the third
division focused on the same points except for projects following and using BIM in order
to create a comparison between both cases. The fourth division contains detailed
questions regarding BIM implementation. Following the collection of the results, the
responses will be divided between respondents working in Lebanon against respondents
working outside Lebanon. The questionnaire’s purpose is to be able to conclude the
penetration rate in Lebanon of BIM usage compared to the MENA region while

highlighting the type and size of company. This was important in order to be able to
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compare how large sized companies develop and progress against small and medium

sized companies.

4.1.6 Data Collection

The data collection stage was accomplished by the researcher and the distribution was
based on a previously prepared list of companies in order to prevent duplication. The on-
line surveys is done using Google survey tool and sent out via social media platforms

such as Facebook, LinkedIn and Whatsapp.

The researcher personally delivered some of the questionnaires to companies such as
employees working at DG Jones, Sakr Real Estate, BIM-ME, while the rest was collected

via online survey techniques. The results were studied using SPSS program.

4.1.7 Response Rates

Over 250 questionnaires were sent to people inside and outside Lebanon; however, the
researcher was not able to collect all the results within the requested period of time since
most of the un-collected responses came from people outside Lebanon. 105 responses
were received. The response rate was around 42% since several questionnaires were sent

to countries outside Lebanon, and the researcher did not have control over the collection.

4.1.8 Data Coding and Entry

Data and numbers from each response were entered on SPSS (Statistical Package for
Social Science). Statistical tests such as the two-sample t-test, the chi-square test,
Cronbach’s alpha, and parametric methods including ANOVA were applied in the data

analysis.
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4.1.9 Data Measurement

For the suitable system of analysis to be chosen, the degree of measurement needs to be
selected. In this study, multiple choice questions and MCQ with ranges for comparison

purposed were used.

4.1.10 Variables

The independent variable is anything that can be subjective or used like a reason; while
the dependent variable is the result of the independent variable, and therefore can be
influenced by it. Regarding this study, and the research questions that it discusses, the
dependent variable can be considered the movement from document based to model
based delivery of design and use of BIM in construction projects, while the independent
variable affecting this decision can be considered as the delivery of the project within the
allocated time, within the allocated budget, without any variation orders, and huge

number of request for information. Table 1 illustrate these variables.

Table 1: Study Variables

Independent Variable Dependent Variable

Number of Request for Information (RFI)

Project Delivery on Time

Project Delivery within Allocated Budget Use of BIM in construction

projects
Cost of Variation Orders

4.1.11 Analysis Framework

This section shows the distributions, central tendencies, and the many tests that were

applied for the quantitative approach of this case study.
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The researcher used quantitative data analysis techniques. This data analysis was

conducted using SPSS program.

Concerning the Chi-square test, when the p-value is less than or equal to the level of
significance a= 0.05, then the null hypothesis will be rejected showing that the factors of

RFls, time, and budget are not related to using BIM in construction projects.

Statistics

Descriptive(Parametric) Inferential (Non-Parametric)

Regression =

Variation

Mean/STD/Min/Max Kurtosis/Skewness

Kruskal-Wallis Mann-Whitney
Test Test

Figure 4: Quantitative Analysis Framework (Azzam, 2016)

The Kruskal-Wallis test determines the possibility of a statistical significance difference
between many the different means among the responders of the survey toward the

importance of BIM in construction projects.

The Mann-Whitney U test associates variations among two independent groups of

variables.
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The “mean” is the average of the series; the “min” is the minimum number in the series
and the “max” is the maximum number in the series. STD is the standard deviation, and it
means the degree to which the series deviates as a group. It is usually easily perceived on

a scatter plot. Figure 4 illustrate the quantitative analysis framework in this thesis.

4.1.12 Validity of the Questionnaire

Validity measures the level to which a certain factor actually measures what it is should.
There are many diverse aspects and measuring methods. According to Pilot et al, validity
is how much a certain instrument actually measure what it must be measuring (Pilot et al,
1985). The Spearman Correlation test is needed for this purpose by checking the validity
of each part of the survey, and for the survey as a whole. It showed a good result
(Appendix F), so the structure of the survey is significant.

Cronbach’s alpha measures the internal consistency reliability of an instrument used in a
research work (Cronbach, 1951, p.297). It measures how reliable the survey is between
each part and throughout the survey. It is a number that ranges between 0 and 1 where a
value of 0 shows no consistency in measurement while the value of 1 indicates a perfect
consistency. An acceptable value is considered between 0.7 and 0.9.

The Cronbach alpha of this research was 0.856, which means that the survey is reliable.

4.2 Study Methodology for Financial Feasibility

Financial feasibility is established through following several steps:

- Personal learning and training of BIM BIM using Revit and developing BIM

models (structural and architectural systems) for two projects, Halat 3824 (small
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size) and Parc 11 (medium size project), using Revit Architecture and Revit
Structure.

- Compare the time and results needed for quantity take-offs and BOQs by
traditional method and by using BIM extracting the same data from the models.
This will help in comparing time needed to perform both options, time needed in
estimations, and costs that can be saved on the project.

- Comparing the cost and time needed for quantity take-off and cost estimation
(the main task done by civil engineering consultancies) using traditional method

VS BIM to establish the payback period of adopting BIM

Achieving the of the two objectives will lead to deducing the penetration rate in the
Lebanese market, the main engineering sectors and size of firms targeting the use of
BIM, the reasons behind the lack of BIM application in Lebanon, the ROIl/payback for
using BIM in small to medium sized consultancy firms, the benefits of using BIM, and

will help in issuing several recommendations to improve the building sector in Lebanon.

5 Literature Review

The literature review section addresses all the aspects of BIM research in the
academic literature including its most used functions, reported benefits, identified barriers
to implementation and the views of the BIM in the market in order to have a clear
depiction of the situation of BIM in the world in general. In addition, it presents an
account of the available published research on the BIM with a focus on research in the
MENA region. A substantial amount of research is dedicated to BIM penetration rates
and adoption. Another direction in BIM research, showed sample BIM international cases

that tackle the advantages concluded due the use of Building Information Modeling.
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5.1 Building Information Management

5.1.1 Functions and Benefits of BIM

The following section discusses the benefits and advantages of BIM based on literature
review. This section will be the basis for this thesis where its results set the guidelines for
the study conducted throughout the remaining parts of this research.

A major part of the academic research on BIM dealt with establishing the benefits of
BIM. Below are quotes stated by several authors authenticating the benefits of digital
modeling?

e “Building information models supports the exchange of data between software to
speed up analysis cycle times and reduce data input and transfer errors” — (Fischer &
Kunz, 2006)

e “BIM can deliver tremendous benefits, but doing so requires a departure from
traditional ways of working” — (Arayici, Khosrowshahi, Ponting, & M.&Mihindu,
2009)

o “As the use of BIM accelerates, collaboration within project teams should increase,
which will lead to improved profitability, reduces costs, better time management, and
improved customer/client relationships” — (Azhar, Hein, & Sketo, 2008)

BIM not only works on the productivity increase during the track of the project, but also
it increases performance after the delivery of the project. BIM has tremendous effects in
facilities management. Ding et al. (2009) believe that BIM technology helps in
digitalization, procurement, and benchmarking. Improving the latter will result in an
improved facility management system and makes it more sustainable by providing better
productivity and efficiency which in turn results in better return on investment (ROI) for
the owner. Ding et al. also believe that BIM can be used as an information storage
platform throughout the whole process of the project, and thus it will serve as an “as

maintained” model compared to what is previously known as 2D “as-built models”. Since
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facility management needs access to all available building information after project
delivery, BIM is a very useful tool for improving facility management.

BIM not only enhances the functions of facilities management but can provide after
construction and delivery services as per Hannes Lindblad in his research paper “Study of
the implementation process of BIM in construction projects“. He discusses several
benefits that the owners of the project are discussing to benefit from because of the use
the BIM model such as booking rooms by using the model, enabling administrative plans
to find suitable rooms for patients, cleaning rooms based on their usage, etc... All the
benefits of the use of BIM will help in managing a certain facility at a lower cost and
with higher reliability levels and a more professional and efficient service.

Researchers are agreeing on the potential benefits of BIM, but its initial penetration rate
in the market is still low. The main beneficiary from the implementation of BIM is the
owner, because higher productivity will increase quality while decreasing cost or keeping
it as is. (Lindblad, 2013)

However, Aranda-Mena et al. discuss the costs associated with BIM adoption. For
example, costs are needed to educate personnel on this new technology, and companies
have to put a large period of time in addition to large investments in order to implement
BIM successfully before starting to get the positives out of this new technology.
Therefore, since the owner is the most beneficiary as mentioned before, it is up to project
owners mainly to demand the implementation of BIM and put pressure on project
participants to use this technology. (Aranda-Mena, Crawford, Chevez, & Froese, 2009)
(Lindblad, 2013) The above penetration rate has increased in the years to come as

mentioned in the 2012 McGraw Hill construction report “ The Business Value of BIM in
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North America”, where BIM adoption has increased by 43% since the year 2008, and
71% of the American people involved in the AEC industries have adopted BIM by the
year 2012.

The Construction Industry Institute (CII), located at Austin, Texas, in USA, states that
75% of the construction money is spent on site; however, 90% of the technology is
benefitted from in the offices. This is one of many reasons causing low productivity,
because 25% of the dollars spent in the field are gone to waste. This is why BIM needs to
be taken into the field through what is called BIM 360 Field which will be discussed
later. James Kuehmeier insists that BIM decrease construction time, increase quality and
productivity, in addition to reducing requests for information. Since BIM dynamically
links the model, project managers can propose on-site changes and transfer them to the
designers and architects who can modify them immediately with no delays, and therefore
updated plans can be released in an instant even if the designers are far away from the job
site. He adds that the project can be visualized in four dimensions and better construction
sequencing can take place on site. Any change in any plan in BIM modeling will cause
all plans to be modified directly which will reduce RFI’s and thus increase productivity.
(Kuehmeier, 2008)

When it comes to the MENA region, according to a survey on BIM implementation done
in Jordan in 2017 by Matarneh & Hamed and shown in Table 2, 95% of respondents
believes that BIM reduces rework and design errors which improve productivity. Also,
88% think that BIM enhances communications between different parties of the project.

According to the survey, most of the respondents believed that BIM implementation is
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very beneficial, especially from the productivity point of view as it can be seen in the

table summarizing the results of the survey. (Matarneh & Hamed, 2017)

Table 2: BIM Benefits in the AEC Industry in Jordan (Matarneh & Hamed, 2017)

Advantages Frequency Percentage
Reduce Rework During Construction 171 95.00%
Maximizing Productivity 162 90.00%
Reduce Conflict/Changes 158 88.00%
Clash Detection 158 88.00%
Enhance Collaboration & Communication 153 88.00%
Improves Visualization 153 85.00%
Improve Project Documentation 153 85.00%
Enhance Design Review 144 80.00%
Faster & More Effective Method 153 85.00%
Improve Quality 151 84.00%
Reduced Construction Time 126 70.00%
Reduce Contingencies 117 65.00%
Reduced Construction Cost 126 70.00%

One of the main motivators for using BIM is the reduction of RFI’s and of change orders
that result because of missing information in the construction documents.
Several authors such as Seaman (2006), Autodesk (2007), and Sheldon (2007) have
agreed on several proponents of BIM such as the following:
e Speeding up the design and construction process because BIM can quicken the
drawing process.
e Conflict resolutions since they will be identified ahead of time and thus RFI’s and

change orders are reduced which in turn reduce the budget and cost of the project.
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e Optimization of design which is very important for Leadership in Energy and
Environmental Design (LEED) certifications.

e Single entry where data will be inputted once. Any change in one plan view will
cause all the associated modifications in all other plans, schedules, elevations,
notations directly which causes much speed in the design process.

e Ease in constructability where BIM can show the components are build all
together.

e Scheduling and sequencing where the owner can visualize his project in 3D, 4D,
and 5D.

e Life cycle evaluations the cost of running HVAC for a building can be estimated

by running energy calculations. (Kuehmeier, 2008)

Quantifying BIM benefits, it can be referred to James Kuehmeier who posted the results
of his interview with an architectural firm using BIM named “Gehry Technologies”
which included several important advantages such as 40% decrease in change orders, 10
to 20 times ROI, 10% overall saving of the contract sum, 80% reduction in generating
cost estimates, 60% less RFI’s, bids within 2.5% of actual construction costs, etc....
(Kuehmeier, 2008) (Gehry Technologies, 2004)

More evidence to confirm the benefits of BIM can be found in the use of BIM for the
Research 2 Tower Project for Colorado Denver Health Science Center. It showed 37%
reduction in coordination RFI’s, and 32% reduction in change order according to Young
in 2009 who compared the above project to Research 1 Tower Project. (Young, Jones,

Bernstein, & Gudgel, 2009)



27

In addition to the above benefits, the Stanford University’s center for Integrated Facilities
Engineering confirms the following percentages listed in the CRC Construction
Innovation after gathering data from 32 major projects: around 40% reduction of
unbudgeted change, up to 80% reduction in time to generate a cost estimate, savings up
to 10% of contract value, within 3% cost estimation accuracy, and up to 7% reduction in
project time. (CRC Construction Innovation, 2007)

To facilitate the use of BIM, a library of pre-built manufacturer BIM content is aiding the
designers at early stages. According to the Construction Skills Queensland (CSQ) draft
paper on how will BIM impact future construction industry skills, capabilities and
workforce profile, “manufacturers who provide digital content on for example, windows,
sliding doors, toilets, ceiling lights, cabinets, desks etc. make it increasingly easy for
designers to fully finish and furnish their design into details such as flooring and color of
the walls. BIM information on product manufacturing machinery can improve the design
of factories as the designer can readily place machinery into the design and improve
workflows.” (Construction Skills Queensland, 2014)

Finally, and according to Rui Pedro Lopes Fernandes, the owner will have a very close
estimate since BIM can deliver faster, better, and more accurate estimates of quantity
take-offs. Model checkers, available in BIM, compare the design model with the owner’s
requirements, thus facilitating the owner’s life and his involvement in the project.
(Fernandes, 2013)

In a BIM project, quantity take-offs are done several times. The first time is called a
parametric estimate made at the inception of the project which gives the owner a rough

cost estimate in order to proceed with the project or abandon it. After setting the target
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price, a building construction information model is developed in order to ensure that a
detailed cost estimate of the project can be performed. The contractor uses this estimate
to issue an offer to the owner. During the construction process, quantity take-off is also
performed on site for the third time. (Alshabab, Vysotskiy, Khalil, & Petrochenko, 2017)
Quantity take-offs using BIM are more effective and can help in decision making
situations more effectively. Routine tasks are decreased while professional skills and
requirements increase, transforming the QS from a surveyor to a specialist. However,
BIM will not resolve all quantity surveying issues and not all quantities can be taken off
from BIM. The skills of the quantity specialist are still needed to ensure validity of all the
data and material and to analyze the results. (Alshabab, Vysotskiy, Khalil, &
Petrochenko, 2017)

All of the above advantages provide convincing data to implement BIM. Through BIM,
better decisions can be taken in comparison to traditional methods and project managers
can deliver projects successfully with better profit margins. It is important to realize that

new firms using BIM will have more up-front costs.

5.1.2 Barriers to BIM

Even though the benefits of BIM are widely accepted in most projects of the world as
mentioned in the previous section, any technology used will have drawbacks that should
be addressed and studied deeply in order to compare the benefits to the barriers. The
following section will address the barriers of BIM in order to have a clear view of the
damages that it can do, try to work on fixing them, and in order to be able to issue a

benefit versus cost analysis at the end.



29

The most important issue to be addressed in construction projects is the exchange of
information between all parties involved in the project. Previously, this exchange was
being done through traditional drawings and documents, however, according to Steel et
al., BIM ensures effective information exchange and is not only used in the project design
phase, but it is also considered as an interface for information exchange between all
parties involved in the project. Since there are several BIM tools from various vendors
and suppliers, challenges are present in the information exchange process due to lacking
of interoperability between various software versions. (Steel, Drogemuller, & Toth, 2012)
Since all parties are involved in a BIM model, several risks and challenges are present
due to the use of a single model because all stakeholders are inserting, modifying,
updating, extracting, adding etc... information to one unified model. Thompson and
Miner raise the question of who will be responsible for editing the data in the model and
who will take the responsibility for any inaccuracies happening in the model. A great deal
of risk can take place because of the latter issue. (Thompson & Miner, 2007)

Due to the new nature of BIM and its various uses in the construction process, a more
collaborative approach between all involved parties is required. Rizal states that in order
to ensure sustainability in the project, all parties are needed to help in the planning and
design phases of the project. This is why there are several changing roles in the project
participants and new procurement methods are needed following BIM implementation.
Therefore, for BIM implementation to be successful, collaboration needs to take place
between all stakeholders and participants in the project. (Rizal, 2011)

An important barrier suggested by Tse et.al. for why architects are not changing towards

BIM is mainly due to the lack of demand of clients to use this technology and that is
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connected also with the majority of architects agreeing that previously existing CAD
entities are enough and can fulfill their needs in transforming the image they want to the
owner and to all participants in the project. Nowadays, the major problem in using BIM
and developing models is mainly in the clients and project owners who are still not
interested in this technology or lack the expertise to handle BIM models (Tse, Wong, &
Wong, 2005).

Implementing a new technology always require new roles of peoples. BIM adoption will
cause various role changes in the projects hierarchies. Rizal adds a new role in the
construction project in the form of a model manager. His/her role is to deal with the
system and coordinate with all project participants while finding technological solutions
required for BIM functionalities. The model manager should manage the information
flow, but does not have any authority in the decision making regarding design and
engineering solutions. (Rizal, 2011)

Like any implementation of a new technology, training of individuals is needed in order
for the trained individuals to be able to contribute to the changing work environment
according to Gu et al. (Gu & London, 2010). Yan and Damian argue that the training is
one of the barriers to BIM adoption due to the extra costs following the change. (Yan &
Damian, 2008)

Moreover, Eastman et al. claims that BIM is still lagging in its development to being used
as a support for facilities management and that hinders the interest of non-design
professionals towards the adoption of BIM technology (Eastman, Teicholz, Sacks, &

Liston, 2011).
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Since all parties in a project are taking a risk, the rewards of the project should be
distributed among all the participants. Bernstein and Pittman suggests that since the
rewards are the primary driver for the implementation of a new technology, some of the
owners’ savings due to higher productivity because of the implementation of BIM should
be shared with project participating members. (Bernstein & Pittman, 2005)

In 2013, Elmualim and Gilder investigated the challenges facing BIM adoption in UK,
Europe, USA, India, Ghana, China, Russia, South Africa, Australia, Canada, Malaysia,
and the UAE. They found out that 2% of the respondents see BIM as a too risky
challenge, 15.3% see that the benefits of BIM do not match the cost of its
implementation, 20.4% lacked the capital to invest in hardware and software, 15.3% see
that the benefits are not tangible enough, 8.2% of the respondents were reluctant to
initiate new workflows or train the staff, and almost 37.8% don’t know why they did not
implement BIM. (ElImualim & Gilder, 2013)

Adding to the above investigation, and according to a Jordanian survey regarding the
impediments of using BIM, 90% of respondents are not aware of BIM and its potentials,
clients are not demanding use of BIM, the absence of government’s support where 95%
of the respondents believe that lack of BIM standards and codes in addition to the
previously mentioned factors are considered the main barriers behind BIM adoption in

the country. (Matarneh & Hamed, 2017)

Due to the above disadvantages mentioned and raised by several studies, a major question
about the role of the architect can be asked. Will he remain the owner representative or is
he turned to just a supplier like any other person in the project? Furthermore, and even

though a modification in one drawing modifies all the other drawings, an accurate
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account of what is changed cannot be produced, and a new set of drawings should be

issued.

Despite all of the barriers to implementing BIM, several authors are convinced that its
positives outweighs its negatives, and that with time, BIM will become the new

technology in modern construction.

5.1.3 Different Views of BIM Based on User

Further to addressing the advantages and disadvantages to BIM implementation, a
worldwide survey on the opinions of professionals studying and developing the use of
BIM is a must. The following part will mention several views found in literature of

opinions regarding to BIM usage.

Hannes Lindblad differentiates between the various views of people using BIM. For
example, design professionals think that BIM is an extension of CAD, however, PM’s
and contractors consider it as an intelligent management system. Gu et. Al. ensures that
most studies prove that BIM is being used as an enhancement to CAD technology rather

than benefiting from its management qualities. (Lindblad, 2013) (Gu & London, 2010)

The Government Service Administration (GSA) in USA is forcing all companies to use
BIM in phase one of construction and it is encouraging all GSA projects to use 3D and
4D technologies. Typically, once the governmental body encourages the use of
something, the private sector will follow which is similar to what happened with LEED

accreditation.

Handler suggested in new method to facilitate the use of BIM and it was known as

integrated project delivery (IPD) where it requires that all the project team members
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share the risks. Therefore, if the project stays on budget, the participants receive shares of

the profit; however, if it loses, all the participants lose their fee. (Handler, 2010)

Becerik-Gerber and Rice performed a survey over 424 responses to find who most uses
BIM in the construction industry. His sample was divided amongst several users of BIM
with 33.7% of the respondents being architects, 9.9% being contractors, 9.4% being
construction managers, 8% being owners, in addition to several other respondents
varying from developers to owners to facility managers, etc....They concluded that top
uses were visualization with 63%, as-built models with 42.1%, building design with

60.4% and clash detection with 60.7%. (Becerik, Burcin, & Rice, 2010)

More views of BIM can be taken from McGraw Hill for Construction who published a
report of BIM’s use in the AEC industry showing that 43% of the architects use it on
more than 60% of their projects, 82% of BIM users confirmed that BIM has positive
impact on productivity, 66% believed that BIM helps in winning projects, 79% of BIM
users confirm that BIM improved project outcomes, and 62% of the users confirmed that
they will use it on more than 30% of their 2009 projects. (McGraw-Hill Construction,

2008)

5.1.4 Construction Management, Site Management, and BIM

The following section will discuss the BIM advantages mentioned previously and in
relation to the technological advances that happened in the construction and site

management field throughout the years.

In addition to all the positives reached from using BIM in the offices during the design

stage, many project and construction management tasks can be enhanced and performed
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more efficiently when combined with BIM technology despite some barriers that still
exist till nowadays. In-field BIM can help in performing digital RFI’s, 4D scheduling
updates, field sequencing clash detections, use BIM in checking punch lists, add as-built

and in-field model information, commissioning and handover process, etc....

Using BIM on site will help construction managers (CM) and contractors to react better
to conflicts and avoid problems, which in turn will help in increasing productivity and
efficiency. CM’s most important task besides managing budget, scheduling, and ensuring
quality deliverables, is to coordinate the diverse trades available in a certain project.
Before BIM, construction managers used to overlay all 2D drawings in a very time-
consuming task in order to report the conflicts; however, BIM clash detection tools are
one of the most important technological advances that a CM can benefit from. BIM
software can overlay multiple data and models in one file and run clash analysis to
produce reports that help in more effective and productive work compared to hours and

days spent previously on coordinating trades in a certain project.

Punch lists are another important feature where BIM can shine in the field. Combining
technological advances in mobile fields with BIM will help construction management
personnel in updating their punch lists while in the field with detailed information about

each item in the list. (Fernandes, 2013)

In addition to all the benefits that 4D scheduling provide in BIM inside the offices, it also
has benefits in the field. Site logistics personnel can manage laydown areas and access

the location of trailers and site large equipment while taking a walk on site.



35

Also, automated data collection technologies (ADCT) are one of the most important
benefits of BIM software, if not the most important one. ADCT is used to compare the
actual site and construction activities against the design models searching for any error
that happened during installation. Technological advancements and techniques are being

developed to support field verifications such as the following:

e GPS technologies where the contractors have the ability to link the design model
to the global positioning systems for accurate locations verifications.

e Laser technologies where contractors can use laser measurement devices that
record data to the BIM model directly, which can help checking the location of
concrete columns for example before concrete pouring. They can also help in
producing as-built models.

e Radio Frequency ldentification Tags (RFID Tags) can follow and track material
delivery and installation on-site. Moreover, components that were referenced with
such tags, can be linked to the field scanning devices to provide contractors with

field progress. (Fernandes, 2013)

To perform all of the above, BIM 360 Field is the software that performs all those tasks
and through which the bridge between office works and site works is created. BIM 360
Field was previously known as the Vela from Vela systems before Autodesk acquired it
in 2012 and changed its name. It is a central hub for information flow between all project
participants, because it is able to store all the project data in a specific log, more
commonly known as a cloud. This cloud is accessible by all project stakeholders, and can
be used to analyze delays, RFI’s, reworks, punch lists, schedules, progress, etc.... This

software is divided into several different modules, some of which are as follows:
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Material and equipment tracking where equipment and material with electronic
identifications are linked to the equipment list embedded in BIM 360 Field which
can allow tracking and installation details to be accessible through the software.
This will cause increase in accuracy and quality.

Quality and safety checklists where they are recorded in a common library in the
cloud and can be accessed anytime by the CM’s and the project’s stakeholders.
This will ease the accessibility of those checklists to save time and reduces the
possibility of overlooking a requirement during a site inspection.

Issues tracking and notification where issues identified in the field are updated
and added to an existing issues’ database on the project’s server. This issue is
communicated to the subcontractor that must resolve it. After resolving it, the sib
can change its status from open to ready for inspection, thus eliminating several
tasks such as returning to office, giving the CM a notice of completion via e-mail,
and the CM updating the master document with the response. This will reduce the
tasks and quicken the process.

Commissioning and handover where BIM 360 Field captures all system and

information electronically which saves time and reduces errors. (Fernandes, 2013)

BIM and Its Market Adoption

Since this thesis addresses the penetration of BIM in the Lebanese market, it is

necessary to review the reported BIM penetration in the market in different regions of the

world

. The following section will provide the readers with a global view of the BIM

penetration in several countries and continents of the world including the Middle East.
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In the United States of America, the first government organization to encourage the use
of BIM in the US government and promote it in the construction industry was the
General Services Administration (National Institute of Building Sciences, BIM
initiatives: Government, 2011). For example, in 2010, the state of Ohio issued a BIM
protocol to give building owners a general guidance so that they can know what to
include in their contracts, buildings specifications, qualifications, etc.... (Ohio
Department of Administrative Services, 2010) Also, in the year 2012, the US Army
corps of Engineers published an updated version of the guidelines done in 2006 for the
implementation of BIM (The US Army Engineer Research&Development Center, 2012).
According to a McGraw-Hill construction study in the year 2013 entitled “The 2013
Global Building Information Modeling Study”, 291 organizations in the USA are using
BIM. The research surveyed 727 individuals in 10 countries, and the results showed that
60% of those 727 individuals reported medium to very high engagement with BIM
(Construction Skills Queensland, 2014). Between 2007 and 2012, BIM adoption rose in

North America from 28% to 71%. (Matarneh & Hamed, 2017)

Moving into the EU and Europe, the United Kingdom is moving forward in BIM
adoption, since as of the year 2016, it will be mandatory to use 3D collaborative BIM on
all public projects valuing over 5 million pounds. In Netherlands, the Government
Buildings Agency has forced the use of BIM in 2012 and has issued the RGB BIM norm
that contains all general requirements and specifications for BIM extracts
(BuildingSMART, 2012). Currently, the UK is a world leader in BIM adoption speed.

(Matarneh & Hamed, 2017)
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According to a survey done in Turkey in 2016, 46% of the respondents have
implemented BIM in their companies. BIM is mostly adopted in residential housing
construction followed by commercial construction. They mostly use BIM in the design
and preconstruction phase, whereas use of BIM at the operation phase is limited.

(Ozorhon & Karahan, 2016)

In addition to that, the European Parliament issued a directive to be called by the
European Union Public Procurement Directive (EUPPD) that may encourage, specify, or
mandate the use of BIM for publicly funded building projects in the EU by the year 2016

(Construction Skills Queensland, 2014).

Moreover, the Finnish government is implementing BIM since 2007 and provides
funding for research and development programs related to BIM. In Norway, Statsbygg
Company, which is the country’s public construction and property management

representative, forces the use of BIM in all public projects. (Granholm, 2011)

In brief, 36% of the Western European countries has adopted BIM which is becoming

related to contractors in several other countries such as Japan, Korea, New Zealand.

In East Asia, contractors have a 65% adoption rate in South Korea in the year 2012.

(Matarneh & Hamed, 2017)

In Asia, Singapore is the leader in BIM adoption. The Building Control Authority (BCA)
in Singapore has developed a 5 year plan to move the construction industry into BIM
implementation. They are requiring electronic submissions in BIM format for all
construction trades in order to get regulatory approval by 2015, starting with architectural

e-submissions in 2013. In addition, BCA is paying funds to cover part of the cost
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incurred by the companies implementing BIM. (Building&Construction Authority(BCA),
2013) (Awwad & Ammoury, 2013) Also, the Australian Construction Industry Forum
(ACIF) and the Australasian Procurement and Construction Council (APCC) are working
on publishing a Project Team Integration Workbook “aimed at providing team leaders
with tools to make the task of integrating project teams more effective, facilitated by
BIM”. (Australian Construction Industry Forum, 2014) (Construction Skills Queensland,
2014) India is also one of the BIM fast expanding markets, because it has several
qualified and trained BIM professional personnel that are also assisting companies in the
USA, UK, Singapore, ME, Australia, and Africa to deliver projects using BIM

(Construction Skills Queensland, 2014).

BIM in Africa varies from one location to another. For example, Nigeria has high
percentages of BIM implementation; however, it is facing very large challenges in South

Africa.

It can be seen that BIM implementation varies between developed countries and

developing ones due the lack of a clear strategy from BIM adoption.

On the other hand, based on a survey conducted six years ago, BIM adoption in the
Middle East is the lowest. No initiatives are being taken from the public sector or from
the owner/developer side. BIM adoption rate is around 25% based on a survey conducted
by McGraw-Hill in 2011 concerning firms operating in the gulf area and using BIM.

(McGraw-Hill Construction, 2011)

Even though BIM adoption has increased during the previous five years, several studies

in the Middle East showed that several countries, such as Jordan and Lebanon, are still
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lagging in its adoption compared to US and UK countries. However, in countries like
UAE, Egypt and Qatar, BIM implementation increased rapidly and in 2014, Dubai was
the first Middle Eastern country to force the use of BIM for most large scale projects in

the Emirates. (Matarneh & Hamed, 2017).

Figure 5 shows the results reported by McGraw Hill Construction report on the
penetration rates of BIM in different countries in year 2013 and the expected rates for

year 2015 then.
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Figure 5: BIM Penetration Rates in Different countries (Mcgraw Hill Construction, 2016)

In Lebanon, only large companies are using BIM. as per Awwad and Ammoury who
conducted a research in year 2012 to assess BIM awareness in Lebanon and its usage in
the Lebanese construction industry by interviewing several construction players in the
market, such as, clients, contractors, architects, and contractors. They divided their
interviews between very big companies, big companies, medium sized ones, and small

ones to achieve accurate results. Questions varied from types of projects using BIM,
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percentages of projects using BIM, reasons for BIM adoption, advantages and challenges

of using BIM, in addition to suggestions for improvement.

Based on the results of the paper that was published in the year 2013, out of 15
interviewed companies, only six have adopted BIM. BIM usage is still in its baby stages
in the Lebanese market where most of the companies implementing BIM are only using it
for 3D purposes, clash detections, quantity surveying and 2D extractions as shown in the

below caption taken from the research.

BIM Aspects Used

Shop Drawings
As ualt Model
Cost Control
Design review
Buildng Design
Clash Detection
Chuantity survey
3D Visualization

0% A% A0% B0% 2% 1003 1208

Figure 6: Uses of BIM (Awwad & Ammoury, 2013)

In addition to that, 80% of the participants in the survey are using BIM only on less than
60% of their projects, noting that most of the interviewed large companies are working
on international projects in the Middle East area. Even though four out of six BIM users
witnessed improvements in the design phase and around 67% of the respondents have
realized claim reductions, BIM users are still afraid of initiating a major shift towards
BIM usage due to the resistance to change. For example, one consulting firm trained 70

of its engineers to use Revit Software, and only 6 out of those 70 are implementing it
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correctly. 100% of the interviewed people using BIM are using it for 3D visualization,
and this percentage decreases to 17% when it comes to cost control, shop drawings, and

as-built models. (Awwad & Ammoury, 2013)

According to the same survey, 77% of the firms not using BIM range from small to
medium firms. 78% of those are willing to adopt BIM if they find motivating factors and
benefits such as better efficiency and productivity, time saving, etc.... or if the client
demands so. However, it is important to mention that 3 out of the 10 non-BIM users

interviewed have never heard of BIM. (Awwad & Ammoury, 2013)

5.3 Effects of BIM implementation
The following section will define the new project management cycles after the

introduction of a new technology “BIM” into the traditional construction projects.

The project manager now has to set a BIM-centered concept of communication where
BIM becomes the core of the project and all information and deliveries are based on it.
Functions of BIM should be made clear for all the parties at first, and then differences
between 3D models and BIM should be made clear for all parties so it could be effective.

(Baoping, 2011)

Since BIM becomes the core of the whole project, project managers should have a firm
grasp of what BIM can do and relate them to all project management technologies.
Nowadays, BIM solutions are mainly Autodesk’s Revit, Bentley’s Micro Station
TriForma, and Graphsoft’s ArchiCad.

On the other hand, and as mentioned previously, BIM causes several problems to the

project managers since it has changed the concept of project management work and



43

procedures and the ways of communications between parties. For example, how is BIM
added to a contract? How to deal with risks caused by digital modeling? How to get rid of
the extra costs? This is why all project managers dealing with BIM should still

understand the potential risks of this issue. (Baoping, 2011)

5.4 Sample BIM Case

After realizing all the aspects of BIM, and since the research paper addresses BIM
penetration in the Lebanese market and its impact on the Lebanese construction industry,
it is necessary to go back in literature to a sample project where BIM impact can be seen
and assessed in one of the worldwide grand construction projects. The following section

discusses how BIM affected the Hilton Grand Hotel, Atlanta project.

A well-known case in BIM implementation is the Hilton Garden Hotel in Atlanta. The
project costs 46 million USD and covers 484000 square feet. It consists of a 14 floor
hotel and 12 underground parking floors and was executed by the general contractor

“Holder” who decided to implement BIM as a part of the project management system.

After implementing BIM, and due to all the benefits discussed previously in this literature
review, the team was able to locate and solve about 590 design mistakes such as mistakes

in the structure of the facility pipeline.

The implementation of BIM at this project costs $90,000 (around 0.2% of the project
budget), and $40,000 of those were paid by the owner. However, due to BIM

implementation, about $600,000 was saved and a one month delay was avoided.

Due to the success in the application of BIM in this project, the project was granted a

reward in 2007 by the Associated General Contractors (AGC). (Baoping, 2011)
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6 Results and Analysis

Based on the literature review discussed above, it can be realized that BIM
implementation on construction projects has several positive effects from delivering
projects on time, avoiding high variation order costs by tracking conflicts in plans,
completing projects within the budget range, and efficient results in the quantity
surveying field. This section presents the findings of three approaches followed in this

research: the survey, the in-depth interviews, and the sample cases study and its analysis

6.1 Survey Findings

The below part will provide the data analysis and results of the survey. First, a descriptive
analysis of the responses explaining the size of companies and nature of works performed
by companies in addition to the positions of the interviewees will be discussed. Then, a
detailed statistical analysis of the responses is presented using SPSS data and values for
each test is be discussed to confirm or refute the hypothesis and finish with a link
between the findings of this paper and previous literature. In brief, a combination

between theory and practical results will be considered.

6.1.1 Survey Respondents

In order to better achieve the objectives set for this paper the penetration rate in Lebanon
and in the MENA region, the most important and beneficial uses of BIM that would lead
to using BIM in construction projects, and determining the ROI of using BIM in small
and medium sized projects, a web-based questionnaire made up of 22 questions was sent
to people in the construction industry with various operating regions, positions, tasks, and

projects to collect the needed data having a wide sample of respondents.
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Target population is set as individual working in AECO various fields from contracting
field, project management field, real estate development, and engineering design,
supervision, operation and consultancy were targeted. Within each company also, various
positions of employees were considered from owners, project managers, engineers from
all fields, interior designers, and even a small percent of non-employed people were

included.

Table 3: Survey Response

Criteria Number
Number of sent questionnaires 250
Number of respondents 104
Number of valid questionnaire 103
Response rate 42%
Time taken to collect data 40 days
Date of survey April, May 2018

Table 3 includes the survey response results as well as the time and date of survey. The
104 responses received were analyzed first to check that the sample is not biased towards
any group. Table 4 shows the distribution of the sample with respect to country of
operation, position of the respondent, the field of company operation, and the number of
employees within the company and the largest project that was executed in the company.

The last two criterion aimed at identifying the size of company.

The country of operation is one of the main decisive factors for this research. The
answers were grouped between Lebanon, Middle East and North Africa (MENA)
including Gulf States, and other (one respondent from Nigeria and was excluded). 54%

operates in Lebanon and 45% operates in the MENA countries. While sending out the
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guestionnaires, and at each point, collecting data from a variety of sources was in mind
which can be seen in the variety of the results that made the respondents’ percentages in
each field be close to a certain extent to the other percentages. Since the study conducted
targets the penetration rate also in the Lebanese market and will conduct a comparison
between Lebanon and the MENA region, it is necessary to highlight the country of

operation of each employee that answered the questionnaire.

Table 4: Survey Respondents' Profile

Criteria Categories Frequency | Percentage

. . Lebanon 56 54%
What is the country of operation

of the firm you are working at? | MENA 47 45%
Other 1 1%
Architect 30 29%
Mechanical Engineer 4 4%
Executive Manager 2 2%
What is your post at your Project Manager 26 25%
company? Civil Engineer 31 30%
Owner 4 4%
Electrical Engineer 3 3%
Other 4 4%
Engineering Design and/or Supervision 38 37%
What is the main function of the | Contracting 42 40%
firm where you are working? | Project Management 10 10%
Real Estate Development 14 13%
1-10 21 20%
11-20 18 17%
Number o;teyrglp;:of)i/reris enrolled 2150 10 10%
51-200 28 27%
Above 200 27 26%
Less than $500,000 7 7%
v U0y o g, L 0 $.00000 N
Droject executed within yO%r Less than $20,000,000 24 23%
company? Less than $50,000,000 24 23%

More than $50,000,000 30 29%
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As shown in table 4 with respect to the position, the main groups answering the
questionnaire were architects, project managers and civil engineers as expected in the
AECO industry. The large range of positions shown in the table below will help the

study to be as close to reality as possible.

As regards the AECO field of operation, 40% and 37% of the respondents works in
contracting companies and in consultancy companies, respectively. This corresponds to
the general market of engineering as most of the companies are contracting companies,
followed by supervision and consultancy firms. Thus, it is logical to have the biggest
number of answers coming from contracting companies employees. At a further stage
come real estate development companies which can refer to owner of large projects, and

project management companies which still limited, especially in Lebanon.

Regarding the number of employees per company as well as the size of the largest project
executed, it can be seen that the respondents are somehow evenly distributed among
companies ranging from small scale offices to large scale and multidisciplinary

companies.

6.1.2 Survey: BIM Penetration Rates

At this point, the results of the questions related to penetration rates are presented
separately in Lebanon and in the MENA region and then compares the variation between

the two regions.
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I.  Lebanese Market
The responses that were received from the Lebanese AECO are grouped and analysis
results are drawn. For reference, detailed charts of each of the questions are included in

Appendices B and C of this thesis.

a) Around 67% of the respondents of the Lebanese market are either architects or civil
engineers, and the remaining vary between owners, project managers, mechanical

engineers, electrical engineers, executive managers, and in search for employment.

b) 33.9% of the respondents work in large scale companies with more than 200
employees, 51.8% work in small scale offices with a maximum of 50 employees, and the

remaining work in medium sized companies with employees between 51 and 200.

c) Around 33% of the projects executed are considered large scale projects with budgets
over 50 million USD, around 5% are medium sized scale projects with budgets between
20 and 50 million USD, around 35% are projects with budgets between 1 million and 20
million USD, while the remaining are small scaled projects with budgets up to 1 million

USD.

d) 47% of the above projects were delivered on time while 53% were off schedule. In
addition to that, 12.7% were delivered off budget, 23.63% were delivered within a 5%
range of the agreed budget, and 63.63% were delivered within a 10% range of the agreed

budget.

e) Within those projects, 29% had more than 250 request for information submitted,

16.36% between 100 and 250 RFIs. In addition to that, 36.36% of the projects had
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variation orders with more than 10% of the initial budget submitted and 25.45% with a

range between 5% and 10% of the initial budget of variations orders submitted.

) 80% of the projects do not use BIM in any aspect of the projects, and only 12.50% are
applying BIM in their projects in Lebanon. The remaining percentage uses BIM in a

partial aspect with no main benefits of using it.

g) Only 7% of the projects using BIM in Lebanon were off-budget, 28.57% were within

10% range, and 57.14% within a 5% of the agreed budget.

h) 100% of the projects using BIM in Lebanon were delivered on time.

i) 42.9% of the projects using BIM needed 1% or less of the initial budget to implement

it, while 14.3% needed between 1% and 2%, and the remaining between 2% and 3%.

As it can be seen from the above results, the penetration rate in the Lebanese market is
around 12.50% which is considered the lowest in the region despite that BIM is now
being forced to be used by most of the developed countries around us who can see the
benefits of this trend. The results indicates that 100% of the projects using BIM can be
delivered on time compared to a 47% using traditional ways which is a very efficient
result to save overhead on the projects due to all the delays available. Another result
worth mentioning is that BIM implementation can contribute to budget overrun up to 3%
of the initial budget of the project, and will result in drastic decreases in variation orders
and requests for information which in turn can easily increase the savings on any project.
In specific, 61.81% of the projects had variation orders with more than 5% of the initial
budget in projects not using BIM. That percentage decreased to 14.28% when using BIM.

Another positive aspect for investing in BIM can be seen through the 44.88% decrease in
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projects being off budget submitted to the owner at the beginning of the project, and 58%

increase in projects being delivered within 5% of the initial budget.

I1. MENA Market

The following results are concluded for the MENA market from the tables extracted from

the conducted survey and attached in Appendices B, C, and E.

a)

b)

d)

48.6% of the respondents are either architects or civil engineers, 45.9% are also
project managers, and the remaining varies between owners, and administration
managers.

21.6% of the respondents work in large scale companies with more than 200
employees, 32.4% work in small scale offices with a maximum of 50 employees, and
45.9% work in medium sized companies with employees between 51 and 200.
23.68% of the projects executed are considered large scale projects with budgets over
50 million USD, 39.47% are medium sized scale projects with budgets between 20
and 50 million USD, 10.52% are projects with budgets between one million and 20
million USD, while the remaining are small scaled projects with budgets up to one
million USD.

81.1% of the above projects were delivered on time while the remaining was off
schedule. In addition to that, 8.1% were delivered off budget, 16.2% were delivered
within a 5% range of the agreed budget, and 75.7% were delivered within a 10%
range of the agreed budget.

Within those projects, 18.42% had more than 250 request for information submitted,

55.26% between 100 and 250 RFIs. In addition to that, 73.68% of the projects had
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h)

)
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variation orders with more than 10% of the initial budget submitted and 7.9% with a
range between 5% and 10% of the initial budget of variations orders submitted.
83.8% of the projects do use BIM on most of their projects, and only 13.5% are not
applying BIM in their projects.

Out of 31 respondents using BIM in the MENA market, 12.90% had variation orders
with less than 5% of the total budget submitted, 83.87% between 5% and 10% of the
initial budget.

No projects using BIM in MENA were off-budget, 45.17% were within 10% range,
and 54.83% within a 5% of the agreed budget.

96.77% of the projects using BIM in the MENA were delivered on time, excluding
the 6 respondents that did not answer this question.

93.75% of the projects using BIM cost 2% or less of the initial budget to be
implemented, excluding the 5 respondents that did not have an answer to this

question.

As it can be seen from the above results, the penetration rate in the MENA market is

around 84%. As seen from the results, around 97% of the projects using BIM can be

delivered on time compared to an 84% using traditional ways which is a very efficient

result to save overhead on the projects due to all the delays available. Another result

worth mentioning is that BIM implementation can maximum cost up to 3% of the initial

budget of the project, but will result in drastic decreases in variation orders and requests

for information which in turn can easily increase the savings on any project. For example,

73.68% of the projects had variation orders with more than 10% of the initial budget in

projects not using BIM. That percentage became 83.87% with variation orders between



52

5% and 10% of the initial project, and 12.90% had variation orders with less than 5% of
the total budget submitted. Another positive aspect for investing in BIM can be seen
through the null value of projects being off budget submitted to the owner at the
beginning of the project, and 71% increase in projects being delivered within 5% of the

initial budget.

I1l.  Lebanon VS MENA Market
Comparing the results of the Lebanese and MENA market, it can be easily realized that
the middle eastern country are well advanced in combining technological advancements
within the construction industry as the penetration rate of BIM is around 84%, which is

around seven times the penetration rate in Lebanon. Figure 7 illustrates these results

clearly.
100%
879
90% %
80%
70%
60%
48%
50%
40% 32%
30%
20% 9
10; 9% o 13%
6 2% 2% .

Do NOT use BIM No, but plan to Sometimes use BIM Yes use BIM
M Lebanon ® MENA

Figure 7: BIM Adoption in Lebanon vs MENA

Measuring how well BIM is integrated within the AECO industry, a question of what is
the percentage of projects using BIM. The results show clearly the level of integration as

well as efficiency of BIM implementation in the MENA market is higher than the
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Lebanese market due to the proficiency of implementing it coupled with the mandates
enforced by some MENA governments forcing projects to use BIM and take advantage

of its positive results.

The impact of using BIM can be deduced from the number of projects being off budget
which is null in the MENA region for projects using BIM compared to around 45 %

decrease in the local projects delivered off budget.

As seen from tables in Appendices D and E, 89.65 %, of small and medium sized
companies are implementing BIM in their projects in the MENA region, while 62.5 % of
large companies are doing so. However, in Lebanon, 13.5% of small and medium sized
companies implement BIM, while 10.5% of large sized companies do use BIM in their

projects as it can be realized from the survey results.
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80% 73%
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Figure 8: Percentage of projects using BIM in Lebanon vs MENA

In conclusion, it can be realized that the MENA mindset is much more advanced towards
technological advancements and its incorporation in the AECO industry driven for the

most part by governmental laws and mandates that encourage and force projects to
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implement BIM. This has helped major companies in the area to realize the benefits
behind its implementation and helped the concept of BIM to be assimilated/incorporated
at a high rate. Moreover, conferences and summits, such as the ME BIM Summit 2019,
that took place on October 30, 2018 in Habtoor Grand Hotel, Dubai, with international
well known speakers from companies such as Oracle, Turner, Parsons, etc... give special
attention and encourage participants to invest in BIM towards increasing its positive
aspects and its penetration rates. In addition, and according to Stephan Degenhart,
Associate Partner at Drees & Sommer and Managing Director of the Middle East
office, “BIM is a good example of a smart system already becoming a mandate for some
construction companies and developers, such as CCC and Emaar, while more companies
are expected to enforce similar policies over the coming year.” On the other hand,
Lebanon is far from reaching this stage as BIM concepts are still at their early stages with
little consideration from the government or the OEA. No mandates from official
government bodies being issues or even discussed, such as the Dubai Municipality
mandate in 2013 followed by another mandate in 2015, and no pioneer companies taking
the lead in forcing its implementation in major projects to encourage other engineering

companies to enforce some BIM policies.

6.1.3 Stages of a project and BIM implementation

This section will conclude which areas have major BIM implementation based on the
jobs of the people who undertook the surveys. The survey results were filtered by the
types of companies using BIM in Lebanon and the MENA region in order to show the

findings needed.



55

As it can be seen in tables 2 and 3 attached in appendix B, around 50% of companies
using BIM are contracting companies with 19 out of 38 companies using BIM in

Lebanon and MENA region combined deal with the contracting phases of a project.

On the other hand, 12 out of 38 companies dealing with design and supervision use BIM.
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30% 27% 28%

25% 25% 26%
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0

x
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Figure 9: Utilized BIM Function in Lebanon vs MENA

Therefore, BIM implementation is occurring in all the phases that precede handing over
of the project. In other words, companies are benefitting from BIM in the design, bidding,
and construction phases of the project, and are neglecting all the BIM benefits that come
after the handing over of the project, in the post construction phase. Another important
result that illustrates the level of maturity of BIM utilization is by the question regarding
the functions that BIM is used for. Here, it well seen that the level of maturity is much
more advanced in the MENA in comparison to Lebanon where BIM is used at all project
phases as well as coordination. The function of fully integrated use is only recorded in the
MENA region. Figure 9 illustrates the utilized function of BIM in both regions where it is

shown that BIM maturity level in Lebanon is still at its infancy.
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6.2 Hypothesis Testing

6.2.1 Regression Analysis

Regression analysis is a statistical procedure used to determine relationships among
variables. It focuses on the relationship between a dependent variable and one or more
independent ones. Regression analysis helps in exploring the forms of the relationship

between the dependent and independent variables.

At first, a Pearson correlation test was performed to determine if there is a linear

correlation among the dependent and independent variables.

After that, a regression analysis was performed on SPSS to determine the relationships
and effect of time and money, the independent variables, to the dependent variable, use of

BIM in construction projects.

As shown in table 5, the Pearson correlation did not result in a perfect positive correlation
between the budget of the project and the schedule of the project from one side, and with
the decision to move to BIM in construction from the other side. However, it did give a
strong positive correlation with values close to 0.7 and 0.8 which are very close to a

perfect positive correlation value of 1.

The B column in the unstandardized coefficients section in Table 6 provides an indication
of how many units moving to BIM based construction projects increases for a single unit
increase in each predictor. That is to say, a 1 point increase in delivering the project on
time corresponds to 0.568 points increase on the likelihood to move from document

based to model based delivery of design.



Table 5: Pearson’s Correlation of the Survey

Correlations

S7

Is it efficient
for How much
construction Was the money was
projects to largest saved due to
move fram project using BIM on
document executed at the project?
hasedto your company (comparing
model hased delivered on initial budget
delivery of time (using to fi6l budget
design? BIM)? ofthe project)
Pearson Correlation  Is it efficient for
construction projects to
move from document 1.000 BOR Fag
basedto model based
delivery of design?
Was the largest project
executed atyour company
delivered on time (using 696 1.000 786
BIM)?
How much money was
saved due to using BIM
on the project?
{comparing initial budget 698 758 1.000
to fi6l hudget of the
project)
Table 6: Relation between BIM Adoption and Savings in Cost and Time
Coefficients?®
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -.238 .239 -.994 .323
Was the largest project executed at .568 .165 .383 3.437 .001
How much money was saved due to
using BIM on the project? (comparin
g project? (comparing 479 135 394| 3537 001
initial budget to fi6l budget of the
project)

The column “Sig.” in table 6 refers to the significance levels for the predictors or the

independent variables. The B coefficient is considered to be statistically significant if its
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corresponding p-value is smaller than 0.05. Therefore, all of the B coefficients are

statistically significant.

Table 7: R value of using BIM in projects

Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate

1 .736° 541 .532 .990

As previously mentioned, the model predicts the possibility of moving from document
based to model based design. The value R shows the correlation between the predicted
and observed possibility of using BIM in construction projects. Based on the above table,
R=0.736, and that shows a very strong correlation. Therefore, the model predicts using

BIM in construction models precisely.

The fairly high result of adjusted R square value shows that the model is successful in
predicting the move from document based to model-based delivery of designs in

construction projects when savings in time and cost is guaranteed.

6.3 Discussion of the Hypotheses

The hypotheses for this study are:

H1: Using BIM in construction projects is affected by the ability to deliver the project on

schedule.
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H2: Using BIM in construction projects is affected by the ability to deliver projects

within budget.

H3: Total number of RFIs submitted in a project can affect using BIM in construction

projects.

As a result of the tests made above, a clear conclusion was derived as to the importance
of two of the pillars of project management, time and budget, on using BIM in

construction projects and moving from document based to model based design.

On the other hand, the total number of RFIs submitted in a project did not show any

strong relevancy to the dependent variable.

As a conclusion, it can be realized that the implementation cost of BIM in the projects is
too small compared to the benefits resulting from it in all aspects of the projects, such as
decreasing the percentages of RFIs and variation orders, completing projects within the

scheduled time and within the scheduled budget..

In the above questionnaire and analysis, it is concluded that BIM will help project
managers hand over projects successfully within the requests of the owner and causing
savings that can be critical to the project by decreasing the extra unnecessary overheads
caused by delays, and by resolving conflicts in the drawings ahead of time which causes
variation orders to be decreased and projects to be delivered within their budget range.
Table 8 shows that 62.5% of the respondents believe that it is efficient to move from
document-based delivery of projects into a model-based one which matches with the data

correlated in SPSS using the regression analysis and Pearson correlation test that shows a
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strong relation between the project’s budget and schedule versus the use of BIM in

construction projects.

Table 8: Respondents' Perspective of BIM Efficiency

Frequency Percent Valid Percent Cumulative Percent
Valid yes 65 62.5 62.5 62.5
No 1 1.0 1.0 63.5
NA 38 36.5 36.5 100.0
Total 104 100.0 100.0
Table 9: Statistics of BIM application Level
Was BIM used for 3D modeling only? Or 4D and 5D models
were issued?
3D 4D I do not know NA
Count Count Count Count
Yes 41 1
Was BIM No 1 20
used in the
project We do not use it now but
0 16
we will in the future
Sometimes 0 0

Also, in terms of BIM integration with the project life cycle, 86% of the companies using

BIM are using it with 4D purposes that include scheduling, while 10.5% are using it for

3D purposes only as seen in table 9. Finally, of the 48 respondents using BIM between

Lebanon, MENA, and EMEA region, 33% are using it for concept design and

development (concept to construction), while 44% are using it for quantity takeoff only.
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The remaining percentages are varied between partial uses for coordination only,

renderings alone, or design and build documents as shown in table 10.

Table 10: Statistics of BIM application purpose in BIM implemented projects

Why is BIM used in your company

Fully
Design and Concept Renderings | Integrated Use
Build Design and | Quantity and (Concept to
Documents | Development | Takeoff | Perspectives | Construction) NA
Count Count Count Count Count Count
Was BIM | Yes 3 16 21 5 1 2
rhseed " |No 1 5 3 1 o 22
project We do not use it
now but we will 0 2 1 0 0 16
in the future
Sometimes 1 3 1 0 0 0

6.4 In-depth Interviews

6.4.1 Interviews Outcomes

In-depth interviews were conducted with key players in the AECO industry in Lebanon.

These interviews varied from developers, construction contractors, design consultants,

public sector and BIM specialized consultants.

Two interviews were conducted with a key BIM expert in Lebanon whereby he provided

valuable insight into the BIM practice in Lebanon. Eng. Toni Mousallem is the owner of

BIM-Middle East. BIM-ME is a leading BIM services consultancy company that

provides design, implementation, consultancy, support, and an Autodesk authorized

training center for BIM in the MENA region.
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The results of the interview tackled:

1) Education and training of BIM, 2) Time and Cost of BIM implementation, and 3) BIM

practice in the AECO industry and Lebanon.

1) Education and training of BIM

In order to start using BIM, structured training sessions are needed to get familiar with
the software, especially due to the lack of BIM courses in universities. There are several
training centers operating across Lebanon who are estimating the need of only 24 hours
for example to learn BIM architecture; however, based on the interviewee’s experience in
the field, he recommends and utilizes a program constituting of 40 hours of courses for
Essential BIM architecture, another 40 hours for Essential BIM structure, and 36 hours

for Essential BIM MEP.

In addition to that, courses are not a sufficient way to learn the program. Personal training
and exercises should be done to apply what has been learned in the courses. An
equivalent number of courses’ hours are needed as training hours, i.e. 40 hours of training
for BIM architecture, 40 hours of training for BIM structure, and 36 hours for BIM MEP.
After finalizing the essential training courses, advanced BIM modeling courses are
needed to fully master the concept and software. Advanced BIM architecture needs 40
hours to be learned in addition to another 40 hours of training. Learning advanced BIM
architecture is necessary for any BIM modeler to be able to finalize a complete project.

Also, BIM structure needs the same number of hours for both learning and training;
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however, for simple projects, Advanced BIM structure is not necessary, and Essential

BIM structure can do the job.

Table 11: BIM-ME Courses on BIM (Revit)

Course Hours of Training | Price $/ Course
Introduction to BIM 20 200
BIM Architecture Essential 40 500
BIM Structure Essential 40 500
BIM MEP Essential 36 500
BIM Architecture Advanced 40 500
BIM Structure Advanced 40 500
BIM MEP Advanced 36 500

Moreover, in order for a modeler to be able to complete a full project and to be
considered an expert, he/she should be able to complete alone and finalize 3 medium

sized projects.

In addition, Autodesk requires exams to be done for both Essentials and Professionals in
order to become certified Autodesk BIM modelers. For example, to be able to sit for the
professional exam, Autodesk requires 200 hours of Revit works per trade in order to be

able to sit for it.

2) Time and Cost of BIM implementation

After fully finalizing the training courses, the modeler can start submitting projects from
scratch. Assuming that only architectural and structural plans are needed, for a simple
residential 5 story building of a total built-up area of 1450 sqm made of a 450 sgm

basement 2 and 4 typical floors of a total area of 1000 sgm, 20 days are needed to submit
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a full project from scratch (from A to Z) without the time needed to build the concept
plan. This time is considered for drawing all plans on Reuvit, issuing all needed plans for
the permits and execution drawings, in addition to issuing BOQs. On the other hand, such

a project using the traditional method requires around 60 days.

On the other hand, for the same assumptions above, however; for a sophisticated private
villa made of a total built-up area of 390 sgm divided over a 140 sqm basement 1, and 2
non-typical floors, each of a total area of 125 sqm, 19 days are needed to submit such a
project due to the sophistications of private villas. On the other hand, such a project,
using the traditional method, requires around 70 days in order to draw the additional
sections and details for the sophisticated designs, such as the arcades and interior cornices

in the slabs.

Moving forward with the interview, the cost of BIM modeling was discussed. Taking
project #1 as an example, and considering that the architectural design and concept costs
7000 USD in both cases, in addition to another 5000 USD for the structural design, the
BIM model will cost 3000 USD. This case is based on a project in Lebanon, and in the

MENA region.

BIM models are being priced based on the time required to finalize the models and not

based on the area of the projects in general.

3) BIM practice in the AECO industry in MENA and Lebanon

According to interviewee’s opinion, the main objective and advantage of using Revit
instead of AutoCAD is a 70% optimization on the design process in addition to the

easiness in quantity surveying. The results of quantity surveying are 100% conforming to
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any traditional way being used using AutoCAD or any other software. Moreover, any
variation in any plan will produce directly an updated BOQ instead of repeating the
whole process of QS using traditional methods, which is a very important advantage in

large projects.

Concerning BIM clients—asking for BIM services—the majority is requesting full
models in all trades: Architectural, Structural, and MEP. Clients are requiring BIM either
because it is required by the government or because it is becoming a trend in the MENA
region as a top reason. In the second place, clients require BIM for the purpose of being
used during construction for coordination and composite drawings and plans. Finally,
BIM is being requested equally for quantity take-off, estimation, and for facility

management after the project is done.

Eng. Mousallem estimated that in Lebanon, only around 5% of the projects have a forced
BIM requirement and around 10% of the projects are using BIM in general compared to a
40% to 50% of projects in the MENA region that are using BIM. Qatar and Emirates are
the top leading countries in using BIM in the MENA region. In the second place comes

Kuwait, followed by KSA.

Finally, three important additional points were highlighted:

1- Only 40% of trainees continue using BIM, become expert BIM modelers, and
work in the field. The remaining percentage learned BIM for the purpose of
curiosity and staying updated with the technology around in the field.

2- Cost of using Revit in Lebanon is too high compared to that in the MENA

region due to the high labor cost in Lebanon. Asian modelers are conquering
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the work fields in the MENA region due to their low salaries and high
productivity, which is forcing Lebanese companies using Revit to lower their
costs to be able to compete with other companies outside Lebanon.

3- Revit becomes more profitable as the complexity of the project increases.

6.4.2 Analysis of Interview

Comparing the penetration rates, it can be realized that Lebanon has the lowest rate due
to the important note mentioned in the interview that the cost of using Revit in Lebanon
is too high. Based on BIM-ME’s data, there is a penetration rate of around 10 percent in

Lebanon.

Comparing MIM-ME estimation to our survey results, it can be concluded that the results

are pretty close with the questionnaires resulting in around 12% of penetration rate.

Moving on towards the implementation cost of BIM, and as per the interviewee, a total
built-up area of 1450 sqm simple residential building, needs 20 days using Revit instead
of 60 days using traditional methods, and will cost an extra 3000 USD for the BIM
model. In a simple and basic calculation, we can realize that the implementation cost is
around 2 USD/sqm of built-up area. However, time is money, and the gained time is

67%.

6.5 Pilot Study of Sample Residential Projects

The third approach in this thesis was to conduct a pilot study for comparing the
traditional methods versus BIM implementation focusing merely on quantity take-off of
architecture and structural elements. Two projects were chosen for this study. The

purpose of this study as stated earlier is to compare the savings in time and cost of using
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BIM versus current practice in the industry in Lebanon. The two projects were done in

both traditional method and using BIM.

A simple residential project—similar to the one described in the interview—made of a
1x450 sgm basement as a parking, in addition to 3x250 sgm residential floors with two
apartments per floor, a 250 sgm roof in the area of Halat. The quantity take-off was done
using traditional method and resulted in an approximate construction cost of 826,000

USD as shown in table 12.

Figure 10: Perspective of Halat 3824 project

The budget for the above project was completed in details by calculating the quantities in

all trades and divisions from pre-construction costs to handing over costs.

Based on the results and combined with the interview summary, implementation cost of
BIM constitutes around 0.36% in this case, which meets with the questionnaire results
that around 43% of projects using BIM in Lebanon needs 1% or less of the initial budget

to implement it.
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Table 12: Halat 3824 Budget Cover Sheet

FINAL COVER ESTIMATING SHEET

Phase Description Total Cost  Cost per m?

| Land Acquisition Cost - 0
Il Design and Preconstruction Costs $ 21,000.00 2165
1] Tatal General Conditions Div 1 $ 2590000 % 26.70
[\ Total Trade Costs Div 2 to 16 $ 71204975 | % 734.07
Vv Incidentals and Unforeseen (2% of il +IV/) $ 1475900 % 1522
Vi Construction Management Fees $ 1300000 % 13.40
Vil Estimated Total Construction Cost Budget $ 786.708.75 | $ 811.04

Before Taxes

VI VAT at 5% $§ 3933544 | % 40.55
X Estimated Total Construction Cost Budget $ 82604418 | % 851.59

Combining the results of the questionnaires with the data collected from the interviews,
and the data regarding completion time recorded by the researcher while performing the
budget for the above project; and based on calculations, using BIM will decrease the
above budget by a minimum 2% which refers to the incidentals and unforeseen that will
be encountered and that BIM will help the consulting team to avoid due to the
coordination of plans, accuracy of results, and composite drawings. In addition, BIM
model will remove any possible variation orders resulting from design errors or clashes,
and decrease also the number of RFIs, which will help in handing over the project to the

owner within 5% of the budget.

The second case study to be taken into consideration is one building of a residential
compound called Parc 11 made up of 10 buildings with common areas and a pool. Based

on the above, and after adding 130 USD/sgm for the design and preconstruction costs and
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the construction management fees, the total budget becomes 756,885 USD. The permit

cost for this building with a total built-up area of 1445 sgm alone was priced at 22,000

USD.

Table 13: Parc 11, Block D, Budget Cover Sheet

FINAL RECAP ESTIMATING SHEET

Phase |Description Total Cost Cost perm?

| Land Acquisition Cost

I Design and Preconstruction Costs N/A

Il Total General Conditions Div 1 N/A

\Y] Total Trade Costs Div 2 to 16 $56162600|% 64091
v Incidentals and Unforseen (7% of lll HV) $ 39,313.82|$ 4486
VI Construction Management Fees N/A
Vil Estimated Total Construction Cost Budget $60093982 | $ 68577

Before Taxes

Wil VAT at 7% $ 4206579|% 4800
X Estimated Total Construction Cost Budget $643.00561 | % 73377

The above project needs 3000 USD also for BIM implementation with the same time as

the previous case studied. The latter constitutes 13.63% extra cost for the consulting

office and around 0.4% of the project’s budget.

A 0.4% investment by the owner can save him most of the unforeseen costs added in the

budget.

On the other side, and from the consulting’s office point of view, a 3,000 USD extra

investment corresponds to an extra 16.7% increase in cost on the owner; however, within

the time gained, the cost of using a draftsman for 30 days (difference between using Revit

or traditional methods), and a quantity surveyor for 10 days is 1,500 USD. Therefore, the
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BIM investment cost for the project is reduced from 16.7% to 8.35%, without considering
that the time gained can result in extra production and in extra revenues on the
consultant’s office that will result from expanding the number of projects that can be
completed in a certain amount of time in addition to the accuracy of the results and the

edge that the design office will have over his competitors during the bidding phase.

Figure 11: Perspective of Parc 11 project, Block D

In order to confirm the aforementioned analysis and results, BIM Architecture was
learned by the researcher through online video training sessions and was developed
through training projects before completing a full project. This was done by recording all
the time needed at first to learn the basics of the software, then recording all the time
needed to complete certain projects to find the top of the learning curve, and finally
completing one full project which was chosen to be the case mentioned above of block D

at the Parc 11 project.

At first, learning videos were watched for a total of around 12 hours, divided majorly

between videos created by a group called “create, innovate, educate” and a BIM modeler
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called Rich creating BIM videos called “Learning with Rich”. During those videos,

basics and essentials of Revit 2017 were learned.

Following this, several exercises were done and recorded in order to learn what was
watched and have hands on experience with Revit. A total of 16 hours of training were
recorded after watching all the needed videos, during which several mini-projects were
completed and most of the needed databases available in the Lebanese market were

established to save time in the future when completing a full project.

An example of those databases is the double wall exterior CMU wall plastered and
painted from the inside, plastered and cladded from the outside and that is being used in
Lebanon. It is made up of 10 cm thick CMU block from the outside, another 10 cm thick
CMU block from the inside, filled in between by 5 cm extruded polystyrene for sound
and thermal isolation purposes. The latter wall is plastered and painted from inside, and

plastered and cladded from the outside.

After completing all the training and applications sessions, block D of project Parc 11
that was analyzed and discussed above by completing a full estimating budget and

quantity surveying was modeled using Revit 2017.

As it can be seen from the figure 14, Revit will easily produce sections and 3D views
anywhere the modeler desires directly after completing the 2D plans of each floor. This
will facilitate any consulting office’s work and will speed up any designer’s process from

completing a permit file up to issuing construction drawings.
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Figure 13: East Elevation

Revit can easily speed up the process of cost estimating and quantity surveying by issuing
fully detailed tables with dimensions of any family used from the databases created. In
the appendix a sample table of the doors used in Block D with all the needed information

and details is included, in addition to a window’s schedule.
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Figure 14: Camera view of apartment’s interior living room

Figure 15: Interior view of a room with furniture

Finalizing the architectural model of the building took around 40 hours. After that, all
quantity takeoffs, table, schedules, views, sections, etc... can be produced in one day and

the documents can be sent for tendering and budgeting.
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6.6 Financial Feasibility of Adopting BIM by Small and Medium
Engineering Consultancies
After completing the pilot study of the two projects in section 6.5, the data needed for the
financial feasibility is ready. The financial feasibility for adopting BIM by two types of
engineering office:
1) Small engineering office (i.e., design of simple individual buildings of built-up
area around 1,500 sgm, 6 projects annually)
2) Medium engineering offices (i.e., design of medium size buildings of built-up

area around 15,000 sqm, 4 projects annually)

Adopting BIM would require initial investment that is comprised of personnel training on
various BIM (essential and advanced) in addition to the cost of the BIM software. The
direct financial benefits from adopting BIM by engineering design offices can be gained

from time savings expended by the design team.

Table 14: THe Cost of BIM Adoption in Small and Medium Engineering Offices

_ . Medium

Training Small Office Office

Head Architect/Owner 500 1000
Architect/Coordinator 1000 1000
Draftman 1000 1000
Qs 500 500
Civil Engineer 500 500
MEP Engineer 500 500
BIM Coordinator 0 0
Total 4000 4500
Cost of Software

REVIT Full - Annual Cost 2690 8070
AutoCAD - Annual Cost 1650 4950
Difference in software cost 1040 3120
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The financial feasibility is done based on incremental analysis. Table 14 shows the cost

of adopting BIM.

Table 15 shows the benefits in terms of cost of time savings in a small office where as

Table 16 shows these benefits in medium offices.

Table 15: Direct Monetary Benefits of Adopting BIM in a Small Office per Project

Time required to finish a

small project of 1500 m2 in Savings Cost of
Cost per - .
Team Member man-hour in Time Time
man-day .
Current (days) Savings
. BIM
Practice
Head Architect/Owner 62 50 $91 1.5 $136
Architect/Coordinator 0 25 SO -3.125 SO
Draftman 50 25 $36 3.125 S114
Qs 26 13 S57 1.625 $92
Civil Engineer 55 37 S68 2.25 $153
MEP Engineer 36 12 S55 3 $164
BIM Coordinator 0 S0 0 SO
Total $659

Table 16: Direct Monetary Benefits of Adopting BIM in a Medium Office per Project

Time required to finish a
medium project of 15,000 m2

. Savings Cost of
Team Member in man-hour Cost per in Time Time
Current . man-day (days) Savings
Practice Using BIM

Head Architect/Owner 200 80 S364 15 $5,455
Architect/Coordinator 200 80 $227 15 $3,409
Draftman 200 80 S36 15 $545
Qs 100 40 S68 7.5 $511
Civil Engineer 200 80 $114 15 $1,705
MEP Engineer 175 80 S57 11.875 $675
BIM Coordinator 0 75 $227 -9.375 -$2,131
Total $10,169
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Based on the above numbers, the financial feasibility was calculated using two indicators

the pay-back per project (or payback period) and the Rate of Return on Investment (ROI).

160000
Meduim Office —— Small Office

140000

120000

100000

80000

60000

40000

Net Balance $

20000

0

-20000

-40000
Projects

Figure 16: Payback of Adopting BIM per project in Small and Medium offices

The ROI of adopting BIM is calculated for 4 years and it resulted in 37% for a small
office and 1130% for a medium office. The payback period is less than a year or after
completing one project for the medium size office, whereas for the small office, they can
only recover their investment after completing 10 projects or after two years. Figure 16
shows the payback project of adopting BIM in small and medium offices.

It is clear that medium offices will benefit most from adopting BIM with very high ROI.
On the other hand, small offices cannot find BIM adoption profitable on the short-term
considering only monetary gains. Benefits of adopting BIM by small offices are mostly

indirect which cannot be quantified easily. Benefits such the ability to do clash detection,
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the shorter time to finish, the high accuracy in design, the recognition and position in the

market are all important aspects to be considered.

7 CONCLUSION

The ACEO industry in the Lebanese market has been in a status-quo position for years.

The majority of the projects consist of design-bid-build arrangements where consultancy

offices deliver construction documents in 2D plans to the owners who in turn hand them

over to the lowest bidding contractor to execute them. BIM is one of the technological
advances in the engineering field that can advance this industry to a higher productivity
and more efficiency.

The research done in the thesis shows clearly that the idea of BIM is still lagging in

Lebanon compared to the MENA region due to the following:

e Instability in the political arena that deter investments in technological advances

e Lack of expertise and innovation in the employees running the public sector projects’
leading to the absence of any governmental support to use BIM as many other
countries.

e Resistance to change where the traditional ways of thinking amongst owners who
refuse and are afraid of change through investing in new technologies without
knowing the possibilities that they can open.

e The lack of a futuristic vision in most of the higher education institutes that do not
include innovative technologies courses especially in the construction field.

e Lack of constant education, seminars, and training sessions in Lebanon, especially by

the government and the Order of Engineers and Architects.
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In order for the above issues to be solved, the concerned parties should look at the
advantages that were proven in the analysis of this paper through the interviews
conducted and the questionnaires and responses of various people working in the field.
Adopting BIM leads to a reduction in construction costs, more accurate results, reduction
in variation orders, better conflict resolution, better supervision in the field, easier
composite drawings, facilitate facility management, optimization of the design, and
delivering projects on the specified schedule.

In addition to that, investing in BIM should not be limited to large projects and large
engineering firms. As seen in the above analysis, investments done by small and medium
sized architectural firms will result in a positive return of investment for the medium size
offices.

On the other hand, most of the companies using BIM neglect the fact that BIM is most
advantageous in post construction phases and in facility management. Advantages
mentioned in the literature review show the positive aspects of using BIM in facility
management and in the post handing over phases of construction projects.

Briefly, it can be concluded that BIM is becoming a necessity as time passes and projects
get more complicated. This is why recommendations should be listed and taken into
consideration by all concerned parties in order to meet up with all the technological
advances around and increase the quality of the engineering profession and engineering

education in Lebanon.



79

8 RECOMMENDATIONS

Based on the study conducted above, in addition to the surveys and interviews conducted,
a set of recommendations needs to be addressed in order to ameliorate and improve the
construction industry in Lebanon.

First of all, like several European and MENA countries, the government should force all
consultant offices and contractors bidding on public projects to have the ability and
knowledge to use BIM in all public sector projects as a minimum. Once this is enforced,
it would encourage all bidding offices to perform training sessions and seminars for their
employees about BIM which could also have an indirect effect on the private sector
projects.

Second, further studies and surveys should be conducted to highlight the positive effect
of BIM on facility management and post construction phases.

A mandate on using BIM in all projects by the government or the OEA like other
countries is the only way to go. This mandate can enforced at levels or through a
transition phase. At a first stage, the government can force huge and large projects with
several complicated architecture and structure to submit BIM documents to the OEA
before obtaining the construction permit.

Moving away from the government, the OEA can play a role in introducing BIM into
small scale to large scale projects by forcing all consultancy offices to submit BIM
documents along with the required documents to obtain any construction permit.

Also, owners of projects should be the main requestors of BIM implementation in their

projects after realizing the advantages that BIM can provide. They can also encourage its



80

usage by providing a percentage of the profits caused due to BIM usage to the architects
and consultants working on their projects.

A final recommendation goes to future BIM researchers to focus on completing a full
project in all trades using BIM software and compare all the results with the existing ones
from the original project in order to publish the results while focusing on the time needed

to complete the project’s drawings, budgeting, and scheduling.
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Appendix A : Survey Questions

Questionnaire

This is a totally anonymous questionnaire where the identity of the respondents
will remain anonymous, and the results will only be used for academic purposes.

Personal Information:

What is your post at your company?
- Architect
- Interior Designer
- Executive Manager
- Project Manager
- Civil Engineer
- Owner

- Other, please specify:

What is the main function of the firm where you are working?
- Engineering Design and/or Supervision
- Contracting
- Project Management
- Real Estate Development
Number of employees enrolled at your firm
- 1-10
- 11-20
- 21-50
- 51-200

- Above 200
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Traditional Projects Information:

What was the total contract amount (in USD) for the largest project executed
within your company?

Less than $500,000

Less than $1,000,000

Less than $20,000,000

Less than $50,000,000

More than $50,000,000

How many RFI’s (Request for Information) were submitted in this project
(largest)?

Less than 50

Less than 100

Less than 250

More than 250

What was the total amount of VOs (variation order) due to missing information,
bad planning, plans conflicts, etc..... on the largest project executed within your
company?

Less than 1% of initial budget

Less than 5% of initial budget

Less than 10% of initial budget

More than 10% of initial budget

How close was the initial budget to the final construction cost on the largest
project executed within your company?

Within 5% range

Within 10% range

The project was off budget

Was the largest project executed at your company delivered on time?
Yes

No
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N.B.: Please continue answering the questionnaire if the answer to the following

guestion is ves, else you can stop at this point.

General BIM Information:

Is there any usage of BIM (Building Information Modelling) software at any of
your projects?

Yes

No

Sometimes
We do not use it now, but we are planning to use it in the future.
What is the primary function that your firm uses BIM software for? You can
select more than one

Concept Design Development

Renderings & Perspectives

Quantity Takeoff

Design & Build Documents

Fully Integrated Use (Concept to Construction)

Other

What is the percentage of your projects using BIM?

less than 10%

11-30%

31-50%
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51-60%

Above 60%

Do you see that it is efficient for construction projects to move from document
based to model based delivery of designs?

Yes

No

Sometimes

No opinion

Detailed BIM Information:

Was BIM used for 3D modeling only? Or 4D and 5D models were issued?
3D
4D
sD
All

| do not know

What was the total contract amount (in USD) for the largest project executed
within your company where BIM was used?

Less than $500,000

Less than $1,000,000

Less than $20,000,000

Less than $50,000,000

More than $50,000,000

How many RFI’s were submitted in this project?
Less than 50

Less than 100

Less than 250

More than 250
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How much money was used to implement BIM on this project?
1% or less of total project budget
2% or less of total project budget
3% or less of total project budget

More than 3% of total project budget

How much money was saved due to using BIM on the project? (comparing initial
budget to final budget of the project)

No money was saved

Less than 5% of initial budget

More than 5% of initial budget

| do not know

What was the total amount of VOs due to missing information, bad planning,
plans conflicts, etc..... on the largest project executed within your company (using
BIM)?

Less than 1% of initial budget

Less than 5% of initial budget

Less than 10% of initial budget

More than 10% of initial budget

How close was the initial budget to the final construction cost on the largest
project executed within your company (using BIM)?

Within 5% range

Within 10% range

The project was off budget

Was the largest project executed at your company delivered on time (using BIM)?
Yes

No
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Appendix B: Survey Results

1) What is your post at your company?

104 responses

@® Architect

@ Interior Designer

@ Executive Manager
@® Project Manager

@ Civil Engineer

@ Owner

@ WMechanical engineer
@ Electrical engineer

112V

2) What is the main function of the firm where you are working?

104 responses

@ Engineering Design and Supervision
@ Contracting

& Project Management

@ Real Estate Development
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3) Number of employees enrolled at your firm

@® 1-10

@® 11-20

® 21-50

@ 51-200

@ Above 200

4) What is the country of operation of the firm you are working at?

104 responses

50

40 46 (MH{:)

30 27 (26%)

20

10 7 (6.7%)

4(3.8%)
11901 (1%)

4(3.8%) 4 gy

(191 (192 (1.9%4 (19) (1901 (191 (191 (192 (1.9%9 (q54)

Beirut Lebanon MENA Riyadh lebanon
KSA Lebanon, UAE Oman UAE

5) What was the total amount (in USD) for the largest project executed
within your company?

104 responses

@ Less than $500,000

® Less than $1,000,000
© Less than $20,000,000
@ Less than $50,000,000
@ More than $50,000 000




6) How many RFIs' (Request For Information) were submitted in this
project (largest)?

104 responses

@ Less than 50

@ Less than 100
@ Less than 250
@ More than 250

7) What was the total amount of VOs (variation order) due to missing
information, bad planning, plans conflicts, etc..... on the largest project
executed within your company?

104 responses

@ Less than 1% of initial budget
@ Less than 5% of initial budget
@ More than 10% of initial budgst
@ Less than 10% of initial budget

8) How close was the initial budget to the final construction cost on the
largest project executed within your company?

104 responses

@ Within 5% range
@ Within 10% range
@ The project was off budget

88
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9) Was the largest project executed at your company delivered on time?

104 responses

® Yes
@ No

10) Is there any usage of BIM (Building Information Modelling) software
at any of your projects?

104 responses

® Yes
@® No
@ Sometimes

@ We do not use it now, but we are
planning to use it in the future




11) What is the primary function that your firm uses BIM software for?
(You can select more than one)

64 responses

Concept Design and
Development
Renderings and Perspectives

Quantity Takeoff

Design and Build Documents
Fully Integrated Use {Concept
to Constr...

Coordination

They dont use it 1(1.6%)

None 1(1.6%)

12) What is the percentage of your projects using BIM?

68 responses

@ Less than 10%
@® 11-30%

® 31-50%

® 51-60%

@ Above 60%

@ Still planning and assisting to
conferences

@ 1 project
@ 100%
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13) Do you see it is efficient for construction projects to move from
document based to model based delivery of design?

TA roery -
/4 responses

® Yes
@ MNo
@ Sometimes
@ Mo opinion

14) Was BIM used for 3D modelling only? Or 4D and 5D models were
issued?

67 responses

® 3D
@ 4D
@ 5D
® Al
@ | do not know
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15) What was the total amount (in USD) for the largest project executed
within your company where BIM was used?

A rocr -
H4 responses

@ Less than $500,000

@ Less than 1,000,000
@ Less than $20,000,000
@ Less than $50,000,000
@ More than $50,000,000

16) Where is the location or country of the largest project executed
withing your company and is using BIM?

62 responses
30
20
11 (17.7%)
9(14.5%)
10

1(1.6%) 1 (1.6%) 1 (1.6%) 2(3.2%) 4 (1 gog) 1 (1.6%) 2 (3:2%) 4 (1 5oy

Bahrain Georgia Lebanon Nigeria Riyadh UAE lebanon
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17) How many RFIs' (Request For Information) were submitted in this
project?

61 responses

@ Less than 50

@ Less than 100
@ Less than 250
@ WMore than 250

18) How much money was used to implement BIM on this project?

60 responses

@ 1% or less of total project budget
@ 2% or less of total project budget
@ 3% or less of total project budget
@ More than 3% of total project budget
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19) How much money was saved due to using BIM on the project?
(comparing initial budget to final budget of the project)

62 responses

@ Mo money was saved

@ Less than 5% of initial budget
@ Maore than 5% of initial budget
@ | do not know

20) What was the total amount of VOs due to missing information, bad
planning, plans conflicts, etc..... on the largest project executed within
your company (using BIM)?

60 responses

@ Less than 1% of initial budget
@ Less than 5% of initial budget
@ Less than 10% of initial budget
& More than 10% of initial budget




21) How close was the initial budget to the final construction cost on
the largest project executed within your company (using BIM)?

61 responses

@ Within 5% range
@ Within 10% range
@ The project was off budget

22) Was the largest project executed at your company delivered on time
(using BIM)?

61 responses

[ BCH
@& No
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Appendix C: Detailed Survey Results

Firm Function
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Frequency | Percent | Valid Percent Cumulative
Valid  Project Management 2 28.6 28.6 28.6
Engineering Design and 1 14.3 14.3 42.9
Contracting 2 28.6 28.6 71.4
Real Estate Development 2 28.6 28.6 100.0
Total 7 100.0 100.0
Table 17: Firm’s Function using BIM in Lebanon
Firm Function
Frequency | Percent | Valid Percent Cumulative
Valid Project Management 3 9.7 9.7 9.7
Engineering Design and 11 355 355 45.2
Contracting 17 54.8 54.8 100.0
Total 31 100.0 100.0
Table 18: Firm’s Function using BIM in MENA
Firm Function
Frequency Percent Valid Percent Cumulative
Valid Project Management 10 9.6 9.6 9.6
Engineering Design and 38 36.5 36.5 46.2
Contracting 42 40.4 40.4 86.5
Real Estate Development 14 135 135 100.0
Total 104 100.0 100.0

Table 19: Firm Function Statistics



Post at company
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Frequency Percent Valid Percent | Cumulative Percent
Valid Project Manager 26 25.0 25.0 25.0
Mechanical Engineer 4 3.8 3.8 28.8
Executive Manager 3 29 29 31.7
Electrical Engineer 3 29 29 34.6
Architect 30 28.8 28.8 63.5
Interior Designer 2 1.9 1.9 65.4
Owner 4 3.8 3.8 69.2
Administrative Manager 1 1.0 1.0 70.2
Civil Engineer 31 29.8 29.8 100.0
Total 104 100.0 100.0
Table 20: Post at Company Distribution Statistics
No. of Employees
Frequency Percent Valid Percent | Cumulative Percent
Valid 1-10 21 20.2 20.2 20.2
11-20 18 17.3 17.3 375
21-50 10 9.6 9.6 47.1
51-200 28 26.9 26.9 74.0
Above 200 27 26.0 26.0 100.0
Total 104 100.0 100.0

Table 21: Number of Employees Distribution Statistics




Country of operation

Frequency Percent Valid Percent | Cumulative Percent

Valid Lebanon 56 53.8 53.8 53.8
Nigeria 1 1.0 1.0 54.8
KSA 6 5.8 5.8 60.6
UAE 2 1.9 1.9 62.5
Qatar 1 1.0 1.0 63.5
Oman 1 1.0 1.0 64.4
EMEA 10 9.6 9.6 74.0
MENA 27 26.0 26.0 100.0
Total 104 100.0 100.0

Table 22: Country of Operation Distribution Statistics
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Appendix D: Detailed Survey Results - Lebanon

Frequency Percent Valid Percent Cumulative

Valid Project Manager 7 125 125 125
Mechanical Engineer 3 5.4 5.4 17.9
Executive Manager 3 5.4 5.4 23.2
Electrical Engineer 1 1.8 1.8 25.0
Architect 13 23.2 23.2 48.2
Interior Designer 2 3.6 3.6 51.8
Owner 3 5.4 5.4 57.1
Civil Engineer 24 42.9 42.9 100.0
Total 56 100.0 100.0

Table 23

: Post at Company Statistics — Lebanon
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No. of Employees

Frequency | Percent | Valid Percent Cumulative
Valid 1-10 21 375 37.5 37.5
11-20 3 54 54 42.9
21-50 5 8.9 8.9 51.8
51-200 8 14.3 14.3 66.1
Above 200 19 33.9 33.9 100.0
Total 56 100.0 100.0

Table 24: Number of Employees per company statistics - Lebanon

Total amount (in USD) for the largest project that your company executed?

40

30

207

Percent

104

T I I I T
= LISD 500 thel =USD 1 min = LSD 20 min =< USD 50 min = 1JSD 50 min
Total amount (in USD) for the largest project that your company executed?

Figure 17: Total amount in USD for the largest project executed within the companies
interviewed
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Project delivered on time

G0

50
40—
=
€
o
o 30
o
20
104
[u] T T
Yes Mo
Project delivered on time
Figure 18: Percentage of projects using BIM and delivered on time
Frequency Percent Valid Percent Cumulative
Valid Yes 7 12.5 12.5 12.5
No 27 48.2 48.2 60.7
We do not use it now but we 18 32.1 32.1 92.9
Sometimes 4 7.1 7.1 100.0
Total 56 100.0 100.0

Table 25: Percent of projects using BIM
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Cumulative
Frequency Percent Valid Percent Percent
Valid yes 7 100.0 100.0 100.0
Table 26: Number of projects using BIM and delivered on time
Frequency Percent Valid Percent Cumulative

Valid 1% or less on total project 3 42.9 42.9 42.9

2% or less of total project 1 14.3 14.3 57.1

3% or less of total project 2 28.6 28.6 85.7

NA 1 14.3 14.3 100.0

Total 7 100.0 100.0

Table 27: How much money was used to implement BIM on this project?
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Appendix E: Detailed Survey Analysis - MENA

CountryFilter

Frequency Percent Valid Percent Cumulative
Valid Lebanon 56 53.8 53.8 53.8
MENA 37 35.6 35.6 89.4
EMEA 11 10.6 10.6 100.0
Total 104 100.0 100.0

Table 28: Percent of respondents by country

Post at company

Frequency Percent Valid Percent Cumulative
Valid Project Manager 17 45.9 45.9 45.9
Architect 11 29.7 29.7 75.7
Owner 1 2.7 2.7 78.4
Administrative Manager 1 2.7 2.7 81.1
Civil Engineer 7 18.9 18.9 100.0
Total 37 100.0 100.0
No. of Employees
Frequency Percent Valid Percent Cumulative
Valid 11-20 10 27.0 27.0 27.0
21-50 2 54 54 324
51-200 17 45.9 45.9 78.4
Above 200 8 21.6 21.6 100.0
Total 37 100.0 100.0

Table 29: Number of employees per company




Closeness to Initial Budget
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Frequency Percent Valid Percent Cumulative
Valid  Within 5% range 6 16.2 16.2 16.2
Within 10% Range 28 75.7 75.7 91.9
The project was off budget 3 8.1 8.1 100.0
Total 37 100.0 100.0
Project delivered on time
Frequency Percent Valid Percent Cumulative
Valid Yes 30 81.1 81.1 81.1
No 7 18.9 18.9 100.0
Total 37 100.0 100.0

Table 30: Number of projects delivered on time

Was the largest project executed at your company delivered on time (using BIM)?

307

(5]
T

Frequency

1]
0 T T T
yes no A

Was the largest project executed at your company delivered on time (using
IM)?

Figure 19: Bar graph for projects using BIM and delivered on time
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Cumulative
Frequency Percent Valid Percent Percent
Valid 2% or less of total project
30 81.1 81.1 81.1
budget
3% or less of total project
1 2.7 2.7 83.8
budget
More than 3% of total project
1 2.7 2.7 86.5
budget
NA 5 135 135 100.0
Total 37 100.0 100.0
Table 31: Money needed to implement BIM
No. of Employees * Was BIM used in the project Crosstabulation
Count
Was BIM used in the project
We do not use it
now but we will
Yes No in the future Sometimes Total
No. of Employees 11-20 10 0 0 0 10
21-50 2 0 0 0 2
51-200 14 1 1 1 17
Above 200 5 3 0 0 8
Total 31 4 1 1 37

Table 32: Company Size VS BIM usage in MENA region




Count

No. of Employees * Was BIM used in the project Crosstabulation
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Was BIM used in the project

We do not use it

now but we will

Yes No in the future Sometimes Total
No. of Employees 1-10 1 12 6 2 21
11-20 1 2 0 0 3
21-50 2 3 0 0 5
51-200 1 4 2 1 8
Above 200 2 6 10 1 19
Total 7 27 18 4 56

Table 33: Company Size VS BIM usage in Lebanon




Appendix F: Statistical Tests Results
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Was BIM used in the project

We do not
use it now
but we will
Yes No in the future | Sometimes | Total
Was the largest yes Count 46 7 1 1 55
project executed at % within Was the
your company largest project
delivered on time executed at your 83.6% | 12.7% 1.8% 1.8% | 100.0%
(using BIM)? company delivered
on time (using BIM)?
% within Was BIM
95.8% | 21.9% 5.3% 20.0% | 52.9%
used in the project
% of Total 44.2% 6.7% 1.0% 1.0% | 52.9%
no Count 1 1 1 2 5
% within Was the
largest project
executed at your 20.0% | 20.0% 20.0% 40.0% | 100.0%
company delivered
on time (using BIM)?
% within Was BIM
21%| 3.1% 5.3% 40.0%| 4.8%
used in the project
% of Total 1.0% 1.0% 1.0% 1.9%| 4.8%
NA  Count 1 24 17 2 44
% within Was the
largest project
executed at your 2.3% | 54.5% 38.6% 4.5% | 100.0%
company delivered
on time (using BIM)?
% within Was BIM
2.1%| 75.0% 89.5% 40.0% | 42.3%
used in the project
% of Total 1.0%| 23.1% 16.3% 1.9% | 42.3%
Total Count 48 32 19 5 104




% within Was the
largest project
executed at your

company delivered

on time (using BIM)?

% within Was BIM

used in the project

% of Total

46.2% | 30.8% 18.3%

100.0% | 100.0% 100.0%

46.2% | 30.8% 18.3%

4.8%

100.0%

4.8%
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100.0%

100.0%

100.0%

Table 34: Was the largest project executed at your company delivered on time (using BIM)? VS
Was BIM used in the project

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 81.9872 6 .000
Likelihood Ratio 88.597 .000
Linear-by-Linear Association 46.884 1 .000
N of Valid Cases 104

Table 35: Chi-Square Tests for project delivery on time using BIM

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 91.341% 9 .000
Likelihood Ratio 95.218 9 .000
Linear-by-Linear Association 25.732 1 .000
N of Valid Cases 104

Table 36: Chi-Square Tests for project delivery within budget using BIM
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Crosstab
Was BIM used in the project
We do not
use it now
but we will in
Yes No the future | Sometimes| Total
Is it efficient for yes  Count 44 14 4 3 65
construction projects to Expected
30.0 20.0 11.9 3.1 65.0
move from document Count
based to model based Residual 14.0 6.0 79 -1
li f ign?
delivery of design No Count 1 0 0 0 1
Expected
5 3 2 .0 1.0
Count
Residual 5 -.3 -.2 .0
NA Count 3 18 15 2 38
Expected
175 11.7 6.9 1.8 38.0
Count
Residual -14.5 6.3 8.1 2
Total Count 48 32 19 5 104
Expected
48.0 32.0 19.0 5.0 104.0
Count

Table 37: Is it efficient for construction projects to move from document based to model based
delivery of design? VS Was BIM used in the project

Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 39.550% 6 .000
Likelihood Ratio 44.724 6 .000
Linear-by-Linear Association 26.425 1 .000
N of Valid Cases 104

Table 38: Chi-Square Tests for the efficiency to move from document based to model based

delivery of design
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Was the
largest project
executed at

your company

delivered on
time (using Was BIM used
BIM)? in the project
Spearman's tho ~ Was the largest project Correlation Coefficient 1.000 754"
executed at your company  Sjg. (2-tailed) .000
delivered on time (using N

BIM)? 104 104
Was BIM used in the Correlation Coefficient 754" 1.000

project Sig. (2-tailed) .000
N 104 104

Table 39: Spearman Correlation for delivery of project on time VS Using BIM
Correlations
How many

Was BIM used

in the project

RFIs' (Request
For
Information)
were submitted

in this project?

Spearman's rho

*k

Was BIM used in the Correlation Coefficient 1.000 435

project Sig. (2-tailed) .000
N 104 104

How many RFIs' (Request Correlation Coefficient 435" 1.000

For Information) were Sig. (2-tailed) 000

submitted in this project? N 104 104

Table 40: Spearman Correlation for number of RFI’s VS Using BIM




Correlations
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How close was
the initial
budget to the
final
construction
cost on the

largest project

executed
within your
Was BIM used company
in the project (using BIM)?
Spearman's rho  Was BIM used in the Correlation Coefficient 1.000 575"
project Sig. (2-tailed) .000
N 104 104
How close was the initial  Correlation Coefficient 575" 1.000
budget to the final Sig. (2-tailed) .000
construction cost on the N
largest project executed
104 104

within your company (using

BIM)?

Table 41: Spearman Correlation for project’s delivery within budget VS Using BIM




Coefficients?®

Model

Unstandardized

Coefficients

Standardized

Coefficients

Std.

Error

Beta

Sig.

95.0%
Confidence

Interval for B

Collinearity

Statistics

Lower | Upper

Bound | Bound

Tolerance

VIE

1 (Constant)
Was the

largest
project
executed at
your
company
delivered on
time (using
BIM)?

How much
money was
saved due to
using BIM on
the project?
(comparing
initial budget
to fi6l budget
of the
project)

-.238

.568

AT79

.239

.165

135

.383

.394

-.994

3.437

3.537

.323

.001

.001

-712| .237

240 .896

210 .748

.366|2.730

.366|2.730

Table 42: Multi-collinearity tests and Unstandardized Coeficients Results

112



113

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 116.865 2 58.432 59.630 .000"
Residual 98.972 101 .980
Total 215.837 103
Table 43: ANOVA results from Regression Analysis
Model Summaryb
Std. Error Change Statistics
R Adjusted ofthe | R Square F Sig. F Durbin-
Model R [Square | R Square | Estimate | Change | Change| dfl df2 Change | Watson
1 .736° 541 .532 .990 541 | 59.630 2 101 .000 1.568

Table 44: R-values from Regression Analysis



Appendix G: Sample BOQ produced by Revit
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