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ABSTRACT

Building Information Modeling (BIM) has emerged as a transformative technology in
structural engineering, promising improved efficiency and collaboration across design
disciplines. This thesis investigates the applicability of BIM within a public
consulting office in Bahir Dar, Ethiopia, focusing on its integration into the structural

design process and comparing its outcomes with conventional methods.

The study addresses key research questions regarding the challenges of conventional
design methods, the effectiveness of BIM technology in structural design offices, and
the impact of BIM on project outcomes. Through a comparative analysis, it evaluates
how BIM enhances process efficiency, collaboration, and error reduction, particularly

in the context of a G+6 complex building project.

Findings indicate that while BIM facilitates streamlined workflow processes and
improves collaboration between architects and structural engineers, the final design
outputs using BIM were found to be comparable to those achieved through
conventional methods. This suggests that while BIM offers significant advantages in
project management and documentation, its influence on ultimate design outcomes

may vary depending on specific project requirements and implementation strategies.

The thesis concludes with recommendations for optimizing BIM adoption in
Ethiopian consulting offices, including enhanced training in BIM technologies,
standardized protocols for BIM implementation, and advocacy for supportive
governmental policies. Future research directions include refining BIM
methodologies tailored to local contexts and expanding its integration across different

phases of construction projects.

In summary, this research contributes to understanding the role of BIM in enhancing
structural engineering practices in Bahir Dar, emphasizing its potential benefits in
improving workflow efficiency and collaboration while acknowledging the nuanced

impact on final design outputs compared to conventional methods.

Keywords: BIM; Integration; Revit; Robot; ETABS, Structural Analysis & Design
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CHAPTER ONE

1. INTRODUCTION
1.1. Background of the Study

During the life span of a building projects, several professionals across various
disciplines gather together to make their contribution. Even the design phase alone
sees multiple disciplines collaborating. Structural engineers need to collaborate with
architects, sanitary engineers, electrical engineers and other professionals in a design

team. They also need to engage with non-technical players.

Traditionally, these professionals work in disconnected manner. Each of them
produces large amount of information and communicate, for most part, through 2-D
drawings. Different software packages are used by the diverse group of professionals.
As a result, the design phase is plagued with fragmented works, data loss, unnecessary
reworks, miscommunications, limited visualization and more. The fact that the design
phase often comprises modifications and revisions further exasperate the problems.
Thus, the design phase and the engineers involved in it can benefit from a powerful
technology that can revolutionize the entire process. That technology is Building
Information Modeling (BIM).

BIM is a process in which various professionals and players are working
cooperatively and sharing information efficiently to deliver a more efficient design
and construction process (Francois Denis; AIA research team, 2015). The workflow
covers the entire life span of a building project, creating, coordinating, documenting,
managing and updating information about every aspect of the building. (Matarneh &
Hamed, 2017)

BIM extends the traditional CAD approach by defining and applying intelligent
relationships between the numerous building elements (structural and non-structural
elements) of a building (Singh, Gu, & Wang, 2011).

Through BIM, a virtual representation of a building containing graphic and non-
graphic information is created (Nielsen & Madsen, 2010). This final product of BIM
will be a model that is data-rich, intelligent and parametric digital representation of a
building or infrastructure (Sampaio, 2017). By adopting BIM, a design team is able to
virtually build a given structure on a computer long before ground is broken at

construction site.



In Ethiopia, there has been little research about current done to understanding of BIM
and its application for Structural Engineer. like Application of BIM Using Revit and
Other Conventional Structural Design Software: A Case Study on A High-Rise
Building by developing plugins and applications have been developed for all these
software packages to facilitate interoperability amongst them so that they can act as a
single platform And also Application of BIM for structural engineering: a case study
using Revit and customary structural analysis and design software. But which method
is better way for Structural Engineer either conventional way or BIM implementation
which is integrate Architectural 3d model with Structural by Automatically link full
information to generate compatible analytic model, real analysis, design, preparation
of construction detailing drawing and structural quantification when to design
structures building. The decision to research such a thematic area will be
advantageous for the country. To achieve an Accurate, effective, efficient,
optimization and economical building construction process paper planned to
introduce BIM for structural engineer based on its parameters. Accordingly, the
ongoing pilot project has already been selected as a case study to examine the
Comparison of BIM implementation with Conventional Way for a structural engineer

during modeling, analysis and design tasks.

packages are used by the diverse group of professionals. As a result, the design
phase is plagued with fragmented works, data loss, unnecessary reworks,
miscommunications, Limited Visualization and more. The fact that the design phase
often comprises modifications and revisions further exasperate the problems. Thus,
the design phase and the engineers involved in it can benefit from a powerful
technology that can revolutionize the entire process. That technology is Building
Information Modeling (BIM).

BIM stands for “Building Information Modeling”. It has been initially introduced a
few decades ago to better define the new data-rich models developed, compared to
the standard traditional 2D designs. It consists in a collaborative approach for an
integrated management of building information, facilitating the interoperability of
data through digitalization and automation. It goes through all the life-cycle phases of

a project starting from design, construction to facility management.

1.2. Statement of the Problem

Issues of structural design integration are the common phenomenon in almost all

2



construction projects. During the design phase of a construction project,
professionals from various disciplines are involved. But there is Luck of
integration like, Structural engineers will use the building's form to produce a
structural model once the architect creates it. Engineers in the fields of sanitary
and electrical engineering also contribute. Each professional works in a

disconnected manner. This disjointed workflow causes a slew of issues, such as:

e Cooperation is hindered because there is no standard database for all
disciplines; therefore, collaboration is done manually and, in most cases,
utilizing 2-D drawings. Since, Data loss is a risk when information is
shared and also Modifications and revisions must be manually tracked
and handled.

e Limited visualization: In the real world, structures are made up of a
variety of components (structural, architectural, sanitary, electrical, etc.).
As a result, the final model cannot be regarded a true representation of
the building until models from various disciplines are combined into a
single model. In addition, there is no clear visualization node of Inter
Connection structures when creating an analytical model.

e Rework that isn't necessary: In Conventional Way, structural engineers
would replicate the architectural model as a structural model. This is the
process of converting data from architectural software to structural
software. Instead of producing fresh knowledge, information is
duplicated. The more complicated the structure, the more effort is wasted
reproducing existing data. Similarly, when building drawings are
prepared, a considerable amount of data is recreated in comparison to the
new data.

e Conflicts and expenditures associated with clashes: Traditionally,
structural designers and the rest of the design team present their work in
separate 2-D drawings. It's tough to manually detect cross-disciplinary
disputes using unconnected 2-D drawings. Conflicts are more likely to go
unnoticed until construction begins. As a result, construction halts and

reworks are required, incurring additional costs.

e Conventionally, it was impossible to generate actual building drawings
for irregular and complex structural designs. Because it is done



manually, it is prone to missing items, making errors in reinforcing
detail quantification (either over or under stress), and focusing on
irregular shapes. can't quantify reinforcing detail, to put it another way,
instead of generating features directly relevant to the model, it fluctuates.
1.3. Research Question
The basic research questions are;

. What is the challenge and problem face using conventional way design building?

Is BIM technology is applicable for structural design buildings in design office?

How effective is BIM in improving for designers address a lack of an efficient
method to explore and evaluate different designs of educational facilities and the
issues of incomplete, inaccurate, and inconsistent drawings?

BIM technology important for Structural Engineer?

1.4. Objectives of the Study
1.4.1. General Objective

e This study aims to assessing the potential applicability of BIM for

structural engineer.
1.4.2. Specific objectives

1. To assess the challenges and problems of conventional methods of design

structural building.

2. To compare BIM Technology with other Conventional way of
Structural Design using Case Study.
3. To evaluate the efficiency of Implementing Building Information

modeling /BIM/ Technology on Design Office.

4. To provide key recommendations for future BIM implementation in the

Design office.

1.5. Scope of the Study

The scope of the research is assessing the applicability of BIM for structural engineer
during the design stage of a building project. The study is limited to only on public
Consulting office in Bahir Dar, Specifically; it focuses on the structural engineers”

role during BIM implementation and demonstrates how they can successfully



Use BIM on their work. The research is limited to the cross-discipline collaboration of
structural engineering with architecture. The research does not cover post design

tasks.

1.6. Significance of the Study

The outcome of this research will be:

e Anunderstanding of which way will better to use Structural engineer for
doing accurate and compatible design building.
e Anunderstanding of how BIM technology potentially Applicable for

structural engineer.

1.7. Research Methodology

In order to achieve the objectives which have been set out by this research,
the following methodology has been deployed:

« The review of related literatures on the concepts of potential benefits of BIM to
design consultant industry and the investigation of the BIM technology.

« Assessing problems in Bahir Dar public design consultant office by interview of
professionals.

» ldentifying the Structural design problems in Bahir Dar public design
consultant office that BIM could address.

« Investigating how other countries of the world used BIM to solve problems
in their design consultant.

* Developing a case study has already been chosen a sample G+6 Complex building is
taken and done comparison to investigate the possibility of using BIM technology and
Conventional Method using structural analysis soft wares (Robot and Etabs) in the
structural design stage, when i proceed used the way of Bim technology a Structural
model is modeled in the Revit software, and link with Robot for the purpose of
analysis and design, and also when | follow Conventional method used 2D Auto Cad
Architectural drawing Create Structural model and done analysis and design used

Etabs soft wares.



Preliminary Literature

Problem statement

Data
Analysis

Conclusion

Recommendation

1.8 Overview of Thesis

Chapter 1: presents an introduction to the research: the background, a problem statement,
significance for the study, the aims and objectives and finally the methodology.

Chapter 2: detailed review of the related literature and research pertaining to the problem
being investigated, specifically about BIM technology, its benefits to building design
consultant firm, the factor that triggered for its adoption in other developed and developing
countries, the problems that are solved by using BIM.

Chapter 3: describes the methodology: Presents the chosen methodology for the research
and the method for collecting, organizing and analyzing data which support the various
studies and findings.

Chapter 4: Presents the results of the study, and analyses these results in relation to the
literature and current field of research.

Chapter 5: Presents a case study project on a G+6 Mall building.

Chapter 6: Analysis, design and clash detection

Chapter 7: will conclude the study and make recommendations for future research in this
field.



CHAPTER TWO

2. LITERATURE REVIEW
2.1. What is BIM?

2.1.1. Definition of BIM

BIM stands for “Building Information Modeling”. It has been initially introduced a
few decades ago to better define the new data-rich models developed, compared to the
standard traditional 2D designs. It consists in a collaborative approach for an
integrated management of building information, facilitating the interoperability of
data through digitalization and automation. It goes through all the life-cycle phases of
a project starting from design, construction to facility management (Tang et al., 2019).
The adoption of BIM on a building project results in a more integrated design and
construction process and a better quality of building at lower cost and reduced project
duration(Eastman et al., 2011)

2.1.2. Common misconceptions about BIM

The word ,,Building®™ in Building information modeling, might mislead some people
into believing BIM is for buildings only. However, the BIM workflow can be
implemented in the design, construction and facility management of all forms of
infrastructures (Bartley, 2017).

Another misunderstanding arises from the word ,,Modeling™”. Some might believe that
BIM is synonymous to simply generating 3D model of a structure. However, BIM
usage goes beyond a 3D model. BIM will provide a wide range of applications
throughout the life cycle of projects. It combines the 3D model with parametric
design, coordination, communication and visualization (Eastman, Teicholz, Sacks,
& Liston, 2011). These applications are sometimes referred to as “dimensions”.

(BIM Academy, 2017) The dimensions starting from 4D are listed on Table 1.



Table 1:BIM Dimension

BIM Dimension Remark

4D BIM = Construction sequencing

= Adds or links a time schedule to a
3D model

= Improves planning and
controlling of construction

5D BIM = Add cost related information to
the 4D model
= Estimating and managing costs
along with procurement
= Assists in visualizing the progress
of project activities along with
the associated costs

6D BIM = Tackles sustainability
= Information such as energy use,
resource efficiency are added to
the model

7D BIM » Integrates information regarding
facility management to the
model

2.1.3. Common BIM Software Packages

Several BIM software packages are available. (Eastman et al., 2011) listed and
discussed some of these BIM platforms. The discussion included Revit, Bentley
systems, Archi CAD, Digital Project, Vector works, Tekla Structures, D Profiler and
Auto CAD-based applications. The authors explained the strength and weakness of
these platforms. (Eastman etal., 2011)  stated that Revit was the best- known and
the market leader for BIM implementation in architecture. On Section 2.2 of this
thesis, where the BIM experience of some countries was discussed, it was evident that

Revit is a popular BIM package.

2.1.4. The Status of BIM Adoption in Some Nations

To have a better understanding about the application of BIM along with its benefits
and challenges, the experience of nations that implemented or attempting to
implement BIM was studied. It is true that BIM adoption experience cannot be simply
transferred from one country to another. The economic and technological state of
countries affects the implementation of BIM. However, experience from other
countries can be used as pathway to effective BIM implementation. Thus, some

countries from across the world were selected and their experience with BIM is




reviewed and presented under this section. As the research is focused on the
implementation of BIM from the point of view of structural engineers, the materials
reviewed were only the ones that involved civil or structural engineering aspects.
During the review of BIM implementations on the selected countries, the following

points were given focus.
» How was design and construction affected by the implementation of BIM
» What were the challenges of BIM implementation?

» How could the challenges be overcome?

2.2. BIM in Africa
2.2.1. BIM in Ethiopia

The Ethiopian Construction Project Management Institute (ECPMI) is an autonomous
federal government institution established under the Council of Ministers to ensure
effective implementation of the country’s short and long term construction programs
and projects in terms of time, finance and quality through building project
management of key actors of construction project implementers thereby sustain the
ongoing rapid development of the country. ECPMI is done the B+G+7 ICT and 40/60
Condominium pilot project. The scope of the consulting service is on the integrated
design of the B+G+7 building typology of the ECWC that is done for the ICT Park.
The consulting on design review and modeling service will be done on the
conversions of the traditional methodology in to BIM methodology specifically
(Architectural, Structural, Electrical, Sanitary and Project management). (Ministry &
Development, 2019)

The broader objective of the consultancy service is to deliver fully automated 2D and
3D designs, specifications and BOQ full design for 2B+G+13 typology using BIM
technology. (FDRE Ministry of Urban Development & Construction Project
Management Institute) and Recommends Taking the problems inherent in the B+G+7
ICT park project that are identified through the application of BIM and the immense
potential of BIM in enhancing the capacity for delivering construction services and
products in to account; Short term recommendations and Medium - to - long term

recommendations.

In our country, there was a little research about current done to understanding of BIM

and its application for Structural Engineer. Like Application of BIM Using Revit
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and other Conventional Structural Design Software: A Case Study on A High-Rise
Building by developing plugins and applications have been developed for all these
software packages to facilitate interoperability amongst them so that they can act as a
single platform And also Application of BIM for structural engineering: a case study
using Revit and customary structural analysis and design software. But which method
is better way for Structural Engineer either conventional way or BIM implementation
which is integrate Architectural 3d model with Structural by Automatically link full
information to generate compatible analytic model, real analysis, design, preparation
of construction detailing drawing and structural quantification when to design
structures building. The decision to research such a thematic area will be
advantageous for the country. To achieve an Accurate, effective, efficient,
optimization and economical building construction process paper planned to
introduce BIM for structural engineer based on its parameters. Accordingly, the
ongoing pilot project has already been selected as a case study to examine the
Comparison of BIM implementation with Conventional Way for a structural engineer

during modeling, analysis and design tasks.

2.2.2. BIM in South Africa

South Africa first embraced the BIM technology in the AEC sector during
construction activities for FIFA 2010 World Cup. (Ogwueleka & lkediashi, 2017) In
2016, BIM institute carried out a survey in South Africa to understand the view of
clients, architects and engineers regarding BIM. The survey included participants
from all threads of design and construction related professions including engineering.
(Harris, 2016). Harris (2016) conveyed that the most reported benefit of BIM was
better team collaboration (76%) followed by improved productivity (68%). Other
benefits such as shorter project schedules and lower project costs were also reported.
However, the survey also revealed that clients do not seem interested in BIM. The
reason for this, given by the author, is the lack of BIM related studies in South Africa.
(Harris, 2016).

2.2.3. BIM in Nigeria

(Fadason et al., 2018) carried out a research targeting Nigerian building design firms
to discuss the challenges of BIM implementation in Nigerian construction industry.
Structural/civil engineers were among the respondents of the questioners prepared for

the research. The study showed that among the respondents, engineers are the most
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users of BIM (44.4%). According to the authors, BIM implementation in Nigeria is
still in infancy stage. More than half the participants (59.7%) have under 5-year
experience with BIM while 23.6% have none at all. (Fadason et al., 2018) concluded
from their study that the very significant challenges of BIM implementation in
Nigeria are lack of BIM education and lack of information on BIM. More challenges
identified by the study include lack of investment in BIM, lack of government support

(perhaps through legislation), lack of guide and hesitation to learn new workflow.

2.2.4. BIM in Cameroon

(Abanda et al., 2016). Carried out a study to explore BIM implementation in
Cameroon. The result of their study reviled that 30% of firms implementing BIM
were engineering firms. The BIM tool that was very popular among the participants
were Robot Structural Analysis. (Abanda et al., 2016) The study uncovered that most
professionals implemented BIM for structural analysis and structural design purposes.
Speed, high quality outputs and high performance are the three most popular
responses of the participants when asked why they use BIM. The researches argue
that countries with increasing BIM implementation often have government policies

that encourage use of BIM in projects.

2.3. Benefits of BIM

2.3.1. Improved Collaboration and Communication

During a life time of a project, professionals from multiple disciplines work
cooperatively. Traditionally this collaboration is based on the exchange of 2-D
drawings and documents. (Singh, Gu, & Wang, 2011). It is true that these
professionals use 3D models during their individual work, yet still the collaboration
remained more or less 2-D based.

A common database provided by BIM improves collaboration and communication
between structural engineers and the rest of the design team (Bartley, 2017). Any
change made by the other design team members is automatically tracked by the
structural engineer and vice versa. Accordingly, BIM makes it possible to merge all

involved disciplines into a single central digital model. (Berdeja, 2014)

2.3.2. Improved Visualization
BIM enables the structural engineers to best present their design using many
visualization tools. Interactive 3D models, that represent the actual real-world asset,

make communication with non- technical players easier.(Bartley, 2017).
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2.3.3. Improved time efficiency

Hunt recognizes BIM workflow’s capability in improving time efficiency (Hunt,
2013). In BIM workflow analytical and physical model are generated simultaneously.
This saves the entire time that was devoted to manually creating structural model
from architectural model. Additionally, the structural designer is able to integrate the

analysis with preparation of construction drawing, saving more time. (Bartley, 2017).

2.3.4. Well Documented design process
Additional benefit of BIM uptake is evident during documentation. All relevant
information regarding the structure will be gathered and well documented in a central
model. Thus, whenever information is required it can be easily accessed.
Documentation of information in a common model reduces redundant re-entering of
information. (Nielsen & Madsen, 2010)

2.3.5. Improved quality of work

Structural design employs a trial-based work flow, where a model is continuously
changed until a satisfactory result is attained. This workflow involves the continuous
creation and updating of data. The need to manually handle data is reduced by
employing BIM workflow & (Basak Ozturk & Eraslan, n.d.) By allowing the BIM
technology to handle data, errors and omissions are significantly reduced. As a result,

the quality of the structural engineer’s work is improved.

BIM workflow’s ability to present design results in 3D model, that accurately depict
the real-world condition, also improves the quality of structural engineering work
(Bartley, 2017).

Cloud Computing

BIM*s capability can be further expanded by taking it into the internet. Using a device
connected to the central database, design data can be accessed anytime and anywhere
without the need to carry around drawings papers. (Bartley, 2017)

Better material quantities estimate

The information rich structural models generated through BIM workflow, allow
professionals to obtain most accurate material quantity estimate (Basak Ozturk &
Eraslan, n.d.) Traditionally, material quantity estimate is carried out by a human and
as such is prone to human error and time intense. It is true that computers are

used
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During the work; however most of the weight is on the person. In BIM, though, the
task of computing is given to computers as it should be. As a result, material quantity
estimate is carried out instantaneously and with better quality than the traditional
method.

2.3.6 Clash detection

Conflict detection is a vital part of the design process. During design there is not a
single model but rather several models integrated with each other to give a complete
model of the structure. The players, during design, produce their own models which
need to be overlapped to form the complete digital model of the building. (Sampaio,
2017) One type of clash is when multiple elements occupy the same space. Sampaio,
A.Z. referred to this clash as physical clashes (Sampaio, 2017). this could be, for
instance, when a water supply pipe goes through a beam, a window half buried in a
beam or a door with part of it buried into a column. Another type of clash is when the
space between two elements is not sufficient enough for the operation of one or more
of the elements. for instance, there should be a sufficient open space at the end of a
stair or at the door of a lift shaft. Rule clashes are another category of Clashes.
According to Sampaio, A.Z., these are conflicts related to elements and the associated
rules they fell to meet (Sampaio, 2017).

Conventional, professionals attempt to identify clashes using 2-D drawing (Mr.
Swapnesh.P.Raut & Dr.S.S.Valunjkar, 2017). Even after laboring through this task,
some clashes still go unnoticed to be discovered later during construction. This results
in expensive rework at construction sites. Using BIM, however, all clashes can be
automatically detected during design avoiding potential conflicts during construction
works. This is attributed to BIM models*™ high level of detail which provide a better
visualization (Sampaio, 2017). (Berdeja, 2014) conducted a case study to evaluate the
capability of BIM with regard to clash analysis. Among the software packages used
for the study was Revit 2014. The study demonstrated the capability of BIM in
detecting and reconciling conflicts between design disciplines. The author stressed
that conflict detection and conciliation depend mainly on the level of detail of the
project at hand which can be accomplished through BIM adoption. The researcher
acknowledged that the ability of BIM to merge disciplines together was vital for the
clash detection. The author believed that during clash detection, BIM usage has an

undisputable advantage over traditional methods. (Berdeja, 2014)
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2.4. Summary and Research gap

During the review of the materials, some important patterns were observed across the
countries. By attempting to implement BIM, the countries reaped some common
benefits, they also faced common challenges and took or planned to take similar
actions to overcome the challenges and enhance BIM implementation. Advanced
users of BIM used it throughout the entire stages of design and construction. When
see BIM for structural engineers:- (Sampaio, 2017): This study compares the old
approach and BIM methodology used in structural design, and it assesses the benefits
of adopting and using BIM methodology in comparison to the way currently used in
the AEC sector. (Lu et al., 2018) In this study, the researcher used the BIM software,
represented by Revit, to create a structural model, complete with geometry and
reinforcement for the RC system, which was then converted into the ETABS analysis
program to determine the behavior of the regional structures and investigate actual

structural security.

On this research, the gap between structural design Analysis between BIM platform

(Robot) and conventional software packages (ETABS) was discussed.

2.5. Previous studies on agent-based modeling

Some case studies have been identified in the literature for the evaluation in BIM adoption,
like: - (Sampaio & Azevedo, 2018) checking and comparing traditional design approaches
towards collaborative Revit and SAP2000 integrated in Revit & Robot. - (Hamidavi et al.,
2020) tries to push to BIM level 3 with optimization integration within Dynamo and Robot.
For the scope of the Thesis, we have chosen three possible scenarios; the first is the
“traditional” scenario. The second is the “IFC exchange”, making use of interoperable
operations, and the third is the “integrated” modeling, where all professionals work on the
same environment. As one may soon observe, each of the scenario may be linked with the
different BIM level framework (UK BIM Framework, Succor’s BIM Framework etc.)
Depending on the type of workflow, different software may be applied. The main issue for
“Traditional Design” is that processes are not interoperable with each other. The structural
model is coordinated separately from the other disciplines, compatibility and clashes are
checked manually and not with BIM coordination tools. You may be at a “traditional”
approach, in case you are not applying a correct workflow, you are exchanging information

through paper, you are doing a lot of handy operations, and not making use of automation.
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CHAPTER THREE

3. RESEARCH METHODOLOGY

This study's methodology included office and field level investigation of the study
area, as well as various methods and techniques for data collection and analysis which
are described below. It was decided to carry out this research work using an inductive
research approach, and qualitative research methods to collect data. An extensive
literature search was conducted in order to gain understanding of theory and
previous research on the topic. Data was collected through semi structured open-
ended and closed ended interview questions, asked to Bahir Dar public consultant
firms ,,professionals. In this approach interviewer’s major task is to build upon
and explore their participants responses to those questions. The goal is to have
the participant Structural designers his or her experience within the topic under study.
Schuman (1982) designed the series of three interviews that characterizes this
approach and allows the interviewer and participant to plumb the experience and
to place it in context.

As Schuman (1982) supports this interview has three parts. The first part is about
participants experience and area of expertise, the second parts is about
common structural design problems in the participants™ projects, and the last part is
about participant’s perception towards BIM.

The methodology of the study also necessitated interview various structural engineer
experts in different design office firms and use a case study in order to achieve the
stated goals. As a result, this section of the thesis discusses the methodology used and
the reasoning behind the methods chosen to address the research problem.

3.1. Research Design

The study employs gquantitative method. Quantitative data and analysis were used to
determine the level of service and congestion levels at the selected intersections.
Primary data or direct field measurements, as well as secondary data, were sources of
quantitative data.

3.2 Literature Study

A literature study is done by researching and reviewing current knowledge
including substantive findings, and theoretical and methodological contributions

to a particular topic. The purpose of a literature study is to identify areas
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other researchers have overlook, which will emphasize how this research will
contribute to new knowledge (Everett, Furseth, 2012).
A literature study is a necessary part of a scientific project. A literature study
discloses what information is already out there, and clarifies what research is still
unexplored. By accounting for literature in the field, the researcher shows that he is
familiar with relevant and important literature on the area. A literature study also
prevents one from doing unnecessary work or rework. Internet was used to get insight
in recent research discoveries and inventions, through journal articles and conference
papers. They helped shape the focus and the purpose of this master thesis by
Providing information about BIM*s many potential future functions and research
areas. Published journal articles and conference papers may be considered more
reliable than traditional master thesis due to the fact that such publications have been
carefully reviewed and revised by a panel before being published. Scientific articles
and papers were utilized for four reasons:

= To become familiar with recent research on BIM,

= To find an incomplete and appropriate research area for the master thesis,

= To use the publication’s contents as theoretical framework, and

= To use the publication’s references to find additional literature.

3.3 Validity and Reliability

Literature is commonly evaluated based on its validity, reliability, objectivity,
accuracy, and adequacy. The literature study’s validity and reliability, and the
literature’s reliability, and relevance to the research problems were considered most
important in the selection process. Validity is defined as “the ability of an instrument
to measure what is designed to measure”. Reliability measures if the research tool is
consistent, stable, predictable and accurate. It determines if a research instrument will
Provide the similar results under the same conditions (Kumar, 2005).

The researcher attempted to ensure the research method’s validity by reviewing and
utilizing articles with various focus areas within BIM, which together provided a
fairly comprehensive outline of BIM. Most of the literature selected deals with
BIM, its benefits, applications, and its benefits to Adopter of it. Only literature
relevant to the research problem was used as theoretical framework in Chapter 2.

BIM is not a new technology to the developed countries, so there is a lot of

information available about it. The concept of BIM was first published decades ago
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(Eastman et al., 2011). The reliability and objectivity of research on and information
about BIM varies greatly, partly depending on who has ownership over that
information. The data’s reliability was primarily evaluated based on the authors™
reputation in the context of research, the authors™ objectivity and whether the
content matches independent research.

The weakness associated with this literature study was, there are almost no researches
are made in the Area of BIM technology for structural designer in Ethiopia. Only one
survey paper worked in Addis Ababa institute of Technology University was found,
So many literature reviews and experiences are studied from other world BIM
adopters. Review of literatures was very time consuming and also budget constraints
was another problem. A literature study’s strength is its availability for further

research.

3.4 Data Sampling

Since the number of public Design consultant firms in Bahir dar is 94, there are 31
building design consulting firms are grade-3 and above. for this study taken grade — 3
and above design building consultant firms as a sample size. The selection of the
participants is one of the initial steps taken towards data Gathering and
sampling. Determining the proper sample size for this research was the next
step.

Englander argues that small sample sizes, probably no more than 10 participants, are
most suitable. for this type of research while the minimum number of participants is
limited to three, because large samples can become unmanageable. (Englander,
2012).Patricia A. Adler, and Peter Adler also Suggest that a minimum sample of 12.
This number gives the experience of planning and structuring interviews, conducting
and partially transcribing these, and generating quotes for the papers. More than this
number, it seems to be impractical within customary time and budget constraints.
Therefore, in this study a total of thirty (30) consultant firm participants were selected
for data gathering purpose but fifteen (15) participants were voluntary and
interviewed. All respondents have made a face to face Interview at their place of
employment offices.

3.5 Interviews

The aim of this research is to assess the common challenges and problems of

conventional methods of design structural building and also to assess the perception
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of stakeholders Consultants of the public projects towards BIM. Bahir dar public
design building Consultant office side professionals are the data source for this study.
The questions in the Interviews focused primarily on conventional methods of design
structural building problems in respondent’s projects and understanding respondent’s
awareness towards BIM: familiarity, general knowledge level and its specific
application to projects, existing work practices and experience. The aim of the
research was to understand the building design consulting office common problems
specially face on structural design through interviews, determining the professional’s
perceptions of BIM and finally showing the potential applicability of BIM in solving
the identified problems by thematic review of the Literature. Developing interview
questions to start the interview was another important step in the research. The
questions developed for this research were partly open ended semi-structured
questions with the goal of starting the conversation where the interview tells about the
problems they commonly face in their projects. There are also partly closed ended
structured questions to know perceptions of professionals towards BIM. Open-ended
questions are questions to which there is no one definite answer. They are designed to
enable the respondent to answer in full, to reply in whatever form, with whatever
content and to whatever extent the respondent wishes (Fellows &Liu, 2008).They
may be a good way to break the ice with a survey, giving respondents an opportunity
to answer in their own words (Duval, 2005).Despite their usefulness in yielding
quotable material, the responses to open-ended questions are more difficult to

catalogue and interpret (Fink, 1995).

According to Creswell (2013) the problems for which the understanding of
individual’s work experience and phenomena is essential, are the best suited problems
for Qualitative research. Therefore, Qualitative research methodology is considered
the best approach for this type of research. After obtaining permission from the Bahir
dar City Administration Mayor’s office, Arrangements were made to interview the
participants in person. The data was collected through semi-structured and structured
interviews with the research participants. In all cases the interviews were taken by
taking notes. The participants were also given a chance to review the replies taken on
notes to ensure that they were comfortable with the information they had provided

and provide feedback in cases they may view as incorrectly written notes. Each
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Interview was assigned a code to avoid the use of individual identifiers throughout the
study. Once the data is gathered, Hycner's (1999) explication process was followed.

1. Bracketing self-presupposition: No position is taken for or against researchers"
presupposition. Researchers® theoretical concept, meanings and interpretations are to
be avoided from entering the unique world of participant. It is basically bracketing
researcher’s personal views and Preconceptions.

2. Delineating units of meaning: in this stage, the data and statements informative to
the researched phenomena were extracted. While bracketing self-suppositions,
considerable amount of judgment calls were made while units of similar meanings
were extracted

3. Form themes by clustering of units of meaning: Grouping the units of meanings
formed cluster of themes. The meanings of clusters were further interrogated to
establish central themes which in turn, expressed the core of these clusters.

4. Summarize each interview individually and validate the information by the
informant: A validity check was conducted by returning to the informants to make
sure the fundamental nature of interview was captured accurately and fully.

5. In this stage, general themes for all the interviews were included in a composite

summary.

3.6 Data analysis

This process is conducted to get in-depth understanding of conventional methods of
design structural building problems in Bahir dar public projects; and also the
awareness of Bahir dar public building design consulting office representative
professionals towards BIM. The further analysis of this data will result in the
identification of the problems that BIM technology can solve. All interview records
and notes for specific participants were clearly labeled and dated using the coding
scheme previously identified. Once data collection was done, all recorded interviews
were transcribed thoroughly before any analysis. All transcriptions were then returned
to the participants for validation to make sure nothing is taken out of context in the
written notes or expressed different than participant’s original view and thoughts in
order to capture the pure phenomena. Soon after the participant validation process, the
data analysis was conducted via putting all general and unique themes into a

composite summary.
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CHAPTER FOUR

4. RESULT AND DISCUSSION
4.1 Overview of Results

The aim of this research is to assess the common Challenges and problems
conventional methods of design structural building and determining problems that
could be solved using BIM by thematic review of the literature; & also to assess the
perception of stakeholder’s public building design consulting office of the Bahir dar
city towards BIM. Bahir dar public projects Consultant side professionals are the data
source for this study. A series of face-to-face interviews was conducted from January
01 to January 26 2024. The interviewees were 15 professionals from 15 firms and
institutions, which all interviewers are on consultancy firms. They are representatives
from the projects. Interviews were intended to assess the common conventional
methods of design structural building problems that exist in Bahir dar building design
Consultant firms, solutions given by the professionals, and finally their perception
towards BIM.

4.1.1. Demographics

When respondents were asked about their role within the company, majority of them
were found Arctctural engineer (42.9%), (28.6%) were professional structural
engineers, (14.3%) were Quantity surveyor, (7.1%) were construction engineers, and

(7.1%) were project managers.

what is your primary role/duty in
your company?

W Arctctural engneers

m Structural engineers
Quantity surveyors

B Construction engineers

M Project managers

Figure 1: Respondents role within their company
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The figure below presents respondent’s experience in construction firm. It is observed
that majority of the respondents worked in companies which have been a part of the
Ethiopian Building design consultant sector for 4-7 years (42.9%) and 8-10 years
(28.6%). Very few respondents were form companies which had more than 10 years*
experiences (14.3%) and 0-3 years of experience (14.3%). These statistics indicate
that the representative Respondents are employed in companies which have been in a
Consultant sector for more than 5 years and have greater relevance of exposure to the

research interview issues.

more than 10 How many years have you worked in costruction field?
years, 14.30%

0-3years, 14.3%

m 0-3years
m4-7 years
% 8-10 years

® more than 10 years

Figure 2: Respondents construction work experience

The figure below presents the type of construction firm of respondents involved in. It
is observed that the majority of respondents were found to be employed in the
percentage of respondents in Grade one design and supervision (consulting)
department is (42.9%) and in Grade three design and supervision (Consulting) firm is
(57.1%). A more or less equal distribution of employees between the two sectors will
facilitate the complete and unbiased views of professionals in Bahir dar public constr
uction projects during data collection.

21



What is the Grade of consultant firm
on your work for?

Grade one

Design
Grade three Consultant
Design 43%
Consultant
57%
= =

Figure 3: Grade of Consultant Firm respondents engaged
4.1.2 Awareness of Respondents towards BIM
Building design consulting firm, The figure shown below illustrates respondent’s
BIM awareness. It can be seen that 14.3% of respondents are aware of BIM. And
majority of respondents 85.7%of respondents are not aware of BIM concept. This
indicates a very low level of awareness of the BIM amongst the Consultant

stakeholders of Bahir dar public Building design projects.

Have you aware of Building information modeling (BIM )solutions
and applications?

m Aware

m Not aware

Figure 4: Awareness of respondents towards BIM
4.1.3Understanding on BIM

Although 14.3% of respondents suggested that they were aware of BIM, with a view
to addressing the research’s objectives, further questions sought to reveal the exact
level of understanding that the respondents had of BIM concepts. The Interview

22



Therefore put forward to determine the respondent’s own definition in order to gauge
how they understand BIM.

7.1% of respondents stated that BIM as advanced software that increase visualization
of a building to be constructed in a conceptual 3D-model early before construction
commences. Other 7.1% of respondents described BIM as it is software like
ArchiCAD. The rest 85.7% of respondents said that they don’t know and unfamiliar
with the concept of BIM. Moreover, these highlight the fact that almost all
professionals within the public projects have a complete lack of understanding in
regards to BIM.

F T
a0.00%% 85.70%
W How would you decribe BIM?
B0.00%:
70.00%
60.00%:
S50.00%:
A0.0085
30.0084
20.00%:
10.00% 7.10% 7.10%
0.00%
BIM is 5oftware that BIM is Software like I am unfamiliar with the
increase visualization ArchiCAD BIM
of a building to bhe
constructed before
construction commences
L |

Figure 5: Understanding of respondents about BIM concept
4.1.4 Usage of BIM in public projects by respondents

The figure below presents the responses received from respondents based on the
amount BIM usage in their projects. From the interview response, all of the
respondents (100%) have not yet worked on any projects using BIM. This percent of
BIM usage was a very small percentile of the total respondents when compared to the
AEC industry for developed countries such as the North America, Canada, New
Zealand, and UK.
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Have you used BIM in your projects?

yes, 0%

m No

Hyes

Figure 6: Usage of BIM in respondent’s organization

4.1.4. Level of BIM Knowledge among Building design stakeholders as per the
respondents.

From the results of respondents as shown in figure below 14.3% of respondents
believed that the current knowledge level about BIM among people in their projects is

low. 85.7% of respondents stated that they are not familiar with BIM.

How would you characterize the current level of knowlege about BIM
in your projects?

Medium, 0% __ High, 0% very high, 0%

B Unfamiliar
B Low

# Medium

m High

® Very high

Figure 7: Current level of knowledge about BIM in respondent’s projects
4.1.5. Construction Firms planning to use BIM in1-2 years* time
The figure below summarizes the responses received from respondents on the plan of
their Firms to use BIM in their projects in 1-2 years™ times. It is clear that all
respondents are not using BIM in their projects and the respondents were further

asked about the plan of their Firm to use in the coming 1-2 years. 21.4%of the
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respondents answered that they are not sure of it and 78.6% of the respondents said
that there is no plan to use BIM in their project in the coming 1-2years.These
highlight the fact that all building design consultancy firms (players) have a complete
lack of the potential benefits and applicability BIM to their projects.

Is your organization planning to use BIM in thenext 1-2years?

ENo
Hyes

m 1 don't know

Figure 8: Plan of respondents Organization to use BIM in the next 1-2 years
Summary of awareness level and usage of BIM in Bahir dar building design
consultant public firms

The figure below presents the summary of awareness and usage level of BIM in Bahir
dar building design consultant public firms. From the results of the interview it is
identified that 85.7% of Consulting firms are not aware of BIM while 14.3% of

consulting firms stated that they are aware of BIM but haven’t used in their Firms.

F ]
Design consultant firms
90
80
70
B0
50
40
B Design consultant firms
30
20
10 0
o
Aware and using Aware but not Mot Aware of
BIM using BIM BIM
- _—

Figure 9: Awareness and usage of BIM in Design Construction firms
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4.2 Data Analysis and Discussion

This chapter analyses the responses obtained from the Interviews. In order to fully
explore the findings of our results, it will be necessary to study the cross relationship
between each of the questions and answers, whilst also being mindful of relating these
results with the knowledge gained from the literature review. For the purpose of
analysis, this study has been divided into the following sections: building design
consultant office problems and Respondents proposed solutions to consultant by
respondents, BIM knowledge Assessment in public building design consultant firms
of Bahir dar city. The analysis seeks to determine building design consultant problems
in public design consultant firms, how public building design firms of Bahir dar
tapped the potential benefits of BIM to solve these problems and the awareness of
public building design consultant professionals towards BIM. Finally, having already
identified the problems in the public projects and awareness of professionals towards
BIM, the potential applicability of BIM which the professionals were not aware off
will be analyzed. Finally the analysis will then put forward the necessary actions
(recommendations) which need to be taken in order for the public construction
projects to tap the benefits of BIM. A copy of the interview questions is enclosed in

Appendix.

4.2.1. Construction problems

15 Building Design consultants in Bahir dar public firms were interviewed about the
building design problems in their projects. From the interview of consultants common
building design consultant problems are identified. Among the listed common

problems are

v There is no standard database for all disciplines; means each professional
conduct their work disjointedly. Therefore, collaboration is done manually
and, in most cases, utilizing 2-D drawings. Since, Data loss is a risk when
information is shared and also Modifications and revisions must be manually
tracked and handled.

v" There is no clear visualization node of Inter Connection structures when
creating an analytical model and also unless models from all disciplines are
integrated into a single model, the final model cannot be considered a real-life

representation of the building.
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v There is unnecessary rework, when structural engineers would replicate the
architectural model as a structural model. This is the process of converting
data from architectural software to structural software. Instead of producing
fresh knowledge, information is duplicated. The more complicated the
structure, the more effort is wasted reproducing existing data. Similarly, when
building drawings are prepared, a considerable amount of data is recreated in
comparison to the new data.

v There is Clashes and clash related costs, means structural designers and the
rest of the design team members present their work in separate 2-D drawings.
Trying to manually detect cross discipline clashes using unconnected 2-D
drawings is difficult. Conflicts are most likely to be left undetected and
discovered after construction begun. This leads to construction stalling and
reworks that incur additional cost.

v/ It is impossible to generate actual building drawings for irregular and
complex structural designs. Because it is done manually, it is prone to missing
items, making errors in reinforcing detail quantification (either over or under
stress), and focusing on irregular shapes. Can’t quantify reinforcing detail, to
put it another way, instead of generating features directly relevant to the

model, it fluctuates.

Therefore, problems which can be solved with Building Information Modeling will be
identified from the theme of Literature review. Construction problems that exist in
building design consultant public firms are shown in the figure below:
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Figure 10: Design Consultant problems in Bahir Dar public consultant firm from
respondents

4.2.2 Building design consultant problems that BIM can address

Building consultant problems may arise due to some reasons which are related with
the design. 11 building design consultant office problems are collected from the
interview results. Now these design consultant problems will be identified and
analyzed whether they can be solved with BIM technology or not from the concept
developed in Literature. From the common problems that are in Bahir dar public
Building design firms, List of problems that BIM potentially would solve is
determined. They are then will be discussed and related to theme of literature reviews
for their assertion by stating from the studies and experience early adopter and

implementer countries.

4.2.3. The potential Applicability of BIM in solving the challenges and problems

Design revision by consultants/designers
From the identified conventional methods of structural design buildings problems
Design revision by consultants/designers, are stated by 28.6% of respondents. In
usage AutoCAD for producing project drawings, plans, views, and sections is drawn
separately and if any design changes occur, these changes need to be corrected on
each drawing one by one. This process is causing waste of time and increases the

possibility of error in drawings leading to frequent design revisions in Bahir dar
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public design consultancy. However, when BIM soft wares are used to produce
project drawings, plans can be produced and views, sections, 3D views, and
elevations can be obtained automatically. In addition, when any change is done in any
view, it will be automatically changed from all relevant drawings and realistic
renderings can also be generated. Therefore, BIM technology enables the company to
deliver construction documents with more 3D views, sections, schedules, and realistic
renderings. BIM increases efficiency, especially for construction documentation
(Jiang, 2011). Comparing BIM with traditional methods, there is no risk of forgetting
to update changes in design because any change in any view is automatically updated
in all relevant plans, views, sections and elevations. For example, lines are used to
draw wall in CAD and if width, height or length of wall is needed to be changed, it
should be changed manually and all other related parameters should be changed one
by one that increases the risk of forgetting to update changes. However, BIM
facilitates design change process because if any design changes occur in objects, it is
automatically updated in other related objects therefore it reduces errors and
omissions that may occur in CAD design. Also, 3D view, side views, plans and

sections can be generated automatically from the design model.

Poor coordination & communication between conventional methods of
structural design parties

From the final identified conventional methods problems through interview Poor
coordination & communication between construction parties is prominent because
63.4% of interview respondents stated its existence in their projects. In the projects
there are architect, office engineers (civil engineer), Electrical engineers, Sanitary
engineers, construction managers, quantity surveyor, clients, consultants, and main
contractor. The lack of coordination among construction parties from the beginning to
the end is a major problem in the projects. This has resulted lack of integration of
design information (2D drawings —architectural, structural, sanitary, mechanical),
which leads to unnecessary time variations and design changes in the Consulting firm.
Complete and coordinated design information is crucial for the structural design
professionals to construct complete and error-free design. Coordination in the design
process might be viewed as an activity to handle the uncertainty and to synchronize
the flow of design information. It is also about synchronizing the collection

processing, storage and transmission of information, which is essential for an
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effective design process. To overcome this problem, more coordination among the
team members is needed in order to improve the accuracy of design information and
to avoid time delay. The great intelligence of BIM lays in the fact that it is able to
collaborate building information, integrate a multidimensional approach to design,
whilst also being able to combine all the life-cycle phases of a building/infrastructure
in the form of a single digital virtual Model. Furthermore, BIM is able to cover
planning and design (sustainability information, 3D, 4D, 5D and nD modeling),
construction (construction management and coordination), operation and maintenance
(retrofitting, energy simulations) and demolition (waste management, reuse and
recycling,). (Eastman, 1999). Therefore, it can be concluded that the use of Building
Information Modeling a valid solution for this problem.

Changing demands of clients

According to the Interview results, the other common problems of problems of
conventional methods of structural design buildings are the changing demands of
clients. 42.9% of interview respondents stated its existence in their projects. But With
the help of BIM technology, continuously changing demands of clients can be
minimized. Clients usually define their demands for project at the briefing stage and
designers try to satisfy clients by designing project that meets the demands of clients.
However, when construction starts and clients see the project in real life, they
sometimes happen to change their demands and decisions and in turn this leads to
change in design with the traditional methods as can be seen from the results. This is
because clients may not be technical people and they may not understand project from
traditional methods (two dimensional paper based design). Literatures also states that
Client involvement and client satisfaction are increased when using BIM. The client’s
involvement throughout a BIM project will translate the client’s value preposition
properly (Hattab,Hamzeh, 2013). Therefore, if BIM technology that includes
intelligent objects oriented design is used, 3D visualization may enable clients to see
whole aspect in detail and it helps to imagine what will be the end product (Azhar,
2011). Therefore, it can be concluded that the use of Building Information Modeling

approach may be a valid solution for this problem.

Collision detection (design error)
Collision detection is other problem of problems of conventional methods of

structural design buildings is From the interview results 42.9% respondents stated its
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existence in their projects. In traditional methods (2D paper based drawings) are used
as a means of information Delivery system. Respondents reported that when they
came across to design errors, they mostly send a letter to consulting company for a
revised drawing. Then the consulting company will revise the drawing and send them
back and the revised drawing will be used as a new working drawing. This is the trend
they are following. The use of 3D parametric modeling tools in BIM also improves
the clarity of representation of the design intent and consistent drawings production.
Mismatch or internal contradictions in the content of any individual document or
related sets of documents are eliminated and the increase in clarity and consistency
leads to a much more efficient design production process within the organizations and
improves the interaction and communication between parties in the construction
projects (Kaner et al., 2007) Therefore, by the potential application of BIM collision
problems can be prevented since they are detected before commencement of
construction, at an early stage (Rajendran and Clark, 2011). Literatures Very that
With BIM technology, architects, structural engineers and MEP engineers work on
the same model so clashes between activities, conflicts in the plan and inefficiencies
in design can be detected before construction starts at site so that clashes can be
modified and errors can be corrected before construction starts. Also, extension of

project duration and extra cost can be minimized (Ashcraft, 2007).

Preparing Incomplete/un detailed BOQ, wrong quantity estimation

From the identified conventional methods of structural design buildings problems
Preparing Incomplete/un detailed BOQ is stated by 42.9% of respondents and wrong
quantity estimation is stated by 14.3% of respondents. Since materials are ordered
according to calculated amounts, if material estimations are done correctly and
ordered on time, these problems are not faced. On the contrary, when wrong amounts
are ordered, the project stops, then correct amounts are ordered, which causes delay in
completion time. Quantity takeoff and pricing are the two important parts of cost
estimation. Cost estimation is a critical process which is time consuming since
interpretation of the project, visualization, specification reading, calculation of
quantities of materials, equipment and laborer required (Shen,lssa, 2010) because
accurate bill of quantities should be obtained and estimations should be obtained over

these quantities.
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Depending on organizations, estimation methods can be different. Estimators
calculate only the direct cost which includes materials, workmanship and equipment
cost. In addition to that, in some cases cost of subcontractor can be added on top of
this direct cost calculation. Overhead costs are calculated many times over again and
sometimes contractors add overhead and profit on the direct cost. Therefore, tender
price includes both direct and indirect costs where risks, profit, cost of materials and

cost of labor are included in tender price.

BIM has cost estimating features and bill of quantities can be extracted automatically.
At the beginning, cost can be assessed and more detailed cost estimate can be
obtained at a more detailed model (Grilo, Goncalves, 2010). Since quantities extracted
from BIM model are accurate, BIM would produce a more reliable and accurate cost
estimate than traditional methods and when any change occurs in model, faster cost
feedback can be obtained on changes in design (Eastman et al., 2011). So that
productivity of Estimator can be improved with BIM. In addition to that when 4D
BIM model is combined with cost, 5D BIM models can be produced and cost
estimations can be obtained. Therefore, BIM helps to obtain more accurate and fast
quantity takeoff, planning and scheduling can also be obtained with 4D BIM models
and 5D BIM model can be used for cost estimations and different cost alternatives can
be obtained.

Literatures also support that BIM is object based, parametric modeling that
collaborate building information, integrate a multidimensional approach to design,
whilst also being able to combine all the life-cycle phases of a building in the form of
a single digital virtual building. BIM is therefore able to cover planning and design
(sustainability information, 3D, 4D, 5D and nD modeling), construction (construction
management and coordination), operation and maintenance (retrofitting, energy
simulations) and demolition (waste management, reuse and recycling,). This therefore
allows BIM to reduce problems allied to waste in the construction industry (Eastman,
1999). If BIM is used, all parties are expected to work on the same model as
mentioned above paragraphs and if there is any change, the change can be modified
automatically through the BIM software. Solution is to use BIM technology so that
coordination between parties is expected be improved since all parties work on the
same model. The client satisfaction is expected to be increase by using visualization at

the beginning of project. Design, collaboration, quantity, planning errors happening
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are potentially will be alleviated by the integration of BIM in Bahir dar design

consultancy firm

4.2.4 Awareness of public structural designer professionals towards BIM

According to this research finding 85.7% of Respondents were unaware of BIM; and
14.3% of Respondents were aware of BIM. But, when looking within the minority of
respondents who claimed to be aware of BIM, it is evident that even within the group
of people who are aware of BIM there is a lack of understanding about its concepts.
The findings thus suggest that the respondents suffered from a lack of knowledge and
skills sets in regards to BIM. It is therefore possible to conclude that lack of
knowledge of BIM is one barrier preventing the usage of BIM in the Bahir dar public
building design consultancy firms. Since building design consultancy Firm
professionals are unaware of BIM™s great potential, they become uninspired to seek
further information. Literatures also assert that Lack BIM awareness is a barrier to the
potential benefits which BIM can offer. The finding of the research suggests that no
public building design consultancy Firm is currently the innovative technology and

process called BIM in their projects.

When comparing the evidence which highlights the extensive benefits of BIM from
the literature review to interview results of the study, it is clear that respondents are
unaware of scope of BIM*s benefits. It is realized that most of respondents did not use
BIM rather they are using traditional 2D CAD based delivery processes. The
inefficiencies of these processes include: being paper based, multiple documents,
manually produced and coordinated, excessive checking, prone to human error, costly
and time consuming and multiple applications. Literatures also show that many
construction firms encountered problems inherited with CAD design complexity and
drafting errors as identified by Kaner et al. (2007), which led to low productivity, time
delay, waste, and over budget. By understanding the BIM benefits, the construction
firms™ could possibly strategize their action plan for BIM implementation to suit their
needs. Although 14.28%of the respondents stated that they are aware of BIM but it is
found that they did not clearly understand it. Because they couldn“t describe the
concept of BIM correctly as well as they have not use BIM application tools yet. Not
only these 21.4% of the respondents stated that the awareness of BIM in their projects
among professional is Low, while the rest 78.6% of respondents stated that BIM is

totally a new concept that none of their project professional knows. Therefore it can
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be concluded that the awareness of BIM process and technology is very low in the

public construction industry of Bahir dar.

4.3 Application of BIM

4.3.1 Part I: Preparing Model

Structural design is one of the disciplines involving BIM. The structural model once
validated from the engineer, should be integrated with the other disciplines in one
unique federated information model, to be used for the later stages of the project.
Different design options may be required, depending on the architectural design and
costs limitations. BIM allows facilitating this process by modeling parametric
structural elements which include at the same time the physical and the analytical
information, in interoperable formats. This can automate the processes for design for
an information model. In a reduced time, the structural engineer can evaluate internal
forces, stresses and deflections and make the necessary checks, respective to the
Structural Code Requirements, and follow quantity and costs estimations in advance.
The structural model produced can be used for all the future operations for

coordination, construction, and management.

4.4. Selecting BIM Package

The task of preparing an architectural model is given for the architect. For this thesis
an existing architectural model prepared using Archi CAD and AutoCAD was used.
However, the thesis couldn’t proceed using those software packages. AutoCAD
performs geometric modeling not parametric modeling (which is required for BIM
implementation). While it is possible to create parametric modeling in Archi CAD,
the modeling is limited to architectural objects. Revit, however, is able to create a
parametric model including structural, sanitary and electrical objects in addition to
architectural objectsl. Therefore, the model is prepared anew using Revit so that it
can be used for BIM Implementation.

The key difference between AutoCAD and Revit, according to Autodesk, is that
AutoCAD is a general drawing tool with broad application while Revit is a building
specific design and documentation solution. Revit recognizes phases and disciplines
involved in a building project and it creates an intelligent 3D model of buildings.
(Autodesk Inc., 2019) Revit structure can create structural objects and an analytic
model. However, the software does not perform structural analysis and design. Thus,

a structural analysis tool is required to perform the analysis and design of the
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structure. One important requirement in selecting a structural analysis tool for the
thesis was the capability of the tool to integrate with the main BIM tool that is Revit.
After all, a robust analysis tool that cannot be integrated with the BIM package is no
use for BIM implementation. Robot structural analysis, which is created by the
creators of Revit, is a better companion to Revit than ETABS and SAFE.
Nevertheless, as it is stated in the title of the thesis, the purpose of the research is
adopting BIM through conventional software package (ETABS). The reason for this
decision is that BIM alters the Conventional workflow immensely. As a result, it is
expected to meet a resistance from design professionals. Thus, it is wise to use the
software packages that are already popular with the professionals to reduce the
possible resistance. Structural designers in Ethiopia are more familiar to ETABS than
to Robot analysis. They have used those for a longer time and have developed a trust
towards them. Demanding structural designers to abandon these familiar tools by a
relatively new and unknown (from their perspective) tool will only create more

resistance.

4.5. Workflow’s description
What is generally in the two workflows is showed in this paper that is

1. Conventional design “workflow.

It still includes the current process of working between the different professionals in
some countries. BPR can be applied to improve the processes and design. It may be
generally considered as BIM level 0 towards level 1 related to the UK BIM Fr It is the
traditional methodology for design, which consists generally in missing
interoperability between the different disciplines, making large use of dwg and pdf
formats for delivering, and some 3D modeling mostly for architectural client
visualization and rendering. Coordination between the different disciplines is done by
simply overlapping the designs, without using interoperable exchange formats.
2, BIM Design “Workflow”

In this workflow, there is more attention to collaboration, making use of interoperable
formats. Model checking is automatized, and some new responsibilities are defined
like the BIM Manager/Coordinator. This workflow is an evolution towards BIM-
enabled processes. The relevant change is the use of interoperable exchange format
with the use of the (IFC) and the introduction of a (CDE). If, in the first case the

workflow involves a “Structural Design”, in the second one, we start producing and
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sharing a “Structural Information Model”. There is a higher compatibility; clashes are
identified making use of BIM Coordination tools, better collaboration, and higher
costs savings.

4.6. Structural Analysis, Design and Detailing processes in BIM methodology
There is different software available in the market that can make use of the BIM
methodology, and can be applied for the modeling, analysis, design, and detailing
processes. In this Thesis we will consider Autodesk Revit-Robot 2020, and Auto Cad
Aided Design - ETABS 2020. A simple workflow defining the steps and processes of
the structural analysis, design and detailing is described as follows. It starts with the
physical modeling (with references to other disciplines), continues with the analytical
model definition (depending on the software used), the structural analysis (within the
same software or linked with mapping of elements, loads, boundaries etc.), the Code

Checking and concludes in the Detailing process.
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Figure 11: Simple BIM workflow for structural engineering design and information
modeling

Revit is globally well-known open BIM software, which can guarantee a coordinated
design, fabrication, and construction for the buildings. Revit acts like a general
manager making use of Robot Structural Analysis and tools like Structural analysis
Toolkit for Revit, SOFiSTIK analysis + Design, SOFiSTiK Reinforcement Detailing,
or as well Visual Programming with Dynamo. Structural Analysis Toolkit is
incorporated in Revit; it works in the cloud and can do some simple static analysis.
Results manager and Explorer allows checking in general the results that have been

generated from the add-in tools in Revit or the linked one (like Robot). For more
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advanced calculation, design and detailing you need to go with more professional
software like Robot or SOFISTiK.

4.7. Creating the Analytic Model

Traditionally, a structural engineer creates a structural model based on the
architectural model. This task is essentially recreating an existing model in a different
software package. This workflow wastes time and risks misrepresentation of the
architect’s design. On the thesis, by adopting BIM this flawed workflow is avoided.
As it was evident during the research, the BIM workflow highly minimizes the
modeling task of a structural engineer. In BIM workflow, when an architectural model
is created, inadvertently, the corresponding structural model is also simultaneously
created. Architectural components themselves (such as slabs, columns and staircase)
will be used as structural components without the need to recreate. After the
architectural model containing all architectural components (along with respective
structural components) was prepared, remaining structural components were added to
the model. These remaining structural objects were beams, shear walls (other than the
lift shaft) and foundation which were not included in the architectural model used for
the thesis. Customarily, architects do not bother to create these elements during their
modeling work. Thus, it is left for the structural engineer to add them.

The situation changes at various scales of the facility. If you deal with small villa, or
low residential buildings, it is different compared to big facilities, residential, offices,
public buildings, or mixed ones. The profitability gets higher in economies of scale
and it is in proportion with the size of a facility. Higher fixed costs (better software &
hardware, staff training, established BIM processes), affect lower applications on
small scale buildings. BIM influences the efforts/costs distribution along the different
phases of a facility.
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A TRADITIONAL vs. BIM

EFFORTS / COSTS

Pre-Design Concept Design Shop Construction  Operation and
(planning) design development drawings phases maintenance
BIM model approach s Traditional design
— —— = Cost for BIM changes —— —— Costs for traditional design changes

Figure 12: Traditional Design vs BIM modeling (Smith and Tardiff, 2009)

we can say that BIM leads to a market differentiation, offering a better product based
on the series of benefits defined in the literature. It is a general inclusive approach and
produces higher income, where all people and different disciplines are working
together. BIM enables market differentiation and creates lower costs for bigger
projects.

The BIM model should be the virtual twin of the future physical one. A high accuracy
is required from the model. Standards should be in place and respected from the
beginning in order that anyone is following the process at the same way. Since the
modeling is hierarchical and sequential, small mistakes at the beginning can generate
bigger ones later. All members should be willing to abandon their personal schemas
and follow a collaborative one. (Czmoch & Pe¢kala, 2014)

4.8. BIM Structural design within Revit-Robot

Auto Desk is a global inclusive software provider for the AEC industry, having Revit
as main design software. Its BIM 360 CDE, allows the different users to work
contemporary and collaboratively in the same central model. Revit offers the
possibility to do some simple calculations with add-in structural analysis toolkits (as
described above) and allows preceding the advanced analysis and detailing in Robot
Structural Analysis (RSA).

Robot Structural Analysis RSA is FEM analysis software. It is widely used, covering

different Codes. It can be applied for different materials, like concrete, steel, and
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timber, with 2D and 3D elements, comprising shells and grillages or composite
beams. It allows advanced analytics with damping, nonlinear modeling, and
calculations for thermal loads. It accepts nonlinear constraints, material plasticity,
nonlinear hinges, 2nd (non-linear) and 3rd order effects (P-delta). It can run modal,
spectral, harmonic, linear and non-linear history, elastic-plastic, and pushover analysis
Revit and Robot allow having bidirectional flows of information. You start the design
in Revit and then continue the analysis and detailing in Robot. The model and results,
including detailing (like concrete’s reinforcement), can be sent back, and updated into
Revit. The analysis results can be explored also in Revit with the Results Manager
and Explorer and detailing modified for specific needs. In general, to keep
consistency and accuracy of the changes, it is advised to do detailing and modification
only in one of the software. The object’s modeling may be a bit different between

Revit and Robot, so in the send/receive process is applied the mapping of elements.
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CHAPTER FIVE
5. CASE STUDY PROJECT
5.1. Introduction
This case study is aimed at structural design of G+6 Mall building at Bahir Dar. In
general structural design deals with the frame works of a building structure such as

slabs, beams columns and footings.

et

u

Figure 13: G+6 Mall 3D Building Coordination Building built in Bahir Dar city

5.2. Codes and standards
The design of the buildings is in accordance with the Ethiopian Building Code

Standard EBCS-1995, Euro code 2-1992.

5.2.1 Units

The following units have been used in the entire design and any values of length,
force or stress will be converted to this system:

Length (meters)
Forces: KN (Kilo Newton)
Stresses: Mpa (N/mm2)

5.2.2 Software

Four Main soft wares have been used for this study:
Excel-2010 - Microsoft Excel is a spreadsheet software application used for

organizing, analyzing, and presenting data. It is widely used in engineering, business,
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finance, and other fields for tasks such as data entry, calculation, graphing, and data

analysis. This spread sheet program has been used:

i) To perform analysis of the loadings on the slab.

i) To transfer loads from slab to the supporting beams

iii) To design the columns, Footings after an analysis result is obtained from
ETABS 2020 software.

Iv) To customize the ETABS 2020 design outputs of the beams to meet the
minimum and maximum requirements of the EBCS-1995.

ETABS-2020- is a software package for structural analysis and design of buildings. It

is used for modeling and analyzing multi-story buildings, including structural

components like beams, columns, slabs, and shear walls. This Program has been used

to perform all the analysis of the fame structure for all possible loadings and

combinations.

The input is:

i) Material characteristics

i1) Material characteristics

iii) External loadings

Superimposed dead loads

Live loads

Earthquake loads

* The 3-D modeling of the structures geometry by means of ETABS 2020 program

allows the real behavior of the structural system.

* The result of the model is combined according to the EBCS loading combinations in

order to obtain the design forces and stresses in the structure, and perform the

structural design of each part of the buildings.

REVIT -2020 - Revit is a building Information Modeling (BIM) software by

Autodesk. It is used by architects, engineers, and construction professionals for

designing and documenting building projects in 3D. Revit allows users to create
intelligent building models that can be used throughout the project lifecycle for
design, visualization, and collaboration.

In This study, software used for made structural model of a building. used for BIM

way of design method.
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ROBOT-2020 - Robot Structural Analysis is a software application by Autodesk used
for structural analysis, simulation, and design of buildings and other structures. It
provides tools for modeling structural elements and analyzing their behavior under
various loads and conditions.

This software used for link structural model from Revit software and made structural

Analysis and design of a building, used for BIM way of design method.

5.3 Design criteria
Materials

Concrete

For the main structural components of the buildings such as beams, slabs and columns
the concrete compressive strength at 28 days on 150mm in diameter cylinder samples
is taken equal to 20Mpa.Equivalently, the 28 day crushing strength of 150mm cube is
25 Mpa. The concrete class according to EBCS-2 is therefore c¢-25. For other blinding
layers(lean concrete) under footings, grade beams and slab resting on the ground the
concrete quality is class C-5.

Reinforcing steel
High tensile steel Grade 60 Fy=410Mpa

The yield strength for deformed reinforcing steel would be grade 60 with minimum
yield strength of 410 Mpa.

Concrete cover to reinforcement:
« For Footings 50mm

* For beams, columns 25mm

« For suspended slabs 20mm

« For slabs on hardcore 30mm

5.3.1 Geometry of structure

The building is G+6 consisting of reinforced concrete beams, columns and concrete
solid slabs. The general structural system is composed of frames. Three dimensional
modeling has been for the analysis of the frame. Below the different structural

systems are in brief:

Floor Slab
160mm thick concrete solid slab system has been used for suspended floors.

Beams
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Based on structural and architectural and architectural requirement different types of
beam are selected. For beams supporting concrete slab 450mm*200mm and (depth x
width) section have been selected.

Columns
450mm*450mm, 400mm*400mm, 350*350, and 300mm*300mm square column
section were used (which can be referred from structural column drawing).
Foundation
Isolated footing types were used to transfer the super structural load to the foundation

layer.

5.3.2 Loadings

The building is a G+6 Mall Building with 24.50m height and located in Bahir Dar,
which is Seismic Zone-0 according to EBCS-8, hence both vertical and lateral loads
were not considered for the design.

Dead Load (DL)
Structural dead loads (beams, columns and slabs) and superimposed dead loads

(Partition walls, finishing and cement screed) are taken according to EBCS-1.

Live loads (LL)
The live loads considered are taken from EBCS-1 according to the function of the

rooms. For panels serving different function an average value has been taken.

5.3.3. Load Combinations

The load combination is used is used according to EBCS-1-1995.
Dead, Live and Earthquake loads design combinations.

ULTIMATE LIMIT STATE
1.35DL+1.5LL

SERVICEABILITY LIMIT  STATE
DL+LL

5.3.4. Soil Assumption
The bearing capacity of the foundation is assumed to be 400 KPa in proportioning the

footings.

5.4 Slab design
e All Floor slabs of this project are designed using coefficient method of design

using EBCS 1995.
e The method of Design used is ULTIMATE Limit State Design Method.
e Codes used are EBCS1-8 1995.
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e Excel 2010, ETABS 2020, Revit Architecture 2020; Robot Structure2020 soft
wares are used.

e The Architectural Drawings from Revit Architecture and Structural outputs
from Revit structure are enclosed in appendix A.

e Etabs 2020, Robot Structure 2020 soft wares are used.

5.4.1 Method of Design: Ultimate Limit State Design Method
Codes Used EBCS1-8 1995

Material Data:

Concrete Grade c-25 Steel Strength

Fck=20Mpa For dia<émm Fyk=410Mpa(Grade 60)
Fcd=11.33 Mpa Fyd=356.52Mpa
Fctk=1.55 Mpa Y¢=25kKN/m3 fyk=300Mp

Partial factor of safety for materials Yc=1.50 Ys=1.15

5.4.2. Analysis and design of Typical Floor slab (1-6th floor)
Depth determination

Thickness of slab that attains serviceability limit is D= 16cm
Dead load:

Own weight of slab=0.16*25Kpa= 4 Kpa

Superimposed load

Average 4cm cement screed=0.04*23=0.92 Kpa

2cm marble tile =0.02*27kpa=0.54 kpa

2cm ceiling plaster=0.02*23=0.46 Kpa,

Subtotal=1.92 Kpa

5.5. Defining Project Information Parameters

In Revit, “Project information” is a system family. It comes with default parameters
that store project information such as address, client name, etc. However, there are no
parameters that store project information required for structural analysis and design.
Hence, during the research, parameters capable of storing information required for

structural analysis and design were created.
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5.5.1 Geotechnical information
Among the project information parameters created were a group of parameters which
store information gathered during geotechnical investigating of the site. These pieces
of information are useful during foundation design.
The parameters created are:

e Recommended foundation type

e Recommended foundation depth

e Allowable bearing capacity of the soil formation

e The soil formation
Some companies carrying out soil investigation may offer multiple options regarding
the foundation selection. Thus, the groups of parameters listed above were created
twice, with one group for primary recommendations and the second group for

alternate recommendations.

5.5.2 Structural information

The case study that shown in fig (1) consists of Six floors, the first three floors have
the same area 1410 m2, the height of each floor 3.3m, begins from ground level at 0
m end to the six level at 28.8 m. The structural building content of rectangular
sections (0.5x0.5m)columns and beams have the same rectangular sections
(0.45%0.3m), Circular column sections (dia. 0.6m) and floors with 0.16m thickness.
Understanding the idea of geometric and analytical representations of structure is
important before modeling. The geometrical model is the true model that contains all
details, and it is what users modeled inside Revit and is used for communication and
documentation, while the analytical model is modeled automatically in the context of
the geometrical model inside Revit and transfers only the information that the
structural engineer needs. The structural analysis software deals with the analytical
model. It's used in structural analysis and design to quickly incorporate structural

loads, load combinations, and boundary conditions.

5.5.3. Defining Materials in BIM

As in the traditional workflow, materials along with their properties were defined.
However, when implementing BIM much more information can be added about a
material. Three materials were defined for the sample building. One was a rebar
material while the others were concrete (C20/25 & C25/30). The following are some

of the information that was gathered for these materials.
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Identity

Important descriptions can be attached to the materials. For the concrete materials
detailed instructions can be specified about the preparation of the concrete. Any
special care needed during preparation of the material can be recommended. For the
rebar, preferred manufactures can be suggested. Website of the manufactures can be
stored on the material definition. Cost is an important factor and it was defined for the
materials. This value can be used by Revit to carry out cost analysis. Any other

information that is relevant to the material can be attached to it.

5.5.4. Physical Property

Physical properties of materials specified during the thesis were:

* Thermal property

* Young’s Modulus, Poisson’s ratio, shear modulus, density

« Compressive strength, yield strength, tensile strength

This information along with other material definitions is stored in the central model.
These physical properties can be stored in the conventional design process also. What
is different here is that the properties are stored along with the identity properties of
the material discussed in the previous section. This makes the information complete

and integrated.

5.5.5. Structural Objects in BIM

Structural objects including beams, columns, slabs, shear walls and foundations were
part of the central model in Revit. By default, these objects are not able to store
structural analysis and design information. Hence, during the thesis, these objects
were made to be capable of storing large amount of structural analysis and design
information either by creating them or by modifying them. The amounts of
information stored in the structural elements grow as the model progressed through
the design stages. For instance, at the beginning of the design stage, a beam had
information regarding its size, material type and mechanical properties (Figure 4).
After analysis, additional information such shear force, flexural moments and
torsional moment were generated and added to the beam object. After design was
performed, yet again more information was generated and added to the beam elements
swelling the data on the beam. Similar process was used for the rest of the structural

elements as well.
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Figure 17: Some floor system family (RC slab) parameters
In Revit, it is possible to create a template element (family in Revit terminology) that

can be reused by multiple projects. During this thesis, families of different structural
elements that are capable of storing wide range of structural analysis and design
information were created. These families were used during this research and can be

used in other future BIM projects.

5.5.6. Load case and Load combination in BIM

Load cases and load combinations can be created in Revit or on the structural tools.
Loads also can be applied on to the model in either of the platforms. However, the
intent of this research is adopting BIM with minimum alteration to the conventional
workflow. With that intent in mind the definition of load and the subsequent loading
of structural objects were carried out on the structural tools. When analysis is
completed, the defined load cases and load combinations were transferred to the

common database.

5.6. Exporting Model for Structural Analysis

When the architectural model was prepared, the analytic model was simultaneously
generated by Revit. However, Revit cannot perform structural analysis. In this thesis
focus on two way of methodology to full fill objective of this paper.

The workflows applied in each Case Study will be discussed and evaluated based on
some criteria:

1. Software’s facilitation to deal with the structural modeling, analysis, design and
detailing.

2. Information modeling capacities of the software and workflows.
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3. Import/export operations for the structural model, loads, analysis & design’s
results.
4. Facilitation in the production of the BIM deliverables.
5. Required improvements for automation of processes, better interoperability, clashes
etc.
6. Facilitation for coordination between the different disciplines, clashes etc.
7. Quantity estimations, Drawing documentation and Reporting.
Critical aspects that will require more careful attention are:
= Accuracy of the analytical model, respectively to the physical modeling.
= Correct definition of the properties, parameters and in general design’s Code
Checking settings and user’s preferences.
= Boundary conditions of the structural model and soil-building interaction with
definition of elastic coefficients for Winkler soil modeling.
= Correct mapping of eclement’s sections, materials, and loads in the
import/export operations.
= Coherence, reliability, accuracy, and in general quality of the drawings,
reporting, quantity estimations, 3D reinforcement detailing and IFC

information exchange

5.6.1. Structural Design with Revit-Robot
The model is initially checked for the correct definition of the physical structural

elements, and for the continuity and integrity of the analytical geometries.
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Figure 18: Initial modeling geometrical case study at Revit
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Once concluded the check with the physical modeling, it continued with the analytical
geometries, requiring the modification and correction of the analytical connections
between some of the structural elements. The analytical geometries can be modified
in a separated view and at the same time checked parallels that no differences are

created for the physical structural elements.

Figure 19: Analytical model correction

For BIM technology, it was decided to this Revit structural analytic model first
Checked on Collaboration Interference error and on Analysis must checked Analytical
/ Physical Model Consistency , Consistency Adjust, and assigned Fixed Supported
Boundary Condition was checked completed then was sent to Robot 2020 for
structural analysis and design.
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Figure 21: Analytical Model View in Revit
On Conventional method used Auto Cad 2D Arctctural view done on ETABS

structural analytic model shown below.

[k

Figure 22: The analytic model in ETABS
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CHAPTER SIX
6. ANALYSIS, DESIGN AND CLASH DETECTION

6.1. Introduction

Chapter 5 concluded with the transfer of the analytic model from RAVIT to ROBOT
software and use ETABS for analysis and design. The current chapter picks up from

that and discusses the implementation of BIM during structural analysis and design.

6.2. Analysis Results

For a structure to be safe and sound, there are design code mandated conditions it
should satisfy. Some of the conditions govern the kind of analysis to be run while
other conditions require modifications to be made to the structural model. ETABS
cover some of these verifications but not all of them. However, ETABS does give the
necessarily input parameters required for these verifications. Usually, the structural
engineer exports ETABS output parameters to separate software (often MS Excel) to
check analysis result against code requirements. The results of the verification remain
on that separate file with no method to send them back to the model. This task

fragmentation is avoided through BIM implementation.

Figure 23: Analysis model at ETABS
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| = 1 4
/,‘/(( ‘\ /:+—’$\‘m\“x
’)K \P‘wﬂs; | /EL EL%“"\!& /,\‘\
P SN S 5 % e TSl 7‘:7'
Y &)ﬁ < \\\ 8 //’ > />/(<"“L >
% s K N
o < . /// S //
. Ko R
~

Figure 25: Analysis model at ETABS

Figure 26: Analysis model at robot
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After running the FEA calculation, you can precede with the ‘“required
reinforcements” and “provided reinforcements”, views and commands. These are
applied to follow the design and code checking based on the designer’s reinforcement
schema, for the different structural elements, of floor’s slabs, columns, beams, and
walls. Once reinforcement is generated, the model with design’s results and
reinforcements can be sent back to Revit. Robot offers advanced configurations and
functionalities for the analysis, design, and detailing processes.
6.3. Design Results

Design of structural objects by ETABS concludes by providing the required steel area
to resist the design forces. This information requires further treatment for it to be
implemented during building construction. Bar diameter needs to be specified and

respective number of bars (or spacing of bars) has to be computed.
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Figure 34: floor rebar’s area in ETABS

6.3.1. Concrete slabs design and reinforcements.

Concrete slabs reinforcement in Robot SA follows a similar logic to the other
structural elements. You should check in advance that the physical & analytical model
has no mistakes and that the loads are correctly applied. Loads combinations can be
defined manually or based in the Code chosen for the design. Robot provides
worldwide Code checking including Euro code that is being applied in this Thesis. A
workflow is detailed for the reinforced concrete slabs design in Revit — Robot
designer’s preferences can be customized to automate the process, but they need to be
applied individually for each one of the analyzed slabs. Robot requires high
computational resources. It is crashing sometimes, when going from one slab to
another with the next slab command. You need to go back to “slabs reinforcements”

and then again to “provide reinforcement”, to change from one slab to the other one.
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The software is not very flexible in keeping memory of the previous reinforcements
of the slabs, if making modifications to the main structure. Robot provides some
default reinforcement patterns for the rebar’s, which can be customized and updated
following the designer’s needs. The reinforcements are generated and can be checked

in 3D in “concrete’s slabs reinforcement”

Modeiling of Check the amalviical Apply loads and expart to Rabol 4. Define
comcrete slahs model and apply rigid Inaids combirations, correct houndary
B Iinks if necexsary, f conditions in fohs, define siories and
in Revil
conmec! thie model auiemmtically mssign the bulding elements.
Define Code Checking

Ho Code checking
satighed? | l

Expart madel & [_{v (it “slmhs Frn
reinforcements to Revit Y required ot
i—l reinforcemenis ", anilysis.
Define desigmer s preferences in J assign parameters (¥ Check
“provided reiniorcemens ", run and run motification
calculations and generate reinforeements. calculation o wamings,

Figure 35: Code checking, Slab calculation for bending moment, deflection and
required reinforcements
Using EXCAL 2020 software

Table 2: Slab Reinforcement

SLAB REINFORCEMENT: Ground Floor

Mu b I d Spacin

Panel (kNm) | (mm) | (mm) | (nun) K Z Aslnm) | ¢ |#BARS ?;mjg
Muxs 17.09| 1000 160 135 0.05| 12825 44431 10 6 200

1 Mxf 12.82| 1000 160 135 0.04] 12835 333.24 1ﬂ| 5 250
Mys 16.03| 1000 160 135 0.04] 12835 416.54 1ﬂ| 6 200

Myf 1211 1000 160 135 0.03] 12825 314.72 1ﬂ| 5 250

Mxs 15.53| 1000 160 135 0.04] 12835 403.72 1ﬂ| 6 200

3 Mxf 11.55| 1000 160 135 0.03| 12835 300.20 1ﬂ| 4 250
Mys 14.74| 1000 160 135 0.04| 12825 383.01 1{I| 5 250

Myf 11.15| 1000 160 135 0.03| 128135 289.85 lﬂl 4 250

Mxs 1887 1000 160[ 135 0.05| 12825 490.50 1€I| 7 160

3 Mxf 14.03| 1000 160 135 0.04| 12835 364.73 1ﬂ| 5 250
Mys 17.90| 1000 160 135 0.05| 12825 465.35 1ﬂ| 6 200

Myf 13.55| 1000 160 135 0.04| 12825 352.15 1{I| 5 250

Mas 12.74| 1000 160 135 0.03| 12835 331.25 lﬂl 5 250

4 Mxf 9.56| 1000 160 135 0.03| 12835 248.67 1ﬂ| 4 250
Mys 12.74| 1000 160 135 0.03| 12825 331.25 1{I| 5 250

Myf 9.56| 1000 160 135 0.03| 128135 248.67 1ﬂ| 4 250
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Figure 37: slabs design and reinforcement Detail using Robot
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6.4.Beam’s reinforcement

Robot offers an advanced environment for the beam’s design and detailing. You can

set up parameters for Code Checking and designer’s preference schemas for the

reinforcement. Detailing is automatically generated and can be sent back with design

results to Revit.

1 Level:
e Name :3rd F
¢ Reference level -
e Maximum cracking :0.40 (mm)
e Exposure : X0
e Concrete creep coefficient 1(pr=2.82
e Cementclass 'N
e Concrete age (loading moment) : 28 (days)
e Concrete age : 50 (years)
e Concrete age after erecting a structure : 365 (years)
e Structure class 1 S1
e Fire resistance class : o requirements
e FFB Recommendations 7.4.3(7) :0.00
2 Beam: Beam100 Number of identical elements: 1

2.1 Material properties:

e Concrete
(MPa)

distribution [3.1.7(3)]
Density
Aggregate size

e Longitudinal reinforcement:
stress-strain diagram

e Transversal reinforcement:
stress-strain diagram

e Additional reinforcement:

stress-strain diagram

2.2 Geometry:

fek=24.10
Rectangular stress

23607.66 (N/m3)

20.0 (mm)

S400 fyk=400.00 (MPa)
Horizontal branch of the

Ductility class : B
S400 fyk=400.00 (MPa)
Horizontal branch of the

Ductility class : B
S400 fyk=400.00 (MPa)
Horizontal branch of the

2.2.1 Span Position L.supp. L R.supp.
(m) (m) (m)
P1 Span 0.50 4.75 0.60

Span length: Lo =5.30 (M)

Section from 0.00 to 4.75 (m)
300.0 x 500.0 (mm)
With out left slab
with out right slab
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2.3 Calculation options:

Regulation of combinations
Calculations according to
Seismic dispositions
Precast beam

Cover

e Cover deviations
« Coefficient B2 =0.50
e Method of shear calculations

2.4 Calculation results:

- EN 1990:2002

: EN 1992-1-1:2004/A1:2014

: No requirements

: no

: bottom ¢ = 40.0 (mm)
: side ¢c1=40.0 (mm)

: top ¢2=40.0 (mm)

: Cdev = 10.0(mm), Cdur = 0.0(mm)

: long-term or cyclic load
: strut inclination

2.4.1 Internal forces in ULS
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Span Mt max. Mt min. Ml Mr Ql Qr
(kN*m) (kKN*m) (kN*m) (kN*m) (kN) (kN)
P1 54.91 -110.19 26.49 -39.96 -94.38 -148.28
-150 T T T T T
[kN*m]
-100 //:—////T§\
i LTRSS ]
0 1 "‘_ - _I>>~ . —_—4% ‘
=T ST,
\\\ —
50 o A I B
| [m]
100 I I I I
0 1 2 3 4 5
Bending Moment ULS: M Mr Mt Mc
250 . T T T T T
o 7 R Ny
100 | LT //
o | i | T q
) | L L Tl
T NN =S AR REREE
e H | T
-150 \“\L~ )/ /// \" -
200 ! ~ [m]
250 1 1 1 1 1
0 1 2 3 4 5
Shear Force ULS: Vv Vr Vc(stirrups) Vc(total)
2.4.2 Internal forcesin SLS
Span Mt max. Mt min. Ml Mr Ql Qr
(KN*m) (KN*m) (KN*m) (KN*m) (kN) (kN)
P1 39.76 -79.82 19.20 -28.96 -68.34 -107.40




1507 T
kN"m]

-100 e B o S

50
— //l [m]
100 : .
0

Bending Moment SLS: M_r Mr_r Mc_r Mc_gp M_gp Mr_gp

150 T T T T T
[kN]
100 ‘ ‘ ‘

|
o A T e
[ U

-100 W i

-50

Shear Force SLS: V_r Vr_r V_qgp Vr_gp

[0.1%]

0.5

05
[m]

-1

0

Strains:

300
250 MPa]
200
150
100

50

-50
-100
-150

[m]

-200
(0] 1 2 3 4 5

Stresses: Ats Acs Bs

2.4.3  Required reinforcement area

Span Span (mm?2) Left support (mm2) Right support (mm2)
bottom  top bottom  top bottom  top
P1 370.02  0.00 17010  52.37 0.00 266.96
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1000 T T T T T
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Reinforcement Area for Bending: Abt Abr Abmin Ades Aver_gross

2000
[mm2/m]

1500

1000

500 i

500

1000

1500

2000

[m]

(0}
Reinforcement Area for Shear: Ast Ast_strut Asr AsHang

2.4.4 Deflection and cracking

wt(QP) Total due to quasi-permanent combination

wt(QP)dop Allowable due to quasi-permanent combination

Dwt(QP) Deflection increment from the quasi-permanent load combination
after erecting a structure.

Dwt(QP)dop Admissible deflection increment from the quasi-
permanent load combination after erecting a structure.

wk - width of perpendicular cracks

Span wt(QP) wt(QP)dop  Dwt(QP) Dwt(QP)dop wk
(mm) (mm) (mm) (mm) (mm)

P1 0.3 21.2 0.2 10.6 0.3

25 Theoretical results - detailed results:

251 P1: Span from 0.50 to 5.25 (m)

ULS SLS
Abscissa Mmax. Mmin. Mmax. Mmin. Abottom Atop
(m) (KN*m)  (kN*m)  (kN*m) (kKN*m) (mm2) (mm2)
0.50 26.49 -8.24 19.20 -5.96 170.10  52.37
0.78 20.52 -23.43 3.60 -2.37 124.39 142.26
131 1.89 -76.70 0.00 -40.54 12.34 523.65
184 0.00 -110.19  0.00 -79.82 0.00 768.42
2.37 121 -91.38 0.00 -57.77 7.93 629.57
2.90 18.86 -33.60 2.29 -3.67 11825 21245
3.43 48.30 -1.93 32.02 0.00 323.22 12.61
3.96 54.91 -0.00 39.76 0.00 370.02  0.00
4.49 45.92 -3.15 29.22 0.00 306.37  20.50
5.02 15.42 -36.17 0.00 -5.96 97.80 232.06
5.25 0.00 -39.96 0.00 -28.96 0.00 266.96
ULS SLS
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Abscissa V max.

(m)

0.50
0.78
131
1.84
2.37
2.90
343
3.96
4.49
5.02
5.25

(kN)
-94.38
-114.97
-175.28
172.25
140.15
69.58
17.96
-22.27
-68.54
-147.14
-148.28

V max.
(kN)
-68.34
-83.26
-126.96
124.79
101.54
50.42
13.03
-16.11
-49.63
-106.56
-107.40

2.6 Reinforcement:

2.6.1 P1: Span from 0.50 to 5.25 (m)

afp
(mm)
0.0
0.0
0.2
0.3
0.2
0.0
0.1
0.2
0.0
0.0
0.0

Longitudinal reinforcement:

bottom (s40

0)

from 0.04

from 0.23
from 1.10

=135

3 16 =539

support (S400)

3 ¢16 =535

1 16 =154
Transversal reinforcement:

main (S400)

stirrups 36 ¢8

pins

to 543

to 5.58
to 264

e =3*0.15 + 15*0.10 + 4*0.15 + 5*0.25 + 9*0.10 (m)

36 ¢8

=054

e =3*0.15 + 15*0.10 + 4*0.15 + 5*0.25 + 9*0.10 (m)

3 Material survey:

e Concrete volume

e Formwork

e Steel S400

Total weig
Density

Average diameter =10.7 (mm)
Survey according to diameters:

Diameter
(mm)

8

8

16

16

16

=0.88 (M3)

=7.58 (m2)

ht =786.04 (N)

=895.77 (N/m3)

Length
(m)
0.54
1.35
154
5.35
5.39

Weight
(N)
2.10
5.21
23.77
82.90
83.47

Number Total weight

(No.) — (N)

36 75.72
36 187.44
1 23.77
3 248.69
3 250.41
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Figure 38:3D Visualization of the concrete beams including the rebar’s scheduling
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Figure 39: design beam and detail reinforcement of concrete beams in ROBOT

Using ETABS and Excel soft ware

Beam Design for Flexure(ES EN 1992-1-1:2015)

Design strength of concrete and reinforcing steel

Span Length Material Properties Material Properties rebar
400 m 30.00  Mpa 8.00
Section properties 400.00 Mpa 16.00
450.00 mm 0.85 16.00
is the recommended
30000 mm value) 25.00
Design Moment
114.2600 KN-m
Design situation
Table 2.1 of ES EN 1992-1-1:2015
. L v, for concrete _Ts fur.
Design situation reinforcing
Persistent and transient 1.50 1.15
Accidental 1.20 1.00
Partial safety factor for Concrete ye 1.50
Partial safety factor for rebar s 1.15

o=t falye >>>5>>>>  [ES EN 1992-1-1:2015, Eqn. 3.15]
=T/ ssmesmes [ES EN 1992-1-1:2015,Fig. 3.8]
fed 17.00 Mpa
fyd 347.83  Mpa
Reinforcement calculation
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Effective depth(d) 409.00 mm
Check single or doubly reinforced section
[’ 0.295
M, 251.6743  KN-m Singly Reinforced
Area of Tension and Compression Rebar
A (Tension Rebar) A,(Compression Rebar)
[T 0.134 M= MM, Xmax 183.23
Kz 0.8152 M, 0 KN-m d 41.00
Ag 985.1999 mm’ Check ﬂeqmpreuion rebar es' 0.0027
A= AwtAa— | Yileds & 00017
As 985.1999  mm? IS 0000 o’ Check ;“d;:*"
A, 0.0000 mm?’ f, 347.8261
Minimum and Maximum Reinforcement
fom 33255  Mpa fem 38.0000 Mpa
Ay min 265.2225  mm® >>>>>> | [ES EN 1992-1-1:2015, Eqn. 9.1N]
Tension RebarA>As,min
Provide As
As 985.1999  mm?® >>> # of bar 5.00 @ 16.00

[Check  Compression Rebara,>As,min

Provide As,min

As' 265.2225 mm® >>> # of bar 2.00 4] 16.00
Check Provided Depth

Pa 0.548 Yo _ Interior

p 0.803 % k 1.150

P 0.216 % l/d[Corrected] 41.571

- Input Cells

Comment and description cells

Calculation Cells

Developed by Af{ephabey(@gmail.com)

Reinfrocement Area notations and symbols

¢) stresses, doubly d) Stresses. balanced e€)
a) x-section b) Strain reinforced section. M, section. M, st

( Picture Source: Lecture Note )
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Figure 40: Beam design and reinforcement Detail using ETABS

6.5.Column’s reinforcement

The column’s reinforcement detailing, precedes with “provide reinforcements”
commands. Interactive windows allow deciding the detailing based on the Code
Checking parameters and the designer’s preferences. Robot allows setting different
calculation options and reinforcement’s schema. You can save these configurations
with specific naming. Their application may require some automation, since it may be

required to apply the saved configurations every time you run the design calculation

Once the design is successfully verified and reinforcements are generated, the model
with results and reinforcements can be sent back to Revit. If the process has been
carefully respected, the information is successfully exported and can be viewed and

further modified in Revit.
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Using Robot software

TR Rewdoncrrme Patbers < UM EN 5980100000 &1 M08 K R oty Vs i s o
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L1]1e3) =

Figure 41: Column’s reinforcements schema and designer’s settings
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Structure  Column - View  Column - Results  Column - Reinforcement  Column - nate
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45 [Deg)

4000

(MPa)

2.2 Geometry:
2.2.1 Rectangular
2.2.2 Height: L
2.2.3  Slab thickness
2.2.4 Beam height
2.25 Cover

2.3 Calculation options:

e Calculations according to
e Seismic dispositions

My
Mz : : : : :
0 Tll] 1I4l] 2I1I] 2I3l] 3:5l]
+v-Mz [kN*ml
x|
= Raadihe L s Sﬂht::ﬁ:‘;“ 1.00 <128
N Mz MRd / MSd 1.00 < |3.49
Description (kN) (kN'm) (kN*m) NRd / NSd 1.00 = |151
COMB1 (A) 40
COMB1 (C)
COMB1 (B)
1 Level:
¢ Name :GF
o Reference level :-2.50 (M)
¢ Concrete creep coefficient Tpp =271
e Cementclass °N
e Environment class : X0
e Structure class :S1
2 Column: Column872 Number of identical elements: 1
2.1 Material properties:
e Concrete fek = 24.10
(MPa)
Unit weight : 23607.66 (N/m3)
Aggregate size :20.0 (mm)
e Longitudinal reinforcement: : S400 fyk = 400.00
(MPa)
Ductility class B
e Transversal reinforcement: : S400 fyk = 400.00

500.0 x 500.0 (mm)
=2.70 (M)

=0.00 (m)

=0.40 (M)

=40.0 (mm)

: EN 1992-1-1:2004/A1:2014
: No requirements
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e Precast column : no

o Pre-design :no

¢ Slenderness taken into account :yes

e Compression : with bending

o Ties : to beam

e Fire resistance class : No requirements

24 Loads:

Case Nature Group Vs N My(s)  My()  Mz(s)
Mz(i)

(kN)  (kN*m) (kN*m) (kN*m)

(kN*m)

COMB1  design(Structural) 872 1.00  2969.90 820  -258  8.60

1.13

COMB2  Design SLS() 872 1.00  2160.57 588  -1.84 6.29

0.85

Yf - load factor

2.5 Calculation results:
The "Freeze Reinforcement" option is switched on. The distribution of
reinforcing bars has not been modified.

Safety factors Rd/Ed =1.46 > 1.0

25.1 ULS/ALS Analysis

Design combination: COMBL1 (A)
Combination type: ULS
Internal forces:

Nsd = 2969.90 (kN) Msdy = 8.20 (kN*m) Msdz = 8.60 (kN*m)
Design forces:
Upper node

N =2969.90 (kN) N*etotz = 59.40 (kN*m)  N*etoty=59.40 (KN*m)
Eccentricity: ez (My/N) ey (Mz/N)
Initial e0: 2.8 (mm) 2.9 (mm)
Imperfection ei: 6.3 (mm) 6.3 (mm)
| order (e0 + ei) eOEd: 9.0 (mm) 9.1 (mm)
Minimal eEdmin: 20.0 (mm) 20.0 (mm)
Total eEd: 20.0 (mm) 20.0 (mm)

2.5.1.1. Detailed analysis-Direction Y:

2.5.1.1.1 Slenderness analysis
Non-sway structure

L (m) Lo (m) A Alim
2.50 2.50 17.32 12.64 Slender column

2.5.1.1.2 Buckling analysis

MA = 8.20 (kN*m) MB = -2.58 (kN*m)
Case: Cross-section at the column end (Upper node), Slenderness not taken into account
MO = 8.20 (kN*m)
ea=01*o/2 = 6.3 (mm)
01 =60 * an * am = 0.01

6o =0.01

ah =1.00

am =(0,5(1+1/m))*0.5 = 1.00

m =1.00

Ma = N*ea = 18.56 (kN*m)
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MEdmin = 59.40 (kN*m)
MOEd = max(MEdmin,M0 + Ma) = 59.40 (kN*m)

2.5.1.2. Detailed analysis-Direction Z:

MA = 8.60 (kN*m) MB =-1.13 (kN*m)
Case: Cross-section at the column end (Upper node), Slenderness not taken into account
MO = 8.60 (KN*m)
ea = 01*0/2 = 6.3 (mm)
01 =00 * ah * am = 0.01

6o =0.01

oh =1.00

am = (0,5(1+1/m))*0.5 = 1.00

m =1.00

Ma = N*ea = 18.56 (kN*m)
MEdmin = 59.40 (kN*m)
MOEd = max(MEdmin,MO + Ma) = 59.40 (kN*m)

2.5.2 Reinforcement:
Real (provided) area Asr =2513.27 (mm?2)
Ratio: p=101%

2.6 Reinforcement:

Main bars (S400):

e 8020 |=2.66 (m)
Transversal reinforcement: (S400):
stirrups: 13 ¢8 [=1.81(m)
13 ¢8 [=1.34 (m)

3 Material survey:

e Concrete volume =0.58 (m3)
o Formwork =4.60 (m2)

e Steel S400

Total weight =673.53 (N)
Density =1171.35 (N/m3)
Average diameter=12.1 (mm)
Reinforcement survey:

Diameter  Length Weight Number Total weight
(m) (N) (No.) (N)

8 1.34 5.20 13 67.66

8 181 7.00 13 91.04

20 2.66 64.35 8 514.83
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Figure 42: 3D Visualization of the Column’s reinforcements including the rebar’s

Using ETABS and Excel software

COLUMN DESIGN

scheduling

Location:
Axis:

= Column Design According to EBCS 2 - 1995

column
cross-section
Material Properties
Concrete - Grade C-25 Steel - Grade S300
Fek 24,000 kpa [EBCS 2 Table 2.3] F 400,000 kpa
Fou 1,500 kpa [EBCS 2 Table 2.4] PSF 1.15
PSF 1.5 [EBCS 2 Table 3.1] Fyd 347,826 kpa
Fee 13600.00) kpa E. 200,000 | kpa
Few 1,000 | kpa | Bog jrvin) 0.002262 [EBC5-27.2.4.2]
E.. 29,000 kpa [EBCS 2 Table 2.5] A mae | 0.022618| [EBCS-27.2.4.2]
MN.g=  S004.130 Kkn Section Dia, A
M= 33.650 Kn=m
Reinforcement Calculation:
Cover ratio = 0.15
U - Nsd l'u_ _ Msn',x x
ad o, -
A T faAh
veq = 1.5800 Hog = 0.018
m= 0.1 EBCS 2 - 1995: Part 2 Biaxial Chart
A _ r‘f-:r.‘r
gt T i
=
Ag tot required = 0.00442 w” Using Dia. 20
Ms totMB = 0.000276 ' As= 0.000314 n= 16.00
Rezene= 13670,
Use 16 § 20 bars
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COLUMN -C3 STIRRUP DETAIL
= He—— == [0 | - w: e — -
Il T T D@B ©
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A A A A A A
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Figure 43: column design and reinforcement Detail using ETABS
6.6. Foundation Design

2 A‘__:,‘..,AMO ; _(t_._-A,,‘_L,.;O

Figure 44: The render view of Foundation footings in Revit Structure
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Design of Isolated Footing

1

Spread footing: Foundation4l

of identical elements: 1

11

111

11.2

Basic data

Assumptions

e Geotechnic calculations accordingto  : EN 1997-1:2004/A1:2013

e Concrete calculations according to :EN 1992-1-1:2004/A1:2014

e Shape selection : without limits

=:] wm

by

Geometry:

sl b

4

A =3.50 (m) a =0.50 (m)
B =3.50 (m) b =0.50 (m)
hl =0.80 (m) ey =0.00 (m)
h2 =0.00 (m) ey =0.00 (m)
h4 =0.00 (m)

a =200.0 (mm)

b’ =200.0 (mm)

cnoml =60.0 (mm)

cnom2 =60.0 (mm)

Cover deviations: Cdev = 10.0(mm), Cdur = 0.0(mm)

Number

|
1.63MP4g ‘—‘7 .63MPa

== !

i
1.63MP4 ‘\J; .B3MPa

v i =
=2 N=19910.90kN Mx= -0.00 kN*m  My= 0.00 kN*m 1%
= E=
=l
Global coefficients: Design combinations: [[.3
Capacity | ¥ | State Group Description ~ a
Contact surface | 0.001046 1 us | A1 1___|1.35D14+1 35DL5+1 35016 =
Stabity for siding 2 | us [ A1 1 |1.00DL4+1.00DLE+1.000L6
Stabity for rotation 613 | > 1 2 | s SN 1 [100DL4+1.00DLE+100DL6 z
| Averagesetement | 2527 |- 1 | |_a|us | a 41 |1.35DL1+1.35DL2+1,350L3+1.500L31 =
Selllement difference 2080 |- 1 | [s]us| m 41 [1.35DL1+1.35DL2+1.350L3
6 | us | a1 41 [1.00DL1+1.00DL2+1,000L3+1.500L31 %
e 7| us | a1 41 [1.00DL1+1.00DL2+1.000L3 4
oTanaten oo 8 | us 41 [1.00DL1+1.00DL2+1,000L3+1.300L31 e
ANyl ) 2 1 8 | us 41 |1.00DL1+1.00DL2+1.000L3
ULS Contact surf. 0 [==| 01667 10 | sts 1 |1.00DL4+1.00DL5+1.000L6
| ULS Siiding AN | > 1 1| sis 41 |1.00DL1+1.00DL2+1.00DL3+1.00DL31
ULS Rotation in X-X AL 1 12 | sis 41 [1.00DL1+1.00DL2+1.000L3
ULS Rotation in Y-Y NE [ = 1 3| us |+ 1 |1.35DL4+1.35DLE+1.350L6 v [
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Structure  Foundation - View  Foundation - Results  Foundation - Reinforcement  Foundation - note ~
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ol General  pier Optimization

Foundation type Geometry type Column type [rz.i
S & |4 m X
—
Basic dimensions {m) _1
A ] Fixed a: *
B: EFixed b: :'
hi: [~ Fixed ex: [CFixed ._E
h2: [CDFixed ey: [(Fixed
ha:
Mumber of elements : ‘

tigey ' *

g

Figure 45: 3D Footing reinforcements including the rebar’s scheduling
Using ETABS and Excel soft ware
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DESIGN UF ISUOLAIED FOUTING (BASED UN EBUS 7/ ANU Z)

INPUT DATA

[in kN-m units,others in their standard]

Material Quality and Workmanship

Concrete Grade Steel Grade ClassofWoks [ 1]

Allowable Stress 450 Select bar diameter D16
Design Loads Footing with predetermined Column Dimensions
Axial Load 2904.1 value(s) of side x 0.5
Moment X-X ratio X-Y side y

Moment Y-Y

OUTPUTS

[in KN-m units, unless it is indicated)

Partial safety factor and Design Constants

CONCRETE Yc Design
1.50 eccentricities
STEEL s C
13715
PROPORTIONING
FOOTING DIMENSIONS CONTACT EARTH PRESSURE DISTRIBUTION
[ suited for construction | (At the four corners)
side X side Y O LT O¢ ap
2.60 2.60 430.69 436.26 422.94 428.51
STRUCTURAL DESIGN

EFFECTIVE DEPTH REQUIRED FOR:

0.508
0.640
Observation: the critical d .~ 0.640
FOOTING THICKNESS [ (rounded to multipe of 50) | = 750mm
Hence, modified critical d g = 0.676
MAXTMUM MOMENTS =nd AREA OF REINFORCEMENT
Mo AS,o, (mm*) No. bar As_...(mm*) spacing(c/c)
Mdy= 619.79 2699.55 14@16 81344 190
Mdx= 618.64 2694.45 alls 190
Result:  provide ©16 with spacing of 190mm(c/c) in the direction of X«

provide © 16 with spacing of 190mm(c/c) in the direction of Y«
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Figure 46: the Footing reinforcements including the rebar’s scheduling
6.7. Clash Detection

During the initial modeling, the structural objects and architectural objects were
placed together harmoniously. All structural objects were given preliminary
dimension and they were carefully placed so as not to clash with non-structural
objects. However, during analysis and design phase, the size and configuration of
several structural objects were changed. Since the non-structural objects are not
included in the ETABS model, their relation with the modified (and added) structural

objects is unknown. Once the final model is transferred back to the central model, the
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impact of the design stage on the interaction of structural and non-structural objects
can be assessed.

Evidently, during this research, after analysis and design were completed and the
structural model was transferred back to the central model, the harmony between the
structural and architectural objects was upset. Multiple non-structural objects colluded
with the modified structural objects. Traditionally, beams are not modeled as part of
the architectural model. They are, instead, created by the structural engineer during
the design phase. Thus, the initial placement of non-structural objects, completely
disregards the existence of beams. This increases the likeliness of collusion between
newly added beams and non-structural objects, specially walls, doors and windows.
Such collusion did occur on the design being studied.

In full scope of a building design, the structural elements not only collude with
architectural objects but they may also collude with sanitary and electromechanical
objects. However, detecting such collusions is beyond the scope of this thesis. During
this research, the implementation of BIM workflow enabled an accurate and
automated clash detection to be carried out. Unlike the conventional workflow, it
comes with a built-in capability to detect collusions between objects. Most of these

collusions were, but not limited to, cross discipline collusions.

6.8. Preparing Construction Drawing

So far, through the developed tools and plugin, vast amount of data has been
transferred from ETABS to the central model. At the current stage, the central model
(common database) stands rich in structural analysis and design data. All conflicts
among structural objects and non-structural objects has been resolved. The remaining
task is preparing the construction drawing.

The construction drawing for the sample project was prepared in Revit on the central
model. The advantage of preparing construction drawing through BIM workflow over
the conventional method were evident in both preparing the drawings and in reading
them.

Usually, preparing construction drawings involve drawing the structural objects
followed by adding their reinforcements. The first part of the task is basically
recreating the structural objects that were on the design tool, on a drawing tool. No
new information is created here. By adopting BIM, however, this part of the task is

entirely avoided. None of the structural object was required to be created since they
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already exist on the central model. Hence, the construction drawing preparation only
required adding reinforcement bar. The intelligence of the BIM package was evident
while adding reinforcements. Conventional CAD packages recognize reinforcements
only as geometries. On the contrary, BIM packages understand what reinforcements
are (see section 2.1.3). Rebar diameter, spacing or number of bars and rebar cover are
all understood by BIM packages. On the central model, rebar cover values were
assigned to all structural objects. Revit recognizes these values and makes sure all
rebar are placed with the specified rebar cover. Revit also recognize that bars may be
placed based on number or spacing and provides these options. Both these options
were used during construction drawing preparation. The rebar set for all structural
objects on the ETABS model has been previously determined using plugins
developed for this thesis. Since these plugins sent all their information to the central
model, all the structural objects in Revit contain reinforcement information. Thus,
there were no needs to refer to the ETABS model while preparing the construction
drawing. In the conventional workflow, to fully illustration the rebar set of an object,
multiple drawings of that objects from different views needed to be prepared. While
this uncovers new information it also includes redrawing of existing objects.
Furthermore, even though such drawings represent the same rebar set, they are not
connected with each other. This may lead to inconsistencies. Both these issues are
resolved by the BIM workflow.

BIM technology is capable of generating multiple views of an object. Therefore,
during the thesis, multiple drawings of an object weren’t manually prepared. Instead,
once the rebar set of an object was drawn, it was possible to automatically generate
several views, eliminating the rework mentioned on the above paragraph.
Furthermore, since these multiple views were integrated with each other, there was no
risk of inconsistencies. On the preceding paragraphs, the advantages of BIM
workflow while preparing the construction drawing were discussed. The BIM
workflow has benefits when it comes to reading the construction drawing as well. The
construction drawing was prepared in 3D making it easier to visualize. It digitally
represents what the actual bar setup would look like in the real-world.

Another benefit of preparing the construction drawing using BIM is improved
communication and cooperation. Communication through 3D structural model, with
both technical and non-technical players, is much easier than through 2-D drawings.

Professionals at construction site can execute the structural designer’s intent more
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accurately by using the 3D structural model. Further benefits of BIM can be attained
during quantity and cost estimation. These tasks are automatically done by the BIM
package and thus provide accurate results. However, that subject is beyond the scope
of this thesis and therefore not discussed any further. The BIM workflow employed

during this thesis concludes with the preparation of the 3D construction drawing.

6.9. Result and discussion
Robot is an advanced analysis than ETABS through, design and detailing software,
allowing linear and non-linear analysis for different materials and Code Checking.
Analysis results with design and detailing can be exported to Revit.
In the following table are summarized some of the main issues take a comparison
between conventional method than BIM methodology.

Table 3: Summarized discussion table based on the analyzing criteria

Workflow/Analyzing BIM Methodology Conventional Method

Criteria. /Revit/Robot 2020/ /Auto cad/Etabs 2020/

Structural Modeling | Good modeling for regular | Good modeling for regular

Capacities. buildings. Accurate buildings. The Accurate
physical modeling. physical modeling is it

depends.

Accuracy of the physical | Accurate physical There is limitation on

model. modeling with advanced physical modeling with
analytical model advanced analytical model

Configuration in Robot. Configuration in ETABS.

Loads definition & | Advanced load definition | Load definition and

combinations and combinations in Robot | combinations in Robot
based on Code | based on Code
Requirements. Requirements.

Analytical model | Separate modification of Separate modification of

configuration, reliability, | the analytical model. the analytical  model.

and accuracy. Analytical links in Revit & | Because there is no link
advanced link configuration in ETABS.

configuration in Robot

Analysis, design & | Robot offers advanced Simple functionalities

detailing  functionalities, | Functionalities. Detailing | from ETABS there is
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and capabilities.

reliability and accuracy
depending on the
interoperability processes
Between Revit & Robot.

Limitation Automated
design & detailing for

columns, beams & slabs.

Processes automation

Highly automated
processes in Robot. Time
consuming for information
exchange between
Revit/Robot. Some manual
reinforcement detailing in

Revit.

Less automated processes

Automation for drawing
documentation, Reporting

& Quantity estimation

Good automation with 3D
modeling including
reinforcements.

Automation for reporting

and quantity estimations.

Good automation with 2D

modeling

3D concrete reinforcement
modeling,  design &

exporting

Good functionalities for

the 3D reinforcement
modeling,  design &
Detailing.

Functionalities for the 2D
reinforcement  modeling,

design & detailing.

Mesh sensitivity Analysis

Wide range Analysis result

on robot

There is limitation on
range Analysis result on

ETABS
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CHAPTER SEVEN
7. CONCLUSION AND FUTURE WORK

7.1.CONCLUSION

The study conducted a comparative analysis between Building Information Modeling
(BIM) methodology and conventional methods in structural engineering within a
public consulting office in Bahir Dar, Ethiopia. The research findings indicate that
while BIM offers significant advantages in terms of process efficiency, collaboration,
and error reduction, the final design outputs between BIM and conventional methods

were found to be comparable.

Key conclusions drawn from the study include:

Process Efficiency and Collaboration: BIM facilitates a streamlined and
collaborative design process, enabling real-time coordination between architectural
and structural disciplines. This results in reduced errors and improved efficiency

throughout the project lifecycle.

Similarity in Design Outputs: Despite the advantages of BIM, the study found that
the final design outputs generated using BIM methodology were comparable to those
produced through conventional methods. This suggests that while BIM enhances
workflow efficiency, its impact on the ultimate design outcome may not significantly

differ from Conventional approaches in certain contexts.

Compared to conventional methods in the construction industry, BIM methodology
facilitates faster and more efficient results in analysis, design, and quantity
estimations. Processes that traditionally involve multiple disciplines and are time-
consuming can be streamlined with BIM, allowing for quicker project completion.
BIM technology enables the creation of documents early in the project phases, which
automatically update throughout the project's lifecycle with changes to the BIM

model.

During the research, a BIM workflow was implemented in the structural design phase
of a sample building project, involving every aspect from structural modeling and
analysis to design verification, construction detailing preparation, and clash detection.

Extracting the structural model from the architectural model proved advantageous,
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capturing the architectural complexity more accurately and avoiding significant
rework. However, Revit's current structural objects lack the capability to store

structural analysis and design results.

The structural object families and the various structural analysis & design parameters
created during this thesis can be reused in future building project, with or without
modification, to implement BIM workflow. Likewise, the tools and plugins developed
during this thesis can be reused in other building project. While the BIM workflow
presented in this thesis was geared towards structural engineering, the techniques
followed can be adopted for the integration of other disciplines such as sanitary

engineering and electrical engineering.

7.2.Future Study Recommendations

Recommendations for Implementation: To effectively integrate BIM into Ethiopian

consulting offices, the study recommends:

e Continued training and skill development in BIM technologies.

e Adoption of standardized BIM protocols and workflows.

e Advocacy for supportive governmental policies to incentivize BIM adoption.
The thesis highlights the integration of structural engineering with architectural work
through a central BIM model. To maximize BIM's benefits in building project design
phases, it is crucial for all disciplines involved to integrate their work with this central
model.

Future Research Directions: Future research should focus on refining BIM
methodologies tailored to local contexts, expanding BIM integration beyond structural
engineering, and exploring its benefits in construction management and facility
maintenance phases.

Future research should focus on:

« Developing workflows for integrating multiple disciplines into the BIM

environment.

« Enhancing cross-disciplinary knowledge among design team members to

foster collaboration.

o Expanding BIM application beyond structural design to include construction

planning, management, and facility maintenance.
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Further investigation is needed on:

o Integrating various software packages into a unified BIM platform for
seamless project management.

« Optimizing BIM processes, such as bar detailing, to reduce costs and improve
efficiency.

e Advocating BIM benefits to project owners and exploring legal and
contractual implications.

e Investigating government incentives to promote BIM adoption within

Ethiopia's design and construction sectors.

These efforts aim to harness the full potential of BIM technology and facilitate its

widespread adoption for improved project outcomes and industry efficiency.
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APPENDICES
Appendix A-: Interview Questions

Name of professional................ Company Name.............c.coeevennnn..

Consulting/contractor ..................... Jobtitle..............ooll
1-General Information

1.1 What is the Grade of Design Building consultant firm you work for?

1.2 What is your primary role/duty in your company?

1.3. How many years have you worked in Design Building Consulting?

2. Construction Problems

2.1 What are the Structural design problems in your projects?

2.2 What can be the solutions to the problems?

3. General BIM Knowledge and BIM Implementation status

3.1 Have you heard of Building Information Modeling (BIM) solutions and
Applications? O Yes ONo

3.2 How would you describe BIM?
3.3 Have you used BIM solutions and Application in your projects?

3.4 How would you characterize the current knowledge level of BIM in your projects?
O None O Low O Medium O High O Very high

3.5 Is your organization planning to use BIM in the next 1-2 years?

O Yes O Not O I don’t Know
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Appendix B-: BIM Software (Revit) outputs

3D VIEW IN REVIT
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DESIGN UF ISUOLAITED FOUITING (BASED UN EBUS 7/ ANU Z)

INPUT DATA
[in kN-m units, others in their standard]
Material Quality and Workmanship
Concrete Grade Steel Grade S400 Class of Works [ 1]
Allowable Stress 450 Select bar diameter
Design Loads Footing with predetermined Column Dimensions
Avial Load 5383.3 value(s) of side x
Moment X-X raio X-Y sidey
Moment Y-Y 27.73
OUTPUTS
[in KN-m units, unless it is indicated)
Partial safety factor and Design Constants
CONCRETE Yc fck Design
1.50 eccentricities
STEEL 1 e 0
PROPORTIONING
FOOTING DIMENSIONS CONTACT EARTH PRESSURE DISTRIBUTION
[ suited for construction | (At the four corners)
side X side Y oA O¢ op
3.50 3.50 439.23 431.92
STRUCTURAL DESIGN
EFFECTIVE DEPTH REQUIRED FOR:
(2) 0.707
(b) 0.892
servation: the critical d .~ 0.892
FOOTING THICKNESS [ (rounded to multipe of 50) | = 1000mm
Hence, modified critical d g = 0.920
MAXTMUM MOMENTS and AREA OF REINFORCEMENT
Mo AS,o, (mm*) No. bar As,.(mm“) spacing(cic)
Mdy= 1627.25 5214.74 /. 53380 210
Mdx= 1626.65 5212.77 '©.20 210

Result

provide ©20 with spacing of 210mm(c/c) in the direction of X«
provide ©20 with spacing of 210mm|(c/c) in the direction of Y«
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