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Abstract 

The purpose of this thesis is to investigate the non-existent use of 2D drawings of existing building with 

a BIM system. The research aims to analyze the reasons behind the lack of interest, as well as pin point 

the reasons of why these systems have not been implemented in the AEC and FM industry. The 

investigation focuses mainly on investigating the technical and non-technical barriers of two design 

applications such as: Revit and ArchiCAD   not been used the AEC and FM industry to help answering the 

investigation. The study analyzes the existing constraints beside the scope and limitations. Therefore, 

the investigation process took place with the support of three major research mechanisms such as: 

 Literature review 

 Experiments 

 Interviews  

 

The empirical part of the project and interviews was directly done by the author.  The interviews with 

AEC, FM and Real Estate (RE) stakeholders took place in a face to face interaction but also via video chat. 

The results gained from interviews and experiments were compared to literature study, in order to gain 

a broader understanding regarding the problems behind not existent use of these systems. The 

experimentation was carried out with two design applications e.g.: Revit Architecture and ArchiCAD, 

these tools were carefully selected with the support of literature study, interviewees suggestion to help 

answer the study in transforming a 3D model from a 2D scanned legacy  drawings, with the aim to be 

integrated in a BIM system workflow. In addition, there are numerous type of design applications able of 

transform 3D model from 2D draft. However, the author opted to use the applications that were well 

supported within literature and interviewees, based on the following criteria’s: applications robustness, 

informational competencies, usability easiness, usability frequency as well as market acceptance of the 

systems.  

 

Furthermore, the design tools performance were compared with support of a rating table that provides 

scores of criteria e.g.: suitability, efficiency, effectiveness and quality. These performance criteria  were 

simultaneously evaluated during the transformation of 3D building model. 

 

This project is designed to provide an insight regarding the barriers limiting the use of 2D paper drawing 

of existing building with a BIM system, while providing a recommendation list that illustrates the 

advantages and disadvantages of used programs, as well as how they could be improved.  

 

Key words: 2D drawings, 3D model, ArchiCAD, Revit architecture, Interviews, BIM. 
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CHAPTER 1 
 

 

 

1.1. Introduction 

The introductory chapter presents the background to the research, hypotheses, research questions, 

problems statements, research goals, strategies, research relevance’s, limitations and key definitions. 

 

Background. Building Information Modelling (BIM) has recently obtained widespread attention in the 

Architectural, Engineering and Construction (AEC) and Facility Management (FM) industry. BIM 

represents the development and use of computers able to generate intelligent building models with 

multiple dimensions including information to simulate the planning, design, construction and operation 

of facilities. BIM helps architects, engineers, managers and constructors to visualize what is to be built, 

simulate the environment, as well as to identify potential design in the construction or operational 

problems, before the start and after the completion of the project. Despite all potentials, BIM has not 

been used in combination with 2D paper drawings of existing building. The factors behind the non-

existing use of BIM with 2D paper drawing are the key drivers of this investigation and will be widely 

discussed throughout this project.  

 

Research aim and approach. This MSc project investigates the integration barriers of 2D building 

drawings with a BIM system with the support of: qualitative and quantitative research methods that 

focus on different aspects of the investigation such as: 

 

Primary  

 Interviews 

 Experiments 

 Observation Personal narratives 

Secondary 

 Case studies  

 Literary works 

 Produce findings 

 Collective evidences  

Books, journals and papers on a topic 

  

The first stage of this thesis focus on the digitalization process, where a set of paper drawings of existing 

building are digitalized through scanning and saved as PDF file (Bitmap). Following the digitalization the 

PDF is converted into DWG file (Vector). The DWG file is subsequently used as under-layers for the 

transformation process of smart 3D model. These issues will be broadly discussed in the literature 

Section 3.8. 
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Methodology.  

The investigation used both research mechanism such as: qualitative that focused on interviews, 

observation, experiments and personal narratives, while quantitative focus on literary works, case 

studies, collective evidences, produce findings, books, journals and article of related topic. The 

investigation compares the two newly models to the case example data set of drawings. In order to 

assess the efficiency and performance of the experimental design applications, the following 

measurements will be taken and compared to a reference data set created by digital modelling of the 

use case building and the comparison focus on e.g.:  

 

1. Time used to complete the transformation of a new 3D model with support of e.g.: 

- Timer (clock) 

2. Quality of the created model with regard to e.g.: 

- Components detail deviation from the case study model 

3.  Semantic richness of the generated model e.g.: 

- Materials, components and properties layers differences of new 3D models. The semantic 

richness of the new models are important aspect of the investigation process, due to visual 

variation that may come from the empirical design applications, which are required to 

match the case study model. 

4. The upfront investment required for e.g.:  

- Staff training  

- Acquisition cost of used programs (applications) 

- Time spent in the creation of new model (staff cost per hour) 

 

Furthermore, the investigation is divided into three categories e.g.: 

1- Theory (literature  review) 

2- Experiments (Revit architecture and ArchiCAD) 

3- Interviews (face to face and video chat) 

 

The reference model consists of 2D elevations Figure 1, floor plans Figures 2 and 3 provided by Kontek 

BV. The case study model is a single store residence designed by, KDV Architectuur as passivhaus 

(passive house). The dwelling comprises many sustainable features e.g.: thick insulated walls of 540mm 

to help minimizing the need for mechanical heating, solar panels to generate its own energy, triple 

glazing and green roof to prevent heat loss and gains, while improving indoor air quality (IAQ). These 

features help the building to generate its own energy while minimizing waste by its consumption.  

Knowing that, every software perform differently in the creation of 3D model from a 2D floor plan, the 

author developed an experimental guideline (steps) to follow Page 62 Section 5.7, that suit each 

program with the intention to gain the best possible results for the transformation of 3D model from the 

2D drawings plans shown in the Figure 2 and 3. 
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Figure 1: Sample case elevations 

 

  
Figure 2: Ground level 

 

As illustrated in the floor plans the spaces meaning are represented in numbers. 

1. Kitchen, 2. Sitting room, 3. Corridor, 4. WC, 5. Bedroom, 6. Toilet and bathroom, 7. Terrace and 8. 

Garage.  
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Figure 3: Upper floor (All the images and plans curtsey of Kontek BV. 2014) 

 
Balcony 9, 10. Upper bedroom, 11. Plant room, 12. Sitting room roof, 13. Foyer, 14. Upper corridor, 15. 

Upper toilet and bathroom, 16. Upper bedroom and 17. Garage roof. 

 1.2. Motivation 

Despite the availability of broader knowledge and computational advances that could support the AEC 

and FM industry to tackle the current issues related to non-existent use of 2D building drawings with 

BIM systems, caused by lack of interest from the CAD developers and demand from the AEC, FM 

government and owners. Throughout my academic projects and work experiences I noticed that existing 

computational tools used for design processes were not created with the intent to be used and 

integrated with conventional 2D building drawings and far less for digitalized paper drawings.  I believe 

there are two reasons: 

 

1. The commercial side that each design application vendor focus on dominate certain area of the 

topic in study for their own benefits, which may contradict other vendor engineering solution 

that operates on certain way. 

2. Technical problems that existing computational tools are only built to tackle issues of current 

AEC and FM problems, 2D drawings of conventional buildings have a minimal priority. 

 

In order to answer the wider problematic constrains of the topic in study, critical analysis of the state of 

art, empirical test (experiments) and interviews were integral mechanisms to answer the investigation in 

study. I think these factors could significantly be improved with better collaboration among programs 

vendors. However, to make this notion a reality the AEC, FM, government and owners have to demand 

this from the CAD developers since they are the main clients. 

 

Furthermore, this thesis was inspired by a desire to better understand the reason behind the limited 

used of 2D building drawings in combination with a BIM system, with a particular focus on the 

mechanisms mentioned above. In addition, design application such as: Google SketchUp, Tekla, Bentley 
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architecture, AutoCAD amongst many others effectively produce 3D models from a 2D draft. However, 

the investigation in study solely performed the experiments with support of Revit architecture and 

ArchiCAD, due to their advance completeness and easiness potentials to be integrated with a BIM 

system (Arayici, 2008). The interviews supported the literature review state of art, which were 

compared with the views of AEC and FM industry.  

 

Following that, the author aims to identify the key barriers and highlight the opportunities of the 

proposed systems by providing a rating table with the scores performance of the tools used as well as a 

list within technical and non-technical recommendation to help boost the attractive use of the proposed 

methods. Finally, this research used a set of real 2D drawings provided by Kontek BV, to increase the 

relevance, applicability and validity of the investigation.  

 

1.3. Research questions 

 What are the obstacle to deriving Building Information Models from legacy paper drawings?   

This question aims to gain a broader understanding regarding the primary obstacles behind the 

transformation of BIM from 2D scanned legacy drawings.  

 

 What are the scope and limitations of BIM usage for existing buildings? 

This question aims to gain insight into the barriers of BIM usage within existing buildings,  to 

facilitate Facility Managers (FM) to assess the condition of existing facilities amongst many other 

advantages attached to a digital model. 

 

1.4. Investigation hypothesis 

Hypothesis 1 

The design applications developers seem not to prioritize the innovation on system design and 

approaches that could facilitate the transformation of BIM from legacy paper drawing. 

BIM is the preferred way to do a building or construction model from the beginning. It is easy to go the 

other way and extract 2D drawings from the BIM model, but not easy to create Building Information 

Models from legacy drawings paper. Therefore, most of the AEC and FM organizations do not look to 

work the other way around. This has led to the first hypothesis. 

 

Hypothesis 2 

Lack of demand from the AEC, FM, owners and government to create a common system were 2D draft 

of existing building can directly be connected within BIM system workflow. The development of new 

software requires vast amounts of investments up front. Until today no CAD company seems to 

prioritize these issues. As a result, everyone is trying something without going into the core of problem. 

This lack of conviction and commitment has led to the second hypothesis.  

 

Hypothesis 3 

The existent design applications are not suitable to effectively transform a 3D model from a 2D draft. 

Due to, lack of interest besides high costs related to creation of new software, have been major obstacle 
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for companies that have attempted to create a program that could help to accelerate the process of 2D 

drawings of existing buildings being transformed into intelligent 3D model useful for a BIM system 

workflow. This lack of persuasive innovation has led to the third hypothesis. 

 

1.5.Outcomes 

The investigation conducted in this study aims to find the reason behind lack of interests in the usage of 

the existing design application to help tackling the issues related to lack of automation that could 

facilitate the transformation of 3D model from a digitalized 2D paper drawings. As a result two design 

application were selected for the experimentation to help determine the concept that works as well as 

those that do not. These tests focus on finding the scope and limitation of each tool as well as how they 

could be improved to better support the AEC and FM industry. The used tool performance were 

measured in rating table with the following criterions: relevance, efficiency, effectiveness and quality.  

Consequentially, a score table within strengths and weakness of used tools will be provided, beside a 

recommendation list with scope and limitation of each system, also how they could be improved and 

integrated with BIM systems workflow. 

That includes:  

 The technical integration obstacles of non-digitalized 2D document. 

 The practical integration obstacles in the AEC and FM industry. 

During the investigation beneficial values and problematic aspects of the proposed tools will be carefully 

studied.   

 

1.6. Thesis Outline 

The structure of the investigation is as follows: 

Chapter 1 

Consists of research background, hypotheses, research questions, problems, statements, goals, 

execution strategies, relevance’s, limitations and key definitions. 

Chapter 2 

Contain methods and techniques used in the investigation, research process, details and methods of 

data collection. 

Chapter 3 

Holds the literature review, theoretical and practical interpretation, applications history and research 

obstacles theories, software functional and non-functional requirements, scope and limitations. 

Chapter 4 

Describes the tools’ role for AEC and FM, scope, limitations and implementations analysis. 

Chapter 5 

Contains the prerequisite and sequential steps for successful 2D to 3D transformation.  

Chapter 6 

Consists of the analysis results, mechanism used in the investigation, literature review interpretation, 

interviews and experimental tools, evaluation criteria, rating table and findings. 

Chapter 7 
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Contains the final conclusion, discussion, final recommendation, improvements proposal, investigation 

questions and hypotheses answers.    

1.7. Goals 

The aim of this investigation is to identify the best strategies and tools that are capable to generate 3D 

models from a digitalized 2D paper drawings. In addition, the research also aims to provide a practical 

guideline of how this can be achieved and improved with combination of interviews, experiments and 

literature studies. 

 

1.7.1. Objectives 

The aim of this investigation is to analyse the performance of used design applications, on the 

integration of 2D drawings of existing buildings with BIM. The support of literature review, interviews 

and experiments, enabling the author to develop a recommendation list that comprises the technical 

and non-technical barriers, as well as a recommendation of how the tools could improve.  

1. 8. Limitations 

As discussed in the Chapter 5, page 56/61. Transforming 2D plans of paper drawings into intelligent 3D 

building model suitable for BIM application is a complicated, laborious and error prone process.  

Based on the experiments the author concludes that major issues hindering the investigation in study 

are: 

 

1. Difficult to match the parameter sizes available in the DWG draft, due to consistency and 

variation of size and parameters, when imported into the design application interface. This is 

caused by the nature of Vector format, as the file is interpreted as one object where parameters 

and embedded components layers are interconnected, which make difficult to amend existing 

layers in the floor plan.  

 

2. Difficult to create a 3D model and floor plans that is 100% equally to the original, elevations and 

floor plans semantics. The differences in design interaction and workflow employed by each 

design application make it difficult to match the model to the new one, due to application 

incompatibility, as each system has its own style in generating semantic information and the 

model. 

  

3. Difficult to design free from defect or error. Due to the manual process that involve personal 

interpretation about the meaning of embedded architectural components and layers embedded 

in the DWG floor plans.  

 

4. Difficulty to integrate all processes into a complete process due to interoperability issues. Due to 

lack of complete information. 

 

5. Lack of information in the source plan e.g.: as the third dimension, which results in incomplete 

3D building models.  
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6. Difficulties to identify and generate automatically some building elements e.g.: stairs or roof. 

 

7. Strong dependency to input images quality to create a complete and coherent 3D model. 

1. 9. Approach  

The factual information in this thesis is based on three main sources: Literature review, interviews and 

information gained from experiments. The literature review has been conducted to gain a deeper 

understanding regarding the subject, as well as for creating a theoretical foundation on which the 

analysis is based. The experiments are used as bridge to provide clarity of scope and limitation of each 

experimental tool. The interviews serve as mechanism to assess the view of the AEC and FM industry 

regarding the scope and limitation of the topic. 

  

1.10. Relevance 

Knowing the limitations of 2D drawings that lacks informational intelligence and compatibility to meet 

the issues of current construction industry, as well as the lack of alternative that effectively aid the 

integration of 2D drafter with a BIM system, Ahmed et al (2011) thinks there would be a huge benefit 

for the AEC and FM industry if 2D paper drawings are effectively transformed into a smart 3D model. He 

views this as a step closer towards a BIM system. This project serves as mechanisms to help identify the 

obstacle limiting the use of 2D drawing not been used with BIM system workflow. As a result, the 

project aims to provide the scope and limitations of two commercial design applications, regard the 

usability to help solving the issues related to investigation topic, as well as providing recommendations 

that could serve to boost the attractive use of the proposed methods.  

  

Scientific relevance 

The study aims to provide a set of strategies and recommendations to overcome the current limitations 

of digitalized 2D legacy paper drawings with Building Information Models (BIM). These 

recommendations are based on the analysis done on the current state of the art with the support of 

interviews and experiments conducted in the scope of this MSc project. 

Which leads to the recommendations listed below: 

 

Technical recommendations 

This concerns the improvements in visualization of all architectural layers before the transformation of 

3D model, as well as reducing the risk of losing information by carefully identifying tools or mechanisms 

that improves e.g.:  

 Shape path and direction of the existing parameter lines of facilities and  building components, 

with support of Vectorization system 

 

Make use of existing design tools with intelligent component library to close the gap and facilitate the 

connection to a BIM interface and workflow e.g.: 

 ArchiCAD 

 Revit architecture 
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Make use of Level of Development (LOD) specification to help determine the detail level of the created 

3D models with support of e.g.:  

 LOD 100, 200, 300, 400 and 500  

 

Non- technical recommendations 

These recommendation focus on the theoretical aspects that hinder the attractive use of 2D drawings 

with a BIM system which could be improved e.g.: 

 Decreasing staff training cost 

 Educate the staff regard benefits of the systems for their respective activities  

 Provide legislative (law) incentive that pursued  companies to opt for this systems   

 Increase the involvement of owners, AEC and FM stakeholders during design phase 

 Provide financial incentive for firms that adopt the proposed methods in their practice  

  

The implementation of these recommendations will be discussed in the final recommendations. 

1.10.1 Personal relevance 
During my coursework program of Building Technology and in the work experiences, I have noticed that 

there is no interests of BIM usage in combination with 2D paper drawings, this raised my curiosity to 

research the limitations and the collaboration of these two systems. BIM has attracted huge interest 

from the construction industry at large, especially its potential use for modern buildings, however its 

usage with conventional building and 2D paper drawings remains complicated, due to the 

incompatibility on interaction and workflow of each method. However, it is my belief that a significant 

improvement is needed, to improve the popularity and usability of these systems as one.  

 

On the other hand, I also think this domain will be one key research area in the near future, as AEC and 

FM industry intensively search for methods and tools that could improve the efficiency of 3D model 

transformation from a digitalized 2D paper drawings with potentials to be used with a BIM system. In 

addition, the scarcity and rapid decrease in natural resources to produce a new building, while huge 

stock of empty building are available to be used for different purpose, also plays a key role for AEC and 

FM industry to look for ways to digitalize existing building, which could help them to predict the building 

states, energy and water usage as well as to plan future activities, which are possible to do with a BIM 

model.    

 

Finally, since the author aim is to make this investigation study an integral part of his specialization and 

daily life work, the author will continue to explore the new trends on this topic that would prepare and 

specialize him for the interesting role of BIM designer. 
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CHAPTER 2 
 

 

 

2.1. Research structure 

This chapter describes the methods and techniques used during the investigation. The chapter gives a 

picture of the research process from the introduction until the final results and recommendations. The 

chapter also provide a deeper insight into the details regarding data collection through the literature 

review, experiments, interviews, reliability and validity of the results. 

 

2.2. Research design 

The flow chart Table 2 illustrates the research design with all execution steps. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Research model   
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2.3. Research method  

This thesis uses both qualitative and quantitative research methods, in order to gain as much 

information as possible on all available systems and theories, which could be helpful to broaden the 

knowledge regarding the constraints of the topic in study. The methods analyses the scope and 

limitations of existing tools and compare it with literature review and interviewees responses. Following 

that, a recommendation will follow with needed improvements beside the support rating table, 

illustrating the strengths and weakness of each system. 

 

2.3.1. Experimentation tools and methodologies 

The experiments are an integral part of this investigation and will be conducted with the usage of 

relevant existing design applications such as: 

 Revit architecture 

 ArchiCAD 

 

These tools have been widely validated by different researchers as a suitable tools for this research 

(Mihindu and Arayici, 2008). The experiments will be built on having a hypothetical space with a number 

of assumed fixed architectural design parameters. These parameters have been chosen to suit the 

properties of a buildings rooms in an empty environment, the spaces will be used to simulate a 

reference case. Furthermore, the research cycle in Figure 4 has an empirical form in order to link and 

match the unstructured information caused by opinions contrast gained from the interviewers and 

experiments. 

 
Figure 4: Research cycle adapted from (Bernstein & Pittman, 2004) 
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2.4. Data collection 

As stated the data collection is required to support the conclusion of this investigation, which is divided 

into two categories: qualitative and quantitative. 

 Qualitative method uses primary data’s focus in analyzing the state of the art topic being studied, this 

includes: 

 Interviews 

 Observation 

 Literary works 

 Personal narratives (experience) 

Quantitative is the secondary research method that focus on finding the solution through: 

 Case studies  

 Experiments 

 Collective evidences 

 Books & papers on a topic 

 

2.5. Interviews 
In the research field, interviews can be classified as: structured, unstructured or semi-structured 

(Denscombe. 2007). Structured interviews rely upon a categorization of questions and a predefined 

format for the interview procedure, while focusing on systematic sampling together with quantification 

and statistical approaches. In contrast, to unstructured interviews that allow the respondent to discuss 

more freely while involving opinions, feelings and behavior in the answering process. (Akcamete et al, 

2010). For this type of interview, the role of the interviewer is to provide guiding questions for which the 

answers will be interpreted afterwards. For semi-structured interviews, the group of respondents has 

been deliberately chosen and the questions and topics to be discussed have been decided beforehand. 

In likeness to unstructured interviews, semi-structured interviews are aimed at capturing information 

related to opinions, feelings and behaviors and this interview design is well suited for inductive research 

(Creswell, 2008). 

 

The interviews conducted in this research have been mixed structured and semi-structured, the aim is to 

allow the respondents to elaborate on the topics in order to gain as much information and new insights 

as possible. Furthermore, a list of questions has been compiled beforehand but the interviews have 

been conducted in the sense of a conversation in which the respondent has been allowed to elaborate 

freely on the topic. Specific questions have been posed to obtain information regarding roles, work 

procedures and other similar facts, whereas more general questions have been posed to capture the 

experience based knowledge on the research topic. Considering the fact that the respondents have 

different knowledge and come from different professions, the combination of structured and semi-

structured interviews have allowed the author to use the same questions throughout the interview 

process. Doing so, will make it easy to analyze and compare the answers of the respondents. 

 

In addition, the interviews will be conducted face to face and video chat meetings. The transcript will 

serve as a base and compared with experimental findings and literature studies. The reader (supervisor) 
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should be made aware of the fact that all interviews will be conducted in English. The respondents have 

been informed beforehand that the interviews will be published and their names will be released on the 

paper as reference. The author hopes that this will not affect the credibility of the answers. 

The author interviewed five AEC and FM stakeholders. The focus of the research has been to reach a 

conclusions that are applicable for AEC, FM and Real Estates and Asset Management industry. The 

interviews list is divided in two categories, part one related to 2D drawings and part two related to BIM 

system. In addition, the interview questions were formulated based on hypotheses gained from the 

literature review, university member’s opinions, involved company, and author work experience and 

interviewers suggestion. 
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CHAPTER 3 
 

  

 

3.1. Literature review 

The literature review aims to establish a theoretical understanding of integration obstacle of 2D paper 

drawings with a BIM system, as well as pointing its usage barriers for existing houses and utility building 

in a broad scale. 

 

The transformation of three dimensional (3D) architectural model from two dimensions (2D) paper has 

been a field that construction industry is interested in gaining more understanding about it. The 

digitalization of 2D paper drawings used for the transformation of a complete 3D building model is 

considered, a useful step across the entire AEC and FM industry. Lu et al (2007) states the 

transformation of 3D model from a 2D paper drawings of existing building may improve stakeholder’s 

collaboration during decision making process, through the visualization of a 3D model. However, a 

simple 3D model does not comprise the information quantity in some cases the right input, output and 

precision to be integrated with BIM system, although it is a step close toward BIM (Interviewer 4, 2015). 

 

Dollar et al (2006) believes there is a considerable problem in tackling this issue, despite several 

attempts from the industry in collaboration with software designers, it remains unclear on the 

appropriateness of existing tools execution time and accuracy. Lewis and Séquin (2002) cited further 

that manufacture and car industry are far ahead of AEC and FM industry when it comes to digitalization 

and automation process of 2D paper drawings with their system, a view shared by Ah-Soon and Tombre 

(2001). In addition, Lewis and Séquin suggested that existing tools that could enable AEC and FM 

industry, to effectively recognize and identify architectural symbols, dimensions, building components 

such as: windows, doors, walls, staircases and pipes that could be transformed into 3D components. 

However, this afford has not met the expectations of AEC and FM stakeholders, due to lack of quality 

beside a strong convection from the industry itself, this resulted in declining of interest among key 

stakeholders, in proceeding with the methods such as: vectorization, noise removal amongst many 

others (Ah-Soon and Tombre, 2001). 

 

According to, Interviewer 5 (2015) this method is considered limited and low level to process sub-

division and vectorization detection of arcs from scanned drawings. Also, the design team often opt to 

reconstruct 3D model from a digitalized scanned image with support of CAD tool, this creates a robust 

digital drawings that facilitates an easy creation of 3D building models. This method has a scheme that 

could be directly used for rendering, visualization, simulation and analysis (Zhi et al, 2003). The usage of 

automatic unit generator (AUG) system helps transform a digitalized 2D paper drawings of architectural 

plans into 3D model. The AUG approach assumes that the architectural plan is combined with units and 

is connected with rings, in a manner that enable AUG to transform plans into a graph that may be a 

suitable solution for the investigation in study. 
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Xi et al (2002) sees this approach as a temporary but helpful solution that could be used for the 

transformation of 3D model. On the other hand, Valve and Martí (2003) believe when it comes to real 

life, this approach remains very limited as architecture draft are composed with diverse primitive 

graphical restrictions, which disable the AUG algorithms to recognize all the objects of architectural 

drawings. To continue, a digitalized 2D paper of an architectural drawing usually contains a series of 2D 

planes, section drawings and tables, which makes the process complicated to follow. Therefore, to 

redesign an accurate 3D building model from 2D paper of existing building drawings, a different type of 

2D drawings is needed for the transformation and process, which is considered laborious, error prone 

and expensive due to time consumption. 

 

Moreover, recognizing a structural object on a 2D floor plan is another important issue of the approach 

mentioned above. Structural objects are usually used to bear the weight of the buildings, often made of 

steel and concrete. Typically structural objects such as; walls, columns, beams, slabs and foundations are 

often embedded in the same line as doors, windows, staircases, eaves, also decorative layers including 

partition walls, hung ceilings with little distinct differences between, which make the process more 

complex for the transformation process (Song et al, 2002). 

 

The separation of architectural layers is a vital step for the transformation process, the layers need to be 

correctly identified and separated from each other, in order to avoid misinterpretation during the 

redesigning phase. This phase remains a challenging step for the design team due to the numerous 

quantity of architectural layers embedded on a 2D floor plan as shown on Table 3 (Zhu e al, 2013). 

 
Table 3: Different types of architectural layers 
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3.2. Overall procedure of architectural drawings recognition 

According to Yin et al (2009) recognizing main architecture walls is the best way to separate the 

architecture layers, as illustrated in Table 4. Following, the recognition of main architectural walls, the 

characters, symbols and numbers in the drawing could be recognized and separated. These are vital 

steps for the overall recognition process. Also the dimension line and size used to express the size of the 

architecture layers must be recognized during the initial process. Following that, the recognition of 

windows, doors, special characters, symbols and plane lines could be effectively transformed into 3D 

parameter with the support of design application, as a final step for the recognition and transformation 

process (Ahmed et al, 2011). 

 

 

 

 

 

 

 

 

 

 

 
Table 4: Architectural drawings recognition scheme adapted from (Ah-Soon and Tombre. 2001) 

 

3.2.1. Architectural objects recognition 

The captured and processed building data is used to recognize building components and their 

characteristics relevant to required functionalities (Arayici, 2008). The recognition of objects includes 

object identification, extraction of relational, semantic information and treatment of concealments of 

remaining clutter are an integral part of object recognition methods, which vary considerably due to 

geometric complexity of the building drawings. According to Ahmed et al (2011) the required capturing 

technique, data format and processing time are important steps for the recognition and extraction of a 

3D model from a 2D floor plan. The data driven approaches is one of the methods used to capture 

building information such as: key features, building shape, materials among other architectural layers. 

The drives approach focused mainly on predefining topologic relations and constraints between non and 

structural components. In addition, Lu et al (2007) believe this approach can be effectively used if the 

data and model driven are combined with other systems, to help minimize the shortcomings of 

individual methods that focused mainly on planar building components such as: walls, ceilings, floors, 

doors, windows and able to recognize small scenes of single and few rooms with considerable high 

recognition rates (Lu et al, 2007). 

 

Nevertheless, the AEC and FM industry are well aware about the shortcomings of the current 

recognition approaches and there is a gradual interest in developing a recognition system that is able to 

handle: 
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 The data uncertainty through statistical thresholds 

 Contextual semantic nets 

 Improving the interactive methods 

These are important steps for the facility managers as the method help them to visualize the current 

condition of the facilities, as well as seen detailed information of technical equipment, materials and 

building layers. Moreover, the object recognition problem is closely tied to the ‘’segmentation’’ 

problem, without at least a partial recognition of objects, segmentation cannot be done and without 

segmentation, object recognition is not possible (Lu et al, 2005). The system components of object 

recognition must have the components listed below in order to perform the task: 

 Model database (also called model base) 

 Hypothesis verifier  

 Feature detector 

 Hypothesizer (Archana and Shide, 2012). 

 

Furthermore, as illustrated in the Table 5 the interactions and information flow among different 

components of the systems are divided in three key steps e.g.:  

1) The information in the model database 

2) The model database containing all the model knows about the system 

3) The approach used for the recognition approach, which can vary from a qualitative and 

functional description to precise geometric surface information  

In some cases the model of objects are abstract feature vectors, as discussed earlier (Sommerville, 

2009). 

 

 

 

 

 

 

 
Table 5: Different components of object recognition system adapted from (Sommerville, 2009) 

 

To continue, the feature detector operators applies to images, in order to identify and locate the 

features that are helpful for the formation of object hypotheses. The features used by the system 

depends on the types of objects to be recognized and the organization of the model database. Using the 

detected features in the image, the hypothesizer assigns likelihoods to objects present in the scene. This 

step is used to reduce the search space for the recognizer using certain features. The model-base is 

organized by using type of ‘’indexing’’ scheme to facilitate the elimination of unlikely object candidates 

from possible consideration. In addition, the verifier uses object models to verify the hypotheses and 

refines the likelihood of objects, then select the objects with the highest likelihood, which are based on 

all the evidences as the correct object (Mac, et al. 2010). 
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Nevertheless, all object recognition systems used models are either ‘’explicitly or implicitly’’ and employ 

feature detectors, which are based on these object models. The hypothesis formation and verification 

components varies in their importance in different approaches to object recognition. As stated earlier 

some systems only use hypothesis formation to select the objects with highest likelihood as the correct 

object (Park and Kwon, 2004). 

 

To conclude, the object recognition system has to select appropriated tools and techniques for the steps 

discussed above, bearing mind the important factors that must be considered in the selection of 

appropriated methods for a particular application. The vital issues that needs to be considered during 

the designing of an object recognition system are classified as follows: 

 Object and model representation. How should objects be represented in the model 

database? 

 Feature extraction. Which features should be detected and how can they be detected 

reliably? 

 Feature model matching. How can features in images be matched to models in the 

database? 

 Hypotheses formation. How can a set of likely objects based on the feature matching be 

selected? 

 Object verification. How can object models be used to select the most likely object from the 

set of probable objects in a given image? (Guoping et al, 2010). 

 

3.4. Software requirements 

Software requirements are divided into two categories: functional and non-functional as shown in Table 

6. The functional requirement provide the services inputs of how system should react and behave in 

particular situations, as well as explicitly state what the system should not do. Non-functional 

requirement provide the services functional constraints, including time constraints, constraints on the 

development process, as well as constraints imposed by the systems standards (Sommerville, 2009). 

 

 
 

Table 6: Types of requirements specification adapted from (Sommerville, 2009) 
 

Functional requirements 

The functional requirements for a system describes what the system must do. These requirements 

depend on the type of tool, the user’s expectation regarding the software and the general approach 
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taken by the organization. These requirements are usually written requirements to avoid 

misunderstanding. User functional requirements are often described in an abstract way that can be 

understood by system users.  

 

Due to, non-existent use of 2D drawings with BIM systems a more specific functional requirements are 

needed, to help identify the necessary requirements that effectively support the inputs, outputs, system 

process as well as error handling. Bear in mind the integration barriers of 2D building drawings within 

BIM, the requirements mentioned previously are vital for the investigation in study, which enable the 

user to perform the task list below: 

 

 The ability to save and load space in the model, by creating 3D rooms with parameter in the new 

model through the design application. 

 Allocating data in the program set up, by selecting the needed data on the standard materials 

schedule, from the design application.  

 The ability to manually assign room names, by selecting and adding parameters and names to the 

desired space.   

 Creation and editing of architectural layers, by changing the original material composition from 

the component library in the design application. 

 Effectively creating, editing and removing construction constraints, by carefully selecting the right 

component before the transformation of 3D model.   

 The ability to change material characteristics and compositions, by selecting the desired 

composition or visual appearance, from the component material properties.  

 

In addition, these functional system requirements differ from general requirements by covering what 

the system ought to do to very specific requirements, reflecting the standard ways of working of the 

organization existing systems (Holcombe, 2008).  
 

Non-functional requirements 

Non-functional requirements suggests that requirements are not directly concerned with the specific 

services delivered by the system to its users as shown on Table 7. They may be relate to emergent 

system properties such as reliability, response time and store occupancy. Otherwise, they may define 

constraints on the system implementation e.g.: the capabilities of the devices or the data 

representations used in interfaces with other systems (Stevens and Pooley, 2006). 

Nonfunctional requirements focus on e.g.: 

 Performance: speed, errors and quality 

 Reliability: information trust and consistency 

 Availability: data’s ,information access  

 Security: information safety and loosing risk   

 Volume: data’s or file format size 

 Usability: flexible easy to use (Sommerville, 2004) 
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Nonfunctional requirements also helps specify the constrain characteristics of the system as a whole, as 

system more critical than individual functional requirements. In general system users can find ways to 

work around a system function that does not really meet their needs. However, failing to meet a 

nonfunctional requirement could mean that the entire system is unusable e.g.: 

 If an aircraft system does not meet its reliability requirements, will not be certified as safe for 

operation. 

 If an embedded control system fails to meet its performance requirements, the control 

functions will not operate correctly (Martin et al, 2002).  

 

Although, it is often possible to identify which system components implement specific functional 

requirements, due to the availability of components format that implement reporting requirements 

(Goldberg, 2005). Moreover, it is also difficult to relate components to a nonfunctional requirements. 

On the other hand, the implementation of these requirements may be diffused throughout two systems 

which are viewed as e.g.:  

 

1.  Requirements that may affect the overall architecture system, rather than the individual 

components  such as: 

- Ensuring that performance requirements are met. 

- Minimize communications between components.  

2. A single nonfunctional requirement e.g.: 

- Security requirement may generate a number of related functional requirements that may 

define new system services that are required for the related industry (Bayersdorfer, 2007). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Types of nonfunctional requirements adapted from (Sommerville, 2009)  
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Summary 

The requirement demands varies considerable per industry, depending on what the users are looking 

for. As stated earlier, some requirements generate requirements that restrict existing requirements, 

therefore it is vital that applied requirements are created keeping in mind the user’s needs, since the 

non- functional requirements arise through user needs also explained previously. 

 

Recommendations   

Both functional and non-functional requirements have the task to meet the expectations of their users. 

However, to achieve that the systems have to be assessed separately by taking into consideration the 

recommendations listed below e.g.:  

 Who is using them 

 What is it used for  

 What are the expectations 

 Which requirements he or she needs to perform the given task  

 

3.4. CAD history 
Initially, 2D CAD drawings were introduced in architecture and engineering firms as a replacement of 

hand drawing and was seen as a faster way to draw (Johnson and Laepple, 2003). It helped designers 

and engineers to produce 2D CAD drawings that consisted of 2D wireframe primitive lines, arcs among 

other planar lines and space parameters in the model. The system increased the productivity and 

efficacy in the AEC industry on large scale. Despite that, experts from the AEC industry argued that this 

system would decrease the creativity of architects and engineers (Weisberg, 2008) 

 

Advantages of 2D CAD drawings 

Bearing in mind the constant changes in the construction methods and the increased demand to deliver 

the project faultless and on time, made the CAD systems a suitable tool for AEC industry, as the system 

helped: 

 Sharing the file easily through a computer , boosting work collaboration 

 Always available and accessible for everyone that works on the same platform, decreasing 

conflicts.    

 Reduced design and correction time with minimal effort with support of design applications, 

increasing productivity.     

 Generates model input and output that can be easily altered without the need to redraw all 

over again, increasing design speed. 

Disadvantages of 2D CAD drawings 

Since 2D drawings are simple planar lines, it is difficult to explore the full range of design options, 

without being able to visualize the model parameters. Therefore, 2D CAD drawings are generated by 

computer which is considered to be: 

 Expensive due to acquisition of software. 

 Time consuming in case a complicated computer program is used. 

 Expensive due to cost for personal training (Dosch and Masini, 2005). 
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With the introduction of 3D system, 2D CAD drawings usefulness started decreasing due to a lack of 

simulation and interoperability options that are integrated within 3D system. Nevertheless, CAD 

software vendors continued to work progressively in the improvement of their systems that resulted the 

creation of other dimension such as: 4, 5 and 6D. 4D create construction schedule, 5D provide building 

cost and planning, 6D generates plans for facility management and building lifecycle operation. With 3, 

4, 5, and 6 dimensions the complete building information are integrated in a digital full automated 

model called BIM (Eastman et al, 2008). 

 

3D Model representation  

A 3D building model is usually represented with 3D geometry such as: ‘’prisms, boxes, extrusions and 

Boolean operations between geometry’’, while a building is an assembly of physical objects, the 3D 

model of that building is considered as simplification. Depending on its purpose the focus that moves 

from representing textured or shaded surfaces for visualization, to volumes of common building 

elements for quantity calculations and simulations (Autodesk, 2010). When modeled accurately, it is 

fairly easy to transform volumes and other quantities of information. Creating a section through the 

model is a straightforward issue provided by 3D model geometry, which comprise four views elevations 

as demonstrated in Figure 5, a 3D model that has been used to generate view sections. The part of the 

3D model that is displayed in wire-frame are not available in 2D drawings (Dominguez et al, 2012). 

 

 

 

 

 

 

 

 

 

 
Figure 5: Section through a 3D Model to generate a 2D Plan, taken from (Gül and Maher. 2006) 

 

Cutting alone will not generate the complete graphical output required for architectural drafting, in fact 

the creation of a 2D section and elevation has always been the result of graphical expertise to display 

accurate information. The main limitations is the need to model everything that should be visible and 

extracted from the model. The model has a limited level of detail, which is usually fixed, to elaborating a 

more detailed 3D model from a 2D drawing remodeling might be required for a complete model. In 

addition, the construction details are usually not modeled but are represented with additional detail 

drawings in 2D. The ‘’hierarchic’’ representation represents a certain order and certain dependencies. 

Hierarchies can be found at multiple levels, from the organization structure of classification to computer 

systems, in the ‘’context’’ of building models where the model ‘’serves’’ as a spatial model, that contain 

building blocks, floor levels and rooms. Nonetheless, it is necessary to introduce a building hierarchy on 

the system to facilitate its integration with a BIM system (Feng et al, 2008).  
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According to, Goldberg (2005) most BIM applications usually provide a combination of hierarchies to 

view types and drawing outputs. However, in some cases the organizational hierarchic of the building 

model  lacks  or is limited to a simple hierarchic structure of floor levels and sometimes zones that 

subdivide the large parts of building. The representation of the hierarchy in a building model and its 

semantic information are better supported with Industry Foundation Classes (IFC) an exchange format. 

This is a neutral file format for the exchange of Building Information. IFC program, such as the IFC Engine 

Viewer and  Solibri Model Viewer, presents both a graphical view of the 3D model and a hierarchic view 

of the IFC structure that are suitable for 3D model representation. Solibri Model Viewer is another 

software used in this investigation, to help checking and evaluating IFC model files from the used 

applications. A model checker can be used for checking clashes between components and wall 

connections, as well as generating building reports (Booty, 2006). 

 

3.5. BIM history 

Since the introduction of Computer Aided Design (CAD), computers have played a vital role in the AEC 

and FM industry (Elvin, 2007). Nowadays, computers have been the main platform that allows all parties 

to communicate design along with a Building Information Model. BIM and computers help provide 

essentials of a good design, as well as allowing an integrated process for delivery. The theory of Building 

Information Modeling was developed by ‘’scholars at Georgia Institute of Technology in the late 1970s’’. 

It progressed quickly and construction teams have found value in integrate BIM in AEC an FM industry. 

The term Building Information Modeling, first used in 2002 to describe virtual design, construction and 

facilities management, since then several BIM authoring tools were successful released and integrated 

in AEC industry. Currently, BIM is a moving target making daily progress that helps its users to work 

progressively with its applications (Goldberg, 2005). 

 

The advantages of a BIM system are described as e.g.: 

 Visualization. BIM models are relatively easy to understand and show depth and elevation in a 

clear and visual way. 

 

 Collaboration. BIM allows for unprecedented collaboration on design. BIM models provide  AEC, 

FM and owners the opportunity to sit down together and work through issues before 

construction begins. This is especially useful in the case of clashes, instead of addressing clashes 

in the field, where resolution may require that one contractor remove and reinstall its materials 

or delay the construction project, settling clashes on the BIM model means the resolution occurs 

before any work is done (Eastman et al, 2011) 

 

 Flexibility. Using BIM concept is easy to make design changes. A change to the BIM model 

automatically updates all of the individual drawings that are affected by that change. For 

example, if a foyer is added to first floor on the BIM model, all the drawings showing the first 

floor will now also show the details necessary to build the foyer. Once the change is made to the 

BIM model, it is not necessary to make manual changes. The designer simply needs to print new 

construction drawings (Mihindu and Arayici, 2008). 
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Disadvantages:  

 Training and software costs. The use of BIM requires significant training, as with any software 

program there are costs associated with. 

 

 Garbage in garbage out. When suppliers enter data into the model without a proper checking 

over the drawings, the engineers will be held responsible when things do not work.  

 

 More work up front. BIM requires more effort at the outset of a project. When BIM is used, it is 

insufficient for a contractor to simply submit plans for its own work and then begin construction. 

The contractor must first sit down with the designer and other prime stakeholders and create 

the collaborative model (Goedert and Meadati, 2008). 

 

 Disruptive. Although one of the advantages of using a BIM model is that changes can be made 

quickly. However, BIM can disrupt the general procurement and construction process when 

ordering items that require a long lead time. For example, a contractor may need to order 

material based on the dimensions of the design. Ordering this material may take weeks or 

months (Smith and Tardif. 2009). 

 

Modelling for BIM 

A BIM model comprises objects, which represent building components including both geometric and 

non-geometric attributes, as well as components and information relationships (Giel and Issa, 2011).  

When BIM is modelled on the basis of previously captured building information, the preceding data 

capture and transformation process may influences the data quality, depending on the deployed 

technique (McNell et al, 2009). To assess the quality and accuracy of the created model, different 

analysis approach is required, in order to reduce errors (BIM Task Group, 2013). Despite the need to 

reassess the modelling approaches efficacy, there is ‘’not yet’’ a standard BIM assessment method 

established to compare the performance and suitability of different modeling approaches. In practice, 

BIM model is done interactively in a time consuming and error-prone process. BIM software vendors 

such as: Autodesk, Navisworks, Bentley Architecture, Graphisoft, Tekla and Nemetschek Allplan created 

tools capable of producing a BIM interface that could be integrated in most area of AEC and FM industry 

(Ashcraft et al, 2006). 

 

Tsai et al (2014) cited that represented systems, offer minimal solutions when it comes to the 

integration with 2D paper drawing of existing building.  This process is called inefficient, error prone and 

expansive. The problem in connecting the transformed 3D model from 2D paper drawings to BIM 

system, lays on the semantical richness of the new model, that miss some key architectural layers and 

information. According to, Mihindu and Arayici (2008) the tools mentioned above are capable to 

transform 3D model from a digitalized 2D paper. However, any missing information could easily lead to 

miss judgment.  
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In addition, non-geometric attributes such as: functional, relational, economical and semantic 

information of existing buildings, are not integrated into a BIM system as it is done interactively, which 

makes the collaboration of the two system more complex. Also, concealed building components such as: 

 Ducts 

 Pipes 

 Conduits 

 HVAC system are systems usually modeled with high user input, also not available in a 

digitalized 2D drawings (Sheraz et al, 2013).  

 

Regarding facility management and maintenance, specific requirements are needed and the available 

tools are ‘’not yet’’ compatible enough for FM sector, due to unavailable object libraries that contains 

older building components (Azhar, 2011). Also lack of skilled personnel and high efforts of the AEC 

industry to integrate BIM with 2D paper drawings (Wiggins, 2010). 

 

BIM parametric objects  

The concept of parametric objects is vital to understanding BIM and its differentiation from traditional 

2D objects, the parametric BIM objects are defined as follows: 

Consist of geometric definitions and associated data and rules e.g.: 

 Building parameter and component details 

 Geometry is integrated non-redundantly and allows for no inconsistencies. When an object is 

shown in 3D, the shape cannot be represented internally redundantly e.g.: 

- Multiple 2D views  

 

A plan and elevation of a given object must always be consistent in dimensions and cannot be falsified 

e.g.: 

 Differentiation on equal building component (Thompson and Miner. 2007). 

 

The parametric rules for objects automatically modify associated geometries when inserted into a 

building model or when changes are made to associated objects e.g.: 

 Door will fit automatically into a wall 

 Light switch will automatically locate next to the proper side of the door 

 Objects can be defined at different levels of aggregation, to help define a wall as well as its 

related components e.g.: 

- Connection of a wall to ceiling (Autodesk, 2010). 

 

Objects can be defined and managed at any number of hierarchy levels e.g.: 

 Automatically change on wall subcomponent occur when new element is applied 

 

On the other hand, any change in the object feasibility regarding size, color and material will need 

overriding the system. The objects have the ability to link to a transmitter and be exported to a set of 

attributes such as: 
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 Components information 

 Components parameters  

 Structural materials 

 Acoustic data 

 Energy data (Ashcraft, 2006). 

 

BIM model 

All CAD systems generate digital files. (Eastman et al, 2011). Old CAD systems produce planned drawings 

and it generates files that consisted primarily of ‘’vectors’’, associated line types and layer 

identifications. As these systems were further developed, additional information was added to these 

files to allow for blocks of data and associated text (Howell and Batcheler, 2005). The introduction of 3D 

modeling improved the usability of this system and complex surfacing tools were added. CAD systems 

became more intelligent and more users wanted to share data associated with a given design. The focus 

shifted from drawings and create 3D images to the data itself. A building model produced by a BIM tool 

can support multiple different views of the data contained in a drawing settings, within 2, 3, 4, 5, and 6D 

model information (Johnson and Laepple, 2003).  

 

Furthermore, a building model can be described by its content and embedded objects, the additional 

content such as:  

 Costs 

 Object details 

 Construction planning 

 Components parameters 

 Building material quantities, among other key building information are standard BIM objects. 

 

BIM are characterized by building components that are represented with intelligent digital 

representations, objects that know what they are and can be associated with computable graphic, data 

attributes and parametric rules (Riza, 2011). Also components that include data that describe how they 

behave throughout its life cycle different weather conditions (Teicholz and Sacks, 2011). Nevertheless, 

for a BIM analyses and work processes a take on and off of materials specification and energy analysis is 

needed, this consist of non-redundant data that changes to component data that are represented in all 

views of the components (Arayici et al, 2009). 

 

BIM implementation issues  

Replacing a 2D or 3D CAD environment with a BIM system involves far more than acquiring software, 

training and upgrading CAD software. Effective use of BIM requires that changes be made to almost 

every aspect of a company, not just doing the same things in a new manner. It demands a thorough 

understanding and a plan for implementation before the conversion can take place, while the specific 

changes for each company may depend on the sector (Akbarnezhad et al, 2012). By AEC and FM industry 

the general steps needed are considered similar. Therefore, a commitment at top level management is 

vital for developing a BIM adoption plan that covers all aspects of the company, also a clear strategy is 
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required to reduce the negative impacts both internal and external partners, as well as by clients (Steel, 

et al. 2012). 

 

According to, interviewer (3) the adoption of BIM system in AEC and FM needs to be slowly applied on 

small scale in parallel with existing technology, this will help to reduce confusion and deficits in the 

projects. Therefore, a precautionary start is necessary to provide educational opportunities for staff to 

get used to the system, this also enable involved members to understand the initial results and educate 

themselves regard the adoption of BIM system (Bernstein and Pittman. 2004). 

  

3.6. Bridging gaps between 2D CAD drawing and BIM 
Building Information Modeling (BIM) has been a powerful tool for positive change in the AEC and FM 

industry, despite well-known process and workflow that accelerates the design process as well as 

making job sites more efficient Barret and Baldry (2004) think that BIM has yet to be fully embrace its 

collaboration with conventional 2D drawings, especially for FM industry that predominant uses paper 

documentation for the assessments of its facility condition and building life span (Gallaher, 2004). On 

the other hand, bridging the gap between AEC, FM and design application developers represents a huge 

challenges, due to competition and companies’ views regard the best way to make work (Azhar, 2011).    

Nonetheless, AGC (2006) states that main issues lays on the involved industries approaches in tackling 

the same problems. Therefore, in order to reduce the differences each design application vendor 

provided its own approach to bridge the gap as discussed below: 

 

 Autodesk: Parametric Modeling Dynamo was developed and has to be applied within ‘‘URL: 

github.com/ikeough/dynamo’’, this is an open source extension for Revit to provide visual 

dataflow programming directly inside the BIM application. Dynamo is developed by using the 

‘’NET API and Revit’’, separated from Autodesk, it provide some of the functionality of a system 

(Autodesk, 2010). 

 

 Graphisoft: grasshopper is directly integrated into the BIM system, which means any 3D model 

transform within ArchiCAD application has an objects written in the basic such as: Geometric 

Description Language (GDL). In contrast families in Revit that are partly drawn using the feature 

based sketch of mechanical design systems (Graphisoft, 2015) 

 

McNell et al, (2009) argued that recently ''Nemetschek'' introduced smart objects inside ''Allplan'', such 

parametric objects are mostly object based and have limited inner object relationships. In Revit such 

relations are made using dimensional constraints whereas in ArchiCAD use ‘‘Boolean’‘operations that 

are supported between objects as Solid Element Operations (SEO) and connections. Therefore, the 

missing part in these systems is the overall control on the project level regard e.g.: 

 A single parameter that can steer the generation of many derived objects as design intent that is 

better captured in parametric design systems 
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3.7. Investigation tools for the experimentation  

There are a number of programs available in the market that have the capacity to transform 2D 

drawings into a 3D model. BIM software is not design analysis software and are not intended to evaluate 

the structural integrity of the design but rather are intended to analyze potential errors, omissions and 

conflicts within the various design elements (Bryde and Broquetas, 2013). The AEC and FM industry 

consider programs such as: Revit architecture and ArchiCAD as the most suitable tools for transform 

intelligent 3D model from a 2D draft, with potentials to easily be integrated with BIM system workflow 

(Ashcraft, 2006). Before transforming a smart 3D model from a 2D draft a scanning process is required in 

order to generate Rasta  (Bitmap) that could be converted into a DWG (Vector) file. 

Scanning is referred to digitalization of image, this is a process whereby a document is converted from 

print to a computer readable format (Yin et al, 2009). The scanning quality demands depends on the 

proposed use of the document as well as the quality of the original draft. For this investigation the 2D 

papers drawings of building where scanned into Black and White with 600 DPI resolution. Following 

that, the scanning drafters where subsequently saved as PDF that were converted into DWG (Vector) 

format. 

Vector is mathematically defined as a series of geometric points, lines, curves and shapes. The graphical 

elements in a vector file called objects, may have properties that include: color, shape, directions, size 

and positions on the screen that are formed by solid dotted continuous lines, shape, curve, thickness 

and fill, as shown on the edges of Figure 6.  (James et al, 2013). 

Figure 6: Sample of Vector   

 

https://en.wikipedia.org/wiki/Line_(mathematics)
https://en.wikipedia.org/wiki/Curve
https://en.wikipedia.org/wiki/Shape
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In addition, Vector drawings are resolution independent, which means they appear at the maximum 

resolution of the output device without compromising the visual quality, regardless the numbers of dots 

per inch (DPI) used (Harris, 2010). Vector and bitmap form integral parts of this investigation. Vector 

drawings are mathematical models from one vertex to another in order to form geometrical shapes with 

locations and attributes, while bitmap images are made of pixels, a single point or dots of small single 

element pixel as illustrated on the edges of Figure 7. The author believes that respective formats could 

play a major role to boost the attractiveness of the proposed systems. 

Figure 7: Sample of Bitmap 

 

Vector format play a key role in the quality of the final product (3D model), due to its flexibility to be 

scaled and editable, while insuring that quality is not lost. On the other hand, Vector format are very 

limited for amendments on colour and effect on details, because of their mathematical way that Vector 

remembers its data’s, making the system less compatible to handle certain style effects such as: blurring 

and shadows often present in the Bitmap file (Ablameyko and Pridmore, 2012). 

 

Furthermore, the recognition of lines and architectural entitles meaning in the Vector floor plan is a vital 

pre-requisites before the transformation of 3D model take place. Therefore, blurred or shadowed lines 

makes the recognition process less effective, due to high risk of misinterpretation. However, to improve 

this issues the Vector mathematical way of work has to be flexible for amendments, to improve the 

match of color in the Bitmap, where each individual pixel can be its own individual shade. In addition, 

since Vector mathematics are done through the software, a correction on the Bitmap is necessary 
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before the conversion into Vector format. Doing so, may decrease misinterpretation of embedded layers 

in the floor plans (Concheri et al, 2011). 

 

Bitmap are images made of numerous tiny squares of colour information referred to as either pixels or 

dots, illustrated in the Figure 7. Bitmap was firstly scanned and saved to PDF file, subsequently 

converted to DWG (Vector) file used for the transformation of smart 3D model.  

 

Revit architecture is an Autodesk’s program, useful to transform a 3D model applicable for BIM system 

workflow. The system helps the AEC and FM industry to develop high quality designs, to better capture 

and analyze concepts and versions through design and to produce a better coordinated documentation 

for construction. Additionally, Revit architecture program is capable of delivering a complete intelligent 

3D building model. Therefore, working with Revit enables the operator to make any change anytime, 

anywhere he wants and is automatically coordinated throughout the project. The designs and 

documentation stay coordinated, consistent and complete. Revit architecture offers the following 

compatibility in their respective modules e.g.:  

 Smart 3D HVAC model, architecture layers, building components, components semantic 

information, as well as additional model information regard zones and site position (Autodesk, 

2010). 

 

ArchiCAD is another CAD application selected for the investigation in this study, due to its capacity to 

quickly transform 2D drafter into a smart and informative 3D model, as the system automatically 

generates construction report as well as generating semantic information of materials embedded in the 

model. ArchiCAD is considered to be the shortest way toward a BIM system, due to the application 

direct connection with BIM system workflow. ArchiCAD allows its users to create 3D model with 

intelligent objects such as: 

 Smart 3D Wall, slabs, roofs, doors, windows, architectural layers, building non and structure 

information (Graphisoft. 2015). 

 

Moreover, the capabilities of mentioned programs varies slightly regarding the generation of 

information useful for BIM system, as both systems produce BIM models in their own specific manner. 

To continue, knowing that all BIM tools are supported by CAD programs, DGN and DWG format models 

could be imported and exported smoothly in different format, without compromising the quality and 

integrity of the model, as shown in Table 8 (Azhar, 2011). 

Table 8: Operational contrast and characteristics of different file format, adapted from (BIM Task Group, 2013) 

 

Vendors Purpose tools BIM tools Existing supported CAD 

formats 

Missing Formats 

Autodesk. Inc. 

 

 

Building model Revit architecture/ 

Structure 

DWG, DXF/DGN, SAT, 

DWF/ DWFx,  ADSK, 

IFC, ODBC, nwf 

TIFF,  GIF, BMP, SKP, BMP, PNG, 

JPG, AVI, PAN, IVR, TGA,TIF, HTML, 

TXT, MDB, XLS,  SHX  & gbXML 

Graphisoft Building model ArchiCAD DWG, DGN & SHX  PLN, PLA,  BIMX, BPN,  BMP,  PDF,  

EPS,  GIF,  PCT,  EXIF & TIFF    
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3. 8. Industry Foundation Classes (IFC) 

The Industry Foundation Classes (IFC) is an open and neutral data format for openBIM, it’s a useful tool 

to analyze buildings, to assess the quality and completeness of a design model, as well as sharing of 

facility management and components details, therefore a suitable tool for the investigation in study. IFC 

allows the building data’s exchange to be either directly or indirectly through proprietary and non-

proprietary exchange formats (Kensek, 2014). IFC is defined in ‘’ISO/PAS 16739’’, which is the dominant 

non-proprietary exchange format of building information between AEC/FM software (ISO, 2013). IFC 

system was developed to translate building information over the whole buildings lifecycle except 

deconstruction, also to facilitate the information transference between BIM modeling systems such as: 

 Revit architecture 

 ArchiCAD  

Knowing the usefulness of IFC as informative design tool, the author applied IFC in combination with 

model view checker (Solibri), to help assess the quality and semantic information available in the new 

transformed 3D model. The data exchanges between source and receiving software systems usually 

performs through proprietary translators with own data structures (Goldberg, 2005). The certifications 

of programs such as: OpenBIM and BuildingSMART are programs solutions with high IFC interoperability 

(BuildingSMART, 2013). Despite, the known advantages of these systems, its integration with FM in 

particular is considered to be limited, due to lack of specified properties information (Nour, 2007). 

Figure 8 illustrates the benefits that FM may have if the specific model information is available.   

 

 
Figure 8: How IFC model facilitates all BIM disciplines 

 

Bear in mind the obstacles found in the integration of the 2D drawings with a BIM system, it’s essential 

that all available supportive tools are effectively used to help boost the attractiveness use of these two 

methods. BuildingSmart provides a data dictionary well known as bSDD (building Smart Data Dictionary), 

well-integrated into the buildingSMART standards and thus augments of IFC. bSDD is a database for 

exchanging information through Data Dictionary. Unlike a traditional dictionary that provides a 

https://www.google.nl/search?sa=X&hl=nl&biw=1680&bih=956&tbm=bks&tbm=bks&q=inauthor:%22Karen+M.+Kensek%22&ved=0ahUKEwil9tzQtsLJAhUCcQ8KHQQ2AlkQ9AgIOjAD
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definition for a word, bSDD connects words together based upon their construction meaning and these 

connections that give the bSDD the ability to translate. The method by which bSDD does this, is by 

separating the words in any language from their meaning by identifying the concepts that the words 

represents e.g.: 

 Beams can have many meanings e.g.: structural and non- structural beam.  

 Having identified the concept the data dictionary connects words to concepts. Doing so, enables 

information in one language to be translated to another with the meaning remaining intact  

 

BsDD would particularly be useful application for FM industry, an integral part of this investigation due 

to its capability to recognize and given meaning (name) to: 

 Building materials 

 Building space and location   

 Architectural layers information  

 Component information of existing building (BsDD, 2014).  

 

3.8.1. Level of Development (LOD)  

The Level of Development (LOD) Specification is another useful method for the investigation in study. 

This system enables design team with the AEC industry to specify and articulate with a high level of 

clarity the content and reliability of Building Information Models (BIM), at various stages in the design 

and construction phase (AIA, 2013). It helps define and illustrate the key of the model elements at 

different levels. The method also allows the AEC and FM to determine the level of quality, 

completeness, usability and limits of the model and details. Moreover, this specification intend to help 

clarify the Level Of Development (LOD) framework as well as standardize its use, so that it becomes 

more useful as a communication tool. According to, Bimforum (2013) this system does not prescribe the 

level of development that needs to be reached at certain detail in the model but allows the design team 

to determine how far they can develop. LOD plays a vital role in the investigation due its capability to:  

 To help AEC, FM and owners to specify BIM deliverables and to get a clear picture of what will 

be included in a BIM deliverable 

 To help design managers explain to their teams the level of information and detail that needs to 

be provided  

 To provide a standard level that can be used as reference by contracts 

 

One of the project aims is to develop a 3D model that suits the BIM workflow. The “I” in BIM represents 

information, the more information the suitable is the model for BIM system. LOD specification a suitable 

recommendation for this project, as the system is able to identify the level of information available in 

the model as well as element details. The information richness of the model could be determined by the 

involved stakeholders as shown in the Table 9.  
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 Table 9: Different details level 

 

Level Of Development Model representation 

 

100  

Is a conceptual model element may be graphically 

represented in the model with a symbol, mass and 

generic representation.  

 

 

 

  

200  

Illustrates the model element, graphically 

represented within the model as a generic system 

with object and assemblies. 

 

 

 

  

300 

Shows specific assemblies in the model element 

that is graphically represented. The model 

comprises specific system, object, and assemblies in 

terms of quantity, size and shape. 

 

 

 

350  

Contains mixture of specific detailed assemblies. 

The model element is graphically represented 

within the model as a specific system, object and 

assembly in terms of size, shape, and interfaces with 

other building systems.  

 

400 

Demonstrates complete details, assemblies. The 

model element is graphically represented within the 

model as a specific system, object and assembly in 

terms of size, shape, quantity and orientation with 

detailing fabrication assembly and installation 

information.  
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Summary  

LOD is a specification suitable to help increase the understanding of components composition, assembly 

details and components robustness, by showing the connection and information assemblies that needs 

to be seen at specific level. 

 

Conclusion  

Knowing the constraints attached to the interest for the use of proposed method, the author aim to 

create a model that meets the LOD 350 requirements applicable for: 

 Visual analyzes 

 Components quantity intake  

 Parameters and rooms analyzes 

 Assemblies connection analyzes and materials quantity. 
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CHAPTER 4 
 

 

 

4.1. Implementation barriers of BIM in existing buildings 

This chapter looks at roles, scope, limitations of BIM implementation in the facility management, 

maintenance of existing buildings. The section looks at Building Information Modelling application and 

implications with 2D paper drawings in terms functional, informational and technical issues when it 

comes to maintenance, visualization collaboration on existing buildings. 

4.2. BIM Value for FM 

According to, Interview (2) most construction stakeholders demand reduction of paper documents that 

contain information of equipment lists, product data sheets, warranties, spare part lists and preventive 

maintenance schedules, to be handed digitally. This method is essential to support the management of 

the facilities, the owner and property managers. The current process of information handover to FM 

phase is usually done manually and error prone due to lack of interoperability. As a result, information 

handed over are often incomplete, inaccurate and unpredictable (Booty, 2006).  

Yearly FM sector make significant financial losses caused by uncertainty that could be minimized with 

model interaction which would integrated in a BIM. Best et al (2003) believes that limitation listed above 

are the main drivers for the FM industry to look for ways to integrate BIM in the FM industry. In 

addition, Barret and Baldry (2004) argued that interoperability and visualization provided by BIM are the 

key elements offered by system, as well as possibility to create credible data’s and information of the 

facilities, which enable the stakeholders to assess and predict the current condition of the property in 

term of: 

 Building lifespan 

 Operational cost 

 Space availability 

 Space orientation 

 Materials condition 

 Building performance  

 Visualization of facilities  

 Information regarding all the systems 

 Structural and partition components  

 

Moreover, Eastman et al (2011) states that the quality and reliability of data created by BIM improved 

not only the entire collaboration, but increase also the workforce and efficiencies attached by the 

system itself. However, Teicholz (2013) thinks that popularity of BIM use in FM industry may increase 

further as facility managers become accustomed to work in a BIM environment, which requires 

considerable cultural changes in FM firms. In addition, BIM Task Group (2013) cites that BIM system also 

provides a fully populated asset data set useful for Computer Aided Facilities Management (CAFM) 
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systems and therefore reducing time wasted while obtaining and populating assets information, 

enabling to achieve optimum performance quicker, reduce running costs and refine target outcome as 

illustrated in the Figure 9. Additionally, the ability of extracting and analyzing views from BIM models, 

specific to various needs and users provides information to make decisions and improve the delivery of 

facilities (Azhar, 2011). Lewis and Whittaker (2012) also mentioned the precision nature of BIM in terms 

of interoperability helps generates accurate geometrical data that is not available with standard 2D 

drawings and traditional handover file used by FM managers.  

 
Figure 9: Illustration of information lost through traditional handover stages, taken from (BIM Task Group, 2013) 

 

4.3. BIM Challenges for facility management 

As previously stated BIM has numerous benefits for FM industry. However, it remains premature to 

understand all the challenges affecting BIM collaboration with FM applications due to complexities 

found on different building process. One of the main challenges often discussed in the literature is the 

lack of processes in place for updating the designed model as built information (Nisbe, 2012). It is also 

not clear about the best place to load data and maintain the model. Becerik-Gerber et al (2012) thinks 

that involvement of facility managers in an earlier stage of design process, would have a significant 

impact for facility managers profession, as they would be able to see the impacts of changes that could 

take place in the present and future operation (Azhar, 2011). 

 

According to, Booty (2006) the design decisions are not usually challenged for their impact on 

operational cost and maintenance. As a result, BIM data for FM is either lacking or inadequate. The FM 

field relies heavily on getting usable data from a BIM model to do meaningful things with. However, 

these data are often not available and are inaccurate, as the model has not been updated with any 

design changes made after the design phase, and is therefore not an accurate model for facility manager 

(Khemlani, 2011). As argued earlier AEC and FM cultural approach to adopting new processes is 

considerable slow and lack of convection, which has hindered the total acceptance of the new system. 

Also, AEC and FM industry are quite rigid when it comes to approach to new technologies and this 

perception may change when the benefits of BIM are clearly proved in the FM practice (Wiggins. 2010). 

Moreover, the lack of active involvement of FM during the modelling phase, beside the shortage of BIM 

skilled personal are also a notable hinders to the adoption of BIM in FM (BIM Task Group, 2013). The 

interoperability between BIM technologies and current FM technologies such as: Computer Aided 
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Facility Management (CAFM) contains several issues in the handover of information and data during the 

operational stage (Akcamete and Liu et al, 2011). 

 

Interviewee (2) believes unless the transfer of BIM data is automated and the value of BIM is 

demonstrated, it is unlikely that facility managers can improve their support cases for using BIM for 

existing buildings. On the other hand, Yee et al (2012) believe there is a need for open systems and 

standardized data libraries that can be utilized by any CAFM and Asset Management system without 

such non-proprietary format to boost the attractiveness for BIM adoption in FM industry. 

 

In addition, owners and facility managers pay heavy sums to have the key data transfered into relevant 

FM systems. However, to date the fee structure is undefined for such additional scope (Becerik-Gerber 

et al, 2012). An information exchange specification called ‘’COBie’’ (Construction Operations Building 

Information Exchange) was developed to provide a structure for the lifecycle capture and delivery of 

information needed by their owners, operators and maintainers, while there is an agreement that COBie 

is necessary for structuring data. COBie does not provide details on what information is to be provided, 

when and by whom and there is still limited knowledge in the identification of such requirements 

(Nisbet, 2012). Elvin (2007) thinks that lack of contractual and legal frameworks for the implementation 

of BIM in the FM industry are another vital details that facility managers need to prioritize for their 

information requirements, these are requirements areas that FM’s significantly struggle to meet 

(Becerik-Gerber et al, 2012). 

 

4.3.1. BIM for Facilities maintenance 

Facilities maintenance programs progress effectively with control of information with support of BIM. As 

discussed earlier, AEC and FM industry and owners begun to implement computer-aided facilities 

management in the existing building to BIM applications. BIM can provide the highest level of detailed 

information that is more comprehensive than any other source supplying to the FM manager (Gallaher 

et al, 2004). A properly implemented Computer Aided Facilities Maintenance or Computerized 

Maintenance Management System for Facilities Management help facility managers, planners and 

owners to better manage facility life cycles (Freeman, 2009). The information for a CAFM can be used to 

inform the design process, which result in better designs. This technology can serve as the integrating 

platform that captures information from the beginning to the end of a facility’s lifecycle, including that 

critical transition from sustainment to recapitalization planning. Facilities Maintenance is integrated in 

the 6th dimension (6D) of the BIM process and represents life cycle management. Therefore, adding this 

dimension has been a challenge of interoperability between programs and integration of all valid data. 

Once an integrated approach becomes mainstreamed, this dimension will have the huge value and 

return for its owners, because they will be able to see the greatest return of facilities throughout 

simulation of the property (Gu, 2010) 

 

4.3.2. BIM for financial asset management  

The last function of Building Information Modelling (BIM), is managing Real Estate Assets and providing 

information to corporate leaders (Howell and Batcheler, 2005).  After project delivery the owner needs a 
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tool to manage his assets. BIM seems the most logical tool to integrate this aspect of business. Once the 

faculties are properly managed at a micro level, layers will have the ability to analyse decisions and 

impacts from a macro level. BIM is probably the best illustrated tool during collaboration and 

negotiation phase, as the lenders are able to visualize the property before any agreement is signed 

(Fallon and Palmer, 2006). BIM may work as support tool for the Real Estate to help defining the identity 

of their business, because companies needs to assess the quality of leased space, since the operation 

cost of the building plays a vital role in the company profit. BIM also helps evaluate and managing the 

assets in a comprehensive manner with minimal risks for misjudgements (Giel and Issa. 2011). 

 

Goedert and Meadati (2008) states that other vital areas that Real Estate and Assets Management needs 

BIM, is on the facility simulation and predict building operational and running cost, as well as allowing 

the lender to prejudge their choices. Gu (2010) argued that creating an Integrated Program Controls 

system (IPC) is the next step in information modelling, which take a significant research and 

development. BIM could be used as backbone of this platform and provide the optimal structure to start 

the building. Once companies start to analyse more than one building on an integrated platform over 

the life cycle of a building, the benefits of IPC will be realized, because managing business assets is the 

final goal in using BIM as a management tool (Starkov. 2012). 

 

Communication with BIM  

BIM provides the project team with the ability to communicate information essential for making 

business decisions. Communication is the function of project delivery with the largest impediment to 

success and the area that needs the most improvement (Khemlani, 2011). The I in BIM, Information is 

the most important part of communication. Information is the key to BIM and its use as a management 

tool. The more information communicated from one single channel, the more accurately the 

information can be controlled and communicated (Lewis and Whittaker, 2012). With BIM the 

information can be visually displayed for greater understanding of the system as a whole, this allows 

owners to reach a better understanding of the final product. Arayici et al, (2009) stated, the current BIM 

technologies do not address all the issues of information communication of which they are capable of. 

He also thinks that BIM is still in the early stages in some department particularly on FM industry and 

will inevitably progress as long as there is enough interest and financial support. Both BIM technologies 

and the process needs to be improved. Bernstein and Pittman (2004), argued that BIM technologies 

needs to be created to host all building information from the project conception through the life cycle of 

building, so that owners can clearly communicate and adapt to internal and external market conditions.  

  

Implementation challenge and maintenance of models 

The FM and Real Estate’s industry have moved the attention to improve the understanding regarding 

the challenges associated with migrating from current FM processes to BIM based processes. Several 

key challenges were revealed and are mostly related to the implementations (Mill et al, 2013). There is a 

need to communicate and understand the benefits of BIM for FM (Johnson and Laepple, 2003).  

However, the FM team should have the skills to be in position of maintaining and controlling the BIM 

models, a concise BIM for FM specification must be developed to define the information required to suit 
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the particular requirements of the business and FM function. Holcombe (2008) acknowledged that there 

are still industry wide challenges related to technologies and processes.  

BIM model for facility manager 

In the Table 10 is a short description of type information needed in a BIM model that could improve FM 

to perform their task effectively classified as follow: 

 

SPACE ZONES COMPONENTS BUILDING ELEMENTS 

Quantities What space belong 

to which zone 

Installation date  Construction code 

Materials Different zone,  Components categories Material type 

Suppliers Technical area, fire 

protection provision 

Manufacturer Material thickness  

  Warranty expiration Manufacture 

specification  

  Product information 

details & instructions 

Supplier and 

Manufacture instructions 

 

Table 10: Suitable 3D model objects representation for facility managers, adapted from (Freeman, 2009). 

 

The IFC model Figure 10 serves to demonstrate the semantic information of different areas of the 

building, helpful to evaluate and predict key aspect of the building e.g.:  

 Material quantity   

 Time to replace components   

 Quality of building and facilities conditions   

Figure 10: Illustration of IFC model with object list 
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4.4. Informational issues 

An adequate interoperability remains a major obstacle in BIM data exchanges for existing buildings. 

Data structures are developed continuously to increase total interoperability.  

The ICT world divides interoperability in three categories e.g.: 

 Semantic interoperability: That focus on ensuring that precise meaning of exchanged 

information is understandable by other systems that were created for other use purpose 

 

 Technical interoperability: That focus on covering the technical issues by linking ICT machine 

(computers) to other services. 

 

 Organizational interoperability: That focus on defining companies goals such as; modelling 

business, improve collaboration, administrations information while supporting different 

processes and structures (IDABC, 2004).   

 

However, the interoperability that would enhance key areas in the AEC and FM industry would be the 

organizational and semantic interoperability, due to the capability to facilitate the translation and 

transition of information regarding the building objects e.g.: 

 Materials properties 

 Material specification 

 Components attributes 

 Components parameters 

 Composition of materials (Euzenat, 2001). 

   

On the other hand, the current scenario is that AEC and FM industry developments mainly focus on new 

rather than existing buildings requirements (buildingSMART, 2013). The new developed concepts such 

as: IDM and MVD were recently specified for functionalities of new and recently constructed buildings, 

for energy analysis of FM. The data’s enable to exchange information with potential decontamination 

planning and deconstruction progress tracking functionalities. Despite that, both concepts remained 

incomplete and further specifications are required, also MVD is not available for the actual ‘’IFC2×4’’ 

format (Bonsma. 2012). Furthermore, as long as research focuses on recently built structures and their 

requirements, rather than developing a standard system that focus on al type of buildings, the 

integration of BIM with existing buildings will continue to be slower. Also the lack of commitment and 

clear strategies from the AEC and FM industry, play a vital role in the further outpacing of BIM 

technology development for these type of buildings (Nicolle and Cruz. 2011).   

 

4.5. Technical issues 

Clear benefits are reported if BIM is used for FM in new buildings, regarding the improved information 

flows especially for project management that enable them to foreseen the positive return on 

investments throughout different periods of building life cycle (Mihindu and Arayici, 2008).  Despite, the 

well-known potentials BIM is not yet used in every department of AEC and FM industry. Several FM 
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approaches have already benefit from BIM information of recently built structures, through 

performance monitoring and virtual reality (Teicholz and Sacks, 2011). 

  

According to, Gallaher et al (2004) the implementation of BIM in existing buildings might affect the 

sustainability ratings and certifications process. Although, some sustainability ratings already include 

some end of life considerations. USGBC (2013) cited further the ability of BIM to integrate monitored 

values such as: energy consumption, waste water, maintenance costs into their rating to extend current 

assessment criteria’s with regard to recyclability, plays an important role in the analysis of environment 

impacts of the building throughout its life cycle. The introduction of COBie in BIM system improved 

further the information flow, by providing complete information details of architectural items and 

components such as: slabs, walls, footing, roof, ramps and stairs that are essential for refurbishment and 

deconstruction planning. Although ‘’flow segments and fittings’’ are not included in COBie, which are 

relevant areas for the maintenance, deconstruction separation of components and materials. Penttilä et 

al (2007) thinks there are many other important deconstruction functionalities that are not yet defined 

with BIM system, which may hinder the full prediction and interaction process. 

  

As stated the use of BIM in existing buildings contribute to better project and data management, 

however the system needs to overcome some major shortcomings starting with: 

 Handling the initial data captured from the automated model to BIM 

 Handling properly the information gained from maintenance report 

 Handling the model uncertain data and objects that are not integrated in BIM (Goldberg, 2005). 

 

Summary 

The assessment of building material and space quality are not the only advantages provided by BIM to 

FM industry. The system also plays a vital role in the analysis of layout and geometry of the facilities, 

within the possibility to create a schema properties with all building key attributes, that facilitate to 

identify weak areas of the building helpful to predict replacement date for the respective components.  

 

Recommendations 

Based on the states of art on BIM application for FM, the author was able to identify some issues that 

could improve the usability of BIM within FM industry, this leads to follow recommendations e.g.: 

 Educating the FM industry regard the BIM benefits in this field. 

 Educate FM manager by enable them to upgrade the BIM model themselves, when any design 

alteration take place. 

 Improve the collaboration with FM managers by involving them on the early stage of BIM 

adoption on their practice. 

 Improve collaboration between BIM designer and FM managers   

 Decrease software and training cost. 
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CHAPTER 5 
 

 

 

5.1. Pre-requisites for 2D to 3D transformation for BIM application 

This chapter analyze the initial processes that are required for a successful 3D model transformation 

from a 2D draft floor plans, as well as providing the sequential steps used in the investigation. This 

process is divided in two categories, step one and two shown in the Table 11.  

 

Table 11: Prerequisites steps 

5.2. Gather   
Objective: To collect facility information.  

Synonyms: Administration and collection of information from the drawing samples.  

Description: BIM is often used to gather information about a facility at various phases during a facility’s 

life cycle. Whether that is to count the specific amount of an element or determine the current status of 

a facility element to properly manage that asset, the use of BIM can greatly assist in this effort. This sub-

purposes of BIM uses include: Qualifying, Monitoring, Capturing and Quantify. In this primary purpose of 

BIM use, the author will gather and organize information about the facility that could be used for the 

transformation of 3D model from a 2D paper drawings. This will not determine the meaning or make 

interferences about the meaning of the information gathered, it solely focused on the collection and 

organization of the information. This is the first step before the transformation (Mac et al, 2010 and 

Interviewer 4). 

 

Capture  

Objective: To identify key elements and layers from the floor plan.  

Synonyms: Collection of facility information.  

Description: BIM is often used to capture geometric and attribute data about a facility. This can be done 

by using a number of methods and numbers of certain points of a facilities, the elements of the site 

prior to the development of a new facility, the conditions of an existing facility prior to the 3D 

transformation. Data’s could be created from captured information from the existing 2D drawing. The 

extracted information could be imported in the new 3D model, which is suitable for BIM system 

(Interviewer 2). 
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Quantify  

Objective: To measure and separate the amount of facility components.  

Synonyms: Take on and off the amount architectural layers into account.  

Description: For this purpose BIM is used for counting and collecting the amount of specific facility 

elements. This is usually used to predict and estimate the cost process. During the creation of new 3D 

model the facility quantities may be defined broadly within representation of a range of objects and 

subjects that could be changed during the integration process. Bearing in mind that 2D building 

drawings may not represent the reality of current states of the reference building case, it’s advisable to 

recalculate the size of certain space from the original existing dwelling, in order to avoid redoing’s and 

miss-interpretation on information (Interviewer 1, 2 and 3). 

 

Monitor  

Objective: To observe the facility elements of the original drawings. 

Synonyms: Observe and Measure.  

Description: Knowing that 2D drawing of existing building may not correspond with the original building 

conditions, an observation and measurements of the facilities may be advisable before the 

transformation take place (Interviewer 5).  

 

Qualify   

Objective: To characterize and identify elements.  

Synonyms:  Track and identify none and structural components.  

Description: This stage aims to track facility element embedded in the 2D drawings, to help determine 

where the components and architectural layers are found in the original building drawing. This includes 

information such as: columns, installation cables, walls, doors, kitchen, bath room components amongst 

other architectural entitles (Lu et al, 2007). 

 

5.3. Generate  

Objective: To create a 3D model from a digitalized 2D paper drawings of building.  

Synonyms: 3D model creation for BIM workflow.  

Description: BIM provides interactive information of building facilities, components and structural 

details, besides surrounding conditions often described as virtual reality (VR). When 2D paper is 

digitalized it is easy to transform a 3D model from it. Following the transformation of 3D model 

intelligent information details of building facility and components can be extracted from the generated 

model. The information gained from the created model could subsequently be integrated within a BIM 

workflow (Interviewer 2). 

 

Prescribe  

Objective: To determine and select specific elements of architectural layers information.  

Synonyms: Identify components sizes, classify and specify.  

Description: The information gained from the transformed 3D model, could be classified and specified 

when the model is imported to open source such as IFC format useful to be integrated in a BIM library. 
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The programmer and design team may prescribe the need for certain rooms and spaces in the facility, 

but the size of the component are already determined in the standard library, therefore components 

amendment can be done manually or determined beforehand (Park el al, 2004). 

Arrange  

Objective: To determine the location of elements and architectural layers.  

Synonyms: Configuration of components, facilities lay out, location of non and structural elements.  

Description: This phase is necessary to help identify the location and configuration of a room elements 

and architectural layers. When the location of elements are known in the 2D plans, is it’s easy to 

differentiate and separate from other components, before the 3D transformation take place 

(Interviewer 1 and 3). 

 

Size  

Objective: To help determine the sizes of facilities, components, architectural layers and objects 

embedded in the 2D drawing.  

Synonyms: Scaling the model, add new sizes.  

Description: The size is a vital part of the process before 2D plan is transformed into a 3D model. As 

previously stated, the sizes presented in the original 2D drawing are often not accurate therefore field 

work may be required before transformation take place (Song et al, 2002). 

 

5.4. Analysis  

Objective: To examine the quality of new transformed model, regard the information and its semantic 

richness.  

Synonyms: General evaluation of new 3D model.  

Description: Analyzing the qualities of transformed 3D model is a vital part of this investigation. The 

author aims to use this information in the rating schema and he will focus on the accuracy, time 

consumption and deviation from the original drawings, all suitable information for BIM workflow 

(Interviewer 1 and 5). 

  

Coordinate  

Objective: To ensure the efficiency, harmony and the relationship of facility elements are placed 

properly.  

Synonyms: Clash detection (connections errors and components mismatches)  

Description: Coordinate is used to smooth the transition of 2D building drawings into successful 

transformation of 3D model. Coordinate help analyzes facility elements and ensure their relationship to 

other elements are correctly placed and in harmony. This process is also called clash detection, collision 

avoidance, design coordination, interference management. This purpose is used to ensure that the 

facility fits together by taking into consideration all systems and building components (Sheraz et al, 

2013). 
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Forecast 

Objective: To predict the quantity of components embedded in the new model based on other valuable 

assessments.  

Synonyms: Used tools performance analysis and prediction and evaluation of model semantic 

information.  

Description: Following the transformation of 3D model from 2D floor plan, the author is able to gain 

component details that could be used for simulation, prediction and performance analysis of used 

programs. The forecast phase is useful practice to predict: financial issues related to staff cost in 

generating the 3D model as well as the model usability for AEC and FM industry (Interviewer 1, 2, 3, 4 

and 5). 

 Validate  

Objective: To assess the semantic richness of new model beside its potentials for AEC and FM industry 

(Interviewer 1 and 2). 

Synonyms: Control and confirm.  

Description: This process is used to ensure that information taken from the 2D building drawings are 

correctly done and imported to the new 3D model. The validation phase is important to help analyze 

and compare the information gained from the new model to be compared to the case study model 

sample (Tabbone et al, 2003). 

 

5.5. Communication  

Objective: To present semantic information about facilities and components as well as the method in 

which it can be shared and exchanged among stakeholders.  

Synonyms: Exchange of details information, schedule plans needed to generate certain objects and 

components.  

Description: The primary use advantages of BIM is to exchange and communicate facilities information 

and element details. The communication purpose is used to present and compare the information 

gained from the newly transformed 3D models with case sample (Interviewer 1, 2, 3, 4 and 5).  

 

Visualize  

Objective: To demonstrate a realistic representation of facility and elements in 2 and 3D form.  

Synonyms: Components, elevations and facilities views in 2 and 3D.  

Description: Communication is an integral part of BIM, building projects are better visualized 3D. This is 

a powerful tool for those who have not been trained within the design and construction industry, but 

are critical stakeholders and decision makers. The visualization of 3D model includes the form of the 

facility and elements in a broader sense. In addition. 3D visualization includes, renderings, schedule, site 

views among others important aspects of the building (Interviewer 1, 2, 3, 4 and 5). 

 

Transform  

Objective: To transform 3D model from a digitalized 2D building floor plans.  

Synonyms: To create 3D model with semantic information and details.  
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Description: In order to gain a BIM processed facility information and details, the 2D building drawings 

has to be digitalized, in order to facilitate the transformation of 3D model. This process creates 

information data’s that are useful for visualization and interoperability of 3D model (Zhi and Fang, 

2003).  

Draw  

Objective: To use key 2D line or symbol for transformation of 3D building facilities and components. 

Synonyms: Digitalized 2D drawings plans to facilitate the transformation.  

Description: The affective transformation of 3D model from a digitalized 2D building drawings remains a 

challenge for AEC and FM industry. The transformation of parametric symbols and other building 

elements and architectural layers to 3D, generates intelligent information that comprise component 

details such as: isometric lines, diagrams, 3D images and all other key symbolic representations that are 

useful BIM system workflow (Zhu et al, 2013). 

  

Document  

Objective: To create record of non-structural and structural components, facility information and 

architectural layers details and compositions. 

Synonyms: To specify, classify, typology, schedule and report semantic information available in the new 

model.  

Description: The transformation of 3D model generate information and details of the components and 

building facilities, that could be used to generate construction schedules, construction report, which are 

vital for decision making process in a building project, as well as for prediction of future activities (Zhu et 

al, 2013) 

5.6. Realization 

Objective: To create 3D model from a digitalized 2D drawing floor plans with facility information and 

components details applicable BIM system workflow. 

Synonyms: Effective transformation of 3D model within respective semantic information and details.  

Description: An effective transformation of 3D model from a digitalized 2D paper drawings, would allow 

the AEC and FM industry, not only to control the physical elements of the facility but also to view 

elements appearance and assembly, this would enable them to control and regulate the information 

embedded in the new model, increasing both productivity and better assessment of facility condition 

before and after construction project is realized (Guoping et al, 2010 and interviewer 3). 

 

Assemble  

Objective: To connect the separate elements of a facility information to a family library.  

Synonyms: Standard components size and volume and compositions.  

Description: Bearing in mind the standard components information embedded in the used tools 

libraries, the assembled elements of the new 3D model could be matched and amended with similar 

elements found in library of used tools (Interviewer 1 and 2). 

Control  

Objective: To control the quality and semantic richness of new 3D models.  

Synonyms: Simulate performance of used tools, manipulate facility and components information.  
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Description: Following the successful transformation of 3D model, the model is imported to IFC file and 

Solibri (model view checker) to help controlling the model quality and its completeness (Song et al, 

2002). 

 

Regulate  

Objective: To standardize the information gained from new model.  

Synonyms: To use component libraries of used tools in combination with building regulations.  

Description: The models completeness and its semantic richness are vital for a BIM system workflow, it 

helps regulate facility elements and allows facility operators to optimize their operations throughout the 

model which is important for the prediction of building life cycle (Valveny and Dosch. 2004 and 

Interviewer 2 and 4). 

 

Summary 

As discussed in the prerequisites chapter, the transformation of 3D model from 2D paper drawings 

remains a complicated issue for the AEC and FM industry. Although, the steps listed above are critical 

steps for a successful transformation process. The divided categories are important for different stages 

of the transformation methods. Gather is important to collect, quantify and identify facility information 

from 2D drawings. Generate is used to create the 3D model, differentiate components from other 

architectural layers. Analysis useful to validate, coordinate the accuracy information gained from new 

model. Communication helps to inform and visualize the quality and reliability of the information gained 

from the transformed 3D model. Realization is the final part of the transformation process that focus on 

controlling, standardize and regulate the components embedded in the new 3D model.   

 

Recommendations   

The transformation phases may vary considerable, depending on the tool and methodology demanded 

by each design application, which leads following recommendations e.g.: 

 Choose a method that is familiar to the staff 

 Choose a system easy and affordable to be adapted to the system used in the company  

 

OBS: Choosing the right system (program), based on the company expertise and employees 

competencies (Interviewer 1, 2, 4 and 5). 
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Experimental outline 

The experimental plan Figure 11 will be used as guideline for the practical phase of the investigation. 

Figure 11: experimental plan sequences 
 

Experimental tools assessment 

The performance assessment of tools used for this investigation focus on: 

 Components accuracy range  

 Quality of the extracted model 

 Deviation from the original drawing 

 Semantic richness of the generated model  

 Time to complete the transformation of 3D model 

 Quality of the information reliability gained from new 3D model 
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General description  

Digitalization of the 2D paper drawings. 

Select the preferred color and DPI (Black and White was the selected color with scan resolution of 600 DPI) 

Convert the Bitmap file into Vector format (DWG)  

Convertors comparison 

AutoDWG PDF to DWG converter  Print2CAD  Able2Extract 

Legend Application options Legend Application options Legend Application options 

Files format  Available - Files format Available - File format Available - 

Objects recognition - - Objects recognition  Available - Objects recognition - Not available 

Accuracy  - Not  available Accuracy  Available - Accuracy  - Not available 

Text & image extraction  - Not  available Text & image extraction  Available - Text & image extraction Available - 

Scan support  Available - Scan support  Available - Scan support  Available - 

Adaptability  available - Adaptability  Available - Adaptability  - Not available 

Color amendement - Not  available Color amendment  Available - Color amendement        - Not available 

 

Criteria’s Criteria’s Criteria’s 

Conversion time  3-5 min Good Conversion time Approx. 1,5 min Excellent Conversion time  7-10 min  Poor 

Application cost 201 euro p/year Poor Application cost 163 euros p/year Good Application cost 118 euros p/year  Excellent 

File quality   - Good File quality  - Excellent File quality  - Adequate 

Application options - Good Application options - Excellent  Application options - Good 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiWnYXZp6TKAhVDOg8KHRXVBU8QjRwIBw&url=http://nnm.me/blogs/spiker20/print2cad-2016-7th-generation-14-51-0-0/&psig=AFQjCNGLoTUPWErhhD-cDZSe5sHoFF3UHA&ust=1452689325204920
http://able2extract.en.softonic.com/
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Table 12: Show the performance of conversion application 

Assessment scale 
File conversion is an integral part of the investigation. The convertor were selected based on their respective qualities and their frequent use in the AEC and FM industry. Their performance will be assessed with criteria’s e.g.: conversion time, application 

cost, file quality and program conversion options. The selected criteria’s were chosen to analyze the strengths and weakness of used application, it serves also as criterion advice regards the best conversion application. The criteria’s scores are embedded in a 

table, with numerical rating with representations value listed below: 

0. Represents poor that means the used tool does not address any aspects of the criterion.  

1. Represents adequate, means the used tool does not address all aspects of the criterion, while demonstrating significant weaknesses.  

2. Represents good, which means the used tool addresses all aspects of the criterion, while demonstrating few weaknesses. 

3. Represents best that means the used tool fully addresses all aspects of the criterion convincingly, while demonstrating minor weaknesses.  

4. Represents excellent, which means the used tool fully addresses all aspects of the criterion, convincingly and demonstrates no weaknesses. 

 Legend  

 0 = poor  

 1 = adequate 

 2 = good 

 3 = best  

 4 = excellent 

Points = evaluation score  
 

Conversion time: This criterion serves to assess the time required to convert PDF into DWG file, which means the higher the score the more suitable is the system. The conversion time will be measured with timer Figure 10 from the Section 6.2 , The timer 

will be set up zero stand.  

Application cost: This criterion serves to evaluation the applications cost, which will be measured by comparing the yearly licence cost attached per application.   

File quality: This criterion assess the general quality of converted file, which focus on the draft accuracy such as: components, lines disconnections, entitles differentiation and visible imperfections produced during the conversion. This means the higher 

precision and clarity among of objects meaning on DWG draft the higher the score. The quality of the models will be measured manually by the author. The comparison focus on the converted file in terms of e.g.: Quantity of disconnected lines, quantity of 

lines thickness differentiation as well as the total visual appearance of the converted file illustrated below. 

Program conversion options: This criterion serves to assess the conversion option embedded on the used application, which focus on e.g.: file conversion option and applications input e.g.: OCR of text, entity, circle, arc, lines type and colour recognition, 

beside the conversions possibility of PDF to divers files format, which means the higher the score the more the input and conversion possibility are available within application. The programs option will be measured based on the information and provided by 

each program vendor. 

 

Conclusion and recommendations 

The conversion time, cost, quality, options and the robustness of conversion applications are integral part of this investigation. The performance liability of these applications play a vital role for the final product of this research. As shown in the criterion 

Print2CAD seems to be the best convertor application, due to its conversion speed, file quality, vast numbers of conversion possibilities and simple to use, despite been slightly expensive than Able2extract. 

 

The applications options characteristics were adapted from the vendors information guidelines. 
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Criteria’s score value 

The criteria’s score Table 12 describes the performance and suitability of used application in 

different areas during the draft conversion, the scores are classified as follow:  

 The conversion time scored 4 out of 4, this means the used tool performed excellently 

during the production of given task.   

 The efficiency application cost 3 out of 4, this mean the used tool performed well in most 

areas, while showing few weakness. 

 The file quality scored 2 out of 4, this means the tool performed poorly in some key aspects 

during the conversion. 

 The program conversion options scored 3 out of 4, this mean the used tool performed well 

in most areas, while showing few weakness. 

 
Conversion applications 

Focus of evaluation AutoDWG PD to DWG 
converter 

Print2CAD Able2Extract 

1 Conversion time  2 4 0 

2 Application cost 0 2 4 

3 File quality  2 4 1 

4 Programs conversion options 2 4 2 

Total score 6 14 7 

Maximum scores 16 
Table 14: Show the scores performance of conversion application 

 

5.7. Sequential approaches for 3D model transformation  
Revit architecture 

1- Import the DWG file to Revit design interface by selecting import CAD 

2- Determine the DWG scale in millimetre (mm) during the importing period (use the original sizes as departure point) 

3- Select the desired material type from the property (add or remove layers from the standard Revit components is possible from this 

component library) 

4- Change the Revit standard building height to the desired by, changing the floors and roof height values. 

5- Select the proper wall type and drawing line, subsequently draw over the DWG floor plan lines. 

6- Add building component e.g.: windows and doors from the quick access tool bar, by selecting the respective component, thereafter 

drag the component to the desired area on the wall.   

7- Create elevations views from the views by, adding views in the desired areas on the work interface. 

8- Lock the elevations components attached on the wall, by highlight the component then select lock. 

9- Draw the first roof piece on the respective plan, by tracing over the roof line. 

10- Trim walls to the roofs to clean up the model, by highlight the unwanted areas then use the trim to remove these unwanted 

components and shapes.    

11- Clean unwanted components and shapes on the model 

12- Check the 3D model view from the 3D model, use the navigation bar to zoom in and out the model. 

13- Check the elevations and plans from the views options 

14- Export the 3D model as an IFC file, select save as IFC file to create a 3D IFC model 

15- Following the successful transformation of new 3D model, a BIM report could be generated from IFC model 

16- Making details  (LOD 350) 

Transformation time  6 hour/43 min (taken from Chapter 6 page 70) 

Labour cost 772, 41 euros (taken from page 71)  

Model quality  3 out of 4 (rating table Chapter 6 Section 6.3) 

Options to BIM workflow Few (based on the application options to connect with BIM workflow) 

http://able2extract.en.softonic.com/
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Robustness Excellent (rating table Chapter 6 Section 6.3)  

 

ArchiCAD 

1- Create a new project from the ArchiCAD tool interface 

2- Import the converted DWG file used in the first experiment  into work interface 

3- Select the drawing command to import the DWG file 

4- Coordinate the worksheet origin points from the interface, to well positioning the DWG file 

5- Change the ArchiCAD standard height for the height of the reference case model, by select the floor height subsequently change the 

values 

6- Import the DWG file to the desired working floor as under layer, from the document menu bar 

7- Use the previous step for every floor 

8- Move the original master template base slabs, elevation and gridlines near the traced DWG 

9- Select the proper wall and drawing lines, thereafter trace the outline of the building according to the DWG floor plan lines.  

10- Repeat the same procedure for the upper floor.  

11- Place windows in the walls, use DWG plans as references for location and width of components 

12- Adjust window, doors colour and glazing patterns to match the case model, by change the semantic and appearance from the 

building materials library 

13- Draw the first roof piece on the plan, by tracing over the roof outline on the DWG plan 

14- Change the thickness of walls and roof of each elevation, by change the parameter values from the materials library  

15- Determine roof height by adding extra floor levels in the storey section. The roof height could be direct connected to the additional 

height 

16- Check the quality of 3D model from the navigator toolbar 

17- Check the elevations quality from the project map, by selecting the preferred elevation for visualization 

18- Check floor plans quality from the project toolbar, select the desired storey for visualization 

19- ArchiCAD generates directly building report, since ArchiCAD already operates inside BIM workflow 

Transformation time  4 hours/ 29 min (taken from the rating table Chapter 6 Section 6.3) 

Labour cost 515, 58 euros (page 72)  

Model quality  4 out of 4 (rating table Chapter 6 Section 6.3) 

Options to BIM workflow Excellent (based on the application options that works direct within BIM workflow) 

Robustness Excellent (rating table Chapter 6 Section 6.3) 

Evaluation criteria 
The selection for the best 3D transformation tool focus on 6 criterions, transformation time, labour cost, model quality, options to BIM 

workflow and application robustness. 

Summary: Either application are capable of producing a smart 3D model that is robust with high quality. Despite that, there is a notable 
difference in the transformation time that plays a role in the labour cost. The time difference was caused by changes required for steps 
6, 9, 10, 11, 13 and 15 of the Revit workflow in order to match the case study model. 
 

Conclusion and recommendations 

Based on the results gained from the criterions, It can be conclude the best design application to effectively transform a 3D model from 

2D drawings of floor plans, which is also applicable for BIM system is ArchiCAD. Due to its speed to create 3D model that shorten labour 

hours, the quality of generated model that is informative and robust as well as its direct connection with BIM workflow and 

interoperability embedded within application. 

Table 13: Used tool performance valuation 
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CHAPTER 6  
 

 

 

6.1. Research methods review 
This chapter reports the results gained from the experimental tools, rating table, findings, 

comparisons regarding the advantages and disadvantages of each system.  

 

Literature 

The literature review showed significant obstacles on the integration of 2D building drawings within 

a BIM system, as well as the advantages that process may bring if it’s successful integrated in the 

AEC and FM industry. The literature clearly sees the education and awareness of AEC and FM 

industry as key area for the successful integration of both system with BIM, which means: 

 Improve current strategies methodologies 

 Improving collaboration between software vendors 

 Improve the collaboration between FM manager and designers, since they are directly 

involved in the limited used and integration of both systems with BIM. 

 

Interviews  

The role of interviews in this investigation is to enhance the understanding regarding the limited use 

of both the systems, while providing deeper understanding of why and how the problems could be 

reduced, as well as how the systems could improve design analysis and constructability in AEC and 

FM industry. The (I) interviewed members are directly connected with the BIM adoption in their 

respective projects. The investigation used structured and semi-structured interview style, in order 

to provide the interviewers with freedom to elaborate broadly on the concepts behind the limited 

use of 2D paper drawings with BIM, as well as the respective adoption in the AEC and FM industry. 

The interview responses were analyzed and compared with literature review and experiments 

results. Additionally, discussion will take place with conclusions and recommendations of entire 

investigation will be made. 

Revit architecture   

The investigation carefully selected Revit architecture for the transformation of new a 3D model, 

due to its e.g.: 

 High level of flexibility 

 High quality to generate 3D models   

 Accurate estimation of materials quantities 

 Vast library of parametric building components 

 Quick in transforming a complete intelligent 3D model 

 Excellent in producing a well detailed elevations and floor plans 

 Excellent  in transforming 3D building geometries with complete details 

 Excellent in creating semantically coherent intelligent and informative 3D model 
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ArchiCAD  

ArchiCAD is another tool also carefully selected for this investigation, due to its capabilities to 

transform new a 3D model that comprises e.g.:  

 High degree of flexibility  

 Model information richness 

 Intelligent model parameters  

 High quality model information  

 Accurate estimation of materials quantities 

 Generates reports during the transformation  

 Vast library of parametric building components 

 Quick in transforming a complete intelligent 3D model 

 Highlight clash detection directly, when a services duct, pipe, non or structural component 

cross (intercept) one another at wrong place, or when it does not fit within given space in 

the model 

 

6.2. Rating table    

The evaluation focus on reporting the strengths and weakness of used tools in a numerical manner. 

Following that, a recommendation list will be drawn emphasizing the barriers that hinder the 

interest use of the systems, in combination with the views of AEC and FM industry. Following that, a 

comparison of the literature review, interviews and results gained from the experimental model will 

be made to help emphasizing factors behind these problems. 

 

Evaluation criteria 
The evaluation criteria is an integral part of the investigation scheme, it’s an additional support 

mechanism to help examine the factors behind the performance of used systems. The investigation 

focus in evaluating criteria’s such as: relevance, suitability, efficiency effectiveness and quality. The 

selected criteria’s were chosen to analyze the strengths and weakness of used tools. The criteria’s 

aims to evaluate the tools performances and are embedded in table, with numerical rating 

introduced in Chapter 5, Section 5.7 page 65. 

  

Relevance: This criterion serves to assess the tools applicability and suitability to the research in 

study, which means the higher the score the more suitable is the system. The relevance criterion will 

be measured by comparing the general activities and complexities embedded on creation of new 

models regarding .e.g.: 

 Time required to produce the complete model e.g.: timer  

 Calibration time required per tool, to import a 2D floor plan into the respective program 

interface e.g.: timer  

 Clash detections on the model e.g.: with the support of Solibri Model View checker 

 Scope and limitations of each tool, will be measured with interviewer responses and the 

empirical  results, bearing in mind the objectives of investigation in study e.g.: 

- Creation obstacles of used tools 

 

Suitability: Examine the usefulness and appropriateness of used tools. This means the more 

applicable the system the higher is the score. The suitability will be measured by analyzing the cost 
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associated regarding the staff training and acquisition of new software. This will be measured with 

responses gained from the interviewers e.g.: 

 The labour price per hour, on the creation of new model 

 Usefulness of new model  by clearly identifying e.g.: 

 Purposes use of the model, for theory and practices in terms of e.g.: 

- Visualization 

- General model value 

- Facility condition assessment 

- Prediction and performance analysis 

- Cost, quality and time information 

- Maintenance and construction sequences 

 

Efficiency: This criterion enables assessing whether the tool is ergonomic, as well as helping to 

examine the relations between input and output, which means the easier and applicable the system 

is, the higher the efficiency score. The efficiency will be measured by comparing the transformation 

efficacy of used tool regarding to e.g.: 

 The transformation easiness of model and components details. The measurements of 

efficiency criterion will take place with numerical comparison e.g.: 

- Number of errors (clashes) generated by the models 

- Building material quantity e.g.: walls, windows, doors and slabs.  

 

Effectiveness: Examine the degree performance to which the tools used need to transform the 

models, this criterion mainly focus on transformation time required to generate the new model. 

Which means the quicker and simpler the system the higher the score. The effectiveness will be 

measured with support of a timer Figure 18, the timer will generate numerical results of e.g.: 

 How much time users had to spend incorrect ways of using the tool’s functionality before 

arriving at a desirable result 

 

Quality: This criterion assess the generated model accuracy and imperfections produced in the new 

model. This means the higher precision and completeness of the model the higher the score. The 

quality of the models will be measured by comparing: 

 Quantity of errors, measured with Solibri Model View checker e.g.: 

- Components mismatches 

- Misplaced columns, walls, doors, windows, partition walls etc.  

 The semantic richness of the model, which will be measured with usage of Solibri Model 

View checker to help emphasize the quality level and completeness of each model by mainly 

focus on  their geometric qualities in terms of appearance. The semantic richness of used 

tools is determined by the modeler. Therefore, he aims to mimic the models components 

details that will help him to assess the semantic appearance quality produced by each tool. 

 

Criteria’s score value 

The criteria’s score Table 15 describes the performance and suitability of used tool in different areas 

during the model transformation, the scores classify the following:  

 The relevance scored 4 out of 4, this means the used tool performed excellently during the 

production of given task.   
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 The efficiency scored 3 out of 4, this mean the used tool performed well in most areas, while 

showing few weakness. 

 The effectiveness scored 2 out of 4, this means the tool performed poorly in some key 

aspects during the experiments. 

 The quality scored 3 out of 4, this mean the used tool performed well in most areas, while 

showing few weakness. 

 

Focus of evaluation Revit ArchiCAD 

Criteria’s Score Score 

1 Relevance 3 4 

2 Efficiency 2 3 

3 Effectiveness 2 3 

4 Quality 3 4 

Total score 10 14 

Maximum score - 16 

Table 15: Rating table 

6.3. Results 
This Section focus on comparing the case model with new in terms of similarities e.g.: visual 

appearance and deviation from the case study model. The model is a single store residence that was 

designed with Google sketchup design applications. As stated the Revit architecture and ArchiCAD 

were used as experimental design tools, which may produce different results in some visual aspects 

of the model. Moreover, both design applications are capable of producing intelligent and high 

quality 3D models useful for either AEC or FM industry. The assessment of the models focus on most 

critical domains behind the limited use of these programs in the industries mentioned. In order to, 

gain a better understanding regarding the issues hindering the use of existing tools in the AEC and 

FM industry the experiments focused on analyzing performance of both design applications in the 

areas described beneath. 

 

Time used in the creation of new Revit 3D model 

The transformation time used to produce the Revit 3D model was 6 hours and 43 minutes (See 

Section 5.7. page 62).  
 

Calibration time 

The time used to calibrate the proposed digitalized paper drawing was approximately 1 minute. The 

time depends on each of the tools specification and computer (hardware) compatibility to perform 

the given task. 

 

Model errors 

Despite the author aim and consciousness to produce a 3D model with least possible errors, the 

Table 16 demonstrated that model created by Revit architecture contains 9 errors, caused mainly by 

walls, windows and doors intersection. The author believe these clashes are caused by intensive use 

of different walls, doors and windows with different compositions. The errors were measured with 

the support of Solibri model view checker. 
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Table 16: Revit architecture model errors, taken from Solibri model view checker 
 

Model cost 

The production of the 3D model with Revit architecture took 6 hours and 43 minutes. The wage per 
hour for an experienced modeler at Kontek BV is 115 euro and 85 for a less experienced, this means 
the transformation of a new model from digitalized 2D paper would cost 772, 41 euro for an 
experienced modeler and 570, 91 for a less experienced (Interview, 3). 
 
Semantic richness  
The semantic richness of the new model is determined by the author, as shown in the Figure 14 this 

could be done Revit standard library by changing architectural layers, objects and building 

components composition, properties and patterns. This increases the flexibility of the system as the 

standard library comprises all component family assemblies, which facilitates the amendment of 

components and objects, by adding or removing layers, as by increase or decrease the visual 

appearance of model, elevations, component patterns and other valuable details.  

 
Figure 14: Revit architecture library for semantic changes of a  wall plan detail 

 

Time used in the creation of new ArchiCAD 3D model 

The transformation time used to produce the ArchiCAD 3D model was 4 hours and 29 minutes. (See 

Section 5.7. page 63).  

Calibration time 

The time used to calibrate the proposed digitalized paper drawing was approximately 30 seconds.  

Calibration is a process to measure time consumption of upload, convert, import or export 

depending on the respective field. As mentioned earlier, the calibration time depends on each of the 

tools specification and computer (hardware) to perform the given task. 

Model errors 
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Based on the results gained from the previous experiment, the author increased its awareness in 

order to produce a 3D model with least possible errors. As shown in Table 17 the model created by 

ArchiCAD contained 3 errors, caused mainly by wall and room intersections. The author believe 

these clashes are caused by wall and room connections. Like the previous experiment, the errors 

were also measured with the support of Solibri model view checker. 

Table 17: ArchiCAD model errors, taken from Solibri model view checker 

Model cost 

The production of 3D model with ArchiCAD took 4 hours and 29 minutes, that means the new model 
cost approximately 515,58 euro for an experienced modeler and 381 for a less experienced 
(Interview, 3). 
Semantic richness  

Likewise Revit architecture the new model semantic richness is determined by author, as shown in 

the Figure 16 this is done through the ArchiCAD standard library that contains all of components 

family assemblies, which allows the easy amendment in the composition of non and structural 

components and objects as well as increase or decrease the visual transparency of model, 

elevations, components pattern and other key details. 

 
Figure 16: ArchiCAD library for semantic changes of a  wall plan detail 

Model value and usefulness 

Knowing the laborious nature of the process and costs attached to the creation time of new 3D 

model, it’s important that the model represents the value for money. In other words the model has 

to provide valuable information for AEC, FM and owners in order to increase the attractiveness use 

of thess methods, in this case the model needs to provide valuable information such as: 

 Elements that are graphically represented 

 Non-graphic information 

 Materials compositions  

 Model specific systems 

 Building parameter 

 Material quantities 
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 Model assemblies 

 Model size, shape 

 Model objects (Interview 1, 2, 4 and 5) 

Additionally, the model owners could be persuaded to opt for this methods as the information listed 

above could be used for: 

 Construction plan permission 

 Facility management 

 Maintenance provision 

 Materials quantity 

 Building performance analysis (Interview, 1 and 3). 

 Figure 17 show the example of valuable Building Information generated by ArchiCAD application. 

Figure 17: BIM information generated within ArchiCAD application workflow 
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Likewise ArchiCAD, Revit architecture generated similar Building Information as illustrated in the 

Figure 18. 

Figure 18: BIM information taken from IFC model generated from Revit architecture application 
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Table 18: Comparison of case study information versus the new models 

Case study model  

Ground floor  Kitchen Sitting Corridor Toilet Doors Windows Bathroom 

Size (mm) 5995x3200 8495x4700 1500x5995 1710x1500 Divers Divers 3700x4120 

Quantity 1 1 1 1 12 8 1 

Surface area (m
2)

 19.2 39.4 14.8 2.4 - - 10.4 

Top floor Bedroom Plant room Garage Foyer Corridor Toilet &bath Balcony 

Size (mm) 4750x3200 1150x3000 1040x3299 2500x5900 1150x4390 1690x2000 1500x5600 

Quantity 1 1 1 1 1 1 1 

Surface area (m
2)

 15.7 1.3 31.4 - 8.8 5.1 - 

 

Revit architecture 

Ground floor  Kitchen Sitting Corridor Toilet Doors Windows Bathroom 

Size (mm) 5995x3200 8495x4700 1500x5995 1710x1500 Divers Divers 3700x4120 

Quantity 1 1 1 1 12 8 1 

Surface area (m
2)

 19.2 39.4 14.8 2.4 - - 10.4 

Top floor Bedroom Plant room Garage Foyer Corridor Toilet & bath Balcony 

Size (mm) 4750x3200 1150x3000 1040x3299 2500x5900 1150x4390 1690x2000 1500x5600 

Quantity 1 1 1 1 1 1 1 

Surface area (m
2)

 15.7 1.3 31.4 - 8.8 5.1 - 

 

ArchiCAD 

Ground floor  Kitchen Sitting Corridor Toilet Doors Windows Bathroom 

Size (mm) 5995x3200 8495x4700 1500x5995 1710x1500 Divers Divers 3700x4120 

Quantity 1 1 1 1 12 8 1 

Surface area (m
2)

 19.2 39.4 14.8 2.4 - - 10.4 

Upper floor Bedroom Plant room Garage Foyer Corridor Toilet & bath Balcony 

Size (mm) 4750x3200 1150x3000 1040x3299 2500x5900 1150x4390 1690x2000 1500x5600 

Quantity 1 1 1 1 1 1 1 

Surface area (m
2)

 15.7 1.3 31.4 - 8.8 5.1 - 

New model applicability for AEC, FM and owners 

The semantical richness on new models, play a vital role in the attractive use of the methods proposed in this investigation, 

as well as their differences from the case study model. Based on the results listed above, it’s possible to conclude that 

either systems are capable to produce 3D applicable for BIM/IFC file while matching the original case model, in terms of 

space sizes, material quantities and room’s surface areas among other valuable information. The new models could support 

the AEC, FM and owners throughout different building phase, as listed below: 

 

See appendix for the comparison of case study elevations and floor plans to the new models. 

Architect Engineer and Constructor Facility Managers and Owners 

Quality rendering and digital 

fabrication 

Available space for equipment’s services  Building size and energy analyzes 

Building, scale and mass Building performances analysis and 

prediction of energy, water and materials  

Facility visualization and condition 

Components assembly and 

connections   

Structural, non-structural connection and 

composition of materials 

Availability of areal surface, Maintenance 

and operation prediction for facilities 

Components compositions and  

Material typology 

Site condition analyses for security of 

operators (workers) and material safety 

Renovation, Planning and Schedule 

prediction for different construction phases  

Building report for procurement 

and contract (for initial phase) 

Contracts (for initial phase) and Building 

construction report 

Components sizes, Good for decision 

making process 

Construction cost and quantity 

take off 

Construction cost, time and quality Sequential construction phase prediction 

Code Compliance Planning and construction schedule Building report 
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Model evaluation 

 
 

 
Figure 19: Case study elevations and floor plans 
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Figure 20: Sample case elevations and floor plans Revit architecture 
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 Figure 21: Sample case elevations and floor plans ArchiCAD 
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Models details  
 

 
 

Figure 22: Model details 
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6.4. Findings 

Throughout this thesis several findings have surfaced regarding the non-existent use of 2D building 

drawings with a BIM system. Therefore, with improvements on the findings listed below could 

increase the use of 2D paper drawings with BIM system workflows. 

 

 The vectorization system should be used more effectively, by making the computational 

process accessible to the users, which will allow them to improve the mathematical process 

that happen behind the scene. Doing so, will increase the efficacy on the transformation of a 

complete 3D model, by generating a Vector file that facilitates to add and remove 

embedded architectural layers, space parameters and structural components before the 

transformation take place. 

 

 Lack of clear role, direction and responsibility by CAD and ICT industry, of who is going to 

take this issues forward. This is necessary to help identify the main technical obstacles, while 

bringing the new discoveries and knowledge from CAD developers to a single collaboration 

panel. 

 

 Lack of demand and interest from the AEC, FM, clients and government, to standardize and 

automate this process further. The workflow of digitizing drawings to models will not 

become a reality as long as the involved industry are not demanding more effective methods 

to generate BIM model from 2D paper. 

 

 Lack of persuasive technologies and methods. It seems that every CAD developer is working 

in their own solution for the related problems. This makes the transformation process 

confusing to a certain extent among the stakeholders, as each design application works 

differently in producing a smart 3D model that can be directly connected within BIM system 

workflow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



79 

 

6.5. Contribution 
The contribution of this research is a threefold study providing an analysis related to the state of the 

art regarding the topic by examining: 

 Pinpoint usability and added value of models created from scanned legacy drawings to AEC 

and FM industry. 

 

 Providing a recommendation list with the technical and non-technical areas that could boost 

the use of the method proposed in this study. 

 

 List the problems/issues why Revit and ArchiCAD applications have not been successfully 

used to facilitate the derivation of BIMs from paper drawings.  

 

 Showing the influence and impact obstacles/thresholds holding back the adoption of 2D 

scanned legacy drawings in a BIM systems workflow. 

 

 Show the roles of the AEC and FM industry in their practice to manage and transform a 

model from paper with potential to be used with BIM system workflow, in a more effective 

manner by synthesizing and reporting all the findings. 

 

 Pinpoint the improvements required for the used applications during the transformation of 

BIM.  
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CHAPTER 7 
 

 

 

7.1. General conclusions 

Contains the final conclusion, discussion, final recommendation, improvements proposal, 

investigation questions and hypotheses answers.    

 

 7.2. Conclusion and Discussion 

Having completed the theoretical and empirical parts of the study, an evaluation of the different 

processes was made and other important observations were discussed. Upon comparing the 

processes. The literature and interviews gave a highly optimistic and demanding situation especially 

for AEC and FM consultants to be actively involved in the integration and usage of 2D drawings with 

BIM system workflow. Based on the results gained from the research mechanisms used in this thesis, 

the author believe that every case is different with respect to the type of client, time, budget, 

consultants, their capacities to collaborate and many more aspects. Such individual case in details 

should be taken into consideration before planning for adoption of 2D drawings with BIM in the 

respective practice. 

 

Moreover, comparing the BIM adoption process as described in the literature and interviews seems 

to be a complicated process due to the variation in the preparation of schematic transformation 

stage that is long and detailed, while the schematic design phase is relatively shorter in specific steps 

is required to perform its given task. At the last case process, the stage before the start of 3D 

transformation is shorter and the schematic design phase is longer with indefinite an number of 

steps for information exchange when new 3D model is created, which may lead to confusion, as 

there are cases that models have had to be redesigned along with redefining the roles with respect 

to 3D model that could be used for a BIM system. The analysis from the information circle studied in 

the case study model leads to a new process consisting of e.g.: 

 Right tools  

 Team with skills needed to perform the given task   

 Reincorporating the 2D drawings with a system that compatible with BIM system workflows. 

Furthermore, the author also support the notion that systems should be incorporated in manner 

that it becomes a binding element for interdisciplinary activities and elaborating the role where all 

AEC and FM members could find themselves as an integral part of the system integration process. 

However, he argued that as long as the project manager do not get involved in the design phase, the 

BIM adoption in the practices will remain complicated for existing building. 

 

In addition, the recent trend in building more in a BIM interface that generates the necessary 

information for AEC, FM and owner, has been a positive prospect for these industries, despite these 

efforts the industry remains in focus on new or buildings that have already digital file, including 2D 

drawings that represent a step closer to building information model (BIM), rather than digitalized 2D 

paper drawings of existing buildings. 
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The research design in this investigation report is classified as a mixed strategy with the prevailing 

element of quantitative methods and qualitative approaches. The quantitative strategy has been 

applied to 3D modeling transformation and the related data collection and analyses. The 

performance of used application have been tabulated in a rating table. The experiments and 

interviews has been found essential, in order to increase the reliability of information exchange. In 

addition, the qualitative portion of the research strategy has been only related to people’s work 

experience, opinions and perceptions regard the investigation in study. This result into a mix of 

strategies of a triangulation research process where, literature, interview and experiment form the 

research mechanism. 

 

Based on information gained from the research strategies the author concludes that major 

challenges for the integration of 2D paper drawings with BIM system workflow lays on the technical 

and non- technical aspect and process described as follows: 

 Laborious intensive and time consuming process, even with a moderate number of plans, 

information could be lost during transformation. 

 Lack of adequate system to effectively convert 2D paper drawings into an intelligent CAD 

file. 

 Errors prone process, caused by misinterpretation architectural layers, structural and non-

structural components embedded in the same line.    

 Expensive due to the laborious process in creating a BIM model from a digitalized paper  

 High risk in missing information due to scanning and conversion process. 

 

On the other hand, at the moment there is no single process that converts digitalized paper 

drawings into BIM workflow without going through the process discussed in this investigation. These 

constraints form huge barriers for AEC, FM and Real Estate’s industry to not invest in these 

methods, as the effort and cost required to produce BIM models from 2D paper does not reflect the 

benefits in return. Furthermore, the literature review, scores results gained from the rating table 

beside the interviews responses clearly points, ArchiCAD as the best tool to generate an intelligent 

3D model from a digitalized 2D paper drawings, as the application score better than Revit in creating 

a model that is applicable for BIM system workflow, by producing a 3D model with respective 

qualities:    

 Less errors  

 Easy to be amended  

 Better visual quality  

 Better semantically quality  

 Requires less time to be created  

 Generates construction report throughout the process  

 Generates intelligent 3D features easy to be integrated in a BIM workflow environment.  

 

The model representation enables the author to assess the appearance quality and robustness 

provided by each experimentation tool, which ArchiCAD was the best performed design application 

also because of the close similarity to the base case in terms of: 3D model views, details and 

elevations appearance.  
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7.3. Final recommendations  

Despite the inherent differences of both tools in the creation of 3D model suitable for Building 

Information Modeling workflow, it is worthwhile to further elaborate the integration of these 

approaches in the AEC and FM industry, due to the benefits provided by Revit and ArchiCAD 

systems. To directly create a BIM model from digitalized 2D paper drawings still requires a 

considerable effort. However, the creation of digital models can make the process easy to integrate 

with BIM workflows due to the extended information available on the generated models. On the one 

hand, the proposed approaches can be further improved in combination with other programs, to a 

more unified digital workflow, where not the tools but the information flows are controlled, instead 

of choosing a design process based on particular software solutions. On the other hand, several 

applications have been used collaboratively, while remaining independent from the design tool. In 

order to minimize the complications of the proposals discussed in this study, a final recommendation 

supported by literature review, interviews, experiments and personal experiences is provided in the 

following section. The recommendation is divided in two categories, technical and non-technical as 

shown below.  

 

Technical 

The technical issues play a major role when it comes to the integration of 2D building drawing with a 

BIM system. As discussed throughout the document the several strategies have to improve to boost 

the attractive use of the systems proposed in this investigation. In order to persuade the AEC and FM 

industry to use the experimental tools the issues listed have to be addressed:  

 Improve the recognition of shape path and direction of the existing components line and 

parameter of a digitalized bitmap, with support of e.g.:  

- Vector graphic by defined geometric points, lines, curves and shapes embedded in the 

floor plan and elevations. The objects in the Vector file have a self-contained entity with 

properties that includes: colour, shape, directions, size and positions, which are formed 

by solid continuous lines as shown on the edges of Figure 6. The resolution 

independency of Vector allows the designer to amend the drawing without 

compromising the visual quality. Also, its flexibility to be scaled and addible, while 

insuring that quality is not lost make this system useful for the investigation as discussed 

in Section 3.8. 

 

 Improve the quality of Bitmap before Vector conversion. Usually scanned 2D drawings suffer 

from disjointed lines, overlapping vertices and false intersections. Therefore, before 

converting Bitmap to DWG file, it is advisable to filter the distortions in the bitmap with 

support of bitmap filter such as:  

- Color matrix, blur, drop shadow, displacement map, bevel, gradient glow among other 

filters. These filters provide a preview of special effects that could be applicable to 

improve the visual quality of the drawing if the original draft quality is not satisfactory. 

The filter could improve the effects of e.g.: line edges on the floor plan, increase or 

decrease line thickness, sharpen the model visual appearances, as well as reduce the 

blur effect in the original image (Reute, 2002). 

  

 Improve the identification of text and graphics to help recognize the meaning of lines 

thickness and text codes with the support of e.g.:  
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- Graphics recognition. This system helps to separate text from line drawings, extracting 

the pixels found in architectural drawings and organize the pixels into a complete object-

based geometrical description of the building layout.  The graphic recognition process 

can be done with support of e.g.: 

o Vectorization system as digitalized 2D floor plan have already pixel chains and 

geometric polyline that facilitate the transformation step. 

  

 Make use of Level OF Development (LOD) to help estimate the theoretical and practical 

value of the model by determine the details level of the model by choosing among e.g.:  

- 100, 200, 300, 350 and 400 LOD (discussed in the literature Section 3.9.1.) 

 

 Improve the flexibility of model semantics information with support of e.g.: 

- Revit and ArchiCAD standard library by changing architectural layers, objects, 

component compositions and attribute layers. This can be done through the standard 

library of the systems that comprises all components as family assemblies, which 

facilitates the amendment of components and objects, by adding or remove layers as 

well as exchange of materials and components with minimum effort.  

 

 Make use of building smart data dictionary (bSDD) to help naming e.g.: 

- Components and given meaning to new objects with support of Industry Foundation 

Classes (IFC) (discussed in the Section 3.9). 

 

Non- technical 

Non-technical issues are another important aspect of this investigation. it focus on theoretical side 

of the investigation process, by analysing the non-technical aspects than could encourage the AEC 

and FM industry to take these issues more serious, which lead to following recommendations:    

 Share investment cost and responsibilities e.g.: 

- Fair division of the investment costs and risk among the involved stakeholders, this can 

be used as an incentive if the use of the 3D model leads to high productivity and 

performance prediction or as mechanism to support decision making process.  

  

 Provide financial incentive e.g.: 

- Reducing the standard procedures’ time and other administrative implications 

(bureaucracy) such as: paper work by prioritizing firms that are seeking to use and 

standardize this method. 

  

 Provide legislative incentive e.g.: 

- Laws enforcements attached to Building Regulations (BR) and prioritizing companies that 

seek to employ the recommendations listed above. 

 

 Share the project profits if the company successful implements the method proposed in this 

investigation that leads to productivity and better collaboration among stakeholders. 

  

 Share equally the investment cost, risk and responsibilities regarding the ownership of 

systems by e.g.:  
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- Equally dividing the investment in the creation of the systems among CAD and ICT 

members.  

 

 Decrease staff training cost by, educating the staff with design application they are used to 

work with.  

 

 Educate the staff regard benefits of the systems for their respective activities by, clearly 

showing the impacts that proposed method may bring if successful used in the respective 

area. 

 

 Provide legislative law to persuade companies to opt for this systems by, asking a more 

representative building model that comprises information useful for different proposes. 

Since law and legislation changes take place at government level, they could make a law 

that demands AEC and FM companies who work with conventional building to produce the 

respective 3D model applicable for BIM system workflow.  

  

 Increase the involvement of owners, AEC and FM stakeholders during re-design phase, by 

increasing their responsibility in the quality of final product. 

  

 Laws enforcements that persuade companies to opt for the methods in study, this law 

could be an integral part of Building Regulations (BR) that demands companies to produce 

BIM model of the existing building, to help owner and FM to predict energy consumption, 

materials decay among other future operations. 

 

 7.4. Improvements recommendation for used tool 

This section analyzes the parts of used tools that require improvements. 

 

Revit architecture 

Examination of the IFC file opened in Revit shown in Figure 23 resulted with a number of missing 

issues as summarized in Table 19. 

Table 19 shows some properties that were not accurate or displayed in the model. Due to errors that 

occurred during the transformation time, especially height, area and the volume of an element was 

not accurate, also the length of the building have slight disparity. In addition, the entity attribute 

material names also lack consistency and some of them were no even visible on IFC model.  

In order to, improve these issues on the model the following topic has to be properly addressed e.g.: 
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Figure 23: Improving areas on Revit architecture program 

 

 

 

 

 

 

 

 

 

 

 

 

Table 19: Revit properties from IFC model 

 

 Entity and element count. Need to be designed according to the original model often 

missed or difficult to be adapted from the application library. 

 Inventory. The entity attribute is another issue that Revit architecture needs to improve, 

due to lack of consistency caused when the original component was changed in parameter 

or composition. 

 Entity property. Revit have standard components in its library, when you change layers and 

then export the model into an IFC file many components, may not be displayed on the IFC 

file component library. Therefore, this could be improved by connecting Revit workflow with 

IFC file directly to help recognize entitles changes. 

 

ArchiCAD 

The examination performed by Revit also took place with ArchiCAD as illustrated in Figure 24. 

 

Table 20 show elements and geometries of ArchiCAD model that were not correctly displayed due to 

errors or misplaced components. The author believes this occurred due complex building form and 

wall connections as well as materials thickness differences. The floors height and thickness play a 

vital role in the corruption of the geometries that generated clashes in the model, as shown in the 

Table. In order to, improve these issues the following domains have to be properly addressed e.g.:  

Problem domains Performance 

Element geometry Good  

Element position Good  

Element color coding Good 

Entity and element count Examination not performed 

Schedule of values Inconsistencies 

Entity attributes Inconsistencies 

Entity property  Not visible 

Model structure Examination not performed 
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Figure 24: Improving areas on ArchiCAD program 

 

 

 

 

 

 

 

 

 

 

 

 

Table 20: ArchiCAD properties from IFC model 

 

 Element geometry. ArchiCAD has problem in correctly displaying diverse geometry when 

they are not properly built. The author thinks that variation of parameters in walls, windows, 

slabs and doors played a key in the corruption of some building elements. This can be 

improved with consistency on selection or by using solely the components available in the 

application library.  

 Element position. Was affected by connection of walls with different thicknesses. Its 

difficulty to properly connect two walls with different thicknesses, especially if they 

intercept each other from different angles. This could be technical improved if ArchiCAD 

allow the designer to choose which part of the façade comes first.    

 Schedule of values. Due to lack of consistency in the process, it is difficult to predict or find 

missing materials, as a result errors are inevitable. In order to improve that, the system 

should not allow unknown or wrongly created components to be used in the model or to be 

exported into IFC file.    

 Layers property. Missing layers property are caused by missing recognition by IFC file. This 

could be solved by properly naming the layers or by using known layers from the existing 

library. 

 
 

Problem domains Performance 

Element geometry Some corrupted 

Element position Affected by element geometry 

Element color coding Good 

Entity and element count Good 

Schedule of values  Errors 

Entity attributes Good  

Entity property Some missing 

Model tree-structure Examination not performed 
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7.5. Investigation questions and sub questions answers 

Main question answer 

 What are the obstacle to deriving Building Information Models from legacy paper drawings?   

The the obstacle to deriving Building Information Models from legacy paper drawings are: 

1) Lack of skilled staff to perform effectively the given task. 

2) Lack of automation interest from the CAD and ICT developers. 

3) Lack of serious commitment from the AEC, FM owners and government.  

4) Lack of adequate systems for an effective transformation of an intelligent 3D model suitable 

for BIM system workflows. 

5) Lack of clear knowledge regarding the advantages that these combinations could bring to 

the AEC and FM industry. 

 

Sub-questions answers 

 What are the scope and limitation of BIM usage for existing buildings? 

The scope and limitation of BIM usage for existing buildings are: 

1) Lack of direct involvement of facility and real estate managers during model creation. 

2) Lack of clarity regarding the profitability that BIM may bring if used in FM industry. 

3) Uncertain profit if BIM is applied in FM and real estate industry. 

4) High upfront investment in staff training and equipment. 

 

7.5.1. Hypothesis answers 

1) Lack of suitable design applications 

AEC of a project often use different tools to perform their work, which result in collaboration 

problems as some are more comfortable with certain tools. This makes the BIM adoption process 

more complicated to be accepted. In order, to make this a notion a reality a wide collaboration is 

needed: 

 Communication, should determine the type of application and process that are accessible 

for everyone involved in the project.  

 Educate key stakeholders regarding the complication that may rise if certain application is 

used and how it could be prevented.  

 

2) Lack of demand from the AEC, FM and owners  

The chapters 3 and 4 discussed many barriers of issues affecting the slow adoption of BIM in the AEC 

and FM industry, which increases the confusion among stakeholders to whether it is wise to use or 

avoid BIM in their practices. BIM is a system used to improve the management of information 

connected to a building project. The barriers related to BIM adoption in the mentioned industries 

could be reduced if the issues listed below are carefully addressed by improving e.g.: 

 Trust on the system by, beforehand showing the benefits if the system is successfully 

applied. 

 Commitment from the AEC and FM industry by actively looking for ways that further boost 

the attractiveness of the proposed system. 

 Reducing the extensive caution on BIM adoption in their practice by making smooth 

transition or by using the system for a familiar domains as adoption starting point.  
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3) The existent design applications are not suitable 

The issues of interoperability have not been addressed through open format like IFC. It has rather 

been addressed only on design level. Which made the BIM adoption less desired by many AEC and 

FM stakeholders. In order, to make this a notion widely accepted a broader collaboration is needed 

e.g.: 

 Providing financial and legislative incentive, for firms that provide full information and 

documentations of modern building from 2D drawings of conventional building. 

 Improve the systems interoperability for FM by, generating a 3D model that comprises 

features useful for FM practice.  
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Appendix 
Interview (1) 

Name: Niels van de Stolpe 

Function: Projectleider/BIM manager 

Company: Kontek BV  

Phone number: +31 (0) 653969840  

E-mail:  N.van.de.Stolpe@kontek.nl 

Interview (2) 

Name: Graham Kelly 

Function: Senior Project Manager 

Company: BIM academy   

Phone number: +44 (0) 191 227 4533  

E-mail: graham.kelly@bimacademy.ac.uk 

Interview (3) 

Name: Marc Schlaghecke 

Function: Director 

Company: Kontek BV   

Phone number: +31 (0) 610 172 530  

E-mail:  m.schlaghecke@kontek.nl 

Interview (4) 

Name: Menno de Jonge 

Function:  Manager AEC Collaboration & Data Management (EMEA)  

Company: Autodesk NL   

Phone number:  (023) 7990890  

E-mail: 

 Interview (5) 

Name: Hermen Tacke 

Function: Project manager 

Company: IBIS   

Phone number:  +31 (0)703015364  
E-mail:  H.Tacke@ibis.nl 
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Structured and semi-Structured Interview Questions list 

Name:  

Email:  

Phone number:  

Work position:  

Company:  

Place:  

Duration time:  

Date: 

Part one 2D drawings 

1. What are the key advantages and disadvantages of existing buildings drawings been digitalized? 

…………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………................................. 

2. What are the barriers of existing building drawings digitalization? 

…………………………………………………………………………………………………………………………………………………………....................

................................…………………………………………………………………………………………………………………………………………… 

Why does it occur? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

3. What is the information usability provided by traditional 2D drawings?  

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

How do you rate the quality and precision of 2D drawing when it comes to size of walls, columns, windows and 

facility space? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

4. Which advantages do 2D drawings offers to AEC and Real Estate industry in terms of information 

reliability? 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

5. Which advantages do 2D drawings offers to Facility Managers in terms of facility information? 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

 

6. Do you trust the details and information offered by 2D drawings 

……………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………….................................... 

Why? 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………............................................. 

 

7. Are 2D drawings always checked for errors? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 
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8. Did the introduction of 3D visualization reduce the amount of errors on model? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

How? 

………………………………………………………………………………………………………………………………………………………………………….…

……………………………………………………………………………………………………………………………………………................................. 

9. Are 2D CAD drawings a suitable tool for facility maintenance and management? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

10. Are 2D drawings a suitable tool for space quality control assessment 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

11. Are 2D drawings a good tool for the visualization of existing buildings facility? 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

12. What is the best 3D transformation tools between Revit and ArchiCAD?  

…………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

 

13. Which tool is more expensive? 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

14. Which tool serve your profession better 

…………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………............................. 

 

 

Part two BIM 

1. Could you describe your experience level with BIM system? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

2. Is BIM the best way going forward in the AEC and Real Estate industry? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

Why? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 
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3.  Does BIM provide answers to all construction implications? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

How? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

4. Is BIM a useful tool to analyze the condition of existing buildings? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

How? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................ 

5. Is BIM useful for maintenance prediction of a building services and facilities? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

How? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

6. Does BIM differ from the traditional 2D CAD drawing workflow? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

How? 

……………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………................................. 

7. Why is BIM effective than 2D CAD drawing on the construction site? 

………………………………………………………………………………………………………………………………………………………………………….…

……………………………………………………………………………………………………………………………………………................................. 

 

8. Are the price of BIM usage compensable comparing to the cost of 2D CAD 

………………………………………………………………………………………………………………………………………………………………………….…

……………………………………………………………………………………………………………………………………………................................. 

 

Why? 

………………………………………………………………………………………………………………………………………………………………………….…

……………………………………………………………………………………………………………………………………………................................. 

Regarding the benefits of working with BIM in the quality assessment of existing building could you mention 5 

key points? 

…………………………………………………………………………………………………………………………………………………………………………….

……………………………………………………………………………………………………………………………………………................................. 

………………………………………………………………………………………………………………………………………………………………………….…

……………………………………………………………………………………………………………………………………………................................. 

……………………………………………………………………………………………………………………………………………………………................. 

 

 

 

Interviewer signature:.…………………………………………………… Student signature:………………………………
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Interviews responses 

 Structured and Semi- structured interview methods 

Part one 2D CAD drawings 

Questions  Interviewer 1 Interviewer 2 Interviewer 3 Interviewer 4 Interviewer 5 

1 What are the key 

advantages and 

disadvantages of existing 

buildings drawings been 

digitalized? 

Adv 1.Information 

availability for 

plans, elevations 

and details 

2. The correction 

and adjustments 

easiness 

Adv 1.Sharing easiness 

2.Storage space 

(paper) 

3.Easy to be 

converted into 

another dimension 

 

Adv 1.Interoperability 

2.Easy for adaptation 

3.Easy to be 

transformed into 

different dimension 

4.Easy to be adjusted 

Adv 1.Interoperability 

2.Visualization 

3.Potential to be 

converted into other 

dimensions 
 

Adv 1.Productivity and 

usability easiness 

2.Adaptation and 

sharing easiness   

 

Dis 1.Conversion into 

a CAD file 

2.Conversion cost 

 

Dis 1.Lack of precision 

and clarity 

2.Transformation 

cost 

3.Errors prone 

4.Consistency  

5.Precision 

6.Cost 

Dis 1.Time consumption 

2.Conversion cost 

3.Lack of consistency 

 

Dis 1.Missing information 

after conversion 

2.Cost 

3.Time 

 

Dis 1.Inability interpret 

elements parameter 

2.Inability to separate 

architectural entitles 

3.Recognize 

component lines 

 

2 What are the barriers of 

existing building 

drawings digitalization? 

1.Poor quality of available 

drawings 

2.Lack of interest from 

AEC and FM industry 

3.Cost 

1.Difficult to understand the 

parameters meanings 

2.Cost implication 

3.Lack of usability options 

4.Lack of clear distinction 

between parameter lines 

and other architectural 

entitle  

1.Lack of interest from AEC 

and FM industry is the key 

barrier 

 

1.Lack of commitment and 

interest of AEC and FM industry 

 

1.Lack of process clarity 

2.a Why does it occur? 

 

Due to lack of interest 

from the AEC and FM is 

major barriers 

1.Budget restriction 

2.Lack of information 

3.Not useful for many 

project application 

3.Not serious AEC and FM 

interest (commitment) 

1.Confusion process due to 

information lost during the 

transformation period 

1.Transformation of new 3D 

model that ultimately leads to 

other dimensions 

2.Useful file for basic analyze 

1.Scalability problem 

2.Details clarity 

 

3 What is the information 

usability provided by 

traditional 2D drawings?  

1.On-site construction 

operation  

2.Parameter assessments 

3.Parameters adjustments 

1.Model completeness  

2.Precision  

3.Consistency 

 

1.Clash detection  

2.Misplaced of structural and 

non-structural elements  

1. Space and building parameters.  

2.Lack of intelligence 

3.Error prone system 

1.Lack of information clarity 

embedded in the CAD drawing 

may lead to wrongly 

interpretation 

4 How do you rate the 

quality and precision of 

2D drawing when it 

comes to size of walls, 

columns, windows and 

facility space? 

Reasonable: due to 

relative useful information 

provided by the system 

 

Good:  depending on the use 

purpose 

Acceptable and trustworthy: 

depending on its use 

application 

 

Similar perception as interviewer 

2 and 3 

Similar perception as 

interviewer 2 and 3 

5 Which advantages do 2D 

drawings offers to AEC 

and Real Estate industry 

in terms of information 

reliability? 

1.Changes flexibility on 

building parameters 

2.It’s easy to shared 

update and seen 

everywhere in a real time 

 

1.Measurements possibilities  

2.The possibility to see space 

parameter and facility 

square meter within 

respective details 

Does not consider these 

information good enough to 

rely on for AEC and FM 

1.Building cross section 

2.Floor plans 

3.Construction details and other 

information good to generate 

report 

 

1. CAD are useful for AEC in 

terms of information reliability. 

However for the Real Estates he 

believes that CAD information 

are very limited due to the 

informative aspect of the 

system   

6 Which advantages do 2D 

drawings offers to 

Facility Managers in 

terms of facility 

information? 

1.Measurements 

information 

2.Facility parameters 

3.Easy to see key non- and 

structural elements 

position 

 

1.Facility parameters and 

square m2  

2.Possibility to assess current 

states of the facility 

3.Possibility to assess design 

option for future 

developments   

1.Simplicity of 2D CAD drawing 

2.The possibility to self-

redesign future activities on 

the facilities 

3.Possibility to understand the 

parametric constrain of space 

 

1.Reading easiness especial for 

people with not architectural 

background 

 

1.Agrees with viewpoints of 

Interviewer 1, but he states 

further that points mentioned 

by Interviewer 2, and 3 are also 

valuable advantages for FM 

7 Do you trust the details 

and information offered 

by 2D drawings? 

Yes   Yes  Yes 
  Yes  Yes  

No  No x No  No x No x 

7.a Why? Depends on: 

1.Drafter quality 

2.Information provided by 

drafter 

Due to: 

1.Lack of consistency 

2.Limited option for test 

3.No possibility for 

performance analyzes  

Depends on: 

1.Drawings quality  

2.Use purpose of the drawings 

 

Due to: 

1.Lack real time visualization 

2.Lack components parameter for 

analyzes 

 

Due to: 

1.Lack of easy interpretation 

2.Lack of differentiation of lines 

and other architectural on the 

plan  

8 Are 2D drawings always 

checked for errors? 

Yes   Yes  Yes   Yes  Yes  

No  No x No  No x No x 

8.a Why? 

 

To avoid: 

1.Rework 

2.Confusion 

3.Financial loss 

 Interviewer 2, 4, and 5 share 

the same views e.g.: 

 1.Trust 

 2.No necessity  

 3.No high precision on the 

quality of the drawing 

Same view as interviewer 1 Same view as interviewer 2 Same view as interviewer 2 

and 4 

9 Did the introduction of 

3D visualization reduce 

the amount of errors on 

model? 

Yes  Yes   Yes  Yes   Yes  

No x No  No x No  No x 

9.a How? 

 

Due to: 

1.Nature of model  

2.Creation process 

 

Due to: 

1.Ability to visualize 

everything in 3 dimension 

2.Ability to add and remove 

constraints 

3.Ability to easily change 

information 

Due to: 

1.Many other additional 

complexities  

2.Components parameters 

variations 

3.Difficult connect some 3D 

components 

Same view as interviewer 2 Same view as interviewer 3 

10 Are 2D CAD drawings a 

suitable tool for facility 

maintenance and 

management? 

Yes   Yes   Yes   Yes   Yes   

No  No  No  No  No  

10. a Why? 1.Easy to understand  Same view as interviewer 1 Same view as interviewer 1 Same view as interviewer1,2 and Same view as interviewer 1, 
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2.Familiar to all FM 

members 

3.Easy to assess the facility 

parameters  

4.Easy to visualize the 

asset condition 

5.Easy to add and remove 

information  

and 2 3 2,3 and  4 

11 Are 2D drawings a 

suitable tool for space 

quality control 

assessment 

Yes   Yes   Yes   Yes  Yes  

No  No  No  No x No x 

11.a Why? 

 

Depends on: 

1.The quality of the 

drafter 

2.The requirements 

demands by the client   

Same view as interviewer 1 Same view as interviewer 1 

and 2 

Due to: 

1.Lack of consistency 

2.Lack of intelligent information 

3.Lack of differentiation on the 

embedded lines and objects  on 

the drawing  

Same view as interviewer 4 

12 Are 2D drawings a good 

tool for the visualization 

of existing buildings 

facility? 

Yes   Yes   Yes  Yes  Yes  

No  No  No x No x No x 

 
12.a Why? Due to:  

1. The standard knowledge’s 

of AEC members and FM 

managers to understand the 

information embedded in the 

drawing.   

2.Depends on the drawing 

quality, concerning the floor 

details and elevations 

information  

Same view as interviewer 1 Due to: 

1.Lack of 3D visibility 

2.Lack of spatial 

representation 3.Lack 

possibility to test the model  

4.Lack of possibility analyze 

the facility performance in a 

real time 

 

Same view as interviewer 3 Same view as interviewer 3 and 4 

13 What is the best 3D 

transformation 

tools between 

Revit and 

ArchiCAD?  

ArchiCAD ArchiCAD Have no Experience with 

either programs 

Revit  ArchiCAD 

13.a Why? It’s:  

1.Quick and simple to create a 

3D model 

2.Easy to create complex 

geometrical forms 

3.It has a large library of BIM 

components  

 

Its’: 

1.A straight forward system  

2.Hidden no settings 

3.Great for creating technical 

drawings 

3.Has PDF maker format 

integrated in 

4.Allows to see instantly the 

changes made in 2D format 

 It’s: 
1.Easy to understand objects 
and structural meaning 
2.Easy to quickly create plans, 

elevations and sections 

3.Easy to amended 

component details 

It: 

1.Create model information while 

designing 

2.BIM workflow tool  

14 Which tool is more 

expensive? 

Revit Revit No idea Revit Revit 

15 Which tool serve 

your profession 

better? 

Revit ArchiCAD No idea Revit ArchiCAD 

 

 

Part two BIM 

Questions  Interviewer 1 Interviewer 2 Interviewer 3 Interviewer 4 Interviewer 5 

1 Could you 

describe your 

experience level 

with BIM system? 

 

Considerable experienced with 

BIM usage with e.g. 

1.Facility maintenance 

2.Direct involved in the research 

of open BIM and adoption 

process on existing building 

Did the PhD based on how 

buildings change in use and 

how this is best fed back to AEC 

and FM specialist in: 

1.BIM  

2.Asset and facilities 

management in architectural 

practice, knowledge transfer 

techniques and adaptability 

Did a MBA and has relatively 
low experience with BIM, he is 
the director of Kontek BV a Real 
Estate company. Based on the 
nature of the business that 
comprises e.g.: 
1.2D drawings techniques  
2.Designs analyzes methods 
3.Drawings system 

management methods 

4.Existing buildings facilities 

analyzes through drawings 

Building information Modelling 

(BIM). Despite that, he was able 

to assist the investigation with 

his knowledge’s experience 

regard the interviews question 

Considerable high experienced 

with BIM. Currently work as:  

1.Sr. Manager AEC 

Collaboration and Data 

Management - EMEA by 

Autodesk 

Worked at Ballast Nedam as IT 

Management and Information 

Management. responsible for 

the IT implementations in the 

area of CAD, BIM, Data and 

Document Management, ERP, 

HRM, Asset Management 

Considerable experienced with 

BIM, works as project leader at 

IBIS. He is constantly involved in 

project where BIM system is 

integrated 

2 Is BIM the best 

way going forward 

in the AEC and 

Real Estate 

industry? 

 

Yes   Yes   Yes   Yes   Yes   

No  No  No  No  No  

2.a Why? Due to: 

Accuracy  

2.It reduces rework 

3.Enhance collaboration 

4.Improve coordination  

5.Reduce errors 

6.Improve productive and 

efficiency 

7.Provides more meaningful data  

8.Reduces overall  construction 

cost  

9.Improve construction safety on-

site 

10.Reduces conflicts among AEC 

and FM members 

Same view as interviewer 1 Same view as interviewer 1 

and  2 
Same view as interviewer1, 2 

and 3 
Same view as interviewer 1,2,3 

and 4 
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3 Does BIM provide 

answers to all 

construction 

implications? 

Yes   Yes  Yes  Yes   Yes  
No  No x No x No  No x 

3.a How? BIM model provide the flexibility 

to add all the required 

information, even the most 

complex. 

BIM has potential to answer 

most construction implications, 

however its use for FM industry 

remains very limited. 

It is not easy to integrate BIM 

with existing building, due to 

lack of information and 

compatibility of both system 

(2D paper or CAD drawings to 

BIM). 

Finding solution for 

construction implication are 

one of key elements integrated 

in BIM system, BIM helps 

analyze all possible construction 

scenario therefore any 

construction implication would 

be directly detected during 

model analyzes. 

Analyzing construction problems 

is the core business of BIM. 

However, the system is not yet 

capable of producing answer to 

all construction implications. 

4 Is BIM a useful 

tool to analyze the 

condition of 

existing buildings? 

Yes   Yes   Yes  Yes  Yes  
No  No  No x No x No x 

4.a How? Through e.g.: 

1.Virtual reality performance 

analyzes 

2.Virtual reality (VR) analyzes 

3.3D components analyzes 

4.3D model visualization 

5.Through laser model  

6.Through handover  

 

Same view as interviewer 1 Depending on e.g.: 

1.The information embedded in 

the mode 

How existing build were 

created (designed) 

2. Existing building condition 

are usually analyzed with 

standard excel sheet, full with 

information of building 

parameter, components and 

materials quantities.  

Same view as interviewer 4 Due to: 

1.It’s a labors process, especially 

as the existing building was not 

directly built for BIM system, 

which means a transformation 

has to take place, making the 

whole analyzes more complex.  

 

5 Is BIM useful for 

maintenance 

prediction of a 

building services 

and facilities? 

Yes   Yes   Yes   Yes   Yes   

No  No  No  No  No  

5.a How? Due to: 

1.Its semantic richness 

2.Capability to predict 

components life span 

3. Components available 

information. OBS: 

Despite that, the interviewers 

believes that maintenances 

aspect of BIM program remains 

unclear in terms of devices or 

material replacement dates 

Same view as interviewer 1 Same view as interviewer 1 

and 2 

Same view as interviewer 2 and 

3 

Same view as interviewer 1, 2, 3 

and 4  

6 Does BIM differ 

from the 

traditional 2D CAD 

drawing 

workflow? 

 

Yes   Yes   Yes   Yes   Yes   

No  No  No  No  No  

6.a How? Interviewers 1, 2, 3, 4 & 5   

2D CAD workflow involves e.g.: 

1.Creates various construction 

files 

2.Requires manual coordination  

3.It’s a simple lines drafts 

representation 

4.It’s does not automates 

changes simultaneously  

5.A arrange of fragmented 

process comprising multiple files 

 

BIM workflow involves e.g.: 

1.It’s a precise system  

2. Create virtual construction. 

3.Requires changes in the 

workflow 

4.It’s an analytical and 

quantifiable process  

5.Requires internal and external 

education to maximize its 

efficiency  

6.Database of information about 

a building for design, validation, 

construction and lifecycle 

maintenance 

Same view as interviewer 1 Same view as interviewer 1 

and 2 

Same view as interviewer 2 and 

3 

Same view as interviewer 1, 2, 3 

and 4 

7 Why is BIM 

effective than 2D 

CAD drawing on 

the construction 

site?  

 

1.Improve focus and plan 

coordination 

6.Easiness and fast to change 

things on the model anywhere 

and anytime 

 

2.View of digital components 

available 

 

3.Control of project progression 

available     

 

4.More information available at 

any time  

 

5.Reduce the risk of rework in 

case of lack of clarity  

 

OBS: Only the different 

responses were described for 

this question.  

8 Are the price of 

BIM usage 

compensable 

comparing to the 

cost of 2D CAD 

Yes   Yes   Yes   Yes   Yes   

No  No  No  No  No  

8.a Why? The Interviewers 1, 2, 3, 4 & 5 

agreed that price of BIM is 

compensable than 2D CAD due 

to: 

1.Less errors 

1.Less unexpected high cost  

 

1.The return on the investment  

 

1.Decrease the possibility of 

unwanted events  

 

1.Quick in solving complication 

on project (improving  

productivity) 

 

OBS: Only the different 
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2.Effective for contract, 

collaboration and negotiation 

reducing meeting time (cost)  

responses were described for 

this question. 

9 Regarding the 

benefits of 

working with BIM 

in the quality 

assessment of 

existing building 

could you mention 

5 key points? 

 

1.All information are centralized 

in BIM model 

2.More information available 

compared to standard 2D 

drawings 

3.Different kind of output 

possible from de model (2D, 3D, 

4D, 5D & 6D)  

4.A BIM model is a database, 

therefore easy to be linked to 

other existing database   

5.Cost estimation for future 

developments are more accurate 

due to availability of information   

1.Accurate information 

2.Ability assess the quality of 

the asset 

3.Ability to automate changes 

the input and output of the 

model 

4.Ability to catch information of 

building components and 

objective 

5.Ability to easily add and 

remove architectural entitle 

non- and structural elements  

 

1.Value for money when used 

to assess the states of the asset 

2.Valuable tool to persuade 

client in choosing for certain 

process over other 

3.Valuable tool for 

quantification of available 

materials embedded in the 

model  

4.Valuable tool to predict and 

visualize facility condition 

parameters in real time    

5.Applicable tool for key 

members of project with less 

understanding of design 

techniques 

1.Possibility to visualize all 

model components in 3D   

2.Possibility to foresee issues 

that did not yet occurred  

3.Possibility to analyze the 

entire buildability sequences 

4.Available components library 

(useful to generate report ) 

5.Better insight information 

(useful for building 

performance prediction) 

 

1.Information consistency 

2.Easy to understand and follow  

3.Easy to for interaction in a real 

time (through VR) 

4.Clear to present concisely  and 

easy to every involved members 

5.Different building disciplines 

and process are lined in the 

same platform 

 

 
Table 21: Interviews responses 
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