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In addition to the aforementioned, a semantic dataset can be easily extended by the addition 
of more concepts and relations while at the same time preventing repetition and redundancy 
of definitions. As the building industry is often described as data-intensive, the management 
and the retrieval of information become demanding and error-prone tasks. By storing data in 
an RDF format, however, the partial retrieval of only search-relevant information is enabled. 

The management of requirements in the context of this research was considered from the 
limited perspective of the design processes in the building structures domain for the design 
handover to external project stakeholders. Therefore, project requirements were regarded in 
isolation from their predeceasing specifications in the form of soft client requirements from 
the elicitation phase and in the form of architectural/functional requirements from the design 
exploration phase. As the structural engineering requirements are a derivative from the 
aforementioned two, for the purposes of interoperability between all project stakeholders the 
bigger picture of requirements management practices needs to be considered when 
implementing it in an actual project so that all parties can have the overview of how their 
domain-specific requirements influence the requirements of the other project parties.  
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In order to support the main research question, several sub-questions have been identified:  
1. Which engineering requirements are fundamental in a building structures project (general 

requirements vs. project-specific requirements) and constitute the core of the final 
engineering design handover to external parties? 

2. What are the levels of detail/development and on which LOD is it most beneficial to 
connect engineering requirements data with the BIM model (e.g. building storeys, spaces, 
elements, systems of elements)?  

3. How can structural engineering requirements be mapped to all object instances from the 
geometry model to which they relate to?  

4. How can the conformity of a particular model instance with its associated requirements 
be proven and the information reused also in later project delivery phases? 

5. What is the added value of semantically linking requirements and design and can this 
adjustment lead to a higher efficiency in the design process due to the mitigation of risks 
associated with design non-conformity with requirements? 
 

2.3 Research design 
This section provides an outline of the research model, graphically displayed in Figure 2 below, 
which will be used as a framework for the thesis project. In the model, the overall process is 
divided into three general stages, namely, the preparatory stage, the development stage, and 
the reporting stage. 

The preparatory stage incorporates two main tasks - the literature research and the research 
on the in-house practices of the company. Each of these tasks is divided into sub-tasks, which 
follow no particular order. The literature research focuses on topics such as requirements 
management, BIM and 3D modeling, Semantic Web and Linked Data, as well as the current 
data integration practices in the AEC industry. At the same time, the information management 
and 3D modeling practices of Verhoeven en Leenders will be also explored in order to gain a 
better insight into the processes of the company. Special attention will be paid to assessing 
the modeling workflow in the building structures division and the importance of different 
project requirements, as they will be the major input for the development stage of the thesis. 

Once the preparatory stage is completed and the conclusions are drawn, both the qualitative 
research and the prototype development can take place. Each one of these activities is divided 
into sub-tasks as well, with the difference that this time they follow a particular order. The 
qualitative research consists of conducting interviews with domain experts and the 
subsequent processing and analysis of the data. The prototype development firstly involves 
setting a feasible scope of the functionalities it can provide. Secondly, a system for mapping 
requirements data and a system for querying the mapped data should be designed. Thirdly, 
an approach validation, based on a use case scenario will be carried out. Conclusions from 
both the qualitative research and the prototype development are drawn and the last stage of 
the research model, namely the reporting stage, will outline all processes, results, and 
findings.  
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PART B: LITERATURE REVIEW 
This section provides the background and context of the research by elaborating upon 
relevant topics, which have induced the motivation for carrying out this thesis project. Chapter 
3 gives an insight into the collaboration practices in the AEC industry, BIM, and the IFC 
standard, while in chapter 4 the topic of requirements management and traceability is 
elaborated on. Chapter 5 introduces the idea of Linked Data and the Semantic Web with their 
underlying technologies. In section 5.3 some of the limitations of BIM and the IFC schema are 
presented in order to give a better insight into the benefits of semantically enriched building 
information models. At last, in section 5.7 the conclusions from the literature research are 
drawn. 
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3 Building Information Modeling and the collaboration process 
The AEC industry is a domain, characterized by the high diversity of stakeholders, participating 
and thus cooperating in the design, construction, and maintenance of a single construction 
project. Throughout the years the approaches to project collaboration have been drastically 
changing due to the realized need of a shift from the traditional way of working, implying a 
segregated, sequential process, where each professional domain works in isolation, to a more 
integrated process encouraging interoperability. Building Information Modeling (BIM), being 
one of the most promising technologies enabling this transition, has helped the industry to 
move forward by replacing the 2D drawing-based information exchange between domains 
with a 3D model-based approach, serving as a prerequisite for creating a collaborative working 
environment. 

3.1 Collaboration in the design process 
The design collaboration in its essence rests on the idea of each design party being able to 
integrate into their own work the design solutions of the other professionals involved in the 
process. Besides that, good collaboration suggests that each actor is able to properly evaluate 
the impact which the rest of the domains have on his/her solution and define accordingly the 
conditions for achieving quality of integration by discovering errors or proposing 
improvements. Therefore, the most important elements for achieving an effective 
collaborative environment are knowledge sharing management (Simeone and Cursi, 2016).  

 

 
Figure 3: The MacLeamy curve depicting the traditional and integrated workflow (Lu et al. 2015) 

Figure 3 above represents the MacLeamy Curve comparing the traditional project workflow 
with the BIM-centered workflow, as well as the implications resulting from them. It clearly 
displays the superiority of the latter in terms of overall project performance and therefore, 
highlights the importance of using BIM in the design phase.   






























































































































































































































































































