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Summary (English)

The building industry is based on a collaboration environment. This requires repeated,
iterative data exchanges and communication among different domains and applications in a
high frequency. To automate information processing, standardized and qualified data is
necessary for efficient working processes (Zhang, 2015). As the complexity level of the
design and construction processes is increasing, traditional information medium such as
paper-based documents cannot satisfy the required integrity, precision and timeliness
(Zhang, 2015). The concept of Building Information Modeling (BIM), Systems Engineering
(SE) and the Quality Assurance Law (QAL) are contribute to satisfy this. These concepts form
the base elements for this graduation thesis.

The need for computerizing and automating the requirements checking is becoming more
critical. Based on the problem area, this research outlines the next main research question:

“How can the validation and verification of requirements for construction works be
visualized in phase 2 and 3 of the System Engineering process (definition/design/
development/implementation), based on open standards and software (visual
programming)? And how can this be documented based on the Quality Assurance
act?”

At first, the relationship between Systems Engineering and BIM and the relationship of the
Quality Assurance Law on SE and BIM is discussed. BIM is not just a technology change, but
also a process change. By enabling a building to be represented by intelligent objects that
carry detailed information about themselves and have links and relationships with other
objects in the building model, BIM not only changes how building drawings and
visualizations are created but also dramatically alters all the key processes involved in
putting a building together (Eastman et al., 2011).

SE focusses on defining customer needs and requested functionality early in development,
capturing the requirements, design synthesis and system validation (ProRail, 2015).

One of the first similarities between SE and BIM are the benefits which occur when applying
these working methods. Both working methods aim for a better design, production quality,
better customer service and access to lifecycle data. Another link between both working
methods is the integral approach. Thereby, the phasing between the BIM and SE working
method is also a link between the two approaches. Between the BIM and SE phases, a link
can be generated by coupling each phase of the construction process to LODs. For both work
methods, open standards have been created. These open standards ensure common
agreements that enable information transfer (Krechmer, 2006).

A law only has value to the people of a society if its problem-solving benefit is greater than
its costs and other burdens (Quality of Laws, 2017). The Quality Assurance law can easily be
implemented within SE and BIM and the Quality Assurance law can be applied in Dutch
construction with minimal costs and a cost saving of more than €100 million (Koning, 2016).



Due to the increasing complexity in construction, revision of the current quality assurance
system is necessary.

Based on open standards (IFC and SE exchange standard), visual programming and the four
classes of functionality a requirement checking system should support from Eastman (2009)
a data integration platform is developed to connect BIM, SE and the QAL.

To use the tool, the first step that needs to be taken is the generation and extraction of data
from the original IFC and SE file. Important is to take into account the certain import settings
within the tool. After adding information in the widgets “Assignee” and “Evidence”, The
added and uploaded information can be managed in the widget “Mange requirements”. The
user can also can view information in the widget “Projectdetails” and “How-to?”.

After conducting the research, it can be concluded that by developing a data integration
platform is developed which connects BIM, SE and the QAL. A low-threshold, easy to use tool
is developed.

The tool should be further developed in the future. Firstly, a limitation of the tool is limited
use of valuable data in an IFC-file. In addition, an opportunity for development the tool is to
make the generic tool more specific for use.

The tool and research are interesting for contracting/construction companies, clients,
project developers, software developers and SE and BIM experts.



Summary (Dutch)

De bouwsector is gebaseerd op een samenwerkingsomgeving. Dit vereist herhaalde,
iteratieve gegevensuitwisseling en communicatie tussen verschillende domeinen en
applicaties in een hoge frequentie. Voor het automatiseren van informatieverwerking zijn
gestandaardiseerde en gekwalificeerde gegevens nodig voor efficiénte werkprocessen
(Zhang, 2015). Naarmate het complexiteitsniveau van het ontwerp- en bouwproces
toeneemt, kan traditioneel informatiemedium zoals papieren documenten niet voldoen aan
de vereiste integriteit, precisie en snelheid (Zhang, 2015). Het concept van Building
Information Modeling (BIM), Systems Engineering (SE) en de wet kwaliteitsborging kunnen
hieraan bijdragen. Deze concepten vormen de basiselementen voor deze afstudeerscriptie.

De behoefte aan computerisering en automatisering van de controle van de eisen wordt
steeds groter. Op basis van het probleemgebied schetst dit onderzoek de volgende
hoofdonderzoeksvraag:

"Hoe kan de validatie en verificatie van eisen voor bouwwerken worden
gevisualiseerd in fase 2 en 3 van het System Engineering-proces
(definitie/ontwerp/ontwikkeling/implementatie), op basis van open standaarden en
software (visuele prograpmmering)? En hoe kan dit worden gedocumenteerd op basis
van de wet kwaliteitsborging? "

Allereerst wordt de relatie tussen Systems Engineering en BIM en de relatie tussen de wet
kwaliteitsborging op SE en BIM onderzocht. BIM is niet alleen een technologische
verandering, maar ook een procesverandering. Door een gebouw weer te geven door
intelligente objecten die gedetailleerde informatie over zichzelf bevatten en koppelingen en
relaties hebben met andere objecten in het bouwmodel bevatten, verandert BIM niet alleen
de manier waarop bouwtekeningen en visualisaties worden gemaakt, maar verandert het
ook dramatisch alle belangrijke processen die betrokken zijn bij een gebouw samenstellen
(Eastman et al., 2011).

SE richt zich vroeg in ontwikkeling fase op het definiéren van klantbehoeften, het vastleggen
van de eisen, ontwerpsynthese en systeemvalidatie (ProRail, 2015).

Een van de eerste overeenkomsten tussen SE en BIM heeft betrekking op de voordelen die
zich voordoen bij de toepassing van deze werkmethoden. Beide werkmethoden zijn gericht
op een beter ontwerp, betere productiekwaliteit, betere klantenservice en toegang tot
levenscyclusdata. Een andere link tussen beide werkmethoden is de integrale aanpak.
Daarbij is de fasering tussen de BIM en de SE-werkmethode ook een koppeling tussen de
twee benaderingen. Tussen de BIM en SE-fasen kan een koppeling worden gegenereerd
door elke fase van het bouwproces aan LOD's te koppelen. Voor beide werkmethoden zijn
open standaarden gecreéerd. Deze open standaarden zorgen voor informatieoverdracht
door middel van gemeenschappelijke afspraken (Krechmer, 2006).

Een wet heeft alleen waarde voor de mensen van een samenleving als het
probleemoplossend vermogen ervan groter is dan de kosten en andere lasten (Quality of
Laws, 2017). De wet kwaliteitsborging kan eenvoudig worden geimplementeerd binnen SE



en BIM en kan worden toegepast in de Nederlandse bouw met minimale kosten en een
kostenbesparing van meer dan € 100 miljoen (Koning, 2016).

Vanwege de toenemende complexiteit in de bouw is een herziening van het huidige
kwaliteitsborgingssysteem noodzakelijk.

Op basis van open standaarden (IFC en SE-uitwisselingsstandaard), visual programming en
de vier klassen van functionaliteit vanuit Eastman (2009), is een data-integratieplatform
ontwikkeld gebaseerd op BIM, SE en de wet kwaliteitsborging.

Om de tool te gebruiken, is de eerste stap die moet worden gezet, het genereren van data
van de originele IFC en SE-bestanden. Belangrijk is om rekening te houden met de bepaalde
importinstellingen binnen de tool. Na het toevoegen van informatie in de widgets "Assignee"
en "Evidence", kunnen de toegevoegde en geliploade informatie worden beheerd in de
widget "Manage Requirements". De gebruiker kan ook informatie bekijken in de widget
"Projectdetails" en "How-to?".

Na het uitvoeren van het onderzoek kan worden geconcludeerd dat door het ontwikkelen
van een data-integratieplatform is ontwikkeld dat BIM, SE en de QAL met elkaar verbindt. Er
is een laagdrempelig en eenvoudig te gebruiken tool ontwikkeld.

De tool moet in de toekomst verder worden ontwikkeld. Ten eerste zou de tool meer
waardevolle informatie uit een IFC-bestand moeten gebruiken. Bovendien is het mogelijk om
de generieke tool specifieker te maken voor gebruik. Het is mogelijk om microflows te
maken voor eisen die vaak voorkomen.

De tool en het onderzoek zijn interessant voor contract en constructiebedrijven, klanten,
projectontwikkelaars, softwareontwikkelaars en SE- en BIM-experts.



Abstract

The building industry is based on a collaboration environment. This requires repeated,
iterative data exchanges and communication among different domains and applications in a
high frequency. To automate information processing, standardized and qualified data is
necessary for efficient working processes (Zhang, 2015). As the complexity level of the
design and construction processes is increasing, traditional information medium such as
paper-based documents cannot satisfy the required integrity, precision and timeliness
(Zzhang, 2015). The concept of Building Information Modeling (BIM), Systems Engineering
(SE) and the Quality Assurance Law (QAL) are contribute to achieve this. These concepts
form the base elements for this graduation thesis.

The need for computerizing and automating the requirements checking is becoming more
critical. Based on the problem area, this research outlines the next main research question:

“How can the validation and verification of requirements for construction works be
visualized in phase 2 and 3 of the System Engineering process (definition/design/
development/implementation), based on open standards and software (visual
programming)? And how can this be documented based on the Quality Assurance
act?”

Based on open standards (IFC and SE exchange standard), visual programming and the four
classes of functionality a requirement checking system should support from Eastman (2009)
a data integration platform is developed to connect BIM, SE and the QAL.

The tool should be further developed in the future. Firstly, a limitation of the tool is limited
use of valuable data in an IFC-file. In addition, an opportunity for development the tool is to
make the generic tool more specific for use.



Preface

This graduation report is carried out in collaboration with the University of Technology
Eindhoven and the company Hurks Bouw en vastgoedontwikkeling Eindhoven. This
graduation research forms the last part of the master Construction Management and
Engineering (CME). The whole research was a very learning and challenging proses. During
this graduation research | learnt a lot about the promising field of the AEC industry.

| would like to thank Hurks Bouw en vastgoedontwikkeling for all the cooperation they have
provided and would especially like to thank Inge Schipper.

| would like to thank my whole graduation committee and especially Thomas Krijnen for the
feedback sessions every 2 weeks.

Last but not least, | would like to thank my family and friends for listening to my
achievements, difficulties and progress during my graduation proses.

10



List of Abbreviations

API Application programming interface

BDS Building Description Systems

BIM Building Information Modeling

BIR Bouw Informatie Raad

DBF(M)(0) Design Build Finance Maintain Operate

HpaPaa$ High Productivity Application Platform as a Service
IFC Industry Foundation Classes

liS Internet Information Server

INCOSE The International Council on Systems Engineering
IPD Integrated Project Delivery

IPM Integrated project management

LOD Level of development

OWL Web Ontology Language

SE Systems Engineering

QAL Quality Assurance Law

QcC Quality control

Qam Quality management

XML Extensible Markup Language

11



List of Figures

Figure 1: ReSearch MOMEl......cooouiiiiiiiiei ettt s e e s sare e e s e aees 18
Figure 2: Relationship between related topiCs. . ..ccvviirciieiiiriie e 21
Figure 3: The Development of BIM from 1975 to 2013 (adapted from: Latiffi, 2014) ............ 23
Figure 4: Traditional Approach vs BIM Approach (: IPC voor architecten, 2012) .................... 25
Figure 5: Macleamy curve traditional approach (vs BIM workflow (Lu, 2014)....................... 26
Figure 6: Example of Level of Development (adapted from: BIMForum, 2016)...................... 27
Figure 7: Basic methodology standards (adapted from: BuildingSMART, 2017)..................... 29
Figure 8: Ontology of model checking concepts (adapted from: Hjelseth, 2010)................... 29
Figure 9: Distribution of processing BIM requirements (Galiano-Garrigos, 2017) .................. 30
Figure 10: Basic five characteristics of systems engineering (Moser, 2014) .........cccceevveennee. 32
Figure 11: Relationship Systems Engineering and IPM (adapted from: ProRail, 2015)........... 34
Figure 12: V - Model in the context of the life cycle framework (adapted from: U.S.

(o 1Y oF: T g T=T o] A 0} N ISP SPPNt 35
Figure 13: Iterative specification process (adapted from: Rijkswaterstaat, 2013).................. 36
Figure 14: Information transfer in life cycle (adapted from: Leidraadse, 2017)..........ccccn....e. 37
Figure 15: State chart for agreement requirement (Hull, 2011).....cccceeeviiieeiiniiieeeciieeee e, 38
Figure 16: Architecture in layers (Bouw Informatie Raad (BIR) SE-BIM werkgroep, 2017).....40
Figure 17: Timeline bill quality assurance law (adapted from: Woningborg, 2017)................ 43
Figure 18: The four classes of functionality (Adopted from: Eastman, 2009) ............cccccuuueee. 51
Figure 19: Overview Abell's matric for FORNAX, SMARTcode, EDM, SMC and mvdXML........ 54
Figure 20: Development Platforms (Hammond, 2017).......ccccviieeeiiieieeecieee e 56
Figure 21: Domain MOdel tOOL.........oeiieii i e e e s 56
Figure 22: Example XML Assignee and Management Requirement........ccccceeecvveeeeicveeeeennnnen. 57
Figure 23: Data from 3D-model and RelatiCs .......ccuueveiiuiiiiiiriiee e 57
Figure 24: Microflow “Status REQUIrEMENt” .........ooiiiiiiieiieiee e 58
Figure 25: End even of the microflow "Status requirement" ..........cccee i, 58
Figure 26: Home — Project OVerview in t00l ......cccooieciiiiiiee e 60
Figure 27: Dashboard in tOO]...........ueviiiiie i e e e e 60
Figure 28: Management Requirements in to0l.........cccuiiiiieiii e, 61
Figure 29: Project details in tool (Royal COSUN) .....coocuiiiiieeiiei et 61
Figure 30: Adding evidence in t0O0........couicirieiiee e e e 62
Figure 31: HOW-T0? iN t0O0L....cci ittt e e e e s anrr e e e e e e e e e ennnrneeeees 62
Figure 32: Tutorial IFC - EXcel file in t00l.......uvveeiiiiiiieeeee e e 63
Figure 33: Tutorial Relatics - Excel file in 100l .....ccoeiiiiieeee e, 63
Figure 34: Administration in tool (adding a new account and USEr) .......cccccceeeiveeeeecieeeeeennen. 63
Figure 35: Tool presented on desktop, tablet and phone ........cccccvvieeieeiieecccie e, 64
Figure 36: Huge amount of data in @an IFC.........cooiiiiiiiiiiieec e 77
Figure 37: Properties from the objects in an IFC ........ccovvveeiiiiiieiieeeee e, 77
Figure 38: Excluding all properties from objects.......ccccvvvviviiiiiiiiiciiee e, 78
Figure 39: Including property "NameE" ...t e s e araeeeees 78
Figure 40: Exporting IFC-file to EXCEI-file ......uviirieeiiieee e 79
Figure 41: End result from [FC t0 EXCEl ......uuuviiiiieei et 79
Figure 42: Home screen Relatics template for the projet Royal Cosun.........ccccceeeeeericnnnnnenn. 81


file:///C:/Users/Nisam/Desktop/Afstuderen%20-%20Automated%20validation%20and%20verification%20of%20requirements%20for%20construction%20works%20in%20a%20BIM/literature%20review.docx%23_Toc504046963
file:///C:/Users/Nisam/Desktop/Afstuderen%20-%20Automated%20validation%20and%20verification%20of%20requirements%20for%20construction%20works%20in%20a%20BIM/literature%20review.docx%23_Toc504046965
file:///C:/Users/Nisam/Desktop/Afstuderen%20-%20Automated%20validation%20and%20verification%20of%20requirements%20for%20construction%20works%20in%20a%20BIM/literature%20review.docx%23_Toc504046977

Figure 43: Distribution of all requirements in Chapters.......cocccvvviiiiieee i 82

Figure 44: Download the requirements in Relatics into an Excel-file.......cccccoevvieeiiiiiienennnen, 82
Figure 45: Outcome of requirements in an EXcel-file .......cccoovuiiiiiiiiiiiinie e, 83
Figure 46: Huge amount of data in @an IFC........ccooiiiiiiiiiiiie e 88
Figure 47: Properties from the objects in an IFC .........ccuviiiiiiiie e 88
Figure 48: Importing IFC-model ROyal COSUN.....cccoiiiiiiiiieee e 89
Figure 49: Excluding all properties from 0bjects........ccccuveeiieiiiieecicee e, 89
Figure 50: Including property "NameE" ... e e e e e 90
Figure 51: Exporting IFC-file t0 EXCEI-fil@ ..ovuvrieiieiiiee e 91
Figure 52: End result from IFC t0 EXCEl ...ciiiiriiiiiiiiiee et 91
Figure 53: Home screen Relatics template for the projet Royal Cosun........ccccveeeiviveeeennnen. 92
Figure 54: Distribution of all requirements in chapters........cccveeeiiieee e, 93
Figure 55: Download the requirements in Relatics into an Excel-file.........cccceecveeeeciieeennneen. 93
Figure 56: Outcome of requirements in an EXcel-file .........ccoovvieiiiieiicci e, 94
Figure 57: Mendix vVersion of 00! ...........oei i 95
Figure 58: Settings IMport teMPIate ......cee i e e 97
Figure 59: Overview IMport filleS ... e e 98
Figure 60: IMPOort EXCEI-TIlE ..ueviiiiieee ettt e e e e 98
Figure 61: Overview of imported data (IFC-elements and requirements) in tool................... 99
FIBUIE 62: ASSISNEE OVEIVIEW ..uuuiiiiiieiiiiieieieieieseisssssssssssssns s ssnsasnsnnnsnssnnssssssnnnnnsnsnnnnnnnnsnnnnnn 100
FIBUIE 63: NEW ASSIEBNEE ..uuuiieiiieieieiiieieieiesesesesess s s s s s s s nanssansnnnnssnnnan 100
Figure 64: Uploading EVIAENCE .......uuiiiiie et e e e s e e e e errra e e e e e e e e e nnnnes 100
Figure 65: New "Managing requiremMents” ..... ..o e e eecrrre e e e e e e e ennes 101

List of Tables
Table 1: Phases and definitions of the LOD’s (IPC voor architecten, 2012, BIMForum, 2016) 27

Table 2: The Basic Standards according to BuildingSMART (BuildingSMART, 2017)............... 28
Table 3: Example of triples (Bouw Informatie Raad (BIR) SE-BIM werkgroep, 2017).............. 40
Table 4: Overview of the current and future construction process (Koning, 2016)................ 44
Table 5: Overview NPV in million € (2014 price level) (Koning, 2016)........cccccceeeecrveeeecnnennnn. 46

13


file:///C:/Users/Nisam/Desktop/Afstuderen%20-%20Automated%20validation%20and%20verification%20of%20requirements%20for%20construction%20works%20in%20a%20BIM/literature%20review.docx%23_Toc504047001
file:///C:/Users/Nisam/Desktop/Afstuderen%20-%20Automated%20validation%20and%20verification%20of%20requirements%20for%20construction%20works%20in%20a%20BIM/literature%20review.docx%23_Toc504047003

14



1. Introduction

The building industry is based on a collaboration environment. This requires repeated,
iterative data exchanges and communication among different domains and applications in a
high frequency. To automate information processing, standardized and qualified data is
necessary for efficient working processes (Zhang, 2015). As the complexity level of the
design and construction processes is increasing, traditional information medium such as
paper-based documents cannot satisfy the required integrity, precision and timeliness
(Zhang, 2015). The concept of Building Information Modeling (BIM), Systems Engineering
(SE) and the Quality Assurance Law (QAL) are contribute to achieve this. These concepts
form the base elements for this graduation thesis.

Building Information Modeling (BIM) as a methodology is becoming more common practice
within the AEC (architecture, engineering, construction)-industry, models become more
complex and detailed. It is no longer practical for users to ensure the models are of good
quality and adhere to requirements. Therefore, it calls for an urgent need to define robust
and rigorous test criteria, processes and tools (Solihin, 2015).

Systems Engineering (SE) as a methodology focusing on producing a successful facility that
meets requirements and development objectives, is successful in its operation

and achieves its desired operating life. SE differs from traditional disciplines in that it is
focused on the system as a whole, it is concerned with customer needs and operational
environment, it leads system conceptual design and it bridges traditional engineering
disciplines and gaps between specialties (Kossiakoff, 2011).

The implementation of an automate information processing, standardized and qualified data
forms an interesting topic for graduation. According to the theory, the advantages of
applying BIM and SE is huge. But on the other hand, there is resistant against the
implementation of BIM and SE. The gap between theory and practice form an interesting
topic to research.

This graduation project intends to address the topics within an organization. This work is
carried out with the support of the company Hurks Bouw en Vastgoedontwikkeling.

1.1 Problem definition

Construction projects are becoming increasingly complex and customers are demanding
more, but there are concerns about the poor performance of the construction industry
(Koutsos, 2016; Barlow, 2000). This results in more extensive forms of contracting that move
liabilities into the contracting organizations. In addition to the contract forms, the law will
also contribute to the shift of liabilities into the contracting organizations. The Quality
Assurance Law (QAL) indicates that when the construction work is completed, the contractor
must demonstrate the regulations have been met (Eerste Kamer der Staten-Generaal, 2017).

The construction of a new Food Technology Center in Dinteloord, Royal Cosun, is an example
of a project with an extensive form of contracting that move the liability towards the
contracting organization. The combination Hurks-Imtech has executed the project based on
a Design, Build & Maintain contract. The contract represents a value of more than
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€15.000.000, - for engineering and construction. Hurks Bouw en Vastgoedontwikkeling will
also be responsible for fifteen years of maintenance (Hurks, 2017).

The new construction project did not provide the desired collaboration for both the client
and the contractor. This project has not fulfilled its objectives and expectations, for several
reasons:

- Little review on the requirement and requirements from the customer on the design
and construction of the building. The requirements from the customer were not
translated into measurable requirements.

- During the project two parallel processes were present. Two parallel processes on
construction of the building and the System Engineering. System Engineering even
happened afterwards.

- The contractor had little experience with extensive form of contracting. As a result,
processes were based on a traditional contract form.

In these extensive collaboration forms, such as DBF(M)(O), the client/user is looking for a
partner who can design, implement and operate an integral plan. Through collaboration
between the client and the contractor, a client's project requirements can be achieved and
this generates more added value compared to traditional construction projects.

A solution to this problem is a tool based on the concept of Building Information Modeling,
Systems Engineering and the Quality Assurance Law.

1.2 Scope
The main subject of the thesis is a tool based on BIM, SE and the QAL, within this subject the
thesis is focused on the exchange of data. The focus lies on the validation and verification of

requirements.

The research is conducted at the construction department of the company Hurks Bouw en
vastgoedontwikkeling Eindhoven. The used data is from the project Royal Cosun.

1.3 Research questions

The need for computerizing and automating information processing is necessary for efficient
working processes and becoming more critical. Based on the problem definition and the
scope, this section outlines the research questions of the proposed research. The main
research question is:

“How can the validation and verification of requirements for construction works be
visualized in phase 2 and 3 of the System Engineering process (definition/design/
development/implementation), based on open standards and software (visual
programming)? And how can this be documented based on the Quality Assurance
act?”
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A few sub questions are developed to support the main research question. The sub-
questions are categorized in 3 sections: SE/BIM development phases, Information
completeness (contract requirements) and application development (Data & Coding).
SE/BIM development phases:
1. What core concepts can be identified for BIM and SE? (workflow, stakeholders,
relationships)
2. Which design phases can be identified in a BIM process and in which way this
corresponds to the SE process?
3. What is the effect of the quality assurance law on the relationship between BIM and
SE?

It is essential to generate background information on the related topics. Sub-questions 1 till
3 will provide background information on the related topics.

Information completeness (contract requirements):
4. How should the requirements be organized so that they can be automatically tested?
5. How should the information completeness of a building information model be
verified?
6. What are the existing methods to verify the information completeness of a BIM?

At the current state it is not possible to provide an answer to the main research question.
For this reason, sub-questions 4 till 6 will provide information on the current available tools
in de market and a provide a base for the design and development of the final validation
tool.

Application development (Data & Coding):
7. How can the project's requirements be verified based on BIM, SE and the QAL?
8. How can the project's requirements be presented based on BIM, SE and the QAL?

The main research question and sub questions lead to three final products:
1. A tool which connects BIM, SE and the QAL
2. Instructions on how to use the tool
3. Recommendations for further developing the tool

1.4 Research design

The aim of this graduation research is to find an answer to the research question. In order to
answer the main and sub questions, this thesis is divided into an introduction, four chapters

literature study, a chapter method and results and finally a conclusion. This research design

is explained below and shown in Figure 1.
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Figure 1: Research model
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The first part of the research is about collecting information on the topics BIM, SE, and the
QAL. The aim is to answer, with state-of-the-art literature, sub question 1 till 6. This data is
required to answer the main question. Based on the findings and outcomes of the literature
study, the tool will be developed. The literature study will clarify the core concepts of the
related topics, the open standards of BIM and SE, the influence of the related topics on each
other and the data exchange within BIM and SE.

Sub-questions 1, 2 and 3 are about Systems Engineering, Building Information Model and the
quality assurance law. Sub-questions 4, 5 and 6 and used to complete the literature study
and have enough information to design (sub-question 7) and develop (sub-question 8) the
end-product.

1.4 The scientific importance

This research will be an added value for both academic and practical purposes. Connecting
BIM and SE into a model checker has been carried out more often (Weerink, 2016) (Nieman,
2016), but this has not yet resulted in an easy-to-use outcome for practice which is based on
BIM, SE and the QAL. The outcome of this report ensures construction companies to connect
System Engineering, BIM and the Quality Assurance Law.

1.5 Expected results

This graduation thesis aims to develop a tool to connect BIM, SE and the QAL. In the second
till fifth chapters (literature review) more insight is given about the key concepts of the
related topics. Chapter six is an interesting chapter since more insight is gained about the
available tools. Chapter six will also provide the design and development of the tool. Since |
personally lack programming skills, the development of a tool will be challenging but also
very informative.

The main research question and sub questions lead to three final products:
1. A tool which connects BIM, SE and the QAL
2. Instructions on how to use the tool
3. Recommendations for further developing the tool

1.6 Reading guide

Chapter 1 presents the cause of the problem and chapter 2, 3 and 4 discusses the relevant
literature about BIM, Systems Engineering and the quality assurance law. Chapter 5 provides
the conclusion of the literature study of chapter 2, 3 and 4. In chapter 6 the methodology is
explained to generate the tool. Chapter 7 provides an overall conclusion of this thesis.

19



20



Introduction literature review

This literature review serves as a starting point for the graduation thesis. The problem and
approach have been discussed in phase one, a literature study is performed in this second
phase. A literature study is necessary in order to obtain sufficient knowledge about the
research related topics: BIM, System Engineering and the new Quality Assurance law. The
literature review aims to give understanding to the relationship between BIM and System
Engineering as shown in Figure 2 relationship 1 and the effect of the new Quality Assurance
law on the relationship between BIM and System Engineering as shown in Figure 2
relationship 2.

Building

Systen1. }@ Information
Engineering 2 Model (BIM)

Quality
Assurance act

Figure 2: Conceptual model related topics

The literature review aims at the contemporary literature, but also will look back at the past
to understand where it initially came from. The literature review elaborates on state-of-the-
art advantages, workflow, implementation, standardization and methodology standards of
BIM. Subsequently, the literature review focusses on the definition and the application of
System Engineering in the construction sector. Finally, the literature review presents insight
on the new Quality Assurance law. The literature study will be concluded with a conclusion
explaining the relationships between the related topics.
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2 BIM

Construction projects, particularly megaprojects, are becoming significantly complex and
difficult to manage (Bryde, 2013). The rising interest in BIM can be seen in conjunction with
new project management frameworks, such as Integrated Project Delivery (IPD), which
increases the need for closer collaboration and more effective communication (Bryde, 2013).
To cope with the increasing complexity and difficulty of project management, BIM has been
developing at a rapid pace and becoming extensively utilized (He, 2017).

The National Building Information Model Standard Project Committee defines BIM as:

“Building Information Modeling (BIM) is a digital representation of physical and functional
characteristics of a facility. A BIM is a shared knowledge resource for information about a
facility forming a reliable basis for decisions during its life-cycle; defined as existing from
earliest conception to demolition”.

This definition claims that BIM is not just a product/3D model, but also a digital
representation of the actual building with elements containing information about its
geometry, material type, costs, maintenance, fire resistance, location and so on.

The aim of this chapter is to provide answer to the first sub questions. In this chapter, the
following sub questions are addressed:

e What core concepts can be identified for BIM?
e Which design and development phases can be identified in a BIM process?

Goal of these sub questions is to get more insight about BIM. The literature review starts
with an introduction to BIM with the general explanation of BIM. It is continued by the
advantages and challenges of the working method BIM. Subsequently it is followed up by a
section about the workflow in BIM. Furthermore, the standardization within the working
method BIM is discussed. At the end of this chapter a section is provided in about the
requirement management in a BIM. The chapter serves to answer the sub-conclusion on
BIM, as input for the 3.5 and for chapter 5 for the conclusion on the related topics.
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2.1 Introduction to BIM

BIM is originated from Professor Charles Eastman at the Georgia Tech School of Architecture
in late 1970. During the late 1970s, Eastman claimed that drawings for construction were
inefficient due to its limitation to visualize the buildings, as well as the drawings, were not
updated. Therefore, there were several organizations in the USA and Finland which had
developed a computer program using ICT to solve those problems (Latiffi, 2014).

The development of BIM

4

BDS BEM GEM . Bm
Esign - De§|gn. ; ohncelp 5_: - Building life cycle
e tion application €CNNOlogIES, i - Use of computer
- Estiomation standards and projects software
GLIDE - Construction ;OC::tiEr:tci;ib”'ty and - TO.OI to control
- Design process — projects
application - InvoIverTlent of - gorate o - Metho.dology.of
-Estimation construction p ! o interacting pro;ect§
players construction activities - Use of technologies
- Physical information - Increase effectiveness
and architecture of and efficiency
building - Project simulation
using 3D

- Modeling technology
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Figure 3: The Development of BIM from 1975 to 2013 (adapted from: Latiffi, 2014)

| 2000's | | 2010's

Figure 3 shows how the development of BIM has been expanded from 1975 to 2013. In
1975, Building Description Systems (BDS) had been introduced by Professor Charles Eastman
for easier coordination during design development (Latiffi, 2014). The developments of
GLIDE, BPM, and GBM have contributed to the development of BIM. In 2006, BIM was
defined as a new methodology to manage and increase the AEC performance in completing
and managing the projects. In the beginning, BIM was adapted as a project simulation that
consisted of 3D-model of a project component. After 2008, BIM had been enlarged as a
technology revolution that helped to transform the way buildings were conceived, designed,
constructed as well as operated (Hardin, 2015).

2.2 Advantages and challenges of BIM

BIM is one of the most promising developments in the AEC industries. BIM is not just a
technology change, but also a process change. By enabling a building to be represented by
intelligent objects that carry detailed information about themselves and have links and
relationships with other objects in the building model, BIM not only changes how building
drawings and visualizations are created but also dramatically alters all the key processes
involved in putting a building together (Eastman et al., 2011). BIM can support and improve
many business practices. Significant improvements have already been realized in the AEC-
sector (He, 2017). Below is the scope of changes that can be expected as BIM develops in an
organization listed;

e Accurate and complete data ready for use when building completed, lowers data
capture and operate and maintenance costs (Teicholz, 2013) (Eastman et al., 2011)
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Controlled whole-life costs and environmental data: Environmental performance is
more predictable, and lifecycle costs are better understood (Azhar, 2011) (Eastman
et al, 2011)

Bridges the information gap between the A/E/C and owner (Teicholz, 2013)
Improved collaboration (Eastman et al., 2011)

More complete and accessible data allows faster analysis and correction of problems
and fewer breakdowns (Teicholz, 2013)

Faster and more effective processes: Information is more easily shared and can be
value-added and reused (Azhar, 2011) (Bryde, 2013) (sbrcurnet, 2017) (Eastman et
al., 2011)

Better design: Building proposals can be rigorously analyzed, simulations performed
quickly, and performance benchmarked, enabling improved and innovative solutions
(Azhar, 2011) (Eastman et al., 2011)

Better production quality: Documentation output is flexible and exploits automation
(Azhar, 2011) (Eastman et al., 2011)

Automated assembly: Digital product data can be exploited in downstream processes
and used for manufacturing and assembly of structural systems (Azhar, 2011)

Better customer service: Proposals are better understood through accurate
visualization (Azhar, 2011) (Eastman et al., 2011)

Lifecycle data: Requirements, design, construction, and operational information can
be used in facilities management (Azhar, 2011) (Eastman et al., 2011)

Accurate geometrical representation of the parts of a building in an integrated data
environment (Azhar, 2011)

Creating more sustainable communities/energy efficiency (Eadie, 2013) (Bryde, 2013)
(Eastman et al., 2011)

BIM will also cause significant changes in relationships of project participants and the
contractual agreements between them (Eastman et al., 2011). The challenges that can be
expected as BIM develops in an organization are listed below;

Lack of determination of ownership of the BIM data and the need to protect it
through copyright laws and other legal channels (Azhar, 2011) (Bryde, 2013).

The integrated concept of BIM blurs the level of responsibility so much that risk and
liability are likely to be enhanced (Azhar, 2011) (Bryde, 2013).

As the dimensions of cost and schedule are layered onto the building information
model, responsibility for the proper technological interface among various programs
becomes an issue (Azhar, 2011) (Bryde, 2013) (Eastman et al., 2011).

High initial investment costs (Migilinskas, 2013) (Bryde, 2013)

The time to learn how to use the software (related to people) (Migilinskas, 2013)
(Bryde, 2013) (sbrcurnet, 2017)

2.3 Workflow BIM

BIM moves the AEC-sector forward from current task automation of project and paper-
centric processes toward an integrated and interoperable workflow where these tasks are
collapsed into a coordinated and collaborative process with that maximize computing
capabilities (Eastman et al., 2011). Thus, BIM requires a different way of collaboration
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between stakeholders. Collaboration on construction projects is closely linked with
communications and seamless information exchange among stakeholders. Computer-based
collaboration has become the norm for contemporary construction projects where team
members are scattered across several locations but use shared databases (Oraee, 2017).
Figure 4 shows the BIM collaboration form and exchange of information compared to the
traditional collaboration form. In the traditional collaboration form, information is
exchanged between two team members. Whereas in the BIM collaboration form,
information is stored, accessed and adjusted in a data environment. Each discipline outputs
its own aspect model. The aspect models together form a BIM model.

Exchange of information in a traditional

construction project Exchange of information in a BIM project

Architect Architect

@ v
@ v @

Building Engineer MEP Building Engineer ™.
N

§ T I

N Structural

N

Builder Structural Builder i
|
. i N
@ @ & / ) @
|
|
Facility Manager i Project Manager Facility Manager i Project Manager

Construction Manager Construction Manager

Figure 4: Traditional Approach vs BIM Approach (adapted from: IPC voor architecten, 2012)

In the traditional approach of exchanging information and communication, the process
remains fragmented, and it depends on paper-based modes of communication. Errors and
omissions in paper documents often cause unanticipated field costs and delays. One of the
most common problems associated with a traditional approach of communication during the
design phase is the considerable time and expense required to generate critical assessment
information about a proposed design, including cost estimates, energy-use analysis and
structural details. These analyses are normally done last when it is already too late to make
important changes (Eastman et al., 2011).

The effort curve of line 4 in Figure 5 is shifting to the left to have a higher ability to control
costs and performance in an earlier phase where the cost changes in the design are lower.
The added value of BIM is clearly represented in the workflow, by making design changes in
the early phases of a project, with less documentation.
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Figure 5: Macleamy curve traditional approach (line 3) vs BIM workflow (line 4) (Lu, 2014)

Various governments and companies recognize the benefits of BIM. For instance,
Rijkwaterstaat where BIM is used in all the new design, build, finance and maintain projects
(DBFM). The BIM program provides for the development and deployment of BIM within
Rijkswaterstaat. It provides software tools, standards, models, testing, training and guidance
for BIM in the form of manuals and tools (Rijkswaterstaat, 2017). Another example is
Rijksgvastgoedbedrijf where BIM is used for current, relevant and reliable information to
have sustainable, reliable information about the building stock (Rijksvastgoedbedrijf, 2017).
In business collectives, like the “IPC voor Architecten”, are written. They have specified the
level of detail (LOD) for each BIM phase (IPC voor architecten, 2012).

Level of detail | Phase LOD Definitions
LOD 000 Demand The Model Element may be graphically represented in
specification the Model with a symbol or other generic
representation, but does not satisfy the
requirements for LOD 100. Information related to the
Model Element (i.e. cost per square foot, tonnage of
HVAC, etc.) can be derived from other Model Elements.
LOD 100 Demand The Model Element is graphically represented within
specification the Model as a generic system, object, or assembly
and Functional | with approximate quantities, size, shape, location, and
design orientation.
LOD 200 Functional The Model Element is graphically represented within
design the Model as a specific system, object or assembly in
terms of quantity, size, shape, location, and
orientation.
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LOD 300 Final design The Model Element is graphically represented within
the Model as a specific system, object, or assembly in
terms of quantity, size, shape, location, orientation,
and interfaces with other building systems.

LOD 400 Technical The Model Element is graphically represented within
specification the Model as a specific system, object or assembly in
terms of size, shape, location, quantity, and orientation
with detailing, fabrication, assembly, and installation

information.
LOD 500 Delivery / use | The Model Element is a field verified representation in
building terms of size, shape, location, quantity, and
orientation.

Table 1: Phases and definitions of the Levels of Development — LOD’s (IPC voor architecten, 2012) (BIMForum, 2016)

The level of development shows the progress in the design phase completion, Figure 6
shows a visualization of this progress.

LOD 000/100 LOD 200 LOD 300 LOD 400 LOD 500

Figure 6: Example of Level of Development (adapted from: BIMForum, 2016)
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2.4 Open standards

Historically, open standards have been the result of an agreement between technology
suppliers, customers and regulatory authorities at a national or international level (Damiani,
2009). Open standers represent common agreements that enable information transfer
(Krechmer, 2006). The emergence of open standards has been crucial to ensuring
interoperability among different brands of software products or services.

All the basic standards according to BuildingSMART are shown in Table 2. Below all the
standards are explained.

Name Standard Definition
IFC ISO 16739 Transport data
IFD ISO 12006-3 Mapping of terms
IDM ISO 29481-1 Describes processes
ISO 29481-2
MVD BuildingSMART MVD | Translated processes in exchange technical
requirements

Table 2: The Basic Standards according to BuildingSMART (BuildingSMART, 2017)
IFC Industry Foundation Classes

IFC is a Data Standard developed and maintained by the buildingSMART organization
(buildingsmart, 2017). IFC is the most widely spread ISO certified building component library
in the building industry (Heidari, 2014) and can be used for the whole lifecycle management
of a building project (Qin, 2011). IFC is used for data sharing in the construction and facility
management industries (Galiano-Garrigos, 2017). BuildingSMART has developed a common
data schema (IFC) that makes it possible to hold and exchange relevant data between
different software applications.

IDM Information Delivery Manual

BuildingSMART processes (IDMs), see Figure 7, capture business process whilst at the same
time providing detailed specifications of the information that a user fulfilling a particular role
would need to provide at a particular point within a project. IDMs also propose a set of
modular model functions that can be reused in the development of support for further user
requirements (BuildingSMART, 2017). IDM is used as a framework, methodology and format
(Galiano-Garrigos, 2017). IDM can be used to focus on the check of information in the model
compared to a requirement (Hjelseth, 2010).

MVD Model View Definition

Model View Definitions (MVDs) define the subset of the IFC data model that is necessary to
support the specific data exchange requirements of the AEC industry during the life-cycle of
a construction project. A Model View Definition provides implementation guidance (or
implementation agreements) for all IFC concepts (classes, attributes, relationships, property
sets, quantity definitions, etc.) used within a particular subset. It thereby represents the
software requirement specification for the implementation of an IFC interface to satisfy the
exchange requirements (BuildingSMART, 2017).
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IFD International Framework for Dictionaries

The Data Dictionary is one of the core components of the buildingSMART technology. The
bSDD is a reference library based on the IFD standard and intended to support improved
interoperability in the building and construction industry (BuildingSMART, 2017). IFD also
organize information about construction work and is a framework for object-oriented
information (Galiano-Garrigos, 2017). IFD is classification concept based on relevant
products is mapped against a concept, e.g. a door. This concept, generic door, has attributes

which make it possible to match this against real products (Hjelseth, 2010)

Data: IFC
Figure 7: Basic methodology standards (adapted from: BuildingSMART, 2017)

2.5 Requirements management in BIM
Rule checking has been identified as potentially providing significant value to the AEC
industry from both regulatory and industry perspectives (Solihin & Eastman, 2015). Model
and requirements checking in BIM is normally done by use of standalone applications as
Solibri Model Checker, SMARTcodes, ePlanCheck, AEC3 Compliance or EDM Model Server
(Hjelseth, 2010). Each model checking concepts is based on its intentions. All concepts are
based on an ontological foundation with a four-level taxonomy consisting of Intention —
Result — Rule set — Type of products, illustrated in Figure 8 below.

Intention

Give support for

»

Is realized through

Figure 8: Ontology of model checking concepts (adapted from: Hjelseth, 2010)
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Eastman (2009) suggested that besides building regulatory code-checking, more specialized
types of rule checking such as client’s requirements and requirements for specific building
types are also emerging. In general, the scope of the rules falls into the following categories:

1. Checks for well-formedness of a building model

2. Building regulatory code checking
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Specific client

Constructability and other contractor requirements

Safety and other rules with possible programmed corrective actions
Warrantee approvals

BIM data completeness for handover to the facilities management

Nouksuw

Galiano-Garrigos (2017) conducted a study on that focusses on the degree of the automatic
processing of digital rulesets. The outcome identified that 34% of requirements could be
automatically checked, 13% partly checked automatically/manually, and 34% checked
manually, whereas 19% of the requirements were not implemented as digital rules at all.
This indicated that approximately half of the requirements can be checked automatically and
verified, whereas the other half of the requirements have to be checked manually in a BIM,
see Figure 9 (Galiano-Garrigos, 2017).

W Automatic
Partky manual/automatic
B Manual

B Rules not specified

Figure 9: Distribution of processing BIM requirements (Galiano-Garrigos, 2017)
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3 Systems Engineering

Systems Engineering (SE) as a work methodology in the Netherlands is best known in the
infrastructure sector. Large infrastructure projects were designed and implemented with the
use of this methodology. Rijkstwaterstaat and ProRail are encouraging the approach based
on SE (Rijkswaterstaat, 2013). The term SE consists of the concepts 'Systems' and
'Engineering'. System is made up of elements that together perform the function of the
system. Secondly, the concept SE is also formed by the term Engineering. SE is about the
engineering activities throughout the entire lifecycle of the system (INCOSE, 2017).

The International Council on Systems Engineering (INCOSE) defines Systems Engineering as:

“Systems Engineering is an interdisciplinary approach and means to enable the realization of
successful systems. It focuses on defining customer needs and required functionality early in
the development cycle, documenting requirements, then proceeding with design synthesis
and system validation while considering the complete problem: operations, cost and
schedule, performance, training and support, test, manufacturing and disposal”.

The aim of this chapter is to provide answer to the first sub questions. In this chapter, the
following sub-questions are addressed:

e What core concepts can be identified for SE?
e Which design phases can be identified in a SE process?
e How can requirements be formulated to be used automatically?

Goal of these sub questions is to get more insight about SE. This chapter starts with an
introduction to SE with the general explanation of SE. It is continued by the application of SE
in the construction sector. Furthermore, the standardization within the working method SE
is discussed. At the end this chapter a section is provided with a sub-conclusion on BIM and
SE. This chapter is also used as input for section 3.5 and chapter 5.

3.1 Introduction to Systems Engineering

The origin of SE can’t be traced back to a certain date in history. The Bible records that
Noah’s Ark was built to a system specification and during the building of the pyramids
systems engineering principles have been practiced at some level (Kossiakoff, 2011). The
recognition of systems engineering as a separate activity is often redirected with the effects
of World War Il. The development of high-performance aircraft, military radar, the proximity
fuse, the German VI and V2 missiles, and especially the atomic bomb required revolutionary
progress in the application of energy, materials, and information. These systems were
complex, combining multiple technical disciplines, and their development posed engineering
challenges significantly beyond those that had been presented by their more conventional
predecessors (Kossiakoff, 2011). Systems engineering as now known is formed in the 1950s
and 1960s when textbooks were published that first identified systems engineering as a
separate discipline and defined its place in the engineering of systems. The recognition of
systems engineering as a unique activity developed as a necessary corollary to the rapid
growth of technology, and its application to important military and commercial operations
during the second half of the twentieth century (Blanchard, 2006).
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The relationship between modern systems engineering to its origins can be best understood
in terms of three basic factors: advancing technology, competition and specialization
(Kossiakoff, 2011).

The 21st Century has been described as “The Systems Century” (Calvano, 2004). Systems
engineering nowadays focuses on creating systems. A set of related elements defines these.
It is a management and engineering effort throughout the lifecycle of a system. This effort
requires the involvement of multiple disciplines in a continuous iterative process (see Figure
10). Different members of a multi-disciplinary engineering team represent multiple
disciplines. To get an overview of systems engineering activities the entire product creation
phase of the systems must be studied. This overview contains the technical system and the
interaction of the engineering team members, i.e. how to act, know, discuss, decide and
think (Moser, 2014).

applied.

Jis..
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Figure 10: Basic five characteristics of systems engineering (Moser, 2014)

3.2 Application of Systems Engineering in the construction industry

The previous section explains what SE is, the history of SE, SE in the last decade, and what is
known today as SE. This paragraph focuses on the application of SE in the construction
industry. First, the intended goals of SE in general and in the Dutch construction sector are
given. Secondly, the SE in the Dutch construction industry is elaborated through the
definition, design, development and implementation lifecycle phases and the processes
involved.

3.2.1SE and IPM
Given the definition in paragraph 3.1 it follows that the goal of SE is to create a whole
solution to a complex problem. According to Sheard (2009) complex systems are:

“Complex systems are systems that do not have a centralizing authority and are not designed
from a known specification, but instead involve disparate stakeholders creating systems that
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are functional for other purposes and are only brought together in the complex system
because the individual “agents” of the system see such cooperation as being beneficial for
them” (Sheard, 2009).

SE achieve this goal by focusing on defining customer needs and requested functionality
early in development, capturing the requirements, design synthesis and system validation
(ProRail, 2015).

According to Bar-Yam (2003) a systematic approach to complex systems development
requires an evolutionary strategy where the individuals and the technology (hardware and
software) are all part of the evolutionary process. Which is why ProRail created a guideline
with principles that play an important role in SE:

e System Thinking: System thinking means that elements - which form part of the intended
solution or interact with the need - are considered as one system;

e The customer demand central: The best solution is created for the system, based on
customer demand, within the given solution area;

e Optimization over the entire life cycle: SE transcends the various phases of the life cycle and
focuses on optimizing the system in all these phases, including interdependence;

o  Working explicitly: Through explicit work, choices and information are traceable and
transferable;

e Applicable to any contract form: SE is applicable in the construction sector for each
contractual form and within each project.

e Attention to competencies in attitude and behaviour: SE is a method used by all throughout
the project. The introduction of SE demands besides technical competencies but also certain
competencies in attitude and behaviour.

SE is an integral (technical) project management. Projects in the construction sector
continue to increase in complexity, dynamics and number of stakeholders; Hence the sector
has been applying SE for nearly ten years (ProRail, 2015).

The intended goals of SE correspond to the goals of IPM. Figure 11 shows that Systems
Engineering affects all the project components (ProRail, 2015). Like project management, SE
deals with a variety of methods for designing and building a system that is largely
independent of the domain itself (Eisner, 2008).
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Figure 11: Relationship Systems Engineering and integrated project management (adapted from: ProRail, 2015)

3.2.2 v-model

The implementation of SE in the Dutch construction sector is an initiative of a collaboration
between Prorail, Rijkswaterstaat, NL Ingenieurs, Bouwend Nederland, de Vereniging van
Waterbouwers and Uneto VNI who created the “Leidraad voor Systems Engineering binnen
de GWW-sector” (the SE guide). The SE guide provides a common framework with clear
concepts and processes to the construction sector (Leidraadse, 2017).

According to the U.S. department of transportation federal highway administration there are
seven lifecycle phases of development:

e Phase -1 Regional Architecture

e Phase 0 Concept Exploration

e Phase 1 Project Planning & Concept of Operations

e Phase 2 System Definition and Design

e Phase 3 System Development & Implementation

e Phase 4 Operations and Maintenance/ Changes & Upgrades
e Phase 5 Retirement/ Replacement

Based on the phases they created a V-Model (see Figure 12). This model illustrates some key
systems principles about the relationship of the early phases of the development to the end
results of the project.
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Figure 12: V - Model in the context of the life cycle framework (adapted from: U.S. department of transportation federal
highway administration, 2017)

The SE guide also defines six lifecycle stages or phases that need to be followed to
successfully implement SE within the entire lifecycle. These phases are: concept phase,
development phase, execution phase, operational phase, maintenance and renewal phase
and demolition phase. For each of the phases their underlying processes will be discussed.

Concept phase

Similar to phase -1 and 0 of Figure 12. During this phase, (new) needs of stakeholders are
identified and possibilities are evaluated. The first customer requirements and solutions are
determined here. The concept phase can lead to the initiative for developing and
implementing a system (Rijkswaterstaat, 2013). This stage identifies the best business case
project to move forward into development (U.S. department of transportation, 2017).

Development phase

Similar to phase 1 and 2 of Figure 12. During this phase, a system will be specified that meets
the customer requirements. At the end of the development phase there is a design for the
entire system. The definition of what the system is to do, how well it is to do it, and under
what conditions is documented (U.S. department of transportation, 2017).

Developing a system can be conceived as a thinking, working and decision process, where
information is gathered and edited. The development phase is iterative, goal-oriented and
problem-solving, analyzing features and requirements and specifying the solution more and
more in detail. The process of specification repeats until the level of detail is reached that
covers the risks sufficient to achieve the realization of the system (Rijkswaterstaat, 2013).

In the construction sector, they regularly use the following terms combinations to indicate
detail level in the development phase:

e Sketch - Preliminary design - Final design - Execution Design

e Functional design - Spatial design - Structural design
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Specifying is an iterative process with a number of generic steps that are independent from
the level of detail (see Figure 13):

e Analyse (solve problem and design solution);

e Structure and allocate (create overview);

e Design (capture choices and solve solutions).

Specification
(problem +
solution space)

a___

Specification
M$ (Solution +

margin)

Structuring
and

allocating ( 5

Verify and validate

Figure 13: Iterative specification process (adapted from: Rijkswaterstaat, 2013)

The input a designer receives is often incomplete and not detailed enough for greater depth
in the development of the solution. This is because this input describes the result of choices
in an earlier phase at a higher level of detail. This makes a further analysis of the problem
and the solution space required (Rijkswaterstaat, 2013).

Execution phase

Comparable to phase 3 of Figure 12. In this phase, the system is actually built. The realization
of complex systems, like the development phase, takes place in a layered manner. System
elements and subsystems are integrated into one whole. The execution phase consists of
several activities: manufacturing and building, merging and integrating and verify and
validate (inspecting and testing) (Rijkswaterstaat, 2013).

Operational phase
Comparable to phase 4 of Figure 12. At this stage, the system is being exploited. Here, the
activities take place to use the system as intended (Rijkswaterstaat, 2013).

Maintenance and renewal phase
Comparable to phase 4 of Figure 12. During this phase, support activities are performed,
which are necessary to keep the system in operation (Rijkswaterstaat, 2013).

Demolition phase
Comparable to phase 5 of Figure 12. This phase is intended to disable and remove a system
with associated operational services and functions. (Rijkswaterstaat, 2013)

Upon completion of the phases, transmission of information between the involved parties
takes place. It is important to transfer the necessary information transparently. As
information loss can occur at transmission times, it is wise to avoid phasing and transferring
at the same time (see Figure 14).
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Figure 14: Information transfer in life cycle (adapted from: Leidraadse, 2017)

3.3 Requirements within System Engineering
The combination Hurks-Imtech has acquired the Design, Build & Maintain assignment for the
Royal Cosun's new Food Technology Center in Dinteloord. The contract represents a value of
more than 15 million euros for engineering, construction and fifteen years of maintenance
(Hurks, 2017). This project has not fulfilled its objectives and expectations, and that for
several reasons:
- The contractor could not describe and design how they want to build the building
- Two parallel processes on construction of the building and the System Engineering
(System Engineering even happens afterward)
- Little review on the demands and requirements of the customer on the design and
construction of the building

In these extensive collaboration forms, such as DBF(M)(O), the client/user is looking for a
partner who can design, implement and operate an integral plan. Through collaboration
between the client and the contractor, a client's project requirements can be achieved and
this generates more added value compared to traditional construction projects.

The customer demand is the collection of requirements and preconditions of the customers
regarding to the system. The first step in the development of a system is to specify the
customer requirements. This starts with a problem analysis, environmental analysis and
stakeholder analysis that capture customer needs. Customer needs are drawn up in the form
of requirements and wishes. This information is captured by the Customer Requirements
Specification (CRS) (Rijkswaterstaat, 2013).

According to Hull (2011), there must be an adequate basis for the development to proceed,
so it is necessary to assess the input requirements. The assessment must answer the
questions:

e Isthe requirement complete? (no missing information)

e Isthe requirement clear? (no lack of clarity — ambiguity, contradiction, confusion)

e Isthe requirement implementable? (impossible to implement — no known solution)

e |Is the qualification planning clear and acceptable?

A good system specification complies with the following characteristics (Rijkswaterstaat,
2013);
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Complete. The specification is integral and runs across all disciplines and all the life stages of
the system.

Actual. The specification fits the system as determined by the stakeholders and their
interests at this time.

Clear. The specification is formulated clearly, the objects are defined and the borders are
transparent. Designs and requirements are interconnected and this is demonstrated by the
verifications. The design considerations should be documented and shared with all parties.
SMART. A good specification and/or requirement is: Specific (unambiguously defined),
Measurable (when achieved in quality), Acceptable (for target and/or management),
Realistic (achievable) and Time-bound (when the goal has to be achieved).

The review can be continued if a requirement and its qualification plan are acceptable the
status can be set to agreed. If the requirement is not acceptable then an alternative form is
sent to the customer (“wijzigingsverzoek”) and the onus passes to the customer, and the
agreement state becomes “Customer assessing requirement from contractor”. If the
customer is content with the alternative wording, he can set the state to ‘agreed’ (See Figure
15) (Hull, 2011).
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Figure 15: State chart for agreement requirement (Hull, 2011)

This review ensures well-written requirements. Benefits of these well-written requirements
are (NASA, 2007):

e Well-written requirements establish the basis for agreement between the
stakeholders and the developers on what the product is to do;

e Reduce the development effort because less rework is required to address poorly
written, missing, and misunderstood requirements;

* Provide a basis for estimating costs and schedules;

e Provide a baseline for validation and verification;

e Facilitate transfer.
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3.4 Formulation requirements

One of the most used SE tools in the Dutch construction sector is Relatics. During the Royal
Cosun project, Hurks also used this tool. Relatics is for example used to manage project
information within Rijkswaterstaat and for the development of the Gotthart tunnel, the
widening of the A4, the Coentunnel and the Tweede Maasvlakte.

Relatics is a web-based application that enables to manage information within projects in
the building sector. By the use of semantic technology and a requirement-centered
approach Relatics can manage requirements, objects, spaces, activities, risks and
verifications. With Relatics it can be defined what information should be managed (Relatics,
2017).

Relatics knows two kinds of users who can use the program, a functional designer who
creates and configures a template and an end-user who uses the program. Before Relatics
can be used a template needs to be configured for the end-user.

The flexibility of Relatics provides both an advantage and a disadvantage. The advantage of
the flexibility of Relatics is that the information is transparent and collaboration between
different disciplines can be created. The disadvantage of the flexibility of Relatics is that it
requires extensive training before Relatics can be configured. So, it is the responsibility of
the end user to formulate the requirements in the right way in Relatics.

To formulate the requirements in the right way ‘Bouw Informatie Raad (BIR) SE-BIM
werkgroep’ (consisting of NL Ingenieurs, Vereniging van Waterbouwers, Rijkswaterstaat,
Uneto Vni, Bouwend Nederland, CROW and ProRail) created the ‘SE uitwisselingsstandaard
2017-04-05 v1.0‘. This standard " Systems Engineering uitwisselingsstandaard voor de
Nederlandse bouwketen" facilitates the exchange of information in systems between
different parties over their entire life cycle; Such as development, production, use and
demolition. It provides the formal language needed for acquiring and supplying systems.
With this standard, a common "language" is established in the form of an SE exchange
standard (Bouw Informatie Raad (BIR) SE-BIM werkgroep, 2017).

For the exchange of information between parties, an architecture has been laid out in layers
by the BIR (see Figure 16). Each layer of architecture has certain functionalities and provides
services above it and uses services of the layers below. A particular layer is independent
from the details covered by underlying layers.
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Figure 16: Architecture in layers, within the framework the "SE uitwisselingsstandaard" (layer 2) (adapted from: Bouw
Informatie Raad (BIR) SE-BIM werkgroep, 2017)

Layer 1: The upper layer: The Instances - and semantics layer
Entities are the terms that capture information. An entity has a name and a definition, which
makes it clear what concept is modeled with. They are the dictionary of the language used in

the SE exchange standard. The entities are defined in a hierarchical specialization structure
(taxonomy). Instants (project data) and semantics (meaning) are structured according to
RDF. The meaning is recorded in a model. This model is called ontology. The language in
which an ontology is described is OWL. OWL can explicitly express what we mean. The SE
information model is an example of ontology.

Layer 2: Structure layer
The SE exchange standard is a formalized way of expressing sentences (language) explicitly.
The sentences are transmitted according to a fixed structure (a model). The structure of

exchanging SE information always has the form:

Concept - relationship - concept (a triple)

For example: requirement (concept) - relates to (relation) - artefact (concept). These senses
can be processed by computers in a formal language.

Subject Relatie-ID Relatienaa  Name NL Reverse Reverse Reverse
m name name NL cardinality
name UID Rel-00001 | has name heeft lexicale 1:1 is by literal is lexicale 1:1 xsd:
by literal naam name of naam van normalize
dString
requirement | Rel-00002 | is classified | is 0:1 is classifier is 0:n class of
UID as by class | geclassificeerd for classificatie requireme
als volgens voor nt type
klasse
requirement | Rel-00004 | specifies specificeert 0:n is specified wordt 0:n artefact
UID by gespecifice UID
erd door
v&v activity Rel-00006 | has subject | heeft 0:n is subject of | is 0:n requireme
UID betrekking op onderwerp nt UID
van

Table 3: Example of how the triples are defined including cardinalities and their inverse (Bouw Informatie Raad (BIR) SE-BIM
werkgroep, 2017)
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A relationship is established (see Table 3):

e Subject
e Relationship name
e Object

e Cardinality (how often the relationship can be applied dominantly)
e Reverse Relationship Name
e Reverse cardinality (how often the relationship can be reversed)

Layer 3: Syntax / Format layer

The COINS container contains encoded SE information. This information is encoded in a
certain format. This is preferably a format in which information is formally transmitted by a
computer. RDF / XML, Turtle and JSON are some examples of such format.

Layer 4: The exchange mechanism

The bottom layer is one of the domains of COINS and about how specific project data is
transferred between parties in a project. The mechanism for exchanging SE information
includes the COINS container. This allows SE information, in various formats, to be
exchanged in coherence.
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3.5 Sub-conclusion relationship BIM-SE

In chapter two and three literature independently answers the sub-questions on BIM and SE.
This paragraph is used to describe the relationship between SE and BIM (arrow 1 of Figure
2).

One of the first similarities between SE and BIM are the benefits which occur when applying
these working methods. Both working methods aim for a better design, production quality,
better customer service and access to lifecycle data. Another link between both working
methods is the integral approach. Figure 4 shows the integrated workflow in a BIM where
information is stored, accessed and adjusted in a common data environment. Figure 11
shows that Systems Engineering affects all the project components. Both working methods
are integrated and assume a computer-based collaboration where team members are
scattered across several locations but use shared databases.

The integrated approach to BIM and SE also provides a challenge. The integrated concept of
BIM and SE blurs the level of responsibility so much that risk and liability are likely to be
enhanced. Professional groups, such as the AIA and AGC, are developing guidelines for
contractual language to cover issues raised by the use of BIM technology (Eastman et al.,
2011). The guidance “Leidraad voor SE” indicates that SE is suitable for each contract form
but must be used in the draft and preparation of the contract to reduce risks.

The phasing between the BIM and SE working method is also a link between the two
approaches. Table 1 indicates the phasing of a BIM based on LODs. Figure 12 indicates the
phasing of the construction process based on system thinking. Between the BIM and SE
phases, a link can be generated by coupling each phase of the construction process to LODs.

For both work methods, open standards have been created. Figure 16 is a section of the “SE
uitwisselingsstandaard” for the exchange of SE information between parties. Table 2 gives
an overview of BIM standards according to buildingSMART. For the exchange of information
in a BIM, an IFC is needed based on the ISO 16739. These open standards ensure common
agreements that enable information transfer (Krechmer, 2006). The “SE
uitwisselingsstandaard” and IFC will be used to develop the tool in chapter 6.
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4 Quality Assurance law

The Dutch regulation regarding the quality of construction projects has been transforming in
recent years with legislation changes taking place into the civil code. The most prominent (as
well as most recent) change that impacts on-site quality is the Dutch quality assurance
directive: “Wet kwalitietsborging voor het bouwen”. This strengthens the position of the
private and business consumer. Due to the increasing complexity in construction, revision of
the current quality assurance system is necessary (Eerste Kamer der Staten-Generaal, 2017).

In this chapter, the following sub-question is addressed:
e How does the new quality assurance law affect the relationship between BIM and
SE?

Goal of these chapter is to get more insight about QAL. This chapter starts with an
introduction to QAL with the history about the QAL. It is continued by the application of QAL
in the current construction sector. This chapter is also used as input for and chapter 5 to
provide an overall conclusion on the literature review.

4.1 Introduction to Quality Assurance law

The quality assurance law regulates the introduction of a new quality assurance system for
the construction sector. This strengthens the position of the private and business
consumers. Due to the increasing complexity in construction, revision of the current quality
assurance system is necessary (Eerste Kamer der Staten-Generaal, 2017).

Figure 17 shows the timeline for the quality assurance law. The development of the law
started in 1997, when the workgroup MDW (market forces, deregulation and legislative
quality) reported to simplify the licensing process (Egmond, 2017).

Pilots Bill passed
Certified second chamber,
Building “Donnerslag submitted to the
Decision Committee bij helder ~| Roadmap first chamber
Test Dekker hemel” “kwaliteitsborging™

oo <

|| 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 '

Bouwteams | Crisis and
Government
Recovery Act
agreement

Intention legal
Rutte I

Agenda
Building

Regulations
2002-2006

implementation

Figure 17: Timeline bill quality assurance law (adapted from: Woningborg, 2017)

One of the focal point during the “Agenda Building Regulations 2002-2006” was to move the
relocate the responsibility of the building permit into the market and to ease the work of the
municipalities. (Egmond, 2017). During the “Agenda Building Regulations 2002-2006", the
first concepts of the Quality Assurance Law were devised, which was adopted by the second
chamber on February 2017.
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Quality control in the new Quality Assurance Law will be based on approved instruments
(transparent, reproducible, independent) in which an authorization organization supervises

the system (Egmond, 2017).

According to Koning (2016) the future construction process ensures more certainty, an
expansion of construction, shift to private entitled quality agencies and quality impact.
Below is an overview of both methods for quality assurance are compared to each other:

Phase

Current construction process

Future construction process

Application permit

Initiator requires
environmental permits for
the building at the
municipality or the Olo
(Omgevingsloket online).
Initiator provides a complete
detailed plan for
construction

Applicant chooses
recognized quality
assurance instrument and
contracts an entitled
person who guarantees the
quality

Initiator requires
environmental permits for
the building at the
municipality or the Olo

Disapprove or
approve building
permit by
municipality

The municipality reviews the
application for the
environmental permit for
spatial planning, building
regulations and well-being
requirements by using
external parties

The municipality tests
guality instrument and
looks at whether the
application complies with
the spatial planning,
building regulations and
well-being requirements
(no construction testing)

Construction

After granting permission,
the construction starts
Many adjustments to the
building plan during
construction

Contractor incur costs for
quality assurance
Risk-based review by
municipality on construction

After granting permission,
the construction starts
Dossier-based testing using
instrumentation on
construction quality and
control by the entitled
person who guarantees the
quality

Capture documentation by
contractor

Completion

After completion of
construction phase, the
construction is reported
complete and put into
operation

Signature declaration by
the entitled person

Send declaration, receive
and process declaration by
municipalities

Table 4: Overview of the current and future construction process (Koning, 2016)

A law only has value to the people of a society if its problem-solving benefit is greater than
its costs and other burdens (Quality of Laws, 2017). Mr. J.M. Schouwenaar (member of the
VVD in the Senate) assumed there were three problems in the current quality assurance law:
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e The contractor's responsibility stops when the project is completed, which is very It is
difficult for many people.

e There was no overview. It is not clear who is responsible and liable. The new quality
assurance law ensures that the contractor is liable.

e With the new quality assurance law, the market will be responsible for supervision.
The municipalities did not properly implement this task.

Upon completion of the construction, the contractor must demonstrate that the regulations
have been met. The law ensures that the market is aware of compliance of the building
regulations (Egmond, 2017). When it appears that a building has not been built according to
the regulations and agreements made, clients get better opportunities to encourage the
contractor to repair work (Eerste Kamer der Staten-Generaal, 2017).

The most important changes to this law are (Woningborg, 2017):

e The public system of quality supervision changes into a combined public-private
system

e Mandatory hiring of a private quality supervision by the contractor / licensee

e Compulsory declaration of the quality supervision on the constructed construction as
built (instead of as planned as in the current system) as a condition for
commissioning

e Information obligation to consumers and indicates how the contractor is insured

e The definition of the hidden defect is adjusted to the benefit of the consumer, which
makes the contractor more liable

e The contractor hands a mandatory delivery file to the consumer

At the request of the Interior Ministry, the Economic Institute for the Construction (EIB)
performed a social cost-benefit analysis of the Quality Assurance Law. The current work that
the municipality now performs as part of the environmental permit for the construction test
will decrease. In total, it is a municipal effort of € 1060 million, which will no longer be
implemented in the new situation. Applicants also have to provide less information in the
new situation by submitting the environmental permit. This results in a cost saving of € 190
million. The total balance is a saving of €1.7 billion. On an annual basis, the cost saving is an
average amount of more than €100 million. The results are summarized in Table 5 (Koning,
2016).

Process acceleration and more certainty €840

- Cost reduction by speeding lead time €670

- More certainty €170
Building code free work €790
Shift testing to private parties €100

- Less work by permit application €190

- Less work by municipalities €1.060

- Higher cost private parties €-1.370

- Extra quality through intensive testing €420
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- Provide data when ready €-30

- Organizational costs €-140

- Training and discharge costs €-30
Balance €1730

Table 5: Overview NPV in million € (2014 price level) (Koning, 2016)

4.2 Sub-conclusion relationship Quality Assurance law on BIM and SE

In chapter four literature independently answers the sub-questions on the quality assurance
act. This paragraph is used to describe the relationship of the quality assurance act on the
relationship between SE and BIM (arrow 2 of Figure 2).

SE has become the new method to design and prepare projects. SE starts with recording of
the functional design based on the wishes of the client. A second important aspect is that
integral design is used as starting point. The coordination between the different components
of the design is essential. Working systematically from coarse to fine is a feature of SE. The
application of SE would connect very good to effectually and efficiently secure quality for the
new quality assurance law.

SE and BIM are systemic thinking, a total approach, of the early definition or customer
requirements and the technical integral approach. The Quality Assurance law can easily be
implemented within SE and BIM and the Quality Assurance law can be applied in Dutch
construction with minimal costs (see Table 5) and a cost saving of more than €100 million
(Koning, 2016). The task at hand for construction industry is to improve (expand) their
workflow and, even further down the line, transform their workflow into the principles of SE
and BIM.
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5 Conclusion BIM, System Engineering and the Quality assurance law

BIM is one of the most promising developments in the AEC industries. BIM requires a
different way of collaboration between stakeholders. Collaboration on construction projects
is closely linked with communications and seamless information exchange among
stakeholders. The rising interest in BIM can be seen in conjunction with new project
management frameworks, such as Integrated Project Delivery (IPD), which increases the
need for closer collaboration and more effective communication (Bryde, 2013).

BIM is not just a technology change, but also a process change. By enabling a building to be
represented by intelligent objects that carry detailed information about themselves and
have links and relationships with other objects in the building model, BIM not only changes
how building drawings and visualizations are created but also dramatically alters all the key
processes involved in putting a building together (Eastman et al., 2011).

SE focusses on defining customer needs and requested functionality early in development,
capturing the requirements, design synthesis and system validation (ProRail, 2015). SE start
with identifying the (new) needs of stakeholders and evaluating the possibilities. Based on
the customer requirements a system will be specified. After the system is actually built, it is
exploited. Support activities are performed, which are necessary to keep the system in
operation. The last phase is intended to disable and remove a system with associated
operational services and functions. Thus, SE is about the engineering activities throughout
the entire lifecycle of the system (INCOSE, 2017).

One of the first similarities between SE and BIM are the benefits which occur when applying
these working methods. Both working methods aim for a better design, production quality,
better customer service and access to lifecycle data. Another link between both working
methods is the integral approach. The phasing between the BIM and SE working method is
also a link between the two approaches. Between the BIM and SE phases, a link can be
generated by coupling each phase of the construction process to LODs. The integrated
approach to BIM and SE also provides a challenge. The integrated concept of BIM and SE
blurs the level of responsibility so much that risk and liability are likely to be enhanced. For
both work methods, open standards have been created. These open standards ensure
common agreements that enable information transfer (Krechmer, 2006).

A law only has value to the people of a society if its problem-solving benefit is greater than
its costs and other burdens (Quality of Laws, 2017). The Quality Assurance law can easily be
implemented within SE and BIM and the Quality Assurance law can be applied in Dutch
construction with minimal costs (see Table 5) and a cost saving of more than €100 million
(Koning, 2016).
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6 Methodology

As the complexity level of the design and construction processes is increasing, traditional
information medium such as paper-based documents cannot satisfy the required integrity,
precision and timeliness (Zhang, 2015). The concept of Building Information Modeling (BIM),
Systems Engineering (SE) and the Quality Assurance Law (QAL) are contribute to achieve this.

In this chapter the tool, based on the concepts BIM, SE and the QAL, is developed. In this
chapter, the following sub-question is addressed:

e How can the project's requirements be verified based on BIM, SE and the QAL?

e How can the project's requirements be presented based on BIM, SE and the QAL?

First step in this chapter is to determine the requirements the tool should comply to. The
tool should connect BIM, SE and the QAL. Tools connecting BIM and SE (requirement
checkers) will be used as basis to develop the tool. Based on these requirements, a founded
decision for a validation tool can be made. Thereafter, a detailed description of this tool is
provided.

In this chapter a distinction is made between how the tool works and how the tool should be
used. How the tool works is described in the thesis on a detailed level. How the tool should
be used is described in an appendix, though a short summary of the usage of the tool is
provided.

6.1. Introduction

The American Society of Civil Engineers defined quality in construction as meeting
established requirements as follows: “Quality in constructed project is achieved if the
completed project conforms to the stated requirements of the principal participants (owner,
design professionals, contractors) while conforming to applicable codes, safety requirements
and regulations” (Low, 2014). Further, it is reckoned that a successful contractor is one who
recognises the importance of quality to its activities, understands the need for the proactive
management of quality and puts in place the mechanisms to ensure that quality
management is undertaken systematically, rigorously and continuously. This indicates that
the performance of the contractor and the quality of the building are the most distinguished
differentiating characteristics in the construction industry (Ng, 2005).

Quality checking is a way to share and utilize knowledge and cannot be interpreted, when
validation passed, as a good design/model. It presents a way to validate regulations and can,
therefore, rule out the possibility of a bad design/model.

With respect to raising the quality of the built environment, contractors are constantly
challenged to improve their workmanship quality, and hence, they have to be driven to find
better ways of undertaking the quality management process. Quality control (QC) primarily
deals with issues relating to conformance to the plans and specifications. This means that all
the materials, systems and workmanship applied to the project must be designed to
conform to the requirements set forth in the contract documents (Low, 2014). Quality
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management (QM) is what an organization does to ensure that its products conform to the
customer’s requirements (Natee, 2016)).

An average contractor is estimated to spend 5—-10 % of the project cost doing things wrong
and rectifying them as they often do not plan work properly the first time and ensure that
the required workmanship standard can be achieved in order to avoid the price of non-
conformance (Kaynak, 2003). Kaynak (2003) also mentioned a “Ten Time” rule, which means
that the cost of putting right quality problems at the construction phase is ten times higher
as it does in the design phase and it costs ten times as much again to wait to resolve these
quality problems once the product is in the commissioning phase as compared to if it is put
right in the construction phase.

A substantial time and cost-saving can be realized if the contractor puts inadequate
investment to plan and control quality. The cost of initiating a proper quality management
system is in the range of 0.1-0.5 % of the total project cost, and this must be monitored
closely so that it is within the overall construction and company budget (Sullivan, 2014).
From Sullivan’s (2014) experience, this will trigger savings of at least 0.5—3 % of project cost,
a return of more than five times the investment.
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6.2. Method

6.2.1 Four classes of functionality Eastman (2009)

According to Eastman (2009) there are four classes needed in the software processes a
working requirement-based checking system. These classes are used to develop tool to
connect BIM and SE. This method will be used as basis to develop the tool presented in
chapter 6.4. These four classes of capabilities are diagrammed in Figure 18.

Figure 18: The four classes of functionality a requirement checking system should support: Requirement derivation, building
model preparation, requirement execution, and requirement reporting (Adopted from: Eastman, 2009)

Class of functionality 1 Requirement interpretation: Requirements for building design are
first defined by people and represented in human language formats, typically written text,
tables and possibly equations. In building codes, these requirements have legal status. How
can the interpretation of these requirement into a machine-processable format be done, in a
manner that the implementation can be validated as consistent with the written
requirement? The designed tool will use SE exchange standard to (see chapter 3.4) to the
interpretation of requirements.

Class of functionality 2 Building model preparation: In traditional computer drafting practice,
the objective was being to lay out 2D drawing representations that people could interpret
for building information. The primary requirement in this earlier process was that the
drawings must “look visually correct” and to contain the varied information needed for
requirement checking. Today, with object-based building models, the requirements have
changed. Objects being checked now have a type and properties. Thus, the requirements of
a building model adequate for requirements checking are stricter than earlier drafting
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requirements. This information must then be properly encoded in IFC by the software
developers to allow proper translation and testing. If users are asked to explicitly enter
complex derived properties, the issue of erroneous data that is not consistent with the
building model arises. The tool will depend on the delivered data and the previously made
agreements in the project. If the elements in the IFC and the requirements in a SE software
package are provided with the correct coding, the tool will be more transparent and easier
to manage.

Class of functionality 3 Requirement execution: The execution phase brings together the
prepared building model with the requirements that apply to it. Execution issues largely deal
with the management of this the review process. In the tool, the data of the IFC elements
and requirements from the SE software package will be ready to be managed when they are
imported in the tool.

Class of functionality 4 Requirement check reporting: The last step in requirement checking
reports the results. Design conditions that are satisfactory—those that PASS—need to be
reported as part of an audit trial that validates the completeness of the check. One can
envision various situations where the identification of instance conditions that pass a
requirement would provide valuable knowledge. The loaded requirements (which are linked
to IFC elements) can be managed by selecting whether they are complete, modified or open
(not achieved). The client will be provided with account (log-in data) to be able to view (and
not to adjust) the current status of the project.

6.2.2 Requirements checking platforms

Model checking is a way to share and utilize knowledge and cannot be interpreted, when
validation passed, as a good design. It presents a way to validate regulations and can,
therefore, rule out the possibility of a bad design. Model checking is a general term for
several types of checking but always performed on a model and the information it contains.

A detailed review of these applications can be found in Eastman (2009).
Solibri model checker (SMC):

The SMC is a java-based application that evaluates an IFC model regarding predefined rule-
set libraries such as object existence, relations, fire code exits, path distance checking, and
space program checking (Lee, 2015).

Rules can be parametrically varied through table-set control parameters. However, entirely
new rules are added in Java using the SMC application programming interface (API). The API
interface is not publicly available, restricting the rules to be checked to those supplied by
Solibri (Eastman, 2009).

Jotne EDModelChecker (EDM):

Jotne EDModelChecker provides an object database and supports the open development of
rule checking using the EXPRESS language, which is the language in which the IFC model

schema is written. New model views can be developed using EXPRESS and EXPRESS-X, which
is a language for mapping instance data from one EXPRESS schema to another and supports
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extensive queries and reports. These facilities make EDM open to sophisticated user
extensions. EDM also provides textual reporting and server services. It is supported by EDM
Model Server, an object-based backend database server, that allows EDM to deal with
building models and potentially several of them at a time (Eastman, 2009).

FORNAX:

The Singapore CORENET effort developed its own platform, called FORNAX, developed by
novaCITYNETS Pte. Ltd on top of EDM Model Checker (Khemiani, 2005). FORNAXt is a C++
object library that derives new data and generates extended views of IFC data. FORNAX
objects carry rules for assessing themselves, providing object-based modularity. FORNAX has
been reviewed by a number of other building code efforts as a possible platform including
the Norwegian Selvaag Group, who applied it to fire exit assessment (Eastman, 2009).

SMARTcodes:

A platform for rule checking is being developed by ICC, called SMARTcodes. It provides
methods of translation from written language rules to computer code, using a dictionary of
domain-specific terms and semi-formal mapping methods. SMARTcodes also provides
methods to access the relevant data in an IFC model and report on results. SMARTcodes has
been developed by AEC3 and Digital Alchemy (Eastman, 2009).

IFC mvdXML checker:

This checker is developed based on the open standards mvdXML as the format for
structuring validation rules and the BIM Collaboration Format (BCF) to issue reports as a
result of the checking process. The checker is implemented on top of the open source
bimserver.org framework (Zhang, 2015).

6.2.3 Comapere rule checking platforms with Abell’s model

Abell’s model illustrates an effectual approach in a three-dimensional model. The model is
used to analyse the scope of operation of a business. This is done by including areas such as
technologies and products a business operates in, and the market audience that it targets.
The three dimensions of the business are ‘customer groups’ (who will be served in the
business), ‘customer needs’ (what are the needs of the customer) and ‘technology’ (how are
these needs are going to be met). By defining these dimensions, the tool helps to define a
business by the scope and make the target segment visible, which is the figure formed
between the dimensions (Nijssen, 2014). Figure 19 presents the Abell’s models of the
requirement checking systems. The customer groups are the different parties who could use
a requirement checking system: Architect, engineering, construction company and building
owners. The technology for a requirement checking system could be manual, party
automated and fully automated. The customer needs, which can be fulfilled by a
requirement checking system, are: checking requirements, producing a report, uploading IFC
data, easy to use (available tutorials), uploading SE data, low price and a connection to other
(work) processes in the company business (is the tool flexible/can the tool be adjust by the
user?).
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Figure 19: Overview Abell's matric for FORNAX, SMARTcode, EDM, SMC and mvdXML



Based on Figure 19, it can be concluded that the current tools used to link BIM and SE have a
very similar scope of operation.

6.3. Data collection

The construction of programs is probably easier in visual programming language than in
textual languages (Green, 1996). Visual programming is a programming paradigm that
models a computer program as a directed graph. In this graph the data flows over the edges
from one node to the next node. Where each node can perform operations to the data
(Aerle, 2015).

Visual programming is a concept that is already being used in the AEC sector. It is
implemented on top of two existing CAD packages, Grasshopper and Revit, by two different
vendors. Both projects are actively developed and can be extended by plug-ins to provide for
new functionality (Aerle, 2015). Grasshopper 3D and Dynamo are visual programmes used
by designers. They utilize the same framework of formalization; however, they define the
instructions and relationships of their program through a graphical (or "Visual") user
interface. Instead of typing text bound by syntax, they connect pre-packaged nodes
together. They require no knowledge of programming or scripting, but still allows designers
to build form generators.

Visual programming introduced a new way of creating robust and scalable Internet
applications. With a new technology called the Internet Information Server

(1iS) application, developers can use programming language for writing applications that glue
together all the elements of an Internet application (Kurniawan, 2000).

For visual programming, the computer software Mendix is used to develop the tool. Mendix
is a platform that enables enterprises to transform how their organizations compete with
applications. The platform is recognized as a Leader in Gartner's 2017 High Productivity
Application Platform as a Service (HpaPaaS) (Paul Vincent, 2017) Magic Quadrant, a Leader
in Gartner's 2017 Mobile Application Development Platform Magic Quadrant (Jason Wong,
2017) and a Leader in Forrester's 2017 Wave for Mobile Low-Code Development Platform
(Hammond, 2017).

To assess the state of the development platform market and see how the vendors stack up
against each other, Hammond (2017) evaluated the strengths and weaknesses of top
vendors in the category. After examining past research, user need assessments, and vendor
and expert interviews, he developed a comprehensive set of evaluation criteria. He
evaluated vendors against 24 criteria, which he grouped into three high-level buckets:
current offering, strategy and market presence. The results are visualised in Figure 20,
Mendix is one of the leaders with a strong strategy and strong current offering.
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6.3.1 Domain model

Figure 20: Development Platforms (Hammond, 2017)

The domain model is a data model that describes the information in the tool in an abstract
way. It is central to the architecture of the tool. The domain model consists of entities and
their relations represented by associations.
Figure 21 illustrates the domain model of the tool. The domain model defines the
management of requirements. The line between them is an association. The words
‘ManagementRequirements’, ‘Requirement’, ‘BimElement’ and ‘Assignee’ are the names of
the entities. An instance of an entity is called an object. The words below the entity names
are the attributes of the entities. The properties or features of an entity are described using
attributes. An attribute represents a small piece of information about an entity, such as the
name or birth date of a person. The entity ‘BimElement’ consists of an attribute ‘Name’ and
the entity ‘Requirement’ consists of the attributes ‘Name’, ‘Subject’, ‘RelationshipName’,
‘Object’, ‘Cardinality’, ‘ReverseRelationshipname’ and ‘ReverseCardinality’ (based on SE
exchange standard (Bouw Informatie Raad (BIR) SE-BIM werkgroep, 2017)).
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Figure 21: Domain model
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Bestand

An association describes a relation between entities. In the domain model, an association is
represented by a line or arrow between two entities.

In XML, instances of these entities and their association are shown in Figure 22.

< Assignee id="101">
<Name>Nisam_Shami</number>
<PhoneNumber >06XXXXXXXX</PhoneNumber >
<Organization>Hurks_Bouw_en_Vastgoedontwikkeling</Organization>
<Email>n.shami@hurks.nl</Email>
< Assignee_ManagementRequirement>id_201</Assignee_ManagementRequirment>
</Assignee>
< Assignee_ ManagementRequirement id="201">
<Requirement>Requirementl</Requirement>
<BimElement>BimElementl</BimElement>
<Assignee>Nisam_Shami</Assignee>
<StatusRequirement>completed</StatusRequirement>
</ManagementRequirement>
Figure 22: Example XML Assignee and Management Requirement

The XLS-entities in the domain model are used to import data in the tool. Paragraph 6.3.2.
will discuss how data will be imported in the tool.

6.3.2 Import Data

In IFC, objects are assembled in BIM to define the building representations and for
transferring of data and semantics among applications (Qin, 2011).

The data from the project Royal Cosun is used to import data in the tool. The IFC-file is a rich
data model that can be used for reuigrement checking and made use of open standard.
That’s why the tool uses IFC and Relatics data. However, all software that can output excel
data is suitable for the tool. The basis for the implementation of data import in the tool are
the Excel sheets from a IFC-file and SE-package (Relatics) as shown in Figure 23. This data is
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1 Beam 1 |Requirements tree
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3 | Name | Globalid" 3 | Ambities/randvoorwaarden
4 |28_SF_EH) 1wXp6agpros8Cz_QWtLkjw 4 | AMB_07277 In de gevel geen te openen ramen
5 |28 SF_EH/ OuWmU_sVbap9iJAGCEVEec 5 | AMB_07476 Minimale veranderlijke vicerbelastingen van 5 kN/m?
6 |28 SF_EH/ OuWmU_sVbap9iJA6CEv6ef 6 AMB_10436 Gebouw dient te worden voorzien van een inbraakalarmeringsinstallatie volgens VRKI maart 2014, risicoklasse 4
7 128 SF_EH/ 1wXp6agproS8Cz_QWILFLB 7 | AMB_10436 Voor t iligings)niveau dient de het Kaba Exos 9300-systeem toe te passen
8 |28 SF_EH/ OuWmU_sVbap9iAGCEVEhA 8 | AMB_11809 Opdrachtnemer moet een WKO-installatie aanleggen
9 |28 SF_EH/ OuWmU_sVbap9iJA6CEVEhz 9 | Comfort
10 |28_SF_EH/ OuWmU_sVb4p9iAGCEVEhW 10| C_06926 Verlichtingssterkte 500 lux bij projectenlab
11 28_SF_EH/ OuWmU_sVb4p9iAGCEv6hh 11| C_07347 Ruimtetemperatuur winter is 18 gr. voor garderobe (bezoekers)
12 |28 _SF_EH/ OuWmU_sVb4pOilA6CEV6TC 12| C_07642 Luchtsnelheid wintersituatie maximaal 0,15 (m/s) voor kantoren
13 |28_SF_EH/ OuWmU_sVb4p9iJAGCEVETh 13| C_10439 Nagalmtijd < 0,8 s voor entreehal niet ingericht)
14 |28_SF_EH/ 1wXp6agpros8Cz_QWiLFYF 14| C_10463 Installatie geluidniveau < 30 (dB(A))
15 |28_SF_EH/ 1wXp6agprossCz_QWILFYK 15| Ruimten
16 28_SF_EH) OFCX2M7HH3fQHQj9SLTyKp 16 R_06728 De gesloten concentratiewerkplekken hebben een een min. opperviakte van 7m? (FNO)
17 |28_SF_EH/ OFCX2M7HH3fQHQj9SL7yMa 17| R_06728 Erzijn 12 gesloten concentratiewerkplekken aanwezig
18 |28_SF_EH/ OFCX2M7HH3fQHQj9SL7yee 18|  R_06948 Maximale loopafstand tussen microbiologie (telruimte) em fysisch chemisch lab is 25m
19 28_SF_EH) 3ocavByYjly9iMWSZHeyao 19| R_06952 Nat chemisch lab is direct verbonden met fysisch chemisch lab
20 |28_SF_EH/ 0aW6tNEINBs9V3NgKnh5z6 20| R_07806 De langste wand van de vergaderkamer 30-persoons mag niet langer zijn dan 12m
21 |28_SF_EH/ 0LXXt4J3f2Q9mUqRaMid2D 21| Techniek/Voorzieningen
22 28 SF_EH/ 0ly0Owm6af9Su8EtpSlosh 22| TV_07319 Afschot 1,0-1,5% voor vioerafwerking chemisch lab (DuratopCQF)
23 |28_SF_EH/ 2zb6vrhDHA4uI51r7GASLO 23| TV_07321 Plafondafwerking is antistatisch (mag geen stof aantrekken) in de standaardlab
24 |28_SF_EH) 22b6vrhDHA4uIS1r7qASLE 24| TV_07843 Minimlae vrije doorgang hoogte van 2300 (mm) voor binnendeur b=1200mm
25 |28_SF_EH# 2zb6vrhDHA4uI51r7qAsOm 25| TV_08015 U-waarde HR++ glas maximaal 1,2 (W/mZ)
26 |28_SF_EH) 22b6vrhDHA4UI51r7GAsOs 26| TV_15725 Breedte x diepte = 1800 mm x 1800 mm voor een bureau standaard
27 |28_SF_EH) 2zb6vrhDHA4uI51r7gAsOq 27
28 |28_SF_EH/ 00xQD30wfFduVYb77cPsGw 28

Figure 23: Data from IFC-file and SE package
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generated by the use of “Tutorial from IFC data to an Excel file (Appendix B)” and “Tutorial
from Relatics template to an Excel file (Appendix C)”. The IFC-file consists of 26 sheets of
information on elements (4450 elements) and the Relatics-file consists of 1 sheet of
requirements.

The status of each requirement in the tool can be ‘open’, ‘completed’ or ‘modified’. Figure
24 shows the microflow which is used to program this option.

B

Unformatted
String

@ o

Expression
Enumeration RequirementStatus

Figure 24: Microflow “Status Requirement”

The end event of this microflow is shown in Figure 25.

End Event O X

Microflow return type
The return type of the microflow is the same for all end events.

Type | Enumeration W |
Enumeration |ResponsiveRequirementStatus | | Select... | | Show |
Return value

if SUnformatted = 'Open' then Responsive.RequirementStatus.Open
else if SUnformatted = 'completed' then Responsive.RequirementStatus.Compls
else if SUnformatted = '"modified' then Responsive.RequirementStatus.Modific

else Responsive.ReguirementStatus.Open

Line Column Error

@] ok | cancel

Figure 25: End even of the microflow "Status requirement"

For each sheet of information, a template is needed to import the data in the tool. The IFC-
file consist of 26 sheets and the Relatics-file consists of 1 sheet. This provides a total of 27
templates needed.
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The templates for the IFC-data and Relatics-data needed to be imported to ensure each
template delivers data from the Excel file in the tool.

After each template are imported, the data is ready to be used in the tool. The data of the
project Royal Cosun proves 4450 IFC-elements 24 requirements from Relatics to be used.

6.3.3 Data exchange

Appendix F provides a BPMN-diagram of the data exchange within the. The data exchange
starts with the wishes of the customer. The contractor need to convert these wishes into
measurable requirements (see chapter 3.3). Based on these measurable requirements a
design is developed. After extracting data from the requirements (SE) and IFC-file (BIM), the
data is ready to be uploaded in the tool. To comply with the quality assurance law, the
assignee and evidence is uploaded to proof each requirement. The tool will depend on the
delivered data and the previously made agreements in the project. If the elements in the IFC
and the requirements in a SE software package are provided with the correct coding, the
tool will be more transparent and easier to manage. The requirements are ready to be
managed by selecting the corresponding IFC-element, assignee and evidence. Finally, a
private account will be provided to all end users to log in and use the tool.
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6.4. Results

The results of the literature study are shown in chapter 5. The literature review gives
understanding to the relationship between BIM and System Engineering and the effect of
the new Quality Assurance law on the relationship between BIM and System Engineering.
This chapter provides the results of the tool which connects BIM, SE and the QAL.

Based on the four classes of functionality a requirement checking system should support
from Eastman (2009) a data integration platform is developed. All parts of the tool are
discussed and explained below.

The page “Project Overview” provides an overview of all ongoing project in the organization.
As shown in Figure 26, each project consists of specific data for a specific project.

& hurks

Project Overview

R o 0 @M 2 » &

L

u

Figure 26: Home — Project Overview in the tool

A dashboard is an overview that can host a collection of widgets, see Figure 27. A dashboard
allows the user to organize these widgets. The user can view information in the widget
“Projectdetails” and “How-to?”, add information in the widgets “Assignee” and “Evidence”
and upload information in the widgets “Requirements” and “BIM-elements”. The added and
uploaded information can be managed in the widget “Mange requirements”.
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Automated Requirements Checker (ARC)

2 Q (£

f o o

Figure 27: Dashboard in the tool
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The added an uploaded data come together on the page “Manage Requirements”. Here the
requirements of the project are managed. The page shows an overview of all requirements
with the corresponding (uploaded) elements, (added) assignee and (added) evidence as
illustrated in Figure 28.

Edit Manamegent Requirement

Bim element
Requirement
Responsible

Evidence

Status & COpen Completed Modified

requirement

Figure 28: Management Requirements in the tool

The page “Assignee” presents an overview of people who are responsible for the unique
requirement. The name, phone number, organization and e-mail of each assignee is will be
uploaded.

The page “Project details” offers details about the unique project, in this case the project
Royal Cosun. Details are given about the place, contacts and contract etc. (see Figure 29).

& hurks

e Project Royal Consun

More details Location

This page provides infarmation about the project Reyal Cosun

Name wark euwbouw CFIC te Dinteloordt

Figure 29: Project details in the tool (Royal Cosun)
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Imported requirements are shown on the page “Requirements”. The page offers an
overview of the imported data from Relatics. The imported data will be shown as a drop-
down option in the page “Manage Requirements”.

The page “BIM-elements” presents an overview of the imported data from the IFC-file. The
elements are shown as a drop-down option to manage the requirements.

Each individual requirement must be proven. In the page “Evidence” an overview of the
evidence to prove the unique requirements are shown (see Figure 30). The evidence can be
uploaded in the filetype .pdf, .wrd, .xls, .rvt, .ifc and .dwg. The quality assurance law is here
represented. This shows the contractor that the building is compliant with the regulations.
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Figure 30: Adding evidence in the tool

The tool has a page to show how to generate date from IFC and Relatis files (Figure 31).
These help pages will always be available to the user. If other IFC tools and SE tools are used
to generate data, these tutorials will also be added

& hurks

How to

@ relatics

Figure 31: How-to? in the tool
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The IFC to Excel tutorial explains in four steps, shown in Figure 32, how to select the right
properties and generate the needed Excel-file.

& hurks

Tutorial IFC - Excel file

I this tutorial, you willlearn how to export data from IFC into Excel using the simplebim application. IFC files typically ¢

tata and the key is to export only data that i relevant to you.

| © : ‘

Properves in an IFC Excluding propertes Including property “Name Exparting IFC-fle to Excelfle

Figure 32: Tutorial IFC - Excel file in the tool

The Relatics to Excel tutorial explains in three steps, illustrated in Figure 33, how to select
the right workspace and output the needed Excel-file.

& hurks

Tutorial Relatics - Excel file

In this tutorial, you wil learn how to export data from Relatics into an Excel-file

Figure 33: Tutorial Relatics - Excel file in the tool

The tool provides an option to create new users and to make unique accounts for users and
administrators (based on the input from the interview from Appendix E). As shown in Figure

34, the tool provides the option to add a new local user, give the account and a user role
(user or administrator) and a log of the adjustments and log-in times are kept.

New Account

Active

Language

Figure 34: Administration in the tool (adding a new account and user)

There is a difference in the accounts user and administrator. The user doesn’t have access to

all the pages (overview of all projects and import of data) and the user doesn’t have the
option to adjust the tool. He/she just have the option to view pages in the tool.
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The tool can be used on desktop, tablet and phone as shown in Figure 35. This ensures that
the tool is always at hand and can be used at the construction site (with a tablet) and on the
go (with a telephone).
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Figure 35: The tool presented on desktop, tablet and phone
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7. Conclusion

The main subject of the thesis is a tool based on BIM, SE and the QAL, within this subject the
thesis is focused on the exchange of data. This chapter presents the conclusions on the
results and findings of the research. The needed information gathered by performing a
literature review, interview and visual programming to create the tool. The information is
used to answer the main question and sub questions of this research.

Construction projects are becoming increasingly complex and customers are demanding
more, but there are concerns about the poor performance of the construction industry. A
solution to this problem is a tool based on the concept of Building Information Modeling,
Systems Engineering and the Quality Assurance Law.

This problem definition resulted into the following main research question:

“How can the validation and verification of requirements for construction works be
visualized in phase 2 and 3 of the System Engineering process (definition/design/
development/implementation), based on open standards and software (visual
programming)? And how can this be documented based on the Quality Assurance
act?”

In order to be able to answer this question the research has provided answers to the
research questions. The conclusions of the research and answers to the individual research
guestions (see 1.3) are respectively found in Chapter 3.5 (question 1, 2, 4, 5), Chapter 4.2
(question 3), Chapter 6.2 (question 6) and Chapter 6.4 (question 7 and 8).

BIM can be seen as a form of collaboration between multiple organizations, representing
different disciplines. Each discipline is supported by its own software applications, therefore,
shared data platforms based on open standards are required to enable communication
amongst stakeholders. System Engineering is an interdisciplinary approach and suitable to
support BIM in each contract form and collaboration between different disciplines. SE and
BIM are systemic thinking, a total approach, of the early definition of customer requirements
and the technical integral approach. The Quality Assurance law can easily be implemented
within SE and BIM and the Quality Assurance law can be applied in Dutch construction with
minimal costs and a cost saving. The task at hand for the construction industry is to improve
(expand) their workflow and, even further down the line, transform their workflow into the
principles of SE, BIM and the QAL.

The literature review identified various methods to verify the validation and verification of
requirements for construction works. However, but this has not yet resulted in an easy-to-
use outcome for practice which is based on BIM, SE and the QAL.

Therefore, a data integration platform is developed. The method should be user friendly,
verify the completeness of objects on instance level and make use of open standards.
Standardized formats, such as a SE uitwisselingsstandaard, can be used to describe the
requirements of the BIM. The tool enables users to upload IFC and SE data (all software that
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can output excel data is suitable for the tool) into the tool. All parties are kept informed by
creating a user account with unique login details within the tool.

7.2 Scientific relevance

According to the theory, the advantages of applying BIM and SE is huge. But on the other
hand, there is resistant against the implementation of BIM and SE. The developed platform
could be used for the connection between practice and theory. Stakeholders (see Appendix
D) from company has assessed, based on the tutorial, that the developed tool is user-
friendly.

7.3 Societal relevance

The findings of this study are useful for all parties involved in the definition, design,
development and implementation phase of the project lifecycle.

For contracting/construction companies, it provides interesting new possibilities in

dealing with one of the many construction topics that are monitored on a daily basis.
According to J.M. Schouwenaar (see Appendix A) the quality assurance law will require
contractors to proactively ensure the quality of their work. End-users should be able to
verify specified requirements with the use of the elements of BIM. Contractors are struggling
on how to deal with the QAL. The tool offers possibilities to deal with the burden of proof
and to meet the QAL.

Clients and project developers have also an interest in the possible implications of this study,
since the quality assurance law, ensure that the client’s requirements have been met and
allow for a smoother hand over process transitioning into the operation and maintenance
phase of the project lifecycle.

The findings are also important to software developers and SE and BIM experts, encouraging
them to consider further solution development to BIM and SE software.

7.4 Recommendation and future research

The tool should be further developed in the future. Firstly, a limitation of the tool is limited
use of valuable data in an IFC-file. The tool now uses a limited amount of valuable
information from an IFC file. Valuable information such as linked data and relations between
the various objects in an IFC file should make the tool better in the future. In addition, an
opportunity for development the tool is to make the generic tool more specific for use. It is
possible to create microflows (similar to rulesets in Solibri) for requirements that often
occur. Each administrator/company can develop a standard set of microflows.

Companies that will use the tool will have to take into account the applied coding within the
company and in cooperation with other parties. Users of the tool will benefit from similar
coding in the BIM process (IFC-file) and SE process (requirements).

In addition, contractors are reluctant to support the quality management system

(investment in understanding and learning staff). Human behavioral attributes should be
considered when implementing and maintaining a quality management system for effective
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total quality management (Natee, 2016). This thesis creates more awareness for quality
management systems in general, by providing a tool to support the quality management
systems and meet the regulations (QAL).
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Appendix A: Interview Mr. J.M. Schouwenaar

Technische Universiteit Eindhoven, Graduation research

Interview: invloed Wet kwaliteitsborging voor het bouwen (34.453)

Interviewer: Nisam Shami

Naam geinterviewde: Mr. J.M. Schouwenaar (VVD) (lid van de VVD-fractie in de Eerste Kamer)
Datum afname: 18-07-2017

Locatie: Pastoor Petersstraat 3, 5612 WB Eindhoven (interview werd afgenomen via
telefoon)

Hoofdvragen:

1. Waarom is deze wet volgens u nodig?
In deze Kamer worden wij opgevoed met ons af te vragen of er een probleem is of niet.
Hierin waren wij (VVD) van mening dat er toch een probleem is, omdat het voor heel veel
mensen lastig is dat de verantwoordelijkheid van de aannemer op het moment van
oplevering ophoudt. Mensen hadden geen verhaal en konden achteraf moeilijk aantonen
waar het fout was, aangezien alles bijvoorbeeld is dichtgemetseld. De aannemer wordt
daarom scherper gehouden en moet beter zijn best doen. Een ander probleem, los van de
oplevering, is dat het overzicht een beetje weg is. Hierin is niet duidelijk wie waarvoor
aansprakelijk is. Als iets fout gaat dan wijst iedereen naar iedereen. Bijvoorbeeld een
project in Middelburg, waar de damwanden het begaven. Daarom is het goed dat er een
iemand (de aannemer) aansprakelijk is en hij het geld verhaalt op de onderaannemer via
regresrecht. En het grootste verbeterpunt in ons ogen is dat de gemeentelijk bouw en
woningtoezicht niks meer deden en dit nu wordt overgedragen aan de markt. De
gemeenten brengen wel dure leges in rekening, nu komt de kwaliteitsborger (als
onafhankelijk figuur) tijdens het bouwtoezicht houden. Dat was eerst formeel de opdracht
van de gemeentelijke bouw en toezicht, maar die deden dat niet. Deze drie punten (vroeg
stoppen aansprakelijkheid aannemer, iedereen wijst naar iedereen en gebrekkige controle
gemeente) worden door deze wet aangepakt.

2. Senator Bikker (ChristenUnie) stelde dat het borgen van kwaliteit en veiligheid een
publiek belang is. De senator vroeg waarom niet is gekozen voor optimalisering van het
huidige publieke stelsel in plaats van een hybride privaat/publiek toezicht mechanisme
(Omgevingsweb, 2017). Wat is uw antwoord daarop?

Dit vergt veel ingrijpen van het Rijk bij de gemeentes. De Rijk zou hierdoor te veel op de
stoel van de gemeente zitten. De Rijk kan de gemeentes ook niet dwingen om het geld aan
bouwtoezicht te besteden.

3. De Vereniging van Nederlandse Gemeenten vooralsnog kritisch en vindt het
onuitvoerbaar voor gemeenten. Zij vinden bijvoorbeeld dat gemeenten moeten
handhaven op zaken waarop zij niet langer toezicht houden, omdat ze wel
verantwoordelijk blijven voor de gehele vergunning. Wat vindt u hiervan?

Ik denk dat je doelt op de veiligheid. Zodra er iets fout gaat qua veiligheid kijkt iedereen
naar de gemeente (zie Londen, Eindhoven of Middelburg). Zij vinden dat ze de
verantwoordelijkheid hebben, maar niet de capaciteit of de knowhow om alles te checken
en te controleren en in de gaten te houden. Dat is ten deel waar, want als het om
bevoegdheden en veiligheid gaat hebben de gemeenten alle bevoegdheden die ze voor
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deze wet ook hadden. Ze blijven de mogelijkheid hebben om informatie op te vragen. Dit
vind ik dus een onjuist geformuleerd argument.

4. Het CDA vindt dat de wet veel te makkelijk allerlei aansprakelijkheidsrisico’s op het
bordje legt van bouwbedrijven. Vooral als bouwers te maken hebben met professionele
opdrachtgevers (Cobouw, 2017). Wat vindt u hiervan? Moet er hierin bijvoorbeeld een
scheiding komen tussen professionele en niet-professionele opdrachtgevers?

Daar ben ik het niet helemaal mee eens, want het gaat niet om een professionele
opdrachtgever (bijvoorbeeld woningcorporatie of ziekenhuisbestuur) het gaat om de
gebruiker (bijvoorbeeld patiént of leerling). Die heeft de gevolgen daarvan als het werk
niet in orde is en niet het bestuur van een corporatie of ziekenhuis. Een onderscheid
maken in afnemer waren wij (VVD) het niet mee eens en dat amendement is ook
verworpen in de Tweede Kamer en wat ons betreft terecht.

5. Welke aanpassingen zijn er volgens u nodig om deze wet wel door te voeren? Hoe het
aangepaste wetsvoorstel eruit gaat zien?

Voor mij hoeft er niks veranderd te worden, wat mij betreft mogen de drie
amendementen van Albert de Vries van de PVDA eruit. Deze drie zijn geschreven om
ervoor te zorgen dat de gemeenten nog wat te zeggen heeft. Of het zover komt weten we
niet. Links vindt het woord “privatisering” heel beangstigend. Het betreft geen
privatisering, wat het is niet iets wat functioneert wordt overgedragen aan de markt. De
overheid houdt namelijk nu geen toezicht en wat er niet is kan je ook niet privatiseren. Die
markt gaat nu doen wat de overheid tientallen jaren had moeten doen.

6. De Nederlandse Vereniging van Makelaars (NVM) is bezorgd over mogelijke extra kosten
voor een nieuwbouwwoning als gevolg van de nieuwe Bouwkwaliteitswet. Uit
onderzoek in de gemeente Voorst blijkt dat de leges voor een gemiddelde woning van €
4.000,- naar € 3.500,- zijn gedaald, terwijl de private kwaliteitscontrole kopers duizenden
euro’s extra kost (Cobouw, 2017). Wat vindt u van het standpunt van de Nederlandse
verenging van makelaars en wat denkt u dat nodig is om dit te voorkomen?

De consument betaalt meer, maar krijgt ook meer. Eerst betaalde hij leges en daar kreeg
hij geen toezicht voor (lichtelijk overdreven). En nu betaalt hij meer, maar krijgt hij ook
wat. En vervolgens zouden de leges niet van €4000,- naar €3500,- moeten, maar wat mij
betreft naar €0.-. Dat rechtvaardigt in mijn ogen een kostenstijging die overigens te niet
gedaan zou moeten worden door een veel grotere legesdaling dan nu. De gemeentes zijn
zeer terughoudend wat betreft legesverlaging.

7. De conclusie van de gemeente Den Haag luidt: “Het uit elkaar trekken van ruimtelijke
ordening en techniek in de vergunning leidt tot onduidelijkheid en daardoor tot een
toename van trilling schade en illegale bouw” (gemeente Den Haag, 2017). Wat vindt u
hiervan?

Ik weet niks van trilling schade of illegale bouw. Wat ik wel weet is dat één pilot in de
gemeente Den Haag doorslaggevend is voor het wel of niet accepteren van deze wet. De
gemeente Den haag is heel belangrijk, maar maken niet de dienst uit in het land. Er zijn
nog 400 andere gemeenten die verenigd zijn in de VNG. Daarnaast zijn pilots juist bedoeld
om te controleren wat er fout kan gaan en wat er ervan kunnen leren.
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Appendix B: Tutorial from IFC data to an Excel file
In this tutorial, you will learn how to export data from IFC into Excel using the Simplebim
application. IFC files typically contain a huge amount of data and the key is to export only
data that is relevant to you.

A certain wall has 22 rows of information, see Figure 36. Figure 37 shows that each object
has a lot of properties which produce a lot of information for example each wall.
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11 |Curtain Wall:22_CW Curtain wnasmv ONWAAR 22_CW_E| Curtain Wall:22_CW 366429 NOTDEFINED Building 5 00_began Curtain w:00_begane grond  3No3ImKpj3GPD_HkmUAZt
12 |Curtain Wall:22. _CW Curtain W385341 ONWAAR 22_CW_E| Curtain Wall:22_Cw /6566077 NOTDEFINED Building 5 00_began Curtain w:00_begane grond  INo3ImKpj3GPD_HkmiAQT
13 | Curtain Wall:22_CW Curtain wwsws ONWAAR 22_CW_E| Curtain Wall:22_CW/ 366429 NOTDEFINED Building 5 00_began Curtain wi00_begane grond  3No3ImKpj3GPD_HkmiJAx3
14 |Curtain Wall:22_CW Curtain W87581 ONWAAR 22_CW_E|Curtain Wall:22_OW 366429 NOTDEFINED Building 5 00_began Curtain v 00_begane grond  3Na3ImKpj3GPD_HkmiUBTE
15 | Curtain Wall:22_CW Curtain W490746 ONWAAR 22_CW_E| Curtain Wall:22_CW/ E566077 NOTDEFINED Building § 00_began Curtain wi00_begane grond  INo3ImKp]3GPD_HkmlIBIE
_ CW_| ' ow's NOTDEFINED Building 5 00_began Curtain w:00_begane grond  3No3ImKp|3GPD_HkmUBfy
17 | Curtain Wall:22_CW, Curtain W491097 ONWAAR 22_CW_E| Curtain Wall:22_CW 466429 NOTDEFINED Building 5 00_began Curtain w:00_begane grond  3No3ImKp|3GPD_HkmlBc]
18 | Curtain Wall:22_CW Curtain W293237 ONWAAR 22_CW_E| Curtain Wall:22_CW 366429 NOTDEFINED Building § 00_began Curtain w:00_begane grond  3No3ImKp|3GPO_HkmU451
19 |Curtain Wall:22_CW Curtain uﬂgamz ONWAAR 22_CW_E| Curtain Wall:22_CWE566077 NOTDEFINED ling § 00_began Curtain w:00_begane grond  3Na3ImKpj3GPD_Hkmu4_8
20 |Curtain Wall:22_CW Curtain W/ 51535; ONWAAR 22_CW_E| Curtain Wall:22_CW 6566077 NOTDEFINED g 5 02_tweed Curtain wi02_tweede_verdiepi 1uSScuV$L9quUTXIHSHNS
21| Curtain Wall:22 cwcmamwsmsz ONWAAR 22_CW_E| Curtain Wall:22_CW 5566077 NOTDEFINED Building 5 02_tweed Curtain w:02_tweede_verdiepi 1uS$cwV$LIquUTXIHSHN_C
22 | Curtain Wall:22, _CW Curtain W 515697 ONWAAR 22_CW_E| Curtain Wal 22_CW_’5565077 NOTDEFINED Building 502_tweed Curtain w:02_tweede_verdiepi 1uSScwVSLIgeUTXIHSHNmT
23 | Curtain Wall:22_CW Curtain W517168 ONWAAR 22_CW_E|Curtain Wall:22_OW 6566077 NOTDEFINED Building 5 02_tweed Curtain v 02_tweede_verdiepi 1uSScuSL9qeUTXIHSHNfe
24 | Curtain Wall:22_CW Curtain 517352 ONWAAR 22_CW_E| Curtain Wall:22_CW E566077 NOTDEFINED Building 5 02_tweed Curtain wi02_tweeds_verdiepl 1uSScwVSLIguUTXIHSHNg]
25 | Curtain Wall:22_CW Curtain W'526318 r CW_| oW’ NOTDEFINED Building 5 01_eerste Curtain wi01_eerste_verdiepin 1uS$cv/$L9quUTXIHSIfcg
26 Eumln Wall:22_CW Curtain w530361 ONWAAR 22_CW_E| Curtain Wal 22_CW_'SSESO7? NOTDEFINED Building 5 01_eerste Curtain w:01_eerste_verdiepin 296QPSNALTgOSFXLDSIKOe
27 Cumzln ‘Wall:22_CW Curtain w532726 ONWAAR 22_CW_E|Curtain Wal 227M'§565077 NOTDEFINED in 1MsvS0deb1a9Q0PSHIEy9w
28 Curum Wall:22_CW Curtain W@HMD ONWAAR 22_Cw_E|Curtain Wll\:iZ_Cw_'n“ﬂE NOTDEFINED
29 IEur‘ in Wall:22_CW Curtain W’ szms ONWAAR 22_CW_E| Curtain Wall:22_CW 5566077 NOTDEFINED
30 | Curtain Wall:22_CW Curtain W 533731 ONWAAR 22_CW_E|Curtain Wall JZ_CW'!GV?i NOTDEFINED
31 | Curtain Wall:22_CW Curtain W'535875 ONWAAR 22_CW_E| Curtain Wall:22_CW/366429 NOTDEFINED Building 5 01_eerste Curtain wi01_eerste_verdiepin 2e5Pkaccn2jBCjXgeY_911
32 | Curtain Wall:22_CW Curtain W'536053 ONWAAR 22_CW_E| Curtain Wall:22_CW/E566077 NOTDEFINED Building 5 01_eerste Curtain wiD1_serste_verdiepin 2e5Pkaccn2jBC/XgeY_9Gt
33 | Curtain Wall:22_CW Curtain W536147 ONWAAR 22_CW_E|Curtain Wall:22_OW6s66077 NOTDEFINED Building 5 01_eerste Curtain vs01_eerste_verdiepin 2e5Pkacca2jBCjgSY_SUH
34| Cuntain Wall:22_CW Curtain W540825 ONWAAR 22_CW_E| Curtain Wall:22_CW 366429 NOTDEFINED Building § 01_eerste Curtain wi01_eerste_verdiepin 1viy9WbAVT7u9BQ_SmBRS2
35 Cumzln ‘Wall:22_CW Curtain w555015 ONWAAR 22_CW_E|Curtain wmhzz;w'sssmn NOTDEFINED Building § 02_tweed Curtain w:02_tweede_verdiepi 24AE02dhj2mP1053NcsSDO -
v Beam | Building | Building Element Proxy | Building Storey | Column | Covering | Curtain Wall [ Door | FlowFitti.. ) : « i
Gereed BlE o - 1 + %
Figure 36: Huge amount of data in an IFC
B Canvas RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION] m - & x
Home | 3D Buy License Activate License @ ~
n (’ ,I Il; @ @ IFC Merge Settings T Browse Template P | [ Mode! Trimmer + [@ Appesrance Editor ~ [l Change Canvas ~ @ & Export to Excel @ Support Site
e Rl [ Piacement Editor e @ Template Guide :“' [ editProperties ~ [@ Location Editor = [ Add Palette ~ B = . 1 IFC Export Settings | P Video Tutorials
o lerge Apply lun (port port
=gc:r_ Fiter  IFC Template ~ Yool + | B Organize Model ~ [ Other Workspaces ~ [F3] Reset Workspace Manager ~ | Preview  IFC» § AuthorandLicense | ] Support Email
History Models Automate Workspaces Add-Ons Export Help ~
Not Decided Yet [9179] Included [Empty]

4 Object Classes
Beam
Building
b Bullding Element Proxy
Building Storey
Column

Covering

Value = Objects

Building Element Construction Type <21 different values>

I Buliding Element Is External <2 different values>

» Bullding Storey name. @ <4 diferent values>

© Container Name @ <4 diflerent valves>
Container Object Class @ Building Storey

¥ Name <all different values>

¢ Name type) @ <21 difterent values»
Object Class & Curtainwall

I Object type. <21 different values>
Predefined type type) & NOTDEFINED

¢ Tag <all different values>

¥ Tag type) @ <21 ditterent values>

| Paeting OF

EIES mE @T f;\-x]ﬂ Quick Select | Topmost Assembly or Single Object

| vatue 1ype

Figure 37: Properties from the objects in an IFC
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To make sure to export only data that is relevant, all the properties need to be excluded (see
Figure 38).

.- “Canvas RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION] | - & x
Bl - Buy License Activate License © *
| n (‘ ’I I? 7@ B FCMerge Settings 58 Browse Template G |- Model Timmer = [& Appesrance ditor ~ [ Change Camvas | 00 @ BEporntobicel | @ SupportSite
et S ¥ B Placement Editor A‘f @ Template Guide [ editProperties = [@ Location Editor + [ Add Palette = acr) b g 3 FCEspotsettings | B> Video Tutorils
View erge. ppl n por port 2K
Reports * | Fiter  WFC Template ~ Tool + | Ik Organize Model ~ [ Other Workspaces ~ [] Reset Workspace | Manager » | Preview  IFC~ 8 Author and License | £ Support Email
History Models Automate Workspaces Add-Ons Export Help ~

b Building Element Proxy
Building Storey s
b Column

Covering
b Curtain wal

Value = Objects

b vne__<21
. Buikding Element Is Extermal Copy Values
75 ot Shoey same Copy Special »
© Container Name Exclude Property: Building Element Construction Type  Ctri~E
Container Object Class Include All Properties
 Name Exclude All Properties
+ Name type)
i Sort By None  ~
+ Ooject type o
Predetned type fype) Auto Expand Al
b Tag Collapse All
» Tog type) @] tsten

a |« [[21] 2 [vonerioe @ || Quick Select [Topmost Assembly orSingleObject =] pesiogOf

Figure 38: Excluding all properties from objects

Include the relevant properties which will be used, in this example include the property
“Name” as shown in Figure 39.

o “Convas RC_EHA_1445_CF - simplebim® 6,1 [EVALUATION] B - & x
Bl - Buy License Activate License @
| n (j ’I '; 7 D IFCMerge Settings [ B Browse Template . |- Model Trimmer ~ [ Appesrance tditor - [l Change Canvas ~| 00 @ . & Export to Excel @ Ssuppont Site
| ¥ B Piacement Editor o @ Template Guide [ edit Properties ~ [@ Location Editor [ Add Palette ~ ” 9 IFC Export Settings | > Video Tutorials
Undo Redo  View | Model Merge Apply Run 8CF Export  Export
Reports ~ | Fiter IFC Template ~ Tool = | [ Organize Model *[® Other Workspaces ~ [@] Reset Workspace | Manager » | Preview  1Fc ~ 8 Authorand License | 3 Support Email

History Models Automate Workspaces Add-Ons Export Help ~
Not Decided Yet (9179] Indluded [Empty]

© Building Element Proxy

Building Storey 5
b Column
Covering
b Curtain Wall

Property Value = Objects

| Building Element Constiuction Type <21 dferent vaiues >
| Buieng Elament is Eutecnst <2 diflerent values>

[ —. @ <4 difterent values>
| 1 Containsebiame @ <4 different valves>
Containes-Objact Ciass @ Buiding Storey

I Kame

| CopyVelues

i Copy Special
I ~ Include Property: Name

Include Al Properties
s o Exclude All Properties
» SortByNone ~

Expand All
Auto Expand All
Collapse All

a | s tien ect [Topmost Assembly or Single Object | Pesting O

Figure 39: Including property "Name"

After selecting the right properties, the IFC-file needed to be export to an Excel-file (see red
square in Figure 40). This creates a new Excel-file containing all included objects and
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properties. Each object class becomes a worksheet in Excel, each property a column and
each object a row.

[ ] RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION] m - & x
Bl - Buy License Activate License @
n (‘ !| ;e £ IFC Merge Settings T4 Browse Template @ _ | [ Model Trimmer = [& Appearance Editor ~ [l Change Canvas ~ g @ . &) Export to Excel @ support Site
¥ B Placement Editor e @ Template Guide 7 Edit Properties ~ [ Location Editor Add Palette ~ 9 IFC Export Settings | > Video Tutorials
Undo Redo Modd Merge Apply Run e ] = 8CF Export  Export s
Fiter  IFC Template ~ Tool + | I Organize Model ~ [ Other Workspaces ~ [ Reset Workspace | Manager » | Preview  tFC ~ 8 Authorand License | (.3 Support Email
History Models Automate Workspaces Add-Ons Export Help ~
Not Decided Yet (9179] e

Indude’ ¢ port to Excel
Exporting to Excel crestes a new Excel fle containing all
included objects and properties. Each object class becomes 2
worksheet in Excel, each property a column and each object 3
row

Building 1
b Building Element Proxy
Building Storey

b Column

Covering

b Curtain Wall

Value = Objects

| Building Element Construction Type <21 diflerent values>

| i bt niaenae <2 different values>

© Buskieng Sicieyname @ <4 different values>

| Costae ame @ <4 difterent valves>
R @ Building Storey

¥ Name <all different values>

b Namedype @ <21 different values>
CosectCiais @ Cutainvall

| aiicee <21 different values>

)

b e <all different values>

g @ <21 different values>

® x| Quick Select_[Topmost Assembly or Single Object ] pesiog o1

Figure 40: Exporting IFC-file to Excel-file

This results in an Excel-file with only the relevant data (see Figure 41).

. 3 Knippen Calibri - AN Standaard - U‘E‘I D D €= ax E Z AutoSom ~ '%‘Y /O
Planer\ 0B Kapiren - 1 T 2 (e Uer\lu;ﬁereﬂn mask g " Sonerenen Zosken en
& Opmask kopisrenvpiakien I 1 ¥ - [ -| &~ A - ST G © [ A e | & cpmoak~ S ! "’ & Wissen - filteren~  selecteren~
Klembord r Lettertype o Uitlning 5 Getal n Stifen Cellen Bewerken -
Al - S curtain wall -
P A 8 . ¢ D | E | F | G L I O B S B N 4 L | M | N a | P a | -
3 Name " Globalid "
4 Curtain Wall:22_CW_EHA_WD1a_: IUFD BeN18IIAL
5 Curtain Wall:22_CW_EHA_WD1a_: 1 3FD BcN19IIQ6
6 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:446065  2vsmTCQkL1_PPKkeTLnbke
Wall:22_CW_EHA_WD1a_s 446455 i 2FVNII9Ccr
1mvaJthD(:tEVdp6uahn
_CW_EHA_WD13_: D_HkmlIAUC
10 Curtain Wall:22_CW_EHA_WD1a_: D_HkmlIAGE
11 Curtain Wall:22_CW_EHA_WD1a_: j3GPD_HkmlIA2t
12 Curtain Wall:22_CW_EHA_WD1b_: rui 1 j3GPD_HkmLIADT
13 Curtain Wall:22_CW_EHA_WD1a_ 3GPD_HkmlAx9
14 Curtain Wall:22_CW_EHA_WD1a_: 487581 j3GPD_HkmlIBTE
15 Curtain Wall:22_CW_EHA_WO1b_ ui idend 490746 J3GPD_HkmLIBIE
16 Curtain Wall:22_CW_EHA_WD1b_: rui i 0893 J3GPD_HkmLIBfy
17 Curtain Wall:22_CW_EHA_WD1a_: d }3GPD_HkmlIBcj
18 Curtain Wall:22_CW_EHA_WD1a_: j3GPD_Hkml1451
19 Curtain Wall:22_CW_EHA_WD1b_: i j3GPD_Hkml14_8
20 Curtain Wall:22_CW_EHA_WD1b_systeemwand ru\m(esvheldel\d 516350 1uSScwVSLOgrUTXINGHNZ3
21 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:516552  1uSScwVSL9gxUTXIHSHN_C
22 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:516697  1uS$cwVSL9gxUTXIHSHNmT
23 Curtain Wall:22_CW_EHA_WO01b_systeemwand ruimtescheidend:517164  1uSScwVSLOqxUTXIHSHNFe
24 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:517352  1uSScwVSL9qxUTXIHSHNgI
25 Curtain Walk:22_CW_EHA_WD1a_systeemwand gangwand:526318 1uSScwVSLOqxUTXIHS Ifeg
26 Curtain Wall22_CW_EHA_WO1b,_systeemwand ruimtescheidend:530361 | 2960PSNA17g0SFXLOSKO:
27 Curtain Wall:22_CW_EHA_WD1b_: 32726 1a900PSHIEyIw
28 Curtain Wall:22_CW_EHA_WO1o sysleemwandgangwand 533340 2e5Pkaccn2{BCiXgeY_9gU
29 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:533488  2e5Pkaccn2jBCiXgeY_Seo
30 Curtain Wall:22_CW_EHA_W01a_systeemwand gangwand:533731 2eSPkacen2iBCiXgeY_9aX
31 Curtain Wall:22_CW_EHA_W01a_systeemwand gangwand:535875 2e5Pkaccn2iBCiXgeY i1 .
v Beam | Building | Building Element Proxy | Building Storey | Column | Covering | Curtain Wall | Door | FlowFitti .. () : « ’
Gereed B e o - 1 + 100w

Figure 41: End result from IFC to Excel
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Appendix C: Tutorial from Relatics template to an Excel file

This workspace will be used to test the automated validation and verification of
requirements for construction works in a BIM using the requirements from the project
Royal Cosun.

In this workspace, you can keep track of your project using system engineering techniques
(see Figure 42).

In this workspace, you can document and manage your:

Function Breakdown Structure (FBS)
Organization Breakdown Structure (OBS)
Work Breakdown Structure (WBS)
System Breakdown Structure (SBS)
Meetings

Documents

Requirements

Nou,swWNE

= Function Breakdown Structure 43 Work Breakdown Structure A Mestups
TU/E‘@ hurks Organization Breakdown Structure ) g . </ Documents

./ System Breakdown Structure

Figure 42: Home screen Relatics template for the projet Royal Cosun

During this project, the client divided all the requirements under the following chapters, as
shown in Figure 43:

1. Ambitions / conditions

2. Rooms

3. Technology / Facilities

4. Comfort

Each requirement starts with AMB_, R _, TV_, C_ and followed by a specific number.

81



(@)~ TesT sPACE ROYAL CON... X

T/ s

%% Orpanization Breskdown Structure

System requirements

£33 Work Breakdown Structure 4, Mectngs
15} System Breakdown Structure

@

Shami N. (Nisam) |

(i) Requirements

CLASSIFICATIONS

REQUIREMENTS T -
(RIERQRCHY) REQUIREMENTS (LIST)

Requirements tree

i, Ambities/randvoorwaarden
* i Comiort
v [ Ruimten
[}, Techniek/Voorzieningen

Figure 43: Distribution of all requirements in chapters

The requirements can be outputted to an Excel-file by right clicking the requirements tree
and download the requirements tree as an “Excel web page (.xlIs)”, see Figure 44.

@) ~ vesT SPACE ROYALCON... X

TU/ €4 hurks e

Shami N. (Nisam)

£33 Work Breakdown Structure A Meetings
%) System Breakdown Structure

i} Requirements
&4 Documents

System requirements L}

REQUIREMENTS y " y
(HIERARCHY) REQUIREMENTS (LIST

Create

CLASSIFICATIONS

Paste
n te openen ramen

Refresh nderiijke vicerbelastingen van 5 kN/m?

A S 0 Excelwebpage (xk) larmeringsinstallatie volgens VRK] maart 2014, ris]

nemer het Kaba Exos 9300-systeem toe te passer
Browse history G2 Word web page Ldod)

Query.
Detais. 2500 lux b projectentab
() 7387 suimtetemperatuur winter is 18 gr. voor garderobe (bezoekers)
1) C.07642 Luchtsnelheid wintersituatie maximaal 0,15 (mvs) voor kantoren
i C_10439 Nagalmuyd < 0.8 5 voor entreehal (niet ingericht)
i C.10463 Installatie geluidniveau < 30 (dBIAY
g Ruimten
() R_06728 De gesioten concentratiewerkplekken hebben een een min. opperviakte van 7m (FNO)
1) R_06728 Er 2ijn 12 gesloten concentratiewerkplekken sanwezig
1 R06948 Maximale tussen 2 em fy lab is 25m
im R_06952 Nat chemisch lab is direct verbonden met fysisch chemisch lab
1ifh R 07806 De laneste wand van de vergaderkamer 30-persoons mag niet langer 3iin dan 12m

57a2-¢011-900e bd96-4058-a5be-57;

€675-¢711-80ed-000al753d8436'

Figure 44: Download the requirements in Relatics into an Excel-file

The outcome (see Figure 45) is an Excel-file with all the requirements under their specific
chapter.
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B ""‘ e caibii | B o Bresneion Standancs | Bg G &
N Kopldren =
e oprevplien B T U+ - 3 Elsamenvorgenenceneen - - % om 34 Jj Vool Opmaken Ceten Imoco
S et o g I sen

A3l

A A C D E F G H ] K L

1 Requirements tres

2

3 Ambities/randvoorwaarden

4 AMB_O7277In de gevel geen te openen ramen

5 AMB_07476 Minimale veranderlijke HI@FN'&&“HSEH van 5 kNfm?

6 AMB_10436 Gebouw dient te h len van een inbraal Igens VRKI maart 2014, risicoklasse 4

7 AMB_10436 Voor de het Kaba Exos 93 oy toe te passen

a AME_11809 Opdrachtnemer moet een WKO-installatie sanleggen

9 comfort
10 €_06926 Verlichtingssterkte 500 lux bi] projectenlab

n €_D7347 Ruimtetemperatuur winter is 18 gr. voor garderobe (bezoekers)
12 C_07642 Luchtsnelheld wintersituatie maximaal 0,15 (m/s) voor kantoren

13 €_10439 Nagalmtijd < 0,8 s voor entreehal (nlet Ingericht)
14 C_10463 Installatie geluldniveau 5 30 (dB(A))
15 Ruimten

16 R_06728 De gesloten concentratiewerkplekken hebben een een min. opperviakte van 7m* [FNO)

17 R_O6728 Er zijn 12 gesloten concentratiewerkplekken aanwezig

isch lab Is 25m

18 R_D6948 Maximale tussen Il

fysisch ch

19 R_06952 Nat chemisch lab Is direct verbonden met fysisch chemisch lab
20 R_O7806 De langste wand van de vergaderkamer 30-persoons mag niet langer zijn dan 12m

21 Techniek/Voorzieningen

22 TV_07319 Afschot 1,0-1,5% voor vioerafwerking chemisch lab (DuratopCQF)
23 TV_07321 Plafondafwerking Is antistatisch (mag geen stof aantrekken) In de standaardiab
24 TV_07843 Minimlae vrije doorgang hoogte van 2300 (mm) voor binnendeur be1200mm

25 TV_0B015 U-waarde HR++

s maximaal 1,2 (W/m’k)

26 TV_15725 Breedte x diepte = 1800 mm x 1800 mm voor een bureau standaard

Requirements tree | (i)

Gerewd

1 3 (il
H .
jen Verwijderen Opmaak

cellen

X AutoSom

[¥] Doonvoeren =

& Wissen -

iy O
Someren en Zoeken én

filteren = selecteren =

Bewerken

-

Figure 45: Outcome of requirements in an Excel-file
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Appendix D: Interview R. Lak

Technische Universiteit Eindhoven, Graduation research

Interview: invloed Wet kwaliteitsborging voor het bouwen (34.453)

Interviewer: Nisam Shami

Naam geinterviewde: Mvr. R. Lak (System Engineer/Planontwikkelaar Hurks bouw en vastgoedontwikkeling)

Datum afname: 07-12-2017

Locatie: Pastoor Petersstraat 3, 5612 WB Eindhoven

Het doel is om de te voorzien van gegevens en deze gereed te maken voor gebruik.
Daartoe worden gegevens (IFC-model en eisen in Relatics) van het project Royal Cosun
gebruikt.

Tijdens deze tutorial zal R. Lak dienen als een system engineer (de persoon die de tool
voorbereidt) en als eindgebruiker. R. Lak zal eerst gegevens genereren van het IFC-model
en Relatics, vervolgens de gegevens in de tool controleren en implementeren,
voorbereiden op gebruik en uiteindelijk de tool als eindgebruiker gebruiken.

Hoofdvragen:
1. Vond u de bijbehorende tutorial duidelijk?

De tutorial was zeer goed te volgen en gaf genoeg ondersteuning voor een leek als ik.
Graag zou ik willen zien dat er wat meer informatie wordt gegeven over waarom ik een
handeling moet verrichten. Het is mogelijk om aan de hand van de tutorial de gewenste
uitkomsten te verwezenlijken.

2. Zou u de tool toepassen in een project?

Indien deze werkwijze vanaf het begin van een project (contractueel) wordt vastgelegd,
zou ik graag willen dat tool gebruikt word in toekomstige project van Hurks Bouw en
Vastgoedontwikkeling.

3. Welke aanpassingen ziet u graag?

Graag zou ik willen dat er een onderscheid gemaakt wordt tussen de verschillende
gebruikers van de tool. Ik als System Engineer zou graag meer bevoegdheden willen
hebben dan neven/onderaannemer.

The goal is to provide the de tool with data and make it ready for use. To this end, data
(IFC model and requirements in Relatics) of the project Royal Cosun is used.

During this tutorial R. Lak will serve as a System Engineer (the person who prepares the
tool) and as an end user. R. Lak will first generate data from the IFC model and Relatics,
then check and implement data in the tool, prepare it for use and finally use the tool as an
end user.
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Questions:

1. Was the tutorial clear?
The tutorial was very easy to follow and gave enough support for a layman like me. |
would like to see that there is some more information about why | have to perform an

action. It is possible to realize the desired results based on the tutorial.

2. Would you apply the tool in a project?

If this method is (contractually) established from the start of a project, | would like the
tool to be used in the future projects of Hurks Bouw en Vastgoedontwikkeling.

3. What changes do you like to see in the tool?

| would like to see a distinction made between the different users of the tool. | as a System

Engineer would like to have more authorizations compared to subcontractor.
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Appendix E: Tutorial Tool

4 hurks

Automated Requirements Checker (ARC)

R o P+ m & » &

K 0 @ U 2

The goal today is to provide the tool with data and make it ready for use. To this end, data
(IFC model and requirements in Relatics) of the project Royal Cosun is used.

During this tutorial you will serve as a System Engineer (the person who prepares the tool)
and as an end user. The steps are shown in bold and the actions are in italics.

You will first generate data from the IFC model and Relatics, then check and implement data
in the tool, prepare it for use and finally use the tool as an end user. Good luck!

1. Generate data from the IFC model and Relatics

1.1 Generate data from IFC model

In this tutorial, you will learn how to export data from IFC into Excel using the Simplebim
application. IFC files typically contain a huge amount of data and the key is to export only
data that is relevant to you.

A certain wall has 22 rows of information, see Figure 46. Figure 47 shows that each object
has a lot of properties which produce a lot of information for example each wall.
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o — =) e — 2
& Knippen G -n S Teksnerigioop Stanasara ;= % [ g Bx [@) Twen- Ay O
pakan 3 kORISR © <] 7 | ememmaiia et et |nv§e e s e e e
e BT REN—— [} I Rl [/ samenvoegen en centreren = 7+ % o0 % 3 == e e e = L "33k & Wissen - pi——
Klembord n Lettertype (3 Uitiging 3 Getal 3 stgen Cellen Sewerien ~
Al - (N8 Je | Curtain Wall -
P S m | e | b | & | FE | & | B | v | 1 |k L | M | N | o | @ a | R | s | T | u v [ w | % | ¥ | z L RIES
1 [curtain wfall
z
3 Name i P Tag vl i E [ETag (typelent type fined type Status “ire Ratingal ol .2 i i i
4 | Curtain Wall:22_CW Curtain W45378 ONWAAR 22_CW_EICurtain Wall:22_CW366429 HOTDEFINED Building 502_twaed Curtaln wi02_twesds_verdispi rFDGSTXASEPBCN1SIAL
5 | Curtain Wall:22_CW Curtain W345521 NOTOEFINED Building §/02_tweed Cuntain wi02_tweede_verdiepi SFDGSZXAOEPBCNISING
6 Curtain Wall:22_CW Curtain W'a46065 NOTDEFINED Building 5 02_tweed Curtain wi02_tweede_verdiapi ZvsmTCOKLL_PPkeTLnbke
7 | Curtain Wall:22_CW Curtain W346455 MOTDEFINED Bullding 5.02_tweed Curtaln wi02_tweede_verdiepi OpydpRahj6SR2FVNI9cr
8 | Curtain Wall:22_CW Curtain W247022 NOTDEFINED Bullding 502_tweed Curtain wi02_tweede_verdiepi 1mPys)UIbDCxeEYdp6iahd
9 | Curtaln Wall:22_CW Curtain W483410 NOTDEFINED Bullding 5/00_began Cuntaln wil0_begane grond  3No3ImKpj3GPD_HkmUAU
1] ‘Curtain W3B4338 NOTDEFINED Building 500_began Curtain wi00_begane grond  INa3ImKpj3GPD_HkmUAGE
11 Curtaln Wall:22_CW Curtain W85187 NOTDEFINED Bullding 5/00_began Curtaln wi00_begane grond  3No3imKpj3GPD_HkmUIA2t
12 | Curtain Wall:22_CW Curtain W285341 NOTDEFINED Bullding 500_began Curtain wi00_begane grond  INa3ImKpj3GPD_HemUADF
13 Curtain Wall:z2_CW Curtain W85693 HOTDEFINED Bullding 5.00_began Curtaln wil0_bagane grond  INoJImKpj3GPD_HkmiAxd
14 | Curtain Wall:22_CW Curtain WA87581 NOTDEFINED Building 5 00_began Curtain wi00_begane grond  3Na3ImKgj3GPO_HkmUBTF
15 Curtain Wall:22_CW Curtain W430746 NOTDEFINED Building 500_began Curtain wi00_begane grond  INo3ImKpj3GPD_HkmUBIE
16 Curtain Wall:22_CW Curtain W290893 NOTDEFINED Building 5.00_began Curtain wi00_begane grond  3No3ImKpj3GPD_HkmUBK
17  Curtain Wall:z2_CW Curtain W331097 HOTDEFINED Building 500_began Curtaln wil0_begane grond  3No3ImKpj3GPD_HimUiBe
18 Curtain Wall:z2_CW Curtain W93237 NOTOEFINED Building 5/00_began Cuntain wi00_begane grond  3No3ImKpj3GPD_HkmUAS1
19 Curtain Wall:22_CW Curtain W433692 NOTDEFINED Building 5 00_began Curtain wi00_begane grond  INa3lmKpj3GPD_Hkmid_B
20| Curtain Wall:22_CW Curtain W516359 MOTEFINED Bullding 5.02_tweed Curtaln wi02_tweede_verdiepi 1uSScw\$19qeUTXIHS Nz
21 | Curtain Wall:22_CW Curtain W516552 NOTDEFINED Bullding 507_tweed Curtain wi02_tweede_verdiepi 1uSScwV$1BquUTHIHSHN_C
22| Cuntain Wll:22_CW Curtain W516697 NOTDEFINED Bullding 502_tweed Curtaln wi02_tweede_verdiepi 1uSSowVSLOGHUTXHSHNmT
23 | Curtain Wall:22_OW Curtain W517164 NOTDEFINED Building 502_tweed Curtain wi02_tweede_verdiepi 1uSScwVSLIqrUTXIHSHNfe.
24| Curtaln Wall:22_CW Curtain W517352 NOTDEFINED Bullding 502_tweed Curtaln wi02_tweede_verdlepi 1uSScw\319qaUTXIHSHNgI
25 | Curtain Wall:22_CW Curtain W526318 NOTDEFINED Bullding 5 01_eerste Curtain wi01_serste_verdiepin 1uS$cwV$L SquUTXIHS Ifeg.
26| Curtain Wall:22_CW Curtaln W530361 HOTDEFINED Bullding 5.01_serste Curaln wid1_serste_vardiepin 2360PSNAT7RSFXLDS KOS
27 | Curtain Wall:22_CW Curtain W532726 NOTDEFINED Building 5 01_eesste Curtain wi01_serste_verdiepin 1MsvS0dch1a900PSHIEYSw
28 Curtain Wall:22_CW Curtain W533340 NOTDEFINED Building 5.01_eerste Curtain wi01_eerste_verdiepin 2eSPkaccn2jACIXgeY_Sgu
29| Curtain Wall:22_COW Curtain W533488 HOTDEFINED Building 5.01_eerste Curtain wi01_eerste_verdiepin 2¢5Pkacen2j8CXgeY_Seo
30| Curtain Wall:22_CW Curtain W533731 HOTDEFINED Building 501_serste Curtaln wi01_serste_vardiepin 2e5Pkaccn2jBCjXgeY_SaX
31 | Cuntain Wall:22_CW Curtain W535875 NOTOEFINED Building 501_eerste Cutain wi01_serste_verdiepin 2e5Pkaccn2jBCiXgeY_9i1
32 | Curtain Wall:22_CW Curtain W'536053 NOTDEFINED Building 5 01_oerste Curtain wi01_eerste_verdiepin 2e5PkaccnZjBCXgeY_8Gt
33| Curtain Wall:22_CW Curtain W536147 MOTDEFINED Bullding 5.01_eerste Curtaln wi01_eerste_verdiepin 2eSPkacen2jBCXGCY_SUH
34 | Curtain Wall:22_CW Curtain W540825 NOTDEFINED Bullding 501_sersta Curtain wi01_serste_verdiepin 1vy3WhivTTuSB0_SmBRS?
35 Curtain Wall:22_CW Curtain WS5015 NOTDEFINED Bullding 502_tweed Curtain wi02_tweed_verdiepi 24AE02dh|2mPL053NcsS00 -

» | Beam | Building

Garesd

Building Element Proxy

Building Storey | Column | Covering | Curtain Wall [ Door | Flow Fitl ... @

+ 8%

W @ D IFCMerge Settings

Figure 46: Huge amount of data in an IFC

| - & x
Buy License Activate License @) ~
@ Support Site

RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION]

T Browse Template G, [ Model Timmer ~ [& Appesrance Editor ~ [l Change Canvas ~ 2% 2 Export to Excel
]

&Y

r % B Placement Editor e @ Template Guide [ edit Properties ~ [ Location Editor ~ [ Add Palette ~ B IFC Expont Settings | P Video Tutorials
Undo Redo  View | Model Merge A Run 8CF Export  Export =
Reports Fiter  IFC Template * Tool + | [ Organize Model * [ Other Workspaces ~ [l Reset Workspace | Manager = | Preview  trC » 8 Authorand License | [ Support Email
History Models Automate Workspaces Add-Ons Export Help -~
Not Decided Yet (9179] Included [Empty]

Building
» Bullding Element Proxy
Building Storey
b Column
Covering
¥ Curtain Wall

© Building Element Construction Type
| Buliding Element Is External
I Buliding Storey name

|

|

| ¥ Container Name @ <4 different values>
| Container Object Class @ Building Storey

| ¥ Name <all different vaives>

| b tame type) 8 <21 different values>
| ovjectcuss @ Cutainwal

| I Oojecttype <21 different values>

| Predefined type type) & NOTDEFNED

| v g <all diflerent values>
|+ Tag type) @ <21 difterent values>

Value = Objects
«21 different values>

<2 iterent valves>

@ <4 diferent values>

B

@ xl Quick Select | Topmost Assembly or Single Object | Pasting OF

Figure 47: Properties from the objects in an IFC
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Step 1: Open simplebim and the IFC-file of Royal Cosun

ing model from file

RC_EHA_1445_CF ifc
+ Importing data

Transforming data

< (Step16f2)

Reading Objects And Geometry 7125000 of 9513 843,

Figure 48: Importing IFC-model Royal Cosun

Step 2: Excluding all properties

The IFC-model of Royal Cosun consists of 26 objects. Each object consists of their own

properties.

Click on the object “Curtain Wall”

Right klick on the “Properties”

Select “Exclude All Properties”

To make sure to export only data that is relevant, all the properties need to be excluded (see

Figure 49).

n (‘ !I W @ D IFCMerge Settings
r % [ Pracement ditor
Undo Redo  View Model Merge
Reports Filter  IFC

Building 1
Buikding Element Proxy n
Building Storey s

b Column 247
Covering 73

b Curtain Wall 198/ 206~

m - & x
Buy License Activate License € ~

RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION]

T Browse Template @3 [ Model Timmer ~ [ Appearance Editor * [l] Change Canvas ~ fos @ & Export to Excel @ Support Site
o4 © Template Guide [ edit Properties ~ [@ Location Editor [ Add Palette ~
Apply Run

)
£ IFC Export Settings | P Video Tutorials
BCF Export  Export

Tool + | [k Organize Model ~[® Other Workspaces ~ [B] Reset Workspace | Manager » | Preview  1FC~ § Authorand License | £ Support Email
Automate Workspaces Add-Ons Export Help ~

Not Decided Yet [9179] Induded [Empty]

g B & Skt Copy Values Ctrl+C
[ oo Storey name Copy Special »
© Container Name Exclude Property: Building Element Construction Type  Ctri-E
Container Object Class Include All Properties
+ Name Exclude AllProperties

Name (ye)

Ot G Sort By None ~
+ Oject type Epeum

Predefined type type) Auto Expand All

Tag Collapse All

Tag (type)

.ﬂl . |m 371 vatue Type @:

@ % || Guick Seiect [Topmost Assembly or Single Object

']Po‘\ngoll

Figure 49: Excluding all properties from objects
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Step 3: Including “Name”

Right-click on the “Properties”

Click on “Include Property:

Name”

Include the relevant properties which will be used, in this example include the property
“Name” as shown in Figure 50.

RC_EHA_1445_CF - simplebim® 6.1 [EVALUATION]

| - & x
Buy License Activate License @ ~

| (, ’I 1; ;3'.’ £} IFC Merge Settings o T Browse Template & [§ Model Trimmer ~ [ Appesrance Editor * [l Change Canvas ~ S\") @ . & Export to Excel @ Suppont Site
s e | |l [ Pracement Egitor o @ Template Guide = [ editProperties = [ Location Editor - [ Add Palette ~ e SEi HiG @ 1FC Export Settings | P Video Tutorials
‘ Reports = | Fiter  IFC Template ~ Tool ~ | Wk Organize Model ~ [ Other Workspaces ~ [ Reset Workspace | panager = | Preview  1rc » 8 Authorand License | 2 Support Email
History Models Automate Workspaces Add-Ons Export Help ~
Not Decided Yet (9179] Included (Empty]

Buikding
b Building Element Proxy n

Building Storey H
¥ Column
Covering
© Curtain Wall

<2aiferent values>
| Budeng Sioreyaame @ <4 different values>
| b Containsctame @ <4 different values>
| Containes-CbjectCiass & Bulding Storey

Copy Values
Copy Special

|
|
| Include All Properties
=™ Exclude All Properties
| Sort By None  ~
Expand All
Auto Expand All
Collapse All

| Topmost Assembly or Single Object | Peeling Off

ﬂ .4!'{'\_«_\ Listen

Figure 50: Including property "Name"
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Step 4: Exporting Excel

After selecting the right properties, the IFC-file needed to be export to an Excel-file (see the
red square in Figure 51). This creates a new Excel-file containing all included objects and
properties. Each object class becomes a worksheet in Excel, each property a column and
each object a row.

N Tanvas RC_EMA_1445_CF - simplebim® 6.1 [EVALUATION] | - & x
- Home | 3D Buy License Activate License @) ~
n (‘ !| @ £ IFC Merge Settings T4 Browse Template @ [ Model Trimmer ~ [& Appearance Editor ~ [l Change Canves ~| @D @ . 5 Export to Excel @ Suppont Site
> &8
Placement Editor © Template Guide Edit Properties ~ [ Location Editor ~ Add Palette ~ D 1FC Export Setting Video Tutorials
Undo Red: Mude( Merge bl Apply Run I ] = 8CF Export  Export | g
Fiter  IFC Template ~ Tool + | I Organize Model ~[3 Other Workspaces ~ [ Reset Workspace | Manager » | Preview  tfC ~ 8 Authorand License | (.3 Support Email
Models Automate Workspaces Add-Ons Export Help ~

Not Decided Yet (9179] Indude ¢ port to Excel

4 Object Classes
Beam
Buikding
Building Element Proxy

Building Storey
b Column
Covering
Curtain Wall

Value = Objects

| Building Element Construction Type <21 diferent values>

| Buideng Blament is Butanat <2 different values>

| Bukeng Sicieyname @ <4 diflerent valves>

| edeimt e & <4 difterent values>
Contaua Coract Ciacs @ Building Storey

b Name <all different values>

b Namepe @ <21 different values>
o Ciais @ Cutainval

| Comitipe <21 different values>

&
b Tag <all different values>
| Tagdme @ <21 different values>

—
gﬂ. ® % Quick Select [Topmost Assembly or Single Object | Peeiing ot

Figure 51: Exporting IFC-file to Excel-file

This results in an Excel-file with only the relevant data (see Figure 52).

om . - — =3 == [ = AutoSom +
- D g\:’;:::'n . Calibri S - AR :‘Teksneluqlmﬂ Standaard - , I hogi"(;f I(E-El Ue:::‘:( ogk % - E‘Y . ,2
] T .
Eabsaniy TTHER B - 6 3 | e o ot s et O | g, S T
Klembord % Lettertype w Uitljing " Getal & Stifen cellen Bewerken ~

Al - S curtain wall -
A A B C D E F G H | J K L M N o P a -
3 Name * Globalid™
4 Curtain Wall:22_CW_EHA_WD1a_systeemwand gangwand:445378 INFDGSIXAIEPBCN1GIIAL
5 Curtain Wall:22_CW_EHA_W01a_: 1 3FD BcN19I106
6  Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:446065  2vsmTCQkL1_PPKkeTLnbke
7 Curtain Wall:22_CW_EHA_WD1a_ 446455 i 2FVNII9Ccr
8 Curtain Wall:22_CW_EHA_WD1a_systeemwand gangwand:447022 1mPstthD(:cEvdp6:ahn
9 Curtain Wall:22_CW_EHA_WD1a_: 10 D_HkmlIAUC
10 Curtain Wall:22_CW_EHA_WD1a_: 338 j3GPD_HkmlIAGE
11 Curtain Wall:22_CW_EHA_WD1a_: D_HkmlIAZt
12 Curtain Wall:22_CW_EHA_WD1b_: rui 1 j3GPD_HkmLIADT
13 Curtain Wall:22_CW_EHA_WD1a_: 3N D_HikmlIAxg
14 Curtain Wall:22_CW_EHA_WD1a_: 487581 j3GPD_HkmlIBTE
15 Curtain Wall:22_CW_EHA_WO1b_ I idend 490746 J3GPD_HkmLIBIE
16 Curtain Wall:22_CW_EHA_WD1b_: rui i 0893 J3GPD_HkmLIBfy
17 Curtain Wall:22_CW_EHA_WD1a_: d j3GPD_HkmlIBc)
18 Curtain Wall:22_CW_EHA_WD1a_: j3GPD_Hkml1451
19 Curtain Wall22_CW_EHA_WOLb_ i j3GPD_Hkml14_8

1uSScwVSLOaXUTXIHSHNZS

1uSScwVSL9gxUTXIHSHN_C
22 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimteschei 516697  1uSScwVSLIgRUTXIHSHNmT
23 Curtain Wall:22_CW_EHA_WO01b_systeemwand ruimtescheidend:517164  1uSScwVSLOqxUTXIHSHNFe
24 Curtain Wall:22_CW_EHA_WD1b_systeemwand ruimtescheidend:517352  1uSScwVSL9qxUTXIHSHNgI
25 Curtain Walk:22_CW_EHA_WD1a_systeemwand gangwand:526318 1uSScwVSLOqxUTXIHS Ifeg
26 Curtain Wall22_CW_EHA_WO1b,_systeemwand ruimtescheidend:530361 | 2960PSNA17g0SFXLOSKO:
27 Curtain Wall:22_CW_EHA_WD1b_: 32726 1a900PSHIEyIw
28 Curtain Wall:22_CW_EHA_WD1a sysleemwandsangwani! 533340 2e5Pkaccn2{BCiXgeY_9gU
29 Curtain Wall:22_CW_EHA_WD01b_systeemwand ruimtescheidend:533488  2eSPkaccn2jBCjXgcY_9eo
30 Curtain Wall:22_CW_EHA_W01a_systeemwand gangwand:533731 2eSPkacen2iBCiXgeY_9aX
31 Curtain Wall:22_CW_EHA_W01a_systeemwand gangwand:535875 2e5Pkaccn2iBCiXgeY i1 .

v Beam ng | Building Element Proxy | Building Storey | Column | Cavering | Curtain Wall [ Door | FlowFitti . (&) : « ’

Gereed B e o - 1 + 100w

Figure 52: End result from IFC to Excel

Save file
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1.2 Generate date from Relatics

Step 1: Opening Relatics

Go to: https://tueindhoven.relaticsonline.com/ and open the space “test workspace for the
project Royal Cosun

This workspace will be used to test the automated validation and verification of
requirements for construction works in a BIM using the requirements from the project
Royal Cosun.

In this workspace, you can keep track of your project using system engineering techniques
(see Figure 53).

In this workspace, you can document and manage your:

Function Breakdown Structure (FBS)
Organization Breakdown Structure (OBS)
Work Breakdown Structure (WBS)
System Breakdown Structure (SBS)
Meetings

Documents

Requirements

NouswWwNE

ST SPACE ROYAL CON.

TU/eg purks oo

4 Work Breakdow

reakdown Structure

1) System Breaks

Welcome to this test workspace for the project Royal Consun

Thi

Figure 53: Home screen Relatics template for the projet Royal Cosun

During this project, the client divided all the requirements into the following chapters, as
shown in Figure 54:

1. Ambitions / conditions

2. Rooms

3. Technology / Facilities

4. Comfort
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https://tueindhoven.relaticsonline.com/

Step 2: Opening Requirements
Klick on “Requirements” (see red square)

Each requirement starts with AMB _, R _, TV_, C_ and followed by a specific number.

(@)~ TESTSPACEROVALCON.. X Shami N. (Nisam) |
TU/e = Function Breakdown Structure 43 Work Breakdown Structure _0\ Mestings.
@) hurks  ousme sesion srer ) sptem i st < oo

System requirements L]

REQUIREMENTS ) ) )
REQUIREMENTS (LIST CLASSIFICATIONS
(RIERARCHY) Q (LIBT)

v (ff} Ambitiesirandvoorwaarden
* [l Comfort

il Ruimten

i Techniekvoorzieningen

Figure 54: Distribution of all requirements in chapters

Step 2: Outputting Excel-file
Right-click on “Requirements tree”
Select Download as

Select “Excel web page (.xls)”

¥ TEST SPACE ROYALCON.. x Shami N. (Nisam)
TU/e = Function Breakdown Structure £33 Work Breakdown Structure K Meetings i) Requirements
Q hurks ' omsiticn Breskdown swcture ) System Breakdown Structure & Documents

System requirements Ll

REQUIREMENTS ’ e . "
UIREMENTS (LIST) ASSIFICATIONS
(HIERARCHY) REQUIREMENTS ( CLASSIFICATIO!

Create

Paste
n te openen ramen

Refresh nderiije vioerbelastingen van 5 kN/m?
Download 8 B Excelweb page (xk) larmeringsinstallatie volgens VRKI maart 2014, ris

nemer het Kaba Exos 9300-systeem toe te passer’
Browse history @t Word web page Ldo)
n

Query.
Detads. » 500 lux b projectentab
() U7 347 muimtetemperatuur winter is 18 gr. voor garderobe (bezoekers)
1) €L07642 Luchtsnelheid wintersituatie maximaal 0,15 (mvs) voor kantoren
i C.10439 Nagalmuyd < 0.8 5 voor entreehal (niet ingericht)
i C.10463 Installatie geluidniveau < 30 (dBIAY
o {fh Ruimten
1 R_06728 De gesk e een min. opperviakte van 7m? (FNO)
1} R.06728 Er 2ijn 12 gesloten concentratiewerkplekken sanwezig
1 R06948 Maximale tussen e em fy lab is 25m
1 R_06952 Nat chemisch lab is direct verbonden met fysisch chemisch lab

il R 07806 De langste wand van de vergaderkamer 30-0ersoons mag niet langer ziin dan 12m

5742-0011-900e-00; bA96-4058-a50e-57200e640. <675-¢711-800d.

Figure 55: Download the requirements in Relatics into an Excel-file
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The outcome (see Figure 56) is an Excel-file with all the requirements under their specific
chapter.

== X Knippen

Calbri Ju - KR E e 1 0B p = e Eamson - fyp (3
[l Kopiéren = £ J 2] [¥) Doorvoeren -
Paklen sk —— T 1 3 W o v.n::::‘.:‘-.:—\rnm- :‘:T:n“.):n Celsien Iwoegen Vervideren Opmaak |\ oo \[‘JII";«:: o \.::;‘W:V
Klembord J Lettertype & Uityning (] Getal [ Stien Cellen Bowerken -
A31 fe v
A B c D E F G H ] K L M N o P Q R Sl
1 Requiremaents tree
2
3 Ambities/randvoorwaarden
4 AMB_07277 In de gevel geen te openen ramen
5 AMB_07476 Minimale veranderlijke vioerbelastingen van 5 kh/m?
6 AMB_10436 Gebouw dient te worden voorzien van een inbraakalarmeringsinstallatie volgens VRKI maart 2014, risicoklasse 4
7 AMB_10436 Voor de ope er het Kaba Exos 9300-sy. toe te passen
8 AMB_11809 Opdrachtnemer moet sen WKO-installatle aanleggen
9 Comfort
10 C_06926 Verlichtingssterkte 500 lux bij projectenlab
" €_07347 Rulmtetemperatuur winter Is 18 gr. voor garderobe (bexoekers)
12 C_07642 Luchtsnelheld wintersituatie maximaal 0,15 (m/s) voor kantoren
13 C_10439 Nagalmtijd < 0,8 s voor entreehal (nlet Ingericht)
14 C_10463 Installatie geluidniveau s 30 (dB(A))
15 Ruimten
16 R_06728 De gesloten concentratiewerkplekken hebben een een min, opperviakte van 7m? (FNO)
17 R_O6728 Er zijn 12 gesloten cancentratiewerkplekken aanwezig
18 A_D6948 Maximale tussen Irul fysisch chemisch lab Is 25m
19 R_D6952 Nat chemisch lab Is direct verbonden met fysisch chemisch lab
20 R_D7BO6 De langste wand van de vergaderkamer 30-persoons mag niet langer zijn dan 12m
21 Techniek/Voorzieningen
22 TV_07319 Afschot 1,0-1,5% voor vioerafwerking chemisch lab (DuratopCQF)
23 TV_07321 Plafondafwerking Is antistatisch (mag geen stof aantrekken) In de standaardiab
24 TV_07843 Minimlae vrije doorgang hoogte van 2300 (mm) voor binnendeur b=1200mm
25 TV_DBO1S U-waarde HR++ glas maximaal 1,2 (W/mk)
26 TV_15725 Breedte x diepte = 1800 mm x 1800 mm voor een bureau standaard
27
28
29 =
Requirements tree @ r v
@ m m- I +

Figure 56: Outcome of requirements in an Excel-file

Save file
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2.

Check and implement data in the tool

The generated data should now be loaded into the tool. The generated Excel files consist of
26 sheets of IFC data and 1 sheet of Relatics data. The tool is programmed so that every
form of Excel file can be uploaded with the right settings.

Open Mendix 7.8.0 and select the tool (see Figure 57)

Fle Edt View Project
oo &

Run  Team My Apps  App Store  Developer Portal  Project Dashboard  n.shami@student.tuenl  Siga out

Engish United Suates (detout  + &

Project - L x| Card_l | Responsbe_t | Listh_ten e i | Fom_mage_Map MyFirstoduie] | -
2.8 L Dashboard_ARC_RoyalConsun
¢ :m“‘"“-““”-’w ~ |G| 5 Data view | Data grid £ Template grid ] List view | Add widget... 3 Show syles |
@ MyFisihodule -
# Respunsive =
% Domsinbiods

A Dnshboards

© ACT_EdiRersponsibie Automated Requirements Checker (ARC)

(2 Bim_overvien?

= GimElment_NewEdit Here the requirements of the Royal Cosun project are managed

= BimElement_Newdit 2

(= BiMelement_Cverview

= Cardinalty i

9] Oo=Hocord AR Foysconiill - = = =

= Onshiooard_Timeina f - = = =

—,g"’;’ﬂm’*“ B (Emotvcap ® | & (Empvcap @ | @ (Emptycop @ | @ (Empty capt &

= HowTGHC] - Manage require. Respansible Projectdetails Reguiremen ts
< T >
Comector ~ox

= = @
Heothng toconnect
= = =
# (Empty cap.. @ © (Empty cap.. ™ & (Empty cap.. ™

Cansole

3] Restart W Stop X Clear

3 Scroll Lock 17 Advanced -

- x

¥ Properies * Tookax | & Connector

Datefime
20171205 115039043
201712405 115819620
20171205 122819 744
20171206 131036412

Lognads Messoge

ExcalXlSReader ‘Successhilly fnished imporing 38 - RelatesTemplate 14 ms

Core

Core

Webll

Changes (2 Ewors (0) | Console [ Find Rlasults 1

Anonymous user ‘Ancnymous_bi62cas7-010

Figure 57: Mendix version of the tool

Klick on “Run Locally” (see blue square Figure 57)

After Mendix has loaded the tool it is possible to run the tool (is there is no error) in the
desktop version, tablet version and phone version.

Click on “View” to open the desktop version (see red square Figure 57) or press F9

The tool consist of the following index:

“Welcome page” - in this the user is greeted

“Home — Project overview” - an overview of all current projects within Hurks bouw en
vastgoedontwikkeling. This is also the home page of the tool. This page is only visible to the
System Engineer and designated persons within the organization.

Dashboard - Home screen of a user. It shows all possibilities of the tool to manage the
requirements.

Requirement Management - An overview where all requirements and elements come
together. Each requirement can be linked to an element and an assignee and organization. In
addition, it shows per requirement whether it is open, modified or complete.

Project details — Page provides information about the project Royal Cosun.
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& hurks

Q Project Royal Consun

More details Location

es inf

Name work

berpungs vass
Work number Noordhook
Dintelooed Fiaart
Adress Noordzeedijk. entrance Kreekweg
tampersgat Standdsarbuiten
m
Zipcode 4671 TL DINTELOORD e
OudGastel  Oudent
Phone number
Krsland
Email xxxx@hurks.nl

Start realitzation
Completion week 48 2016

Maintenance 15 years after completion

- Requirements - Overview of all requirements generated from Relatics

- BIM-elements - Overview of all requirements generated from IFC

- How-to? — Tutorials how IFC and Relatics data can be converted to Excel files to become
usable for the tool

- Proof — overview of all supporting documents

- Assignee — overview of people who are responsible

- Administration - An overview of all active accounts. Administration has the ability to create
accounts for individual end users.

New Account x

Full name |

User name
City
User role -
Blocked
Active g
Language hd
Time zone ~

New password

Confirm
password

ﬂ cance!

- Excel Importer - This option allows you to import Excel data into the tool




For every sheet of information an import template must be created in the tool (27 in total).
these templates must be created in "Excel Importer". A sheet can be created and duplicated.

Klick on “Excel Importer”

Klick on “IFCtemplateBeam”

Make sure the correct settings apply to this template (see Figure 58)

Nr

Description

Mendix
object

Reference
to import
objects

Import
action

Columns

Responsive.BimElement -

BimElement_XLSFileBim

Synchronize chjects

Connect columns to attributes

o 0

Cas
Caption Is key S.

MName Yes, only f... No

Name FCtemplateBeam

&> Sheet nr

- Header
row nr

v Import a4
from row
nr

= Connect matching attributes 1to1of1

Type Details Parser

Attri... Attribute: Name, type: String

Figure 58: Settings Import template

Check if the Excel-file matches the settings of this template (see Figure 58)

Are the beams located on sheet number 1?

Are the names of the beams located on row number 1?
Does the tool need to import data from row number 4°?

Is the import action synchronize objects? (changes in the main file immediately cause

changes in the tool)

Is so, save the template
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Click import files, select the “IFCtemplateBeam” (see red square Figure 59)

Normal templates | Import files

# search & New & Edit © import file g Delste
Filename .

Edit Template document x
Name objects Royal Consun.xlsx

Name Name objects Royal Consun xlsx

Name objects Royal Consun.xlsx

Template IFCtemplateBeam ~
Name objects Royal Consun.xlsx

Browse... Download

Name objects Royal Consun.xlsx

Name objects Royal Consun.xlsx
H save X cancel

Name objects Royal Consun.xlsx

Figure 59: Overview Import files

Browse to the saved Excel-file of IFC-elements
Select the file
Klick “Save” to save the file

Klick “Import file” to import the beams into the tool (see red square Figure 60). Import the
other template to make sure the tool contains all the generated information.

Information

The import is finished

Figure 60: Import Excel-file
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Click on the BIM-elements and Requirements in the menu to see if the data is imported (4450
IFC-elements and 20 requirements).

& hurks

Search New Edit Delete 1to200f4450 Wb M

Name
31_GM_EHA_gevelopening as 12_totaalramen as 12:3144380
31_GM_EHA_gevelopening as 12_totaakramen as 12:3566006
31_GM_EHA_gevelopening as 12_totaalkramen as 12:3566007
31_EHA_glas:31_EHA glas:d421393
31_EHA_glasi31_EHA glasid421394
31_EHA_glasi31_EHA_glasid421395
31_EHA_glas:31_EHA _glas:d421396

31_EHA_glas:31_EHA glas:4421397

& hurks

search New Edit Delete 1t0200f24 B M

Reverse relationshop
Name Subject Relationship name Object cardinality name Reverse cardinality

Ambities/randvoorwaarden

AMB_07277 In de zevel geen te openen ramen

AME_07476 Minimale veranderlijke vioerbelastingen van 5 kN/m2

AMB_10436 Gebouw dient te worden voorzien van een inbraakalarmeringsinstallatie volgens VRKI maart 2014,
AME_10436 Voor toegang(beveiligings)niveau dient de opdrachtnemer het Kaba Exos 9300-systeem toe te pas...
AMB_11809 Opdrachtnemer moet een WKO-installatie aanleggen

Comfort

Figure 61: Overview of imported data (IFC-elements and requirements) in the tool
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3. The tool as an end user

Step 1: Add Assignee

Click “Assignee” to see the responsible overview (see red squares Figure 62). Klick on “new”

to add yourself as an assignee (see Figure 63).

& hurks

Grganization Email

Hurks Bouw en Vastgoedontwikkeling n.shami@hurks.n|

Figure 62: Assignee overview

Edit Responsible

Phone number

Organization

Email

Figure 63: New Assignee

Step 2: Uploading Evidence
Open the page “Evidence”

Select “New” (see Figure 64)

Name
File type
Size (kb)

File Browse...

m canee!

Figure 64: Uploading evidence
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Fill in:
Name: Bewijs materiaal A

File type: .pdf
Size: 150

File: (browse and upload Bewijs materiaal A)

Step 3: Managing Requirements
Open the page “Management requirements”

Select “New” (see Figure 65)

Edit Manamegent Requirement x
Bim element l i
Requirement v

Responsible v
Proof ~

Status = Open Completed Meodified

requirement

Figure 65: New "Managing requirements"”

Select the following:
Bim element: 00_begane grond
Requirement: AMB_07277 In de gevel geen te openen ramen
Assignee: Yourself
Evidence: Bewijsmateriaal A
Status requirement: Completed
Klick “Save”

Go to Mendix and open the tablet version and phone version of the tool by pressing Ctrl +
Shift + F9 and Ctrl + F9

You are now ready to manage all the requirements within the project and to combine
Systems Engineering, BIM and the Quality Assurance
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Appendix F: BPMN-diagram data exchange within the tool

Wish list ol customer

Receivé Tequest

Receive design ba; on requirements

List of gssignee

Evidence

Measurable requirements Requirethents.xls

»
>

IFCelement.xls

Receive measurable requirements

|
|
|
+
|
|
|
|
|
|
|
|
|
|
|
N
t
|

Design based on requirements
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